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Abstract Based on various hypotheses concerning lym-
phangiogenesis published in the literature, different putative
mechanisms of lymphangioma development are discussed
including failure of the lymphatic system to connect with
or separate from the venous system, abnormal budding of
the lymphatic system from the cardinal vein, or acquired
processes such as traumata, infections, chronic inflamma-
tions, and obstructions. Increasingly, the possible influence
of lymphangiogenic growth factors on the development
of lymphangiomas is discussed. The proved expression of
different growth factors in the endothelium of lymphangiomas
leads to new hypotheses regarding the pathogenesis of
lymphangiomas. Thus, further studies on the lymphangio-
genesis and the development of lymphangiomas will have to
clarify as to whether lymphangiomas are true malformations
or neoplastic in nature.
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Introduction

Lymphangiomas are benign malformations of the lymphatic
system. Morphologically, lymphangiomas are composed of
thin-walled, cystically dilated vascular channels lined by
inconspicuous endothelial cells and filled with proteina-
ceous lymph fluid (Fig. 1). Immunhistochemistry confirms
the endothelial line of differentiation in lymphangiomas.
Lymphangiomas often grow proportional to the patients’
body growth. Depending on the location of the lymphan-
gioma, an acute increase in size that is frequently triggered
by infectious diseases may lead to life-threatening compli-
cations, as well as severe functional and aesthetic impair-
ments for the patients.

Lymphangiomas are equally distributed among genders
and races [55]. In the pertinent literature, their incidence in
children is estimated to amount to 6% of all benign tumors
[2]. In about half of the patients the disease is already
obvious at the time of birth. During the first and second
year of life, the occurrence of lymphangioma is diagnosed
in 80–90% of the cases due to clinical symptoms [50].
About 60% of all lymphangiomas are found in the head and
neck region, primarily affecting the tongue and the floor of
the mouth [9, 44].

Traditionally, lymphangiomas are classified according to
their histological appearance into capillary, cavernous, and
cystic lymphangiomas [4]. This classification, however, is
being replaced by a classification based on morphologic
aspects into macrocystic, microcystic, and combined lym-
phangiomas [29] (Figs. 2 and 3).
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Lymphangiomas have to be distinguished from other
lymphatic tumors like acquired progressive lymphangioma,
lymphangiosarcoma and lymphangiomatosis. Acquired
progressive lymphangioma (lymphangioendothelioma) is a
cutaneous vascular neoplasm that typically presents as a
solitary, well-demarked patch or plaque on which small
erythematous papules may arise. Lesions are typically
slowly but progressively enlarging to a considerable size
[33]. Histologically, lymphangioendothelioma seems to be
similar to a low-grade malignancy. It is characterized by
vascular channels infiltrating the dermis in a diffuse and
dissecting manner, but in contrast to lymphangiosarcoma,
there is an absence of mitotic figures and significant nuclear
polymorphism [35]. Disseminated lymphangiomatosis is a
rare disease that is represented by a proliferation of lymph

vessels involving soft tissue, parenchymal organs, dermis,
and the skeletal system. North et al. [34] recently described
a further entity, the so-called multifocal lymphangioendo-
theliomatosis. It describes the presence of multilocular
lesions similar to acquired progressive lymphangioma that
is typically solitary. Multifocal lymphangioendothelioma-
tosis was accompanied by a significant thrombocytopenia
in all patients resembling the coagulopathy that is found in
Kasabach–Merritt syndrome [34]. Lympangiosarcoma is a
rare, aggressive, vascular neoplasm typically arising within
the chronic lymphedema of the upper limb after mastecto-
my and radiotherapy for carcinoma of the breast but also in
chronic congenital or idiopathic lymphedema. It is charac-
terized by an irregular, diffusely infiltrative growth and
abnormal mitotic figures [33]. In addition to these lym-
phatic tumors, the histological and immunohistochemical
features of vascular neoplasms with a hobnail cytomorphol-
ogy like hobnail hemangioma and retiform hemangioendo-
thelioma suggest that they also represent tumors of the
lymphatic vessels [32].

While a large amount of information on the clinical and
histological appearance of lymphangiomas is already
available and even the appropriate therapeutic strategies
are summarized in several review articles [51], up to now,

Fig. 1 a Microcystic lymphangioma of the tongue composed of
dilated thin-walled lymphatic channels that are covered by a partially
atrophic squamous epithelium. b Macrocystic lymphangioma situated

within normal connective tissue. The lumen contains proteinaceous
fluid and few lymphocytes

Fig. 2 Macrocystic lymphangioma of the neck Fig. 3 Microcystic lymphangioma of the orbit
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the pathogenesis of lymphangiomas was less focussed in
clinical as well as morphologic studies. The present review
summarizes the current knowledge of the physiological
development of lymphatic vessels as well as information
on the etiology and pathogenesis of lymphangiomas and,
based on this, discusses the different theories regarding the
mechanisms of lymphangioma formation.

Embryology of the lymphatic system

It is characteristic for the genesis of lymphangiomas that
they most commonly occur in locations where the lym-
phatic system is formed by the six primitive formations of
the lymph sacs during embryogenesis. Therefore, it seems
to be obvious that the development of lymphangiomas is
closely related to the maturation of the lymphatic system.

Lymphatic vessels were first described in the seven-
teenth century by Gasparo Aselli as “venae lactae” [3], and
they have been studied extensively during the beginning of
the last century. Since the embryonic development of the
lymphatic system is very complex, different theories are
discussed regarding its origin.

The first morphologically visible anlage of the lymphatic
system can be revealed in the sixth to seventh week of the
embryonic development. The primordial lymphatic forma-
tions, the lymph sacs, consist of two jugulo-axillary lymph
sacs in the area of the confluence of the subclavian vein and
the internal jugular vein, from which the lymph vessels of
the head, neck, and arms sprout. Furthermore, they consist
of two lumbo-iliacal lymph sacs, being the origin of the
lymph vessels of the inferior part of the body, the
retroperitoneal lymph sac, and the chylocyst [8] (Fig. 4).

Theory of centrifugal development

Sabin [39] assumed that the lymphatic system develops by
budding from embryonic veins of the already existing
venous system. According to this theory, endothelial cells
of the veins sprout into the surrounding tissues, and through
coating of the perivascular intercellular gaps with endothe-
lial tissue, the whole lymphatic system develops (Fig. 5).
Thus, lymphatic endothelial cells exclusively derive from
the endothelium of the venous system. Studies performed
by van der Putte [48], Wigle and coworkers [53], as well as
Jain and Padera [15] confirmed this assumption of a venous
origin of the lymphatic system. With this background,
endothelial cells of the cardinal vein of the early embryo
first express Lyve-1 and vascular endothelial growth
factor receptor 3 (VEGFR-3) that are also found on
normal adult lymphatic vessels. The lymphatic differenti-
ation of the cells is introduced by a signaling mechanism
that is not yet clearly identified and that triggers the
expression of transcription factor Prox-1. Cells expressing
Lyve-1, VEGFR-3, and Prox-1 secrete particular lymphoid
chemokines and increase their VEGFR-3 expression, thus
initiating the development of the lymphatic system [15].
Therefore, the endothelial cells of the cardinal vein are
probably initially bipotent, and the expression of Prox-1
causes the transformation of those cells into cells of
lymphatic differentiation.

Theory of centripetal development

This theory is based on the assumption that the peripheral
lymphatic vessels develop from putative mesenchymal
lymphangioblasts [18, 40]. The confluence of mesenchymal
clefts leads to the formation of lymphatic vessels that fuse
with the veins due to centripetal growth (Fig. 6). Therefore,
according to the centripetal theory, the lymphatic spaces
arise independently from the veins, spread from the
periphery of the embryo by annexing with other similar
spaces, and only secondarily obtain a connection to the
venous system. This assumption is supported by examina-
tions performed by Schneider et al. [40] who showed that
lymphangioblasts are already present in the peripheral
mesenchyme before the occurrence of the jugulo-axillary
lymph sacs.

Theory of combined venous–mesenchymal origin
of the lymphatic system

This theory combines the two previous theories and
supports the venous-mesenchymal origin. It was imple-
mented by van der Jagt [47] and Kutsuna [22] who
suggested that the central lymph vessels develop by
sprouting from lymph sacs and therefore have a venous

Fig. 4 Description of the primitive lymphatic system of the primary
lymphatic sacs of a 42 day-old human embryo (modified according to
Sabin [39])
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origin and the peripheral lymph vessels arise by in situ
differentiation of mesenchymal precursors and therefore
have a mesenchymal origin. To conclude, this model proposes
that both abovementioned theories occur simultaneously.

The previous theories show that the origin and the
development of the lymphatic system are still controversial
issues that have to be clarified definitely. Considering the
different theories with regard to the development of the
lymphatic system, however, the hypotheses on the genesis
of lymphangiomas may be better understood.

Theories regarding the pathogenesis of lymphangiomas

A failure of the lymphatic system to connect with or
separate from the venous system or an abnormal budding
of lymphatic tissue from the cardinal vein are discussed
as reasons for the development of lymphangiomas. Even
traumata, infections, chronic inflammations, and obstruc-
tions during the embryonic development are suspected to
trigger development of lymphangiomas [4].

Sequestration of lymph tissue

Other authors think that lymphangiomas develop as a result
of sequestration of portions of the primitive lymphatic
anlage [23]. As a consequence of sequestered lymphatic
tissue during the embryonic development in regions
without regular connection to the normal lymphatic system
[37], the missing communication to the lymphatic system
could avoid the drainage of lymph fluid from the se-
questered parts. Therefore, a lymphatic blockade may arise
in a circumscribed area, possibly increasing in size as con-
sequence of infections or traumata. This theory may explain
the formation and morphology of peripherally located
smaller lymphangiomas.

Abnormal budding of lymph vessels

Some studies assume that the development of lymphangio-
mas is due to an abnormal budding of lymphatic vessels from
the primitive lymphatic anlage. Those structures probably
possess further growth potential [5]; however, they loose
their connection to the primary lymphatic buds and thus
also the possibility of lymphatic drainage so that lymphan-
giomas may develop [58].

Lack of fusion with the venous system

Assuming a mesenchymal origin of the lymphatic system,
other authors postulate that a non-fusion of the lymph
sacs with the venous system leads to the development of
lymphangiomas [31]. Weingast [49] also supposed that a
missing connection of primordial lymphatic sacs to the
venous system leads to isolated lymphatic canals that
dilate and thus form the lymphangioma. This mechanism
is made responsible for the genesis of cystic hygromas of
the neck. The study results of Zadvinskis and co-workers
[58] seem to reveal that the missing drainage of the
jugulo-axillary lymph sac into the internal jugular vein is
responsible for the pathogenesis of cystic hygromas. This
assumption is supported by the results found by van der
Putte who could show that cystic hygromas are associated
with a missing connection between lymphatic system and
venous system in the jugulo-subclavian area [48].

Obstruction of lymph vessels

Furthermore, the theory is discussed that an obstruction of
the efferent lymphatic vessels causes accumulation of
lymph and dilatation of the lymph canals proximal to this
obstruction. This mechanism could result in the develop-
ment of lymphangioma [48].

Fig. 6 Theory of centripetal
development (according to
Huntington and McClure [12]
and Kampmeier [18])

Fig. 5 Theory of centrifugal
development (according to
Sabin [39])
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Genesis of lymphangiomas in adults

Even if the majority of lymphangiomas is diagnosed in
embryos, newborns, or infants, lymphangiomas may be
clinically apparent later in adults. In those cases, most of
the study groups assume that only a small defect exists in
the lymphatic system, which can be compensated under
healthy conditions. Pathologic conditions associated with
an increased lymphatic volume may then lead to the
formation of lymphangioma. Suk et al. [45] consider that
the origin of sudden occurrence of lymphangiomas in adults
is due to a delayed proliferation of cell rests. Triggering
stimuli for this proliferation are suspected to be infections
and traumata [52].

Molecular characteristics of lymphatics
and lymphangiomas

In contrast to the mentioned established theories on the
genesis of lymphangiomas, recent studies assume that in
lymphangiomas single lymphatic vessels have a tumorous
proliferative behavior and thus show neoplastic growth
[25]. This mechanism leads to a network of initial
lymphatics that never achieve sufficient anastomosis with
larger lymphatic vessels [25]. Enzinger and Weiss [7] sup-
pose that lymphangiomas have their origin in a hyperplasia
of transformed lymphatic endothelial or stroma cells, which
is caused by a dysregulation of growth factors [11]. In

this case, an aberrant regulation of growth factors might
modulate the pathogenesis of lymphangiomas.

Recently, the expression of several markers of lymphatic
endothelial cells like lymphatic endothelial hyaluron receptor-
1 (Lyve-1) and Podoplanin was detectable in lymphangiomas
(Fig. 7) and different specific lymphangiogenic growth
factors could be identified that are expressed on healthy
lymphatic endothelium and that are made responsible for
lymphangiogenesis. Some of these growth factors, such as
vascular endothelial growth factor C (VEGF-C), VEGFR-3,
and Prox-1, are meanwhile correlated with the genesis of
lymphangiomas, and their expression in lymphangiomas is
examined (Table 1).

One growth factor that is associated with the genesis of
lymphangiomas is the transcription factor Prox-1. Although
Prox-1 is expressed in a variety of cell types, its expression
in endothelial cells of the vascular system, however, is
reserved to lymphatic endothelial cells and lymphangio-
blasts. The expression of Prox-1 could also be detected in
the endothelium of human lymphangiomas [38, 57].
Different examinations could show that Prox-1 causes an
up-regulation of cell markers of the lymphatic endothelium,
such as VEGFR-3 [10, 19]. Moreover, it could be shown
that, based on the theory of a venous origin of the
lymphatic system, Prox-1 probably mainly influences the
molecular mechanism leading to the separation of initial
lymphatics from the cardinal vein [15, 36, 57]. Therefore, it
could be revealed that in Prox-1-deficient mouse embryos,
the budding of lymphatic vessels from the cardinal vein

Fig. 7 a Positive staining for
podoplanin is observed in the
endothelial cells lining this
microcystic lymphangioma of
the tongue. There is also slight
podoplanin immunostaining in
the basal cells of the covering
squamous epithelium. The en-
dothelial cells of adjacent blood
vessels reveal no podoplanin
immunoreactivity. b Podoplanin
immunohistochemistry displays
positive staining of the endo-
thelial cells lining this macro-
cystic lymphangioma of the
neck, whereas endothelial cells
of neighbouring blood vessels
show no specific staining for
podoplanin. c, d Lyve-1 immu-
noreactivity is found in the
endothelial cells of this lym-
phangioma of the neck; by con-
trast, endothelial cells lining
adjacent blood vessels display
no immunoreactivity for Lyve-1
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does not occur, and lymphatic vessels do not develop while
the development of the vascular system is uneventful [54].

Another growth factor that is associated with the genesis
of lymphangiomas is VEGF-C. This factor belongs to the
PDGF/VEGF family of growth factors and is a ligand for
the endothelial-specific receptors VEGF-receptor-3 and
VEGF-receptor-2 to which it ligates with high affinity
[16]. The mouse model could reveal that, during embryonic
development, VEGF-C selectively induces lymphatic but
not endothelial cell proliferation and hyperplasia of the
vessels [11] and that a normal concentration of VEGF-C is
essential for normal development of the lymphatic vessels
[19]. Furthermore, the animal model could confirm that
the expression of VEGF-C receptor VEGFR-3 is restricted
to the lymphatic vessels in later stages of the embryonic
development [17]. Studies comparing the expression of
VEGFR-3 in lymphatic endothelium of lymphangiomas
and healthy lymphatic vessels could show a higher ex-
pression of VEGFR-3 in lymphangiomas [26]. This result
was confirmed by other study groups, which were able to
detect an increased VEGFR-3 expression in lymphan-
gioma [17, 37, 56].

Huang et al. [11] revealed the expression of VEGF-C as
well as its receptor VEGFR-3 only in endothelial cells of
lymphangiomas; however, they were not found in the
adjacent connective tissue or healthy lympho-endothelium.
Furthermore, no VEGF-C expression could be revealed in
hemangiomas and angiosarcomas [11]. Finally, it could be
shown that the occurrence of a genetic mutation in the
VEGFR-3 gene is associated with the so-called Nonne–
Milroy syndrome, which is accompanied by a lymphatic
hypoplasia and leads to the development of hereditary
lymphedema [13]. Besides, Karkkainen et al. [19] were able
to show that mutations inactivating VEGF-C lead to the
development of a primary lymphedema. Based on these
results, VEGF-C and its receptor VEGFR-3 are discussed
as being possible markers for lymphangiomas. Their
occurrence might play a key role in the development of
lymphangiomas [11].

Additionally, Wilting and co-workers [56] could prove
the expression of different cell markers occurring in the
lympho-endothelium of healthy lymphatic vessels, such as
the glycoprotein reelin, the transcription factor cMAF as
well as the transmembrane proteins integrin-α1 and integrin-
α9, even in the endothelial cells of lymphangiomas.

A further factor that was examined in lymphangiomas is
Wilms tumor 1 gene (WT1). WT1 was initially identified as
one of the key players in the development of Wilms tumor
but is also expressed in cancers of other origins. Lawley
et al. [24] examined the expression in vascular tumors and
found a decreased endothelial staining in vascular malfor-
mations including lymphangiomas, while in hemangiomas,
strong endothelial staining was demonstrated. Therefore,
WT1 seems to be a marker that distinguishes hemangiomas
from vascular malformations and the loss of WT1 pro-
bably leads to the phenotype of vascular malformation by
enhancing the production of platelet-derived growth factor
family members. Moreover, the defective investment of
WT1-deficient endothelial cells by smooth muscle in
vascular malformations might be caused through loss of
WT1 [24].

Finally, the significance of factors that mainly influence
angiogenesis was examined in lymphangiomas. For
example, the influence of PEDF, which inhibits angiogen-
esis was discussed for the development of lymphangiomas.
Sidle et al. [42] could reveal an increased expression of
VEGF and a reduced expression of PEDF in lymphangio-
mas and, thus, a high angiogenous activity. Moreover, a
high level of basic fibroblast growth factor (bFGF) could
be observed in lymphangioma cells as well as low levels
of thrombospondin-1, which is a natural inhibitor of angio-
genesis. These observations might indicate that lymphangio-
mas are influenced by an increased angiogenesis for
development and growth. If this hypothesis turns out to be
true, the benefit of antiangiogenetic therapies could be tested
in the therapy of lymphangiomas [27].

Based on the abovementioned theories, it can be
assumed that lymphangiomas at least partially and tempo-
rarily depend on an active lymphangiogenesis and possible
even on an increased angiogenesis with its biological
patterns. This correlation is well examined for tumor
diseases. According to the results in tumor diseases, it can
be assumed that a series of growth factors can stimulate or
inhibit lymphangiogenesis. An increased VEGF-C expres-
sion in different tumors, for instance, is associated with a
stimulation of lymphangiogenesis and an increased lym-
phogenic metastatic spread [28, 43]. In this context, it could
be shown that tumors themselves are able to induce
lymphangiogenesis [1, 6, 46]. VEGF-C secreted by the
tumor stimulates the budding of new lymph vessels and
thus increases the infiltrative potential of the tumor and
lymphogenic metastasis. Furthermore, due to endothelial

Table 1 Factors potentially associated with the pathogenesis of
lymphangiomas

Antigen Function Reference

VEGF-C Tyrosinkinase 11
VEGFR-3 Tyrosinkinase receptor 11, 26, 56, 57
Prox-1 Transcription factor 38, 57
bFGF Growth factor 42
PEDF Inhibitor of angiogenesis 42
Thrombospondin Inhibitor of angiogenesis 42
Reelin Glycoprotein 56
cMAF Transcription factor 56
Integrin-α1, -α9 Transmembrane proteins 56
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proliferation of the vascular wall intraluminal VEGF-C
leads to dilatation of the lymph vessels, assuring the lym-
phatic drainage from the tumor [1]. Different study groups
[19, 41] could demonstrate that tumor-associated macro-
phages are related to peritumoral lymphangiogenesis and
lymphovascular invasion by expressing VEGF-C. More-
over, Jackowski et al. [14] could show that radiogenic
lymphangiogenesis during the first years after postoperative
radiotherapy for breast cancer might be mediated by
VEGF-C expression by invading macrophages. As macro-
phages are able to express VEGF-C and thus induce local
sprouting of lymphatic endothelial cells and trigger growth,
and hyperplasia of lymphatic vessels [20] and macrophages
seem to be able to transdifferentiate into lymphatic
endothelial cells as suggested by Maruyama [30], they
may have a crucial role in lymphangiogenesis. However, as
VEGF-C leads to peritumoral lymphatic vessel expansion,
the finding that the peritumoral lymphatic hyperplasia
initiated by VEGF-C overexpression can be reduced by
application of anti-VEGFR-3 antibodies [21] seems to be of
particular importance.

Conclusion

While in tumor diseases the impact of factors such as
VEGF-C und VEGFR-3 on the modulation of the lymphatic
system and the induction of lymphangiogenesis was exam-
ined in many studies, scientific publications revealing a
correlation between lymphangiomas and lymph-angiogenous
growth factors are still very rare. Further studies on lym-
phangiogenesis and the detection of markers of lymphangio-
genesis will be necessary to further prove this correlation.
Based on this background, therapeutic approaches for the
treatment of lymphangiomas could then be developed via
modulation of the growth factors.
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Abstract Based on the principle of nonsense-mediated
mRNA decay, we sought to identify MLH1 or MSH2-
deficient colorectal tumours through relative quantification
of mRNA expression with real-time PCR (RT-PCR)
analysis. MLH1 and MSH2 mRNAs were almost equally
expressed as defined by MLH1 to MSH2 transcript ratio

(mean 1.41) in microsatellite stable, mismatch repair
(MMR) proficient tumours (n=16). A close correlation
between loss of protein expression and MMR–mRNA
levels was found in highly microsatellite instable (MSI-H)
tumours deficient of MLH1 or MSH2. MLH1/MSH2 ratio
was low in 11 sporadic and nine hereditary MLH1-deficient
carcinomas (mean 0.51), whereas the ratio was high in 17
MSH2-deficient hereditary non-polyposis colorectal cancer
(HNPCC) associated carcinomas (mean 6.8). Notably, in
the normal tissues of HNPCC patients with MSH2
mutations, the MLH1/MSH2 transcript ratios were signif-
icantly elevated (ratio>2.0) as compared to the ratios of
normal mucosa in patients with MMR-proficient tumours
(27 of 32 ratio<2.0; p=0.00113). Analysis of B-lympho-
cytes of HNPCC patients with proven MMR gene mutation
confirmed these findings. In conclusion, RT-PCR allows
relative quantification of MMR gene mRNA expression in
formalin-fixed and paraffin-embedded tissue. Furthermore,
this approach enables quantification of haploinsufficiency
due to nonsense-mediated mRNA decay in normal tissue
and B-lymphocytes from patients carrying MSH2 germline
mutations and may be useful for identification of asymp-
tomatic carriers of pathogenic germline mutations.

Keywords Diagnostic tool . MMR-deficient tumours .

Nonsense-mediated decay . qRT-PCR

Hereditary non-polyposis colorectal cancer (HNPCC) is an
autosomal dominantly inherited syndrome that accounts for
approximately 1–3% of all colorectal carcinomas [1, 8, 20, 21].
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HNPCC is caused by mutations in DNA mismatch repair
(MMR) genes MSH2, MLH1, MSH6 and PMS2 [2, 8, 20,
21, 29]. The vast majority of HNPCC cases are carriers of
mutations in MSH2 and MLH1, most of which result in
protein truncation [19]. Germline mutations in MSH6 or
PMS2 seem to be rare [2, 11, 19, 25, 26]. It has been
estimated that the lifetime risk for cancer approaches 80%
for carriers of MMR germline mutations [2, 11, 9, 14, 19,
25, 26].

Consequently, detection of mutation carriers before
tumour development is crucial since early and intensive
screening measures can reduce morbidity and mortality in
individuals at risk. Screening methods are microsatellite
instable (MSI) testing as a functional analysis of the MMR
system [15, 18, 28, 12] and immunohistochemical analysis
of MMR gene expression in tumours [9, 22, 30] which
identifies the mutated gene and allows focused mutation
analysis [6, 27].

Expression of one wildtype allele seems to be sufficient
to sustain mismatch repair capacity in normal tissue in
carriers of one mutated MMR gene allele. Somatic
inactivation of the wildtype allele is necessary for tumour
development. Therefore, analysis of protein expression of
MMR genes and MSI testing are meaningful if applied to
tumours but not if applied to normal tissue. Consequently,
carcinoma tissue of an index patient must be available to
identify the deficient MMR gene and, based on these
results, testing for germline mutation can be initiated.

It has to be assumed that protein expression of MMR
genes in normal and tumour tissue correlates with the
amount of corresponding mRNA. Nonsense-mediated
mRNA decay (for review see Hentze and Kulozik [10])
results in decreased expression of the mutated MMR allele
in normal tissue of carriers of pathogenic germline
mutations. Almost complete loss of mRNA expression
may be found in tumours, which have lost the wildtype
allele in addition [3, 13, 17]. Based on these assumptions,

we developed a real-time qRT-PCR approach for mRNA
quantification of the mismatch repair genesMSH2 and MLH1
and compared mRNA levels with protein levels in paraffin-
embedded tumours. Normal tissue and B-lymphocytes from
carriers of pathogenic MMR gene mutations served as
controls.

Materials and methods

Patient and tissue specimens

Our study included 54 pairs of paraffin-embedded tissue
samples representing matched normal mucosa and tumour
from 53 patients who had undergone surgery for colorectal
cancer (Table 1).

Tissue blocks were selected from the archives of the
Institutes of Pathology, Klinikum Kassel and University of
Bonn (Germany). All specimens were supplied by the
German HNPCC Consortium.

Three different study groups were created:

1. Sixteen cases had microsatellite stable (MSS) carcinomas
with regular immunohistochemical expression of MLH1
and MSH2. Patients’ age ranged from 33 to 82 years
(mean 65).

2. The second group consisted of 11 patients with highly
microsatellite instable (MSI-H) tumours which exhibited
immunohistochemical loss of MLH1 protein expression.
Patients’ age ranged from 64 to 92 years (mean 79) and
they had a negative family history. In these cases, the
MLH1 gene was most likely inactivated by promoter
hypermethylation.

3. The third group comprised 27 tumours from 26
patients. All carcinomas were MSI-H and immunohis-
tochemistry revealed complete loss of either MLH1 or
MSH2 protein expression except for one patient with

Table 1 Summary of tissue samples used for this study

MMR status

Proficient Deficient

MLH1-sporadic MLH1-hereditary MSH2-hereditary

Tissue
Tumour 16 11 9 17
Normal 16 11 10 17

Non-pathogenic mutation Pathogenic mutation
Cell lines 3 – 5 9

Tissue samples and B-lymphocyte cultures are given according to their mismatch repair status (MMR). The MMR-deficient cases were separated
into a MLH1 sporadic, a MLH1 and a MSH2 HNPCC-associated group. In one MLH1-deficient HNPCC-associated case, RT-PCR data of tumour
tissue did not meet the quality inclusion criteria; only the normal tissue was included
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two synchronous right-sided carcinomas. One tumour
expressed MSH2 and the other was MSH2 negative.
Patients’ age ranged from 33 to 66 years (mean
58 years). These cases met the Amsterdam criteria for
HNPCC and genetic testing revealed pathogenic MSH2
or MLH1 mutations in 19 of 27 cases. All mutations
lead to a stop codon, reflecting the loss of protein
expression. We did not find a pathogenic mutation in
all cases probably due to mutations in the promotor
region or large genomic deletions. The percentage of
pathogenic mutations in these patients is in the range of
the HNPCC international study group.

Lymphocyte cell cultures

B-lymphocytes were obtained from 14 HNPCC patients
with proven pathogenic mutation of MLH1 (n=5) and
MSH2 (n=9) genes. Three cell lines of healthy individuals
served as controls. The generation of B-lymphocyte cell
cultures was performed as described previously [16].

MSI analysis and immunohistochemical analyses

All tumour tissues were subjected to MSI analysis as
described in detail previously [20].

In accordance with the recommendation of the NCI and
the ICG–HNPCC [24], five microsatellite loci were used in
all tumour lesions for MSI analysis, two loci with
mononucleotide repeats (BAT25 and BAT26) and three
loci with CA dinucleotide repeats (D2S123, D5S346 and
D17S250). If all microsatellites were identical in tumour
and normal tissues, the case was reported as MSS; if two or
more microsatellites differed between tumour and normal
tissues, the case was reported as MSI-H. Losses of
heterozygosity were not regarded as microsatellite instable.
If only one microsatellite differed between tumour and
normal tissues, the five additional microsatellites recom-
mended by the IHC–HNPCC were analysed. Cases with a
minimum of two unstable loci were reported as MSI-H. The

primer sequences of these microsatellite loci were reported
previously [6].

Loss of MMR protein expression was determined by
immunohistochemical analysis in carcinomas using mono-
clonal antibodies against MSH2 and MLH1 as described in
detail earlier [28]. Only slides with distinct positive nuclear
staining in the basal crypt cells of normal mucosa, stromal
as well as inflammatory cells were evaluated. Loss of
MMR protein expression within the neoplastic lesions was
defined as complete when less than 10% of tumour cells
were stained. Incomplete loss (10–50% stained cells) or
only focal staining (cohesive nests of stained tumour cells)
was recorded as positive.

RNA extraction and cDNA synthesis

Total RNA of tumour tissue and corresponding normal
tissue were prepared from formalin-fixed deparaffinised
sections with HighPure RNA Paraffin Kit (Roche) according
to the manufacturer’s instructions. To avoid sampling errors,
only parts of the tissue sections that contained either at least
80% malignant cells in the carcinomas or only normal
mucosa in the matched controls were used.

Total RNA of cells cultured in vitro was extracted using
the HighPure RNA Extraction Kit (Roche) according to the
manufacturer’s instructions.

Extracted RNA from tissues and cell cultures were
reverse transcribed to cDNA using the AMV-RT Kit
(Roche) with MLH1rev and MSH2rev as specific primers
(Table 2) and G6PDH as the reference transcript (Roche).

Relative quantification of mRNA expression by real-time
PCR (RT-PCR) analysis

To analyse the expression status of the genes of interest, the
relative amount of the synthesised cDNA molecules was
determined by quantitative real-time PCR (LightCycler
System, Roche) using the RelQuant Software (Roche). As
control, mRNA from cultured cell lines with defined levels

Table 2 Primers used for real-time PCR

Primer Sequence 5′→3′ Length 5′ position

MLH1 for GATTACCCCTTCTGATTGACA 21 1,934
MLH1 rev ACTGAGGCTTTCAAAACA 19 2,052
MLH1 anchor GGAGGGACTGCCTATCTTCAT–fluorescein 21 1,971
MLH1 red LightCycler Red 640-TTCGACTAGCACTGAGGTGAA 22 1,994
MSH2 for CAGTATATTGGAGAATCGCA 20 2,631
MSH2 rev AGGGCATTTGTTTCACC 17 2,754
MSH2 anchor CATGGAACCAGCAGCAAAGA–fluorescein 20 2,663
MSH2 red LightCycler Red 640-TGCTATCTGGAAAGAGAGCAAGG 23 2,685
G6PDH LightCycler ref. detection mixes from DPD mRNA Quantif. KitPlus (Roche)
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of MLH1 and MSH2 mRNA was used (DPD mRNA
Quantif. KitPlus, Roche) and after reverse transcription
taken as calibrator cDNA.

The PCR results were controlled using polyacrylamide
gel electrophoresis and the PCR products were sequenced
using the ABI PRISM 310® Genetic Analyzer (Applied
Biosystems) to verify the nucleotide sequence.

For standardisation and exclusion of low quality specimens,
expression analysis of glucose-6-phosphatase-dehydrogenase
(G6PDH) was run as an internal quality control. Through
dilution series a cut-off of 102 G6PDH copies was determined
as the lower level of detection. In order to compensate for
further potential inter-individual or inter-specimen variations,
a quotient from MLH1 (numerator) to MSH2 (denominator)
was formed by calculating their crossing point as follows:
The RelQuant software (Roche) uses crossing point (CP) as
basis for the calculation of different mRNA (cDNA) levels.
In a first step, the software determined the ratio concentra-
tion, which is defined by the ratio of the median CP value of
the numerator replicates divided by the median CP value of
the denominator replicates. For normalisation, the following
algorithm was used: normalised ratio=[ratio concentration
sample/(ratio conc. calibrator)×correction factor]×multipli-
cation factor. Calibrator RNA derived from a cell line as well
as correction and multiplication factor were provided by the
manufacturer (DPD mRNA Quantif. KitPlus, Roche). Over-
expression or a loss of expression was defined in relation to
the calibrator. In case of identical ratio values from sample to
calibrator, both mRNA species must be expressed equally. In
addition, values of MLH1 or MSH2 mRNA copy number
were only accepted for further calculation if the deviation of
the CP value from the sample duplicates in LightCycler runs
was <1.0. All measurements were done in triplicate. From a
biological point of view, this reflects recent observations that
in quantitative RT-PCR analyses housekeeping genes such as
G6PDH vary between different tissues and thus must be
defined according to the sample studies [7]. In addition, there
is strong evidence that MLH1 and MSH2 are co-regulated,
e.g. by hypoxia leading to the coordinated repression of
MLH1 and MSH2 [5]. Thus, putting MLH1 and MSH2 in
a quotient compensates for such superimposed alterations
in expression and activation patterns affecting both DNA
repair genes.

Data analysis

Statistical data analysis was performed using the JMP
software Version 4 (SAS Institute Inc., Cary, USA).
Wilcoxon test was used to assess the significance of inter-
group differences. The cut-off point for significance was set
to p<0.05.

Results

Feasibility of relative quantification of MMR gene
expression by qRT-PCR

Quantification of mRNA of MLH1 and MSH2 in paraffin-
embedded tissues and in B-lymphocytes cultured in vitro
turned out to be a reliable and reproducible technique if
adequate controls were used.

After exclusion of 16% of initially analysed samples due
to low copy number (data not shown), all cases included in
this study had G6PDH mRNA copy numbers over 102. The
mean MLH1/MSH2 ratio value of MSS normal and tumour
tissue was used as cut-off value in paraffin-embedded tissue
being 1.2 in normal and 1.4 in tumour samples and of about
1.0 in B-lymphocytes cultured in vitro from patients with
MMR-proficient tumours.

qRT-PCR in tumour tissue

In tumour tissue, there was a close correlation between
mRNA and immunohistochemical expression levels (Fig. 1).
The mean ratio of MLH1 and MSH2 mRNA expression
measured by LightCycler qRT-PCR was 1.41 (range 0.47 to
5.13) in MMR-proficient colorectal cancer samples. Only in
one case the tumour tissue (MLH1 deficient) was excluded
from analysis due to the abovementioned quality control
measures (Table 1).

In the MLH1-deficient tumours, the ratio values were
below 1 with mean values of 0.51 in hereditary and 0.42 in
sporadic tumours indicative of a reduced MLH1 mRNA
copy number.

In the MSH2-deficient tumour group, the mean MLH1/
MSH2 ratio value was 6.02 in hereditary tumours indicating
a severely reduced MSH2 mRNA copy number. One patient
carried two synchronous MSI-H colon cancers with loss of
MSH2 expression in one tumour and preserved MSH2
protein expression in the second tumour. As shown in Fig. 1,
the MLH1/MSH2 ratio depicts this difference by a high
value in the MSH2-negative (ratio 8.94) and a low value
(ratio 0.46) in the MSH2-positive carcinoma.

The difference in MLH1 and MSH2 ratios between
MLH1- or MSH2-deficient and proficient tumours was
statistically highly significant (p<0.001).

qRT-PCR in normal tissue

The mean value ratio of MLH1 and MSH2 mRNA
measured by LightCycler PCRs was 1.22 (range 0.25 to
1.93) in normal MSS tissue samples (Fig. 2a). Consistently,
very similar ratios were measured in normal mucosa
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samples from patients with sporadic MLH1-deficient
tumours (mean 1.27; range 0.25 to 2.12).

In patients with hereditary MSH2-deficient carcinomas,
the ratios were equal or higher than 2.0, which is a
statistically highly significant elevation compared to the

ratios in the normal mucosa of cases with MSS or sporadic
MLH1-deficient carcinomas (p=0.00113). These data indi-
cate haploinsufficiency of MSH2 in normal cells of HNPCC
patients. Apparently, this difference is below the level of
detection by immunohistochemistry as the staining intensi-

Fig. 1 Results of the real-time
PCR LightCycler (RT-PCR)
analysis in tumour tissue calcu-
lated as the ratio of quantitative
expression of MLH1 through
MSH2. Each symbol represents
the analysis of one tissue as a
mean of three runs. The corre-
lation of protein expression level
as evidenced by immunohisto-
chemistry and mRNA levels is
shown by representative pictures
in a HNPCC patient with two
synchronous tumours. The tu-
mour with loss of protein ex-
pression (a) revealed the highest
MLH1/MSH2 mRNA ratio,
whereas the tumour with
retained expression (b) showed
the lowest corresponding ratio
value. The mean value of MSS
tumour tissue without loss of
repair gene expression is given
as dotted line

Fig. 2 Results of the RT-PCR analysis of corresponding normal
mucosa tissue calculated as the ratio of quantitative expression of
MLH1 through MSH2 in normal mucosa (a) and in B-lymphocyte cell

lines (b). The mean value of the three normal control B-lymphocyte
cell lines without loss of repair gene expression is given as dotted line
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ties in MSS, MLH1 and MSH2 deficient tissue samples
were identical (data not shown).

The ratios in normal tissue of hereditary MLH1-deficient
patients were not significantly different from the MSS- and
sporadic MLH1-deficient mucosa samples. It is known that
MLH1 deficiency in these tumours results from promotor
methylation and possibly variable mRNA expression occurs
in the respective normal tissue.

qRT-PCR in B-lymphocytes

The mean value ratio of MLH1/MSH2 mRNA in B-
lymphocytes of normal controls (n=3) was 0.9 (range
0.85–1.00). All MSH2-deficient cell lines (n=9) had ratio
values above this value (Fig. 2b), whereas in four of five
MLH1-deficient cell lines, ratio values were below this value
(ranging from 0.30 to 0.87 with one outlier with 3.45). These
data again are in favour of significant haploinsufficiency in
MSH2 gene expression in B-lymphocytes of patients with
MSH2 germline mutations (p<0.001).

Discussion

The present study demonstrates for the first time that
quantification of mRNA expression of the mismatch repair
genes MLH1 and MSH2 in routinely formalin-fixed and
paraffin-embedded tissue is a valid and reliable method
using quantitative real-time PCR (qRT-PCR). Determination
of the ratio between MLH1 and MSH2 mRNA copy
numbers showed a close correlation with immunohisto-
chemical loss of MMR gene expression. Furthermore, we
demonstrate that reduced mRNA expression of MSH2 in
normal tissue of HNPCC patients carrying pathogenic
mutations, which is most likely due to haploinsufficiency,
can be quantified by our approach.

For quality control and standardisation, calibrator RNA
served as a reference for the samples against a stable system
and controlled for variation of reverse transcription and PCR
performance. Low copy numbers of the calibrator point to an
error during analysis, whereas low copy numbers of the
patient samples are a sign of flaws during the process of tissue
sampling via fixation to RNA isolation. Special attention was
paid to the quality of samples. Accordingly, we used the
reference gene G6PDH as a further internal control for RNA
integrity. Only reactions that showed a copy number of at least
102 mRNA molecules were evaluated. In addition, values of
MLH1 or MSH2 gene copy numbers were only accepted for
further calculation if the difference of the double-checked CP
values was <1.0. Using these safety precautions, we could
clearly identify and exclude from evaluation four samples
that were sent in for consultation without information on
type of fixation and age of sample (data not shown).

We calculated the transcript ratio of MLH1 to MSH2,
which further compensates for potential inter-individual and
inter-specimen variations. Indeed, this ratio turned out to be
a valid parameter for detection of differences in MMR gene
mRNA expression and correlated very well with immuno-
histochemical results. This reflects recent observations that
in quantitative RT-PCR analyses housekeeping genes such
as G6PDH vary between different tissues and thus must be
defined according to the sample studies [7]. In addition,
there is strong evidence that MLH1 and MSH2 are co-
regulated, e.g. by hypoxia leading to the coordinated
repression of MLH1 and MSH2 [5].

Accordingly, carcinomas with complete loss of MLH1
protein had ratios at the lower range level (most <0.5). In
contrast, tumours showing complete loss of MSH2 protein
expression were in the upper range level (>3.0). In one
HNPCC patient with synchronous MSI-H colonic carcino-
mas, one tumour showed complete loss of MSH2 and thus
the ratio was high with 8.94. Remarkably, the second
tumour stained strongly MSH2 positive, and consistently
the ratio was very low (0.46). A possible explanation for
this observation might be that the two tumours differ in
their second hit mutation leading to a still expressed, albeit
not functional, protein in one and to a truncated non-
detectable protein in the other tumour.

Another interesting observation is related to the expres-
sion levels within the normal mucosa. Regarding specimens
of patients with sporadic MSS carcinomas, ratios between
MLH1 and MSH2 were similar to ratios in normal tissue of
MLH1-deficient tumours, while ratios of normal tissue of
patients carrying MSH2-deficient tumours were significantly
higher. This observation was clearly confirmed by our
data with B-lymphocytes obtained and cultured in vitro
from patients with proven germline mutations in the
MMR genes and indicate a haploinsufficiency of MSH2
in non-tumorigenic cells of HNPCC patients.

The ratios of MLH1-associated HNPCC cases were not
statistically significantly different from the sporadic cases.
We should have expected that MLH1 to MSH2 ratios were
very low compared to the sporadic cases. This was
demonstrated by Tournier et al. showing a reduced MLH1
mRNA level of HNPCC patients versus normal blood donors
on a denaturing high-performance liquid chromatography-
based method [31]. In our study, we analysed colonic
mucosa, where the phenomenon of increasing methylation
of the colonic mucosa with age is one factor leading to
similar results in both groups.

To our knowledge, this study shows for the first time the
possibility to evaluate the expression of mismatch repair
protein mRNA by means of quantitative RT-PCR in paraffin-
embedded archival tissue. We expect an even more distinctive
separation of MMR-proficient and MMR-deficient tumours
on one hand and between MLH1- and MSH2-deficient
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normal tissues if more refined sampling procedures such as
laser microdissection and methylation-specific analysis will
be used [4, 23, 25].

Thus, we regard this technique as a real step forward in
MMR gene expression analysis particularly in normal tissue
where immunohistochemistry alone does not allow any
differentiation between cases with or without germline
mutation in one of the MMR genes.

Our approach, if confirmed within the ongoing studies of
the German HNPCC Consortium, which currently serves
for more than 3,000 families being at risk for HNPCC, may
be a potential screening tool for identification of asymp-
tomatic carriers of a pathogenic germline mutation.
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Abstract Due to the extensive pathologic evaluation of the
sentinel lymph node (SLN), micrometastases are frequently
observed. If micrometastases are clinically relevant, the
histopathologic examination of SLNs should be sensitive
enough to detect them. The probability of detecting micro-
metastases was calculated when examining the SLN
according to the current Dutch pathology protocol and
strategies evaluated to optimize the chance of detection.
The dimensions of 20 consecutive axillary SLNs in patients
with cT1-2N0 breast cancer were measured. In a mathe-
matical model, the probability of detecting micrometastases
in a SLN was calculated. Similarly, strategies to optimize
the probability of detecting micrometastases were explored.
When applying the pathology guidelines, the calculated
probability to detect a micrometastasis was 18% for a
200-μm micrometastasis and 69% for a 2.0-mm metastasis
in a median sized SLN. To detect the smallest microme-
tastasis in a median-sized SLN with a 95% probability, the
interval between the sections must be decreased to 200 μm,

and 20 levels from both halves must be examined. Given a
prognostic significance of micrometastases, our current
pathology guidelines are not sensitive enough. The number
of sections should be increased, while the interval between
cuts should be no more than 200 μm.

Keywords Breast cancer .Micrometastases . Pathology .

Sentinel lymph node . Staging

Introduction

Sentinel lymph node (SLN) biopsy has proven to be an
accurate staging procedure in breast cancer patients and has
replaced axillary lymph node dissection (ALND) in
clinically “node negative” axillas [20].

The extensive pathology workup of SLNs has resulted in
a frequent observation of micrometastases [2, 6]. The
clinical relevance of small lymph node metastasis (TNM-
stage N1mi) is still under debate. Some argue that the
prognosis of patients with N1mi is similar to the outcome
of patients with no lymph node (N0) involvement. Others,
however, believe that N1mi is of prognostic significance
and hence consider TNM-stage N1mi as an indication for
adjuvant systemic therapy [15, 16, 18, 22].

When micrometastases are clinically relevant, it is impor-
tant that the histopathologic examination is sensitive enough
to detect them. The current Dutch pathology guideline advo-
cates to bisect a SLN, submit both slices, and examine three
levels at 250-μm intervals. Yet, various other protocols are in
use by different laboratories [7]. The pathology protocol may
well have an effect on the probability to detect micro-
metastases and consequently influence treatment [2, 13].

Using a mathematical model, the probability of finding
micrometastases within a SLN, examined according to the
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national guidelines, was calculated. Subsequently, the model
was used to optimize histopathologic workup of SLNs.

Materials and methods

A mathematical model was designed to calculate the prob-
abilities of detecting micrometastases within a SLN. To
address these probabilities for an average SLN, the size of a
SLN in breast cancer patients was assessed first. Subsequently,
the model was used to assess the chances of detecting micro-
metastases when a SLN was examined following the national
pathology guideline. Lastly, alternative strategies to optimize
histopathologic workup were tested.

The Dutch national pathology guideline for the examination
of SLNs and definition of micrometastases

The guideline for evaluating SLNs advocates to bisect
SLNs and to take three cuts from both halves starting from
the center with 250-μm distance between two cuts. SLNs
thicker than 10 mm are sectioned into 2-mm slices. It is
advised that samples are stained both with hematoxylin and
immunohistochemically with antibodies to cytokeratin [3].

A micrometastasis was defined as a tumor deposit in the
SLN ≥200 μm and ≤2 mm corresponding with N-stage
N1mi in the latest TNM classification [24].

The size of a SLN

Twenty consecutive SLNs were retrieved during the oper-
ations of 12 women with cT1-2N0 breast cancer. After

surgical extirpation and clearance of the surrounding fat of
the SLN and before fixation in the pathology department, the
SLN was measured by the pathologist. Length, height, width,
and volume of the SLN were assessed. Volume was measured
by placing the SLN in a cylinder with water, determining the
volume of the SLN by the volume shift of the water.

The probability of detecting metastases in a SLN

A mathematical model was designed to calculate the
probability that a single lymph node micrometastasis would
be detected by the nationally advocated histopathologic
examination protocol for SLN in breast cancer patients.

Figure 1 sketches the various assumptions and quantities
involved in modeling the detection of metastasis in a SLN.
A SLN is assumed to be aptly represented by a triaxial
ellipsoid shape with parameters (half lengths) ax, ay, and b
corresponding with the Euclidian dimensions x, y and z,
where x and y are the dimensions of a coupe (with zero
thickness) and z is the dimension from which the cuts are
taken. In line with current Dutch guidelines, it holds that
ax ≥ ay ≥ b>0. The metastasis is represented as a ball shape
with diameter m. A circular shape of a micrometastasis and
random location of the micrometastasis within the SLN
were assumed.

When applying the Dutch pathology guideline, detection
of micrometastases is based on six cuts (three cuts for both
halves) of the ellipsoid starting from the center. Each cut
has a vertical size equal to c (5 μm) and a horizontal
dimension equal to the size of the ellipsoid (therefore
depending on the location of the cut). In between cuts, there
is a vertical distance equal d (250 μm).

Fig. 1 ax half length of SLN; ay
half width of SLN; b half height
of SLN; c vertical size of a cut
(5 μm); d vertical size in be-
tween cuts (250 μm); x and y;
dimensions of a coupe of a
SLN; z dimension from which a
cut is taken; m metastasis
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Determination of volumes

Based on the model assumptions, mathematical expressions
can be determined for the content of several relevant parts
of the tissue. We made expressions for:

1. the volume of the entire lymph node,
2. an arbitrary slice from the lymph node, and
3. the volume of the metastasis.

Volume of a lymph node

The contour of lymph nodes is modeled with a triaxial
ellipsoid whose Euclidian coordinates are defined as:

x2

a2x
þ y2

a2y
þ z2

b2
¼ 1 ð1Þ

The parameters ax, ay, and b are half the size of the ellip-
soid in each of the corresponding dimensions, ax ≥ ay ≥ b>0.
Based on 1, an arbitrary cut from this ellipsoid at a given z
position (−b ≤ z ≤ b) is described in terms of its x, y
coordinates as:

x2

a2x 1� z2
b2

� � þ y2

a2y 1� z2
b2

� � ¼ 1 ð2Þ

Which has surface Sz defined as:

Sz ¼ p

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

a2x 1� z2

b2

� �s ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

a2y 1� z2

b2

� �s

¼ paxay 1� z2

b2

� �
ð3Þ

Integrating the cut surfaces Sz over the relevant range of
z values, the vertical dimension of the ellipsoid, gives the
desired volume of the ellipsoid I(−b, b):

I �b; bð Þ ¼
Zb

�b

πaxay 1� z2

b2

� �
dz ¼ 4π

3
axayb ð4Þ

Volume of a histopathologic cut

A similar expression for the volume of an arbitrary section I
(z0,z1) taken from the ellipsoid between z0 and z1 in vertical
direction, −b ≤ z0 < z1 ≤ b, is derived using 4 as:

I z0; z1ð Þ ¼
Zz1

z0

πaxay 1� z2

b2

� �
dz

¼ πaxay z1 � z0ð Þ � 1

3b2
z31 � z30
� �� �

ð5Þ

Determining the volumes within the SLN
where a metastasis will or may be detected

Large metastases with a diameter ≥250 μm will always be
detected in the area between the outer cuts of the upper and
lower halves of the ellipsoid. The area within the SLN, i.e.,
the vertical distance from the center line of the ellipsoid
where a metastasis will be detected, if present, is equal to:
three cuts plus two inter-cut spaces plus one diameter of the
metastasis (representing metastases just on the outer cut): 3c +
2d + m. Using 5, the volume of the remaining top and bottom
part of the SLN, or detection area Dm ≥ d is obtained as:

Dm�d ¼ I � 3cþ 2d þ mð Þ; 3cþ 2d þ mð Þð Þ ð6Þ
Small micrometastases with a diameter between 200 and

250 μm may be located between the cuts without leaving
traces in one of the neighboring cuts. The previously deter-
mined “detection area” for larger metastases needs to be
corrected for this. If the metastasis is just next to the first cut,
then the unseen area is (c + m, c + d). If it is between the
second and third cut, then the unseen area is (c, c + d − m).
This way two corrections are obtained:

– between cuts 1 and 2: I c; cþ d � mð Þ þ I cþðð
m; cþ dÞÞ=2

– between cuts 2 and 3: I 2cþ d; 2cþ 2d � mð Þþð
I 2cþ d þ m; 2cþ 2dð ÞÞ=2

Combining the volume of the area between the outer cuts
with these corrections and considering that corrections
apply to both the upper and lower halve of the ellipsoid
gives the volume of the detection area Dm<d

Dm<d ¼ I � 3cþ 2d þ mð Þ; 3cþ 2d þ mð Þð Þ
� I c; cþ d � mð Þ þ I cþ m; cþ dð Þð Þ
� I 2cþ d; 2cþ 2d � mð Þ þ I 2cþ d þ m; 2cþ 2dð Þð Þ

ð7Þ

Determining the probability of detection

The probability of detection is obtained as the volume of
the detectable part of the ellipsoid divided by the total
volume of the detectable part of the ellipsoid. In case of the
“largest micrometastasis” (2 mm), this probability is:

P detectionjm � dð Þ ¼ Dm�d

I �b; bð Þ ð8Þ

In case of the “smallest micrometastasis” (200 μm), the
probability of detection is

P detectionjm < dð Þ ¼ Dm<d

I �b; bð Þ ð9Þ

The probability of not detecting a metastasis is equal to 1
minus the probability of detection. Note that these
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probabilities depend on the vertical size of the lymph node,
but not on the horizontal dimensions of the coupe, as the
parameters ax and ay as multiplication factors in 5 and 4
cancel from the ratios in 8 and 9.

Optimizing the detection of micrometastases

We subsequently used the model to develop a histopatho-
logic examination strategy with a 95% detection probability
of finding N1mi by:

1. varying the number of cuts and
2. decreasing the interval between the cuts (200 μm

instead of 250 μm).

Results

The median volume of a SLN was 0.8 cm3 (range 0.3–
3.45). The dimensions of the median sized SLN were:
length 15 mm, width 10 mm, and height 10 mm. The
dimensions of the smallest SLN were 10, 7, and 5 mm,
respectively, and of the largest SLN 25, 20, and 12 mm,
respectively.

The probabilities of detecting micrometastases in a SLN
using the mathematical model and applying the Dutch
pathology guideline are summarized in Table 1. The
chance of missing a 200-μm micrometastasis was 82% in a
median sized SLN, the probability of missing a 2-mm
micrometastasis 31%. When examining SLNs according to
the guideline, only the chance to find the largest micro-
metastases in the smallest SLN would exceed the 95%
probability.

Sectioning and examining SLNs at 2-mm intervals, as
proposed for SLNs thicker than 10 mm, would result in a
100% probability of finding 2-mm micrometastases in the
largest SLN, but at the expense of a lower chance of
detecting 200-μm micrometastases (11% instead of 15%).

The effect of augmenting the number of cuts (taken at
250-μm intervals) on the probability of detecting micro-
metastases is plotted for the median SLN in Fig. 2. By
adding seven additional cuts from both halves, a 95%
probability of detecting 2-mm metastases is reached. Yet,
even when the number of cuts is maximized, the probability
to detect 200-μm micrometastases does not exceed 81%.

In Fig. 3, the effects of consecutive cuts at 200-μm inter-
vals is plotted. To detect a 200-μm metastasis in a median
SLN with a 95% probability, a total number of 20 cuts from
both halves of the SLN must be examined (Table 2). When a
5% risk of missing the smallest micrometastasis is consid-
ered acceptable, examination of the outer one sixth of the
height of both halves of the SLN may be omitted.

Discussion

We demonstrated that the risk of missing micrometastases in
the SLN in breast cancer patients is substantial when a SLN is
examined according to the current Dutch pathology guideline.
If discrimination between TNM-stage N0 and N1mi is
clinically relevant, histopathologic examination of the SLN
should be adjusted. The interval between the cuts should be
decreased, and the size of the SLN should be taken into
account. Starting from the center of the node, cuts from both
halves at 200-μm intervals should be examined comprehend-
ing at least 90% of the height of the SLN.

The SLN concept has gained wide acceptance as a
staging procedure for breast cancer patients, yet the method
of examining SLNs varies considerably. A recent interna-
tional survey among 240 pathology laboratories reported
123 different protocols for the workup of SLNs. Pathology
protocols ranged between two and five section levels per
lymph node to step sectioning SLNs at 40-μm intervals [7,
28]. While the accepted risk of a false-negative procedure
(i.e., a SLN with no metastasis and a non-SLN with
metastasis) is estimated to range between 2% and 10% [5,
12, 17, 25, 27], less is published about the sensitivity of the
pathologic examination of the SLN itself (i.e., not detecting
a metastasis that is present in a SLN). Cserni [8] calculated,
also based on a model, that to detect macrometastases
sections at steps of 1 mm are sufficient and for the detection
of micrometastases sections at steps of 200–250 μm should
suffice. Our study demonstrates that intervals between the
cuts should be 200 μm at most.

More slices at smaller intervals are likely to lead to a
more frequent detection of micrometastases [9, 11, 26, 29].

Table 1 Probability of detecting micrometastases (TNM-stage N1mi)
using the current Dutch pathology guidelines

Pdetect
b micrometastasis

Smallest
micrometastasis
200 μm

Largest
micrometastasis
2 mm

Volume and measures of the SLNa

Median SLN
0.8 cm3; 15×10×10 mm 0.18 0.69

Smallest SLN
0.3 cm3; 10×7×5 mm 0.36 1.0
Largest SLN
3.45 cm3; 25×20×12 mm 0.15 0.59

0.11c 1.0c

a SLN sentinel lymph node, bPdetect probability of detection
cWhen examined according to the examination protocol for SLNs
thicker than 10 mm

20 Virchows Arch (2008) 453:17–24



Fig. 2 Pdetect, detection chance; +n, number of extra cuts taken from each half of the SLN

Fig. 3 Pdetect, detection chance; +n, number of extra cuts taken from each half of the SLN
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Before the introduction of the SLN procedure, lymph nodes
were halved, and one cut from the center was stained with
hematoxylin and examined. The current practice, involving
more cuts and additional coloring with immunohistochem-
ical techniques, is time-consuming for the pathologist and

more expensive [11]. While the Dutch guideline states that
the guideline already is “a balance between the practical
feasibility and the sensitivity of the procedure”[21],
optimizing the pathology workup to reach a 95% sensitivity
would imply a sevenfold increase of the number of cuts to
be examined.

Worldwide, many pathology protocols are used for the
pathology workup of SLNs [7]. In Fig. 4, the yield of the
Dutch protocol is compared to the yield of a “commonly
used” pathology protocol (bisecting the SLN and examin-
ing six cuts of both halves at 150-μm intervals) [7] and the
yield of the “Milan” protocol (bisecting a SLN, 15 levels of
each side at 40-μm intervals and the remainder at 100-μm
intervals) [27]. Only the latter protocol resulted in a truly
substantial improvement of the probability of detection. At
the same time, the number of examined slices per lymph
node was 112 instead of six.

However, if breast cancer patients with TNM-stage
N1mi have a worse prognosis in comparison to patients
staged as N0, extra work for the pathologist is not an
acceptable reason to perform a suboptimal examination.

To date, it is unclear whether “missing” lymphogenic
micrometastases is a clinical problem. It all comes down to
the question whether TNM-stage N1mi is of prognostic
importance. Older studies gave conflicting results, some
suggesting a prognosis similar to patients with N0 breast
cancer [1, 14, 30] while others reported prognosis compa-

Table 2 Number of pathology cuts necessary to detect the smallest
micrometastasis (200 μm) with a 95% probability

No. of cuts neededa

for 95% detection
probability

Maximum
No. of cutsa

Interval between cuts 250 μm
Median SLN
0.8 cm3; 15×10×10 mm nrb 19
Smallest SLN
0.3 cm3; 10×7×5 mm nrb 9
Largest SLN
3.45 cm3; 25×20×12 mm nrb 23

Interval between cuts 200 μm
Median SLN
0.8 cm3; 15×10×10 mm 20 24
Smallest SLN
0.3 cm3; 10×7×5 mm 10 12
Largest SLN
3.45 cm3; 25×20×12 mm 24 29

a Number of cuts taken from each half starting from the center of the
SLN
b nr 95% detection probability not reached

Fig. 4 Pdetect, detection chance; Pdetect Dutch, detection chance in the Dutch pathology protocol; Pdetect Cserni, detection chance in most common
European protocol; Pdetect Milan, detection chance in protocol used in Milan
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rable to patients with N1 disease [23]. Studies based on
examination of the SLN have a very limited follow-up and
have not shown any difference in overall survival. Then
again, a difference between N0 and N1mi for disease-free
and metastasis-free survival was observed by Colleoni et al.
[4] in a large series of patients. Long-term data should be
awaited, but there appears to be some clinical relevance of
TNM-stage N1mi.

In the meantime, many medical oncologists tend to
advise systemic treatment for patients with lymphogenic
micrometastasis, considering micrometastasis in the region-
al lymph nodes of similar importance as macrometastasis.
In that respect, it is important to note that the current
guideline carries a risk of “missing” macrometastases too.
We showed that the chance of missing the largest micro-
metastasis (2 mm), i.e., the smallest macrometastasis is
31% in a SLN of median size.

On the other hand, if TNM-stage N1mi is not clinically
relevant, examination of the SLN by sectioning at 2-mm
intervals, as advised for SLNs thicker than 10 mm, instead
of 250-μm intervals would be a more sensible approach
than the current guideline. This would result in fewer
sections, but nonetheless a 100% yield of detecting the
smallest macrometastases.

An important limitation of our study is that the
mathematical model does not take several biological
aspects into account. Firstly, the location of a micrometa-
stasis within a lymph node. We have assumed a random
distribution of the metastases within the node, while the
periphery of the lymph node seems to be the preferred
localization of micrometastases [10, 19]. Secondly, forma-
lin fixation leads to shrinking of tissue; this affects both the
volume of the “detection area” as well as the volume of the
metastasis to be detected. Furthermore, the model assumes
that every micrometastasis that appears in a cut is observed
too. Lastly, a micrometastasis that is seen in one cut may
well be larger than appears under the microscope when
studying that cut only. We do not know what the overall
effect of these biological factors is. Yet, despite these
limitations, it is unlikely that our mathematical model
substantially under- or overestimates the risk of missing
micrometastases.

In conclusion, the current Dutch pathology guideline is
insufficient to detect small lymph node metastases. If we
wish to detect micrometastases with a 95% probability rate,
more extensive histopathologic workup is required. Finally,
not doing so would also imply that we will never know the
exact prognostic significance of these small metastases.
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Abstract Plasma protein fibrinogen variants cause fibrino-
gen Aα-chain (AFib) amyloidosis, which presents with
hypertension, proteinuria, and azotemia. Six AFib mutations
have been reported thus far. We identified three patients who
presented with marked proteinuria and serum creatinine
elevations. Their kidney biopsies revealed destruction of the
glomerular architecture by amyloid deposits with typical,
apple-green birefringence in polarized light after Congo red
staining. We found immunoreactivity against fibrinogen,
which is typical for this type of amyloidosis. We sequenced
the FGA exon 5 and demonstrated heterozygosity for the p.
Glu526Val mutation in all three cases. This amino acid
substitution is the most common fibrinogen Aα-chain
variant causing AFib amyloidosis. The mutation has been
reported in individuals of European and American descent

but not yet in German patients. AFib amyloidosis should
therefore be considered an important differential diagnosis
in German patients with renal amyloidosis. In the cases
described here, the use of antibodies directed against
fibrinogen, followed by direct gene sequencing, revealed
the underlying cause.

Keywords Kidney . Amyloid . Fibrinogen . FGA . E526V

Abbreviations
FGA fibrinogen Aα-chain gene
HRA hereditary renal amyloidosis
TTR transthyretin
Fib fibrinogen Aα-chain
Lys lysozyme
ApoAI apolipoprotein AI
ApoAII apolipoprotein AII

Introduction

Hereditary amyloidosis is an autosomal-dominant disease
characterized by insoluble protein deposits in various organs.
Hereditary amyloidosis has been associated with variant
apolipoprotein AI, apolipoprotein AII, gelsolin, lysozyme,
fibrinogen Aα-chain, or transthyretin proteins. The most
frequent form is the transthyretin-derived ATTR amyloid-
osis, which clinically presents with polyneuropathy and/or
cardiomyopathy [3]. These symptoms clearly differ from
hereditary renal amyloidosis (HRA), where nephropathy is
the main manifestation. Several HRA kindred have been
reported since Ostertag [18] first described a German family
in 1932. Common HRA proteins are fibrinogen (AFib
amyloidosis), lysozyme (ALys amyloidosis), apolipoprotein
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AI (AApoAI amyloidosis), and apolipoprotein AII
(AApoAII amyloidosis). One ApoAI variant was reported
to also cause neuropathy [17, 18]. Six mutations in the
fibrinogen Aα-chain (FGA) cause AFib amyloidosis. The
most common variant is p.Glu526Val, which was first
described in 1994 in two Irish families [20]. The sole
clinical manifestation in those patients was a nephropathy
appearing at age 40–60 years without any sign of
neuropathy [21]. Five additional mutations causing AFib
amyloidosis were since reported. One was a single base
deletion at nucleotide 4897 resulting in p.Thr522fs first
described in a French family [10]. A G-to-T transversion
leading to the amino acid exchange p.Arg554Leu was
observed in a kindred of Peruvian descent [4]. A single base
deletion at nucleotide 4904 resulting in p.Ser524fs was
found in the US [22]. A p.Glu540Val replacement was
described in a German patient [6], and the p.
Asp517_Thr522delinsGlnSer mutation was recently found
in a 7-year-old Korean girl [13] (Table 1).

Clinically, AFib amyloidosis presents with hypertension,
proteinuria, and azotemia. Amyloid is typically found in the
renal glomeruli, while the liver and spleen are only
involved in more advanced cases [2]. With the exception
of one reported case from Portugal, no neuropathy has been
observed in AFib amyloidosis. Fibrinogen is involved in
the coagulation process; however, the aforementioned
variants do not seem to affect the normal function of
fibrinogen [19]. Although hereditary amyloidosis is rela-
tively uncommon, 5% of patients referred to the UK
National Amyloidosis Center with an apparent diagnosis
of acquired AL amyloidosis carried the p.Glu526Val variant
of the fibrinogen Aα-chain [14].

Treatment options for this disease are limited. Renal
transplantation is associated with rapid recurrence of
amyloid deposits in the graft, resulting in subsequent
renal failure. Combined renal and hepatic transplantation
was reportedly successful in two amyloidogenic variants

and could be effective in all AFib amyloid cases. In the
presence of a normal liver, the variant fibrinogen is
eliminated from the serum, and the amyloid deposits can
be mobilized from the affected organs [15, 24]. We
describe three German patients with fibrinogen Aα-chain
amyloidosis due to the p.Glu526Val mutation. Since
pathologists will ultimately make the diagnosis of such
patients, their thorough knowledge of the genetic basis is
highly important for subsequent therapeutic plans.

Clinical history

Patient no. 1

A 62-year-old woman developed myalgia and low-grade
fever over a 20-year period. Hypertension developed after
10 years. Proteinuria of >1 g/day and a creatinine con-
centration of 2.3 mg/dl were observed 18 years after
symptom onset. A renal biopsy was then performed.
Amyloidosis of unknown cause and subtype was diagnosed.
Rheumatological examination ruled out a periodic fever
syndrome. The patient was then referred to the Amyloidosis
Clinic, University of Heidelberg. She had no macroglossia
and no cutaneous bleeding. The heart, liver, and gastroin-
testinal tract were not affected. However, the patient showed
early signs of a sensory polyneuropathy in fingers and feet,
which was confirmed by electrophysiological examination.
Laboratory tests showed no monoclonal gammopathy. The
free light chain test and a bone marrow biopsy were also
normal. The family history provided no evidence of a
hereditary amyloidosis or hereditary kidney disease.

Patient no. 2

A 49-year-old man without known kidney disease but
with hypertension, hyperlipidemia, and coronary artery

Table 1 FGA mutations in AFib amyloidosis

Mutation Clinical features Geographic origin Age of onset (years)

p.Glu526Val Nephropathy Americans of Irish descent [20] 40–60
Nephropathy–neuropathy Portugal [7] 55
Nephropathy Canadians of Polish descent [1, 21] ∼50
Nephropathy UK [14]
Nephropathy Germany (current report) 40–65

p.Arg554Leu Nephropathy Mexicans of Peruvian descent [4] ∼30
Nephropathy France [11] ∼50
Nephropathy African–American [23] ∼60

p.Ser524fs Nephropathy US [22] ∼40
p.Thr522fs Nephropathy France [10] ∼30 and 12
p.Glu540Val Nephropathy Germany [6] 40–50
p.Asp517_Thr522delinsGlnSer Nephropathy Korea [13] 7
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disease was admitted to hospital with rising serum
creatinine levels and severe nephrotic syndrome. On
admission, the proteinuria was 15 g/day and the creatinine
clearance was 11 ml/min. A kidney biopsy revealed renal
amyloidosis (Fig. 1). No other organs were involved. The
patient’s mother had an unknown renal disease and died of
a myocardial infarction at the age of 61 years.

Patient no. 3

A 64-year-old man was admitted to the Amyloidosis Clinic,
University of Heidelberg, after a kidney biopsy disclosed
amyloidosis. He had developed hypertension 20 years
earlier and noted progressive dyspnea for 4 years. His
physician observed progressive proteinuria and renal failure

Fig. 1 Kidney biopsy obtained from patient no. 2. Hematoxylin-and-
eosin-stained (H&E) sections showed extensive destruction of the
glomerular architecture by amorphous eosinophilic material. Congo
red staining (CR) and polarization microscopy demonstrated the
typical apple-green birefringence of amyloid. The amyloid deposits

were immunostained with an antibody directed against fibrinogen
(Fib), while no immunostaining was found with antibodies directed
against AA amyloid (AA) or λ-light chain (Lambda). Original
magnifications 100- (left upper panel) and 200-fold (all other panels).
Hematoxylin counterstain
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that culminated in dialysis. No monoclonal gammopathy,
free light chains, or increased plasma cells were found.
Amyloidosis elsewhere could not be established in this
patient.

Materials and methods

Histology and immunohistochemistry

The kidney biopsies were fixed in formalin and embedded
in paraffin. Serial sections were stained with hematoxylin
and eosin. Amyloid was detected in Congo-red-stained
sections viewed under cross-polarized light. Immunohisto-
chemistry was performed with commercially available
monoclonal antibodies directed against AA amyloid
(1:600) and polyclonal antibodies against amyloid P-
component (1:5,000), fibrinogen (1:2,000), lysozyme
(1:3,000), transthyretin (1:4,000), λ-light chain
(1:160,000), κ-light chain (1:160,000), and β2-microglo-
bulin (β2 M; 1:2,000; all DAKO, Hamburg, Germany), as
well as with noncommercially available polyclonal anti-
bodies directed against apolipoprotein AI (anti-apo-AI;
dilution 1:1,000) [9], λ-light chain-derived amyloid pro-
teins (anti-AL1 antibody; dilution 1:3,000) [5], and anti-λ-
light chain-peptide antibodies (AL3, dilution 1:250; AL7,
1:500). Immunostaining was done with the BenchMark®
XT immunostainer using the ultraView™ Universal Alka-
line Phosphatase Red Detection Kit (both Ventana Medical
Systems, Inc., Tucson, AZ, USA). Prior to incubation with
anti-amyloid P component, -apoAI, -λ and -κ light chain,
-transthyretin antibodies, and AL7, sections were pretreated
with cell conditioning 1 according to the manufacturer’s
instructions (CC1; Ventana). The specificity of immunos-
taining was verified using specimens containing known
classes of amyloid (AA amyloid, apolipoprotein AI, β2
microglobulin, transthyretin, λ-light chain) or by using
positive controls recommended by the manufacturers
(remaining antibodies). Omission of the primary antibodies
served as a negative control.

DNA isolation, PCR amplification, and sequence analysis

The participating subjects gave their written, informed
consent prior to the genetic analysis and the ethical
committee approved the study. Ethylene diamine tetraacetic
acid blood was drawn, and the genomic DNA was isolated
from peripheral blood leukocytes using the DNA blood
mini kit from Qiagen (Hilden, Germany). Amplification of
the 3′ end of FGA exon 5, encoding amino acids 508-611,
was performed in a 50-μl volume containing 1× reaction
buffer (Qiagen), 1.5 mM MgCl2, 125 μM dNTPs, 400 nM
each of the forward and reverse primer, approximately

200 ng genomic DNA, and 2.5 U of HotStartTaq DNA
polymerase (Qiagen). The following thermocycling con-
ditions were used: an initial denaturation step of 15 min at
95°C to activate the Taq polymerase, followed by 40 cycles
of 95°C for 20 s, 62°C for 20 s, and 72°C for 20 s, and a
final extension step of 72°C for 10 min. The polymerase
chain reaction (PCR) product size and quantity was
analyzed by agarose gel electrophoresis. Fragments were
purified with the ExoSAP-IT® kit for PCR product cleanup
(USB Corp., Cleveland, OH, USA) and sequenced with the
ABI PRISM® BigDye Terminator v3.1 Ready Reaction
Cycle Sequencing kit (Applied Biosystems, Foster City,
CA, USA). Sequences were analyzed on an ABI PRISM®
3130 Genetic Analyzer.

Results

Histology and immunohistochemistry

The kidney biopsies of all three patients showed extensive
effacement of the glomerular architecture by amorphous
amyloid deposits with typical apple-green birefringence in
polarized light after Congo red staining (Fig. 1). The amy-
loid deposits were purely glomerular in all three patients.
The amyloid deposits were immunoreactive for amyloid P
component but not for any of the other antibodies directed
against AA amyloid, ApoAI, lysozyme, β2-microglobulin,
λ- and κ-light chain, or transthyretin. An antibody directed
against fibrinogen stained some of the deposits intensely
and raised the suspicion of a hereditary AFib amyloidosis
in all patients (Fig. 1).

Sequence analysis

All three patients were shown to be heterozygous for a
c.1577A>T substitution in exon 5 of the FGA gene, leading
to the replacement of glutamic acid (GAG), by valine
(GTG) at residue 526. No mutations were found in the
genes coding for transthyretin, apolipoprotein AI, apolipo-
protein AII, or lysozyme. Furthermore, we established that
the patients were not related.

Examination of family members

The daughter and son of patient no. 1 are clinically well.
Only the daughter underwent mutation screening and
harbored the p.Glu526Val mutation (Fig. 2a). The mother
of patient no. 2 had an undefined kidney disease and died
of myocardial infarction at the age of 61; her DNA was
never analyzed. The mother’s sister carries the mutation but
is asymptomatic thus far. Her daughter and grandchildren
have not undergone genetic testing. Two other siblings died
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of leukemia and cancer at the age of 50 and 59 years,
respectively (Fig. 2b). No information about the death of
the patient’s grandparents (generation I) was available. The
patient himself has no siblings or children. The father and
aunt of patient no. 3 developed chronic kidney disease
(Fig. 2c). The patient’s three children are healthy. None of
the family members has undergone genetic testing thus far.

Discussion

The pathologist serves as consultant to the clinician.
Modern genetic analysis now enables the pathologist not
only to make highly specific, mechanistic diagnoses, but
also to provide clinically relevant information for the entire
family. Furthermore, steady progress is being made in the
development of novel amyloidosis therapies. These treat-
ments may also be gene specific in terms of efficacy. The
mutations we describe have hitherto fore not been described
in Germany.

Fibrinogen is a coagulation plasma protein synthesized
mainly in the liver [16]. The fibrinogen molecule is a 45-
nm structure consisting of two sets of disulfide-bridged
Aα-, Bβ-, and γ-chains. The Aα chain is the largest of the
three with 610 amino acids and a molecular weight of
66 kDa [8]. The FGA gene spans over 7 kb and contains six

exons. Alternative splicing results in two isoforms, which
vary in the carboxyterminus [16]. Although FGA mutations
are rare, their effects are profound, namely dysfibrinogene-
mia, hypofibrinogenemia, afibrinogenemia, or AFib amy-
loidosis [16]. All six AFib amyloidosis mutations observed
thus far are located in exon 5 and affect one ore more
residues at amino acid positions 517–554. In patients
carrying the p.Arg554Leu variant, the amyloid fibril
subunit protein contains the fibrinogen α-chain residues
500–580. A similar deposited peptide is found in p.
Glu526Val carriers. The two frame shifts, p.Ser524fs and
p.Thr522fs, both result in a premature stop codon in amino
acid residue 548 [10, 22]. These four peptides found in
amyloid deposits all share the unchanged amino acid
sequence 500–521. Serpell et al. [19] believed that this
21-residue fragment is responsible for the formation of
amyloid fibrils, although that could not be the case with the
indel mutation, affecting amino acids 517–522.

Similar to other forms of hereditary amyloidosis, the
mechanisms underlying fibril formation in Aα-chain
amyloidosis are principally unknown. In contrast to ATTR
amyloidosis, where both the variant and the wild-type
protein are able to form amyloid, only the variants of the
fibrinogen Aα-chain are amyloidogenic. In some cases of
AFib amyloidosis, only the variant protein was found in the
blood [4, 10], while in others, the normal peptide was also
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Fig. 2 Pedigree analysis. a Patient no. 1 is represented by the filled
circle in generation I. Her daughter is carrying the p.Glu526Val
mutation without any symptoms and her son is healthy and not
genetically examined. b Patient no. 2 is represented by the filled
square in generation III. The mother suffered from an undefined
kidney disease and died of myocardial infarction at the age 61. The
mother’s sister carries the p.Glu526Val mutation asymptomatically. It
is unknown whether her daughter (generation II) and granddaughters

(generation IV) carry the mutation. The other two siblings of the
mother (generation II) were not genetically examined and died of
leukemia and cancer at the age of 50 and 59 years, respectively.
c Patient no. 3 is represented by the filled square in generation III.
The patient’s father and aunt suffered from chronic kidney disease but
were not genetically examined. Individuals that are not genetically
examined are represented by gray squares or circles
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found [7, 20, 22, 23]. Furthermore, no clear pattern
regarding the same type of mutation has been described.

The phenotypic penetrance of AFib amyloidosis is low
and most patients do not have a family history [12]. In our
cases, for example, the aunt of patient no. 2 is a carrier of
the same mutation but does not have any nephropathy. Her
daughter and granddaughters were not examined. Although
the patient’s mother could not be genetically examined, she
probably carried the mutation since she had an undiagnosed
renal disease. Similarly, no family history of renal amy-
loidosis was present for patient no. 1; however, genetic
examination of the daughter revealed that she also carried
the p.Glu526Val mutation. Probably one of the patient’s
parents harbored the mutation, although clinical manifes-
tations were not present or diagnosed.

Our results emphasize the importance of immunohisto-
chemical classification, combined with genetic analysis, in
the diagnostic workup of renal amyloidosis. Immunohisto-
chemistry excluded other causes of renal amyloidosis,
particularly the AA and AL types, and raised suspicion of
AFib amyloidosis. AFib was indeed confirmed by genetic
testing in all our patients. The correct classification of the
responsible protein is crucial in the clinical decision to
perform organ transplantation. Conceivably, combined
kidney and liver transplantation provides the solely effec-
tive clinical approach to this disease. Diagnosis of HRA can
readily be made, for example, by direct DNA sequencing or
single-strand conformation polymorphism analysis. The
nucleotide substitution resulting in the p.Glu526Val ex-
change also creates a Mae III restriction endonuclease
recognition site and can therefore also be analyzed by
restriction enzyme digestion [2]. In our three cases, the use
of polyclonal antibodies raised against fibrinogen was
suggestive for this type of amyloidosis. Direct sequencing
of FGA exon 5 then revealed the responsible p.Glu526Val
mutation. The onset of Aα-chain amyloidosis occurs
mostly at the age of 30–50 [4, 20, 24]. One African–
American kindred showed a later onset (60 years) [22].
Two affected children aged 7 and 12 years also have been
reported (Table 1) [13, 10]. One of the patients described
here was 63 years old at the time of diagnosis, a slightly
later onset than observed in the other patients carrying the
p.Glu526Val mutation.

The p.Glu526Val substitution is the most common
fibrinogen Aα-chain defect connected with amyloidosis
and has been reported in kindred and individuals of
European and American descent; however, this mutation
has not been previously observed in German patients. HRA
was first described in a German family in an abstract in
1932 and as a full paper in 1950. At that time, the
molecular cause could not be established [18]. Since then,
the only reported amyloidogenic mutation in the fibrinogen
Aα-chain gene found in a single German kindred was the

p.Glu540Val variant reported in abstract form by Bybee et
al. in 2004 [6]. We here describe three additional German
patients with the p.Glu526Val variant also leading to AFib
amyloidosis, which may be more prevalent in the German
population than previously suspected. AFib amyloidosis
should therefore be included in the differential diagnosis of
every German patient presenting with renal amyloidosis.
The diagnostic workup described here, including immuno-
histochemical classification of the amyloid protein followed
by direct DNA sequencing, is reliable and excludes other
causes of amyloidosis.
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Abstract Intact cardiac muscle cells in the adult heart do
not express intermediate filament nestin. In this study, we
report on widespread expression of intermediate filament
nestin in human myocardium of patients who died from the
myocardial infarction. Nestin was detected in cardiomyo-
cytes, endothelial cells, and few interstitial cells. Elevated
levels of nestin were observed in cardiac muscle cells in all
specimens, although the intensity of immunoreactivity and
distribution of the signal differed. The strongest immuno-
reactivity was observed from 4 days after myocardial
infarction in the infarction border zone where nestin was
distributed homogeneously in the entire sarcoplasm of
cardiac muscle cells. Within the following week, nestin in

immunoreactive cardiomyocytes was redistributed and
restricted to small subsarcolemmal foci and to intercalated
discs. Angiogenic capillaries that grew between vital nestin-
positive cardiomyocytes and entered the necrotic area
expressed also high levels of nestin. Nestin-positive
endothelial cells were often observed in mutual interactions
with nestin-positive cardiac muscle cells. These findings
document a crucial role of nestin in remodeling cytoskel-
eton of cells in the human postinfarcted myocardium.

Keywords Human heart . Nestin . Cardiac muscle cells .

Myocardium infarction .Myocardium regeneration

Abbreviation
PCNA proliferating cell nuclear antigen

Introduction

Intermediate filament protein nestin received its name
according to its high expression in neuroepithelial cells
(NEuroepithelial STem cell proteIN) [9]. However, nestin
expression is not limited to neural stem cells, but it can be
detected in other immature neural cells, undifferentiated
muscular tissue, newly formed endothelial cells [12, 14]
and few other cell types (reviewed in [13]). Nestin is
expressed temporarily in immature cells and in the course
of cell differentiation it is gradually replaced with another
intermediate filament; as a result terminally differentiated
cells do not express nestin. For example in nervous cells,
nestin is replaced with neurofilaments, in astrocytes with
GFAP (glial fibrillary acidic protein), in muscular elements
with desmin and in endothelial cells with vimentin. This
means that nestin expression is restricted to early develop-
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mental stages of few cell types and as the cells differentiate,
nestin levels are downregulated. For this property nestin
can be considered as a unique marker of undifferentiated
cells of a given lineage from differentiated elements.
Although nestin is absent in terminally differentiated cells,
it may be re-expressed in adult tissues under conditions
associated with production of new cells, e.g. during
physiological turnover, tumorigenesis or after repair of
tissues after injury or transplantation [14].

In the course of myogenesis, nestin is expressed in
immature muscle elements and as these differentiate it is
gradually replaced for vimentin and subsequently for desmin
[20]. In smooth muscle, for example in the wall of fetal
intestines, nestin is expressed in low levels. In the course of
neovascularization, nestin can be detected in myocytes of
arteries and veins. In the skeletal muscle, high levels of nestin
can be detected in the course of embryonic and fetal
development; nestin is expressed in myoblasts and myotubes.
In adulthood, skeletal muscle fibres almost do not contain
nestin with the exception of tiny sarcoplasmic areas associ-
ated with motor plate and myotendinous junctions [28].

Nestin expression in the course of cardiac muscle
development was reported by Kachinsky et al. [7]. The
authors gave evidence of transient nestin expression in
developing murine cardiomyocytes that lasted less than
2 days. After embryonic day 11, the signal disappeared
from the myocardium and was completely absent in the
foetal and adult mouse heart. In the adult rat heart, re-
expression of nestin was detected in the scar tissue that
formed after myocardial infarction induced by coronary
artery ligation [3]. The authors concluded that nestin was
expressed by neural stem cells that contributed to innerva-
tion of the scar. Analysis performed recently in mice
revealed nestin mRNA levels up-regulated shortly after
experimentally induced myocardial infarction [19]. Nestin
mRNA levels were also increased in tissue samples from 14
human patients with chronically failing hearts and in three
samples from acutely infarcted hearts [19].

Although the cardiac muscle had been long time
considered as incapable of regeneration due to high
specialisation of its cells, identification of cardiac muscle
stem cells [2, 11] confirmed that the adult myocardium may
be still capable of regeneration. Because undifferentiated
muscular progeny expresses nestin, we performed immu-
nohistochemical analysis of this intermediate filament
protein in samples of the myocardium taken from patients
who died at different intervals postinfarction. Using
antibody specific for human nestin, we studied nestin
expression in the myocardium of patients suffering from
ischemic heart disease and described morphological char-
acteristics and temporal changes in nestin distribution in
cardiac cells in time from the heart attack.

Materials and methods

The tissue was obtained during necropsy in 25 patients who
died at different time periods after acute myocardial
infarction (age varied from 29 to 85 years, arithmetic mean
70.8 years). All these patients were diagnosed with
atherosclerotic disease II or III. For the other clinical data
see Table 1. Control tissue was obtained from seven
patients (aged from 27 to 41 years, mean 34.3 years) with
accidental death. The myocardial tissue was fixed in 10%
formalin for 7 days and then embedded in paraffin. One
slice in a series of parallel sections was stained with
haematoxylin and eosin; the neighbouring slices were
processed for immunohistochemistry.

Pseudoperoxidase activity in deparaffinized sections was
suppressed in solution of 3% H2O2 in methanol. Revital-
isation of epitopes was performed by pretreatment in the
microwave oven [13]. After a thorough washing in phos-
phate-buffered solution (PBS) containing 5% Triton X-100
(Sigma), sections were incubated with a primary antibody at
4°C overnight. Nestin in the human tissue was identified
with monoclonal antibody 10C2 (Chemicon, UK). After
washing with PBS, sites where primary antibody bound to
nestin epitopes were visualized with a goat anti-mouse
biotinylated antibody, streptavidin conjugated to horseradish
peroxidase and diaminobenzidine (Sigma).

Sections were counterstained with the methyl green or
haematoxylin. To receive intense signal, some detections were
twice amplified with biotinylated tyramine and visualized
with streptavidin conjugated to fluorochrome Cy3 (Jackson
ImmunoResearch Laboratories). Detection of proliferating
cell nuclear antigen (PCNA) was performed is serial sections
using monoclonal antibody 5A10 (Immunotech, France). Co-
expression of nestin with intermediate filament desmin in
cardiomyocytes was detected with rabbit polyclonal anti-
desmin antibody (Chemicon, UK), which was recognized
with goat anti-rabbit immunoglobulin conjugated to fluoro-
chrome Cy2 (Jackson Immunoresearch Laboratories). Sec-
tions processed with omission of the primary antibody were
used as controls. Nuclei were then counterstained with DAPI
and sections were mounted in polyvinylalcohol/glycerol with
DABCO; for light microscopy the sections were mounted in
DPX. Sections were examined in Olympus BX51 microscope
equipped with epifluorescence and DP-70 camera.

Results

The intact differentiated myocardium of adult people was
devoid of nestin immunoreactivity. However, in the
infarcted myocardium, nestin was re-expressed by many
cardiomyocytes as well as by endothelial cells (Table 1).
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Nestin+ cardiomyocytes were found in frequent clusters in
vicinity to necrotic areas or in a small distance from them.
Each sample contained a different ratio of nestin- and
nestin+ cardiomyocytes. In early infarctions (approximately
10 h after heart attack), there were only few nestin+

cardiomyocytes, whereas by 4 to 5 days after infarction
there was an increase in the number of immunoreactive
cardiac cells and in lesions more than 1 week postinfarction
almost all cardiomyocytes neighbouring the scar areas were

nestin-positive. The largest amount of nestin+ cardiomyo-
cytes was detected in the tissue obtained from patients
suffering from chronic ischemic disease.

Nestin levels as well as sarcoplasmic distribution of this
protein also differed between samples. The changes likely
corresponded to the time period from the onset of acute
infarction. Histological sections, taken from patients who
died after four to 5 days, contained small and intensively
stained cells with nestin homogenously distributed in their

Table 1 Patients’ characteristics

No. Gender Age Survival Localization Previous
MI

Hypertrophy Therapy, other diseases Nestin immunoreactivity

1 M 80 18 h TM 2 weeks LV, RV C, AC, ACVB 6 days,
AAD, HTN

EC ++, CMC + (homogenous;
subsarcolemmal)

2 M 80 10 h SE − LV (mild) C, AAD EC-, faint signal in few CMC only
3 M 59 36 h SE + LV, RV AC, D EC ++, CMC + (subsarcolemmal)
4 M 81 3 days TM:AS 2 weeks DIG, BB, AC, DM EC +, CMC ++ (mostly homogenous)
5 F 61 8 days TM:AS − LV, RV C, SMα1 EC ++, homogenous in small CMC ++
6 M 70 28 days SE − LV, RV ACEI, BB, ACVB

3 days,
EC ++, CMC + (faint, subsarcolemmal)

7 F 80 36 h TM:AL − LV AAD, SMα1, PTCA
3 days, HTN

EC +, CMC faint signal in few cells

8 M 80 7 days TM 8 years LV D, BB, AC, DM, HTN EC-, CMC ++ (homog; subsarcolemmal), IC+
9 M 77 2 days TM:AS 3 years LV, RV C, AC, N, DM, HTN EC ++, CMC + (subsarcolemmal)
10 M 59 3 days TM − LV C, DM, CA sporadic small CMC + (homogenous)
11 F 76 10 days TM:IL 37 days LV, R C, AC, ACEI, BB EC ±, CMC ++ (subsarcolemmal)
12 M 79 3 h SE − LV C, D, HTN, DM, CA CMC + (homogenous, small groups)
13 F 70 10 h TM:AL + LV C, AC, atropine, HTN sporadic CMC ±
14 M 63 8 days TM,S − C, DM, haemodialysis EC +, CMC ++ (subsarcolemmal;

homogenous)
15 M 56 5 days TM:AS − LV, RV C, AAD, AC, PTCA

(5 days)
EC ++, few CMC + (subsarcolemmal;
homogenous)

16 F 75 24 h SE − LV, RV C, ACVB (1 day), HTN EC-, CMC-
17 F 85 6 days TM:AL + C, N, BB EC +, CMC + (homogenous)
18 F 29 5 days TM:AS − RV (mild) AC, AOE, DM, PTCA

(5 days)
EC +, few small CMC ++ (homogenous)

19 M 81 24 h SE + LV, RV C, AC, BB EC ++, CMC (subsarcolemmal ++,
homogenous+)

20 M 68 8 days SE 7 years ACVB (7 years),
DM, HTN

EC +, CMC ++ (subsarcolemmal), IC+

21 M 75 3 h TM − LV, RV C, atropine, DM, HTN no immunoreactivity
22 F 66 24 h SE 10 days LV, RV C, ACVB (1 day) EC +, CMC ++ (homogenous)
23 F 84 3 days TM + LV (mild) TED, FNF few CMC + (subsarcolemmal; homogenous)
24 F 71 11 days TM: AS − LV, RV D, BB, ACEI, AC EC +, CMC + (subsarcolemmal;

homogenous)
25 M 66 3 days SE 2 years LV, RV C, AC, AAD, D, CMC + (subsarcolemmal;

few CMC homogenous)

Explanation and abbreviations: Survival: time from symptoms/diagnosis to death; Localization (of the infarction): TM transmural, SE
subendocardial, AS anteroseptal, AL anterolateral, IL inferolateral, S septal; Previous MI (previous myocardial infarction in patient‘s history): +
indicates histopathological findings of previous MI (scar) without knowledge of time of previous MI in patient‘s history; Hypertrophy (of the
heart): LV left ventricle, RV right ventricle; Therapy, other diseases: AAD antiarrhythmic drugs, AC anticoagulants, ACEI ACE inhibitor, ACVB
aortocoronary venous bypass, AOE antioedematic drugs, BB beta blocker, C catecholamine, CA carcinoma, D digitalis, DM diabetes mellitus,
FNF fractured neck of femur, HTN hypertension, N nitrate, PTCA percutaneous coronary angioplasty, SMα1 sympatomimetic α1 drugs, TED
thromboembolic disease; Nestin immunoreactivity: EC endothelial cells, CMC cardiac muscle cells, IC interstitial cells.
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sarcoplasm (Figs. 1a,b,d, and Fig.3a–b). After 10 days, in
most immunoreactive cells, signal was concentrated in one
to two subsarcolemmal foci and in the remaining sarco-
plasmic areas, nestin was downregulated (Figs. 2a–c) and
replaced with desmin (Figs. 2b, f). Quite frequently we also
observed cardiomyocytes containing nestin just in the
vicinity to the intercalated discs. Such nestin distribution
intensively visualized areas of intercalated discs between
coupled cardiomyocytes especially if nestin+ cardiac muscle
cell was connected with nestin cell (Figs. 2d,f).

Localization of the myocardial infarction had no effect on
intensity or distribution of immunoreactivity. In intramural
infarctions, nestin-immunoreactivity was often identified in
a tissue adjacent to the endocardium or pericardium. We

observed nestin expression in all samples including the
tissues of elderly people (including eight patients who died
from myocardial infarction at the age from 80 to 85 years).

Cardiac muscle cells were not the only cells that
expressed nestin. Nestin was heavily expressed in blood
vessels, especially in capillaries (Figs. 3d–e). High levels of
nestin were observed in capillaries growing in the necrotic
tissue. The irregular endothelial cells at tips of such
capillaries had bizarre shapes sending tiny cytoplasmic
protrusions. Nestin+ elements present in the infarcted
myocardium occupied distinct zones (Figs. 2e and 3c). In
the centre of the necrotic area (zone I), no nestin+ cells were
observed. In the border area (zone II), numerous nestin+

capillaries grew into the necrotic tissue. In the next adjacent

Fig. 1 Nestin-immunoreactive
cells in the infarcted human
myocardium. The largest nestin-
positive cells are represented by
cardiomyocytes (a–d). Few days
after infarction, nestin is homo-
geneously distributed in their
cell sarcoplasm. Nestin is
expressed in many but not in all
cardiac muscle cells (e.g. in b);
phase contrast (c) allows
visualization of all cells in the
microscopic field. Some of the
nestin+ cardiomyocytes express
proliferating marker PCNA
(arrow in d and e) while the
others not. On the contrary, all
nestin+ endothelial cells (arrows
in f) in angiogenic capillaries in
this tissue express PCNA
(corresponding PCNA+ cell nu-
clei indicated with arrows in g).
Scale bars indicate 40 µm
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zone (zone III), nestin+ capillaries were found between
nestin+ cardiac muscle cells. Often nestin+ endothelial cells
were in a close and intimate contact with nestin+ cardiac
muscle cells, which indicated that active interaction between
these distinct nestin+ elements occurred in the zone III.

Rarely, few nestin+ cells were encountered in the
interstitial tissue. Morphology of these cells differed from
cardiomyocytes and endothelial cells; they were usually
spindle-shaped with elongated cellular processes (Fig. 3f).

To identify whether appearance of nestin in the cell
cytoplasm is associated with cell proliferation a double
immunostaining was performed to recognize which nestin+

cells co-expressed PCNA. Anti-PCNA immunohistochemistry
stained most cells in the granulation tissue including infiltrat-
ing elements. Immunostaining of capillaries was distinct in
areas of the regenerating myocardium where the connective
tissue was reduced. In blood capillaries, nestin+ endothelial

cells co-expressed a proliferating marker PCNA in their nuclei
(Figs. 1f–g). As opposed to endothelial cells, only a low
portion of cardiomyocytes expressed PCNA; nevertheless,
most PCNA+ cardiomyocytes expressed nestin (Figs. 1d–e).

Discussion

We provide evidence on nestin expression in cardiac
muscle in patients who died from myocardial infarction.
The cells that expressed nestin positivity included cardio-
myocytes, endothelial cells and few other cell types.
Cardiac muscle cells of patients after heart attack expressed
high levels of nestin, whereas in the intact adult myocar-
dium nestin was not expressed.

During development, nestin is transiently expressed in
the embryonic cardiac muscle cells. In the course of cardiac

Fig. 2 Changes in nestin sarco-
plasmic distribution (a–d, f).
After 10 days from the onset of
the myocardial infarction, nestin
still remains in cardiac muscle
cells, but it does not occupy the
entire sarcoplasm but becomes
confined to some foci in the
peripheral sarcoplasm. Nestin-
negative areas contain interme-
diate filament desmin (green
signal in b and f, nestin is
visualized in red). In longitudi-
nal sections, nestin becomes
confined to areas of intercalated
discs (d, f). In d and f, nestin+

cardiomyocyte is coupled with
nestin-cardiomyocytes. In the
infarcted myocardium, nestin+

elements show characteristic
zonal arrangement (e). Necrotic
tissue in zone I is nestin−. The
adjacent border zone (II) con-
tains nestin+ capillaries that are
followed by the zone III, which
contains additionally nestin+

cardiomyocytes. Scale bars in-
dicate 20 µm in a, b, d and
50 µm in c, e, f
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myogenesis in mice, nestin was detected in atrial and
ventricular cells throughout the heart from embryonic day 9
(ED9) and its expression lasted until ED10.5 [7]. From
ED11 to adulthood, nestin was absent from cardiac
myocytes. These data are in concordance with our
unpublished results of nestin expression in the rat and
human embryonic myocardium.

Despite the dogma that the myocardium is incapable of
reparation, it has been recently evidenced that the heart is
also capable of regeneration. In the intact adult cardiac
muscle, proliferation of cardiomyocytes occurs at low
frequency, which increases more than 50 times in response
to acute ischemic injury [1]. Recent identification of
multipotent cardiac stem cells [2, 11] confirms that the
myocardium has its own reservoir of endogenous tissue-
specific stem cells, which are able to produce the major
structural components of the heart tissue including cardiac
muscle, endothelial and smooth muscle cells (the latter

participate in the formation of blood vessels). The stem
cells are activated after ischemic injury [27]. Thus, new
cardiomyocytes can be generated directly by cardiac tissue-
specific stem cells.

Another source for production of cardiac myocytes can
be also represented by neural crest stem cells because their
derivates during development contribute to generation of
the myocardium and cardiomyocytes [26]. Usually cardio-
myocytes are considered to be derived from the mesenchymal
stem cells. In adulthood, mesenchymal stem cells can be
isolated from the bone marrow as bone marrow stromal stem
cells or as multipotent adult progenitor cells [16, 18]. It may
be hypothesized that similar stem cells could be also
identified in other tissues derived from the mesenchyma.
Bone marrow stem cells have enormous plasticity and after
transplantation of bone marrow cells in chick embryonic
heart, the grafted cells can be converted in cardiomyocytes
[4]. Even after intracoronary or intramyocardial transplanta-

Fig. 3 Nestin expression in dis-
tinct cell types of the infarcted
myocardium. Few days after
myocardial infarction, nestin is
re-expressed in cardiac muscle
cells; the specific signal is
homogenously distributed
throughout the sarcoplasm
(a, b). Nestin+ cardiomyocytes
and endothelial cells are distrib-
uted in three characteristic zones
(c). In the infarction border
zone, nestin is also expressed in
endothelial cells of angiogenic
capillaries (d, e). On occasions,
nestin appears also in interstitial
cells that differ from endothelia
and cardiomyocytes in their
morphology and location (f).
Scale bars indicate 40 µm
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tion these stem cells participate in regeneration of the
infarcted myocardium in mice and human patients [15, 24,
29] although results of some other authors do not confirm
effective participation of the transplanted bone marrow cells
in the repair of the infarcted heart tissue [8, 19].

Nevertheless, even cultured bone marrow mesenchymal
stem cells, according to our unpublished data and those of
others, can express nestin. Some authors consider nestin as a
marker of stem cells. Although nestin is expressed in neural
stem cells [5] and few other types of stem cells, it is not
found in all stem cell types, e.g. it is absent in embryonic
and haemopoietic stem cells. Nevertheless, our finding of
nestin immunoreactivity in slim [17] elements with tiny
elongated cytoplasmic processes (Fig. 3f) could indicate
recruitment of at least few mesenchymal (stem) cells in
reparative heart processes in response to ischemic damage.

The findings of widespread nestin expression in the
human infarcted myocardium described in this study might
indicate that nestin reappearance in the adult myocardium
subjected to ischemia is likely associated with regenerative
processes and possibly with generation of new cells. This
hypothesis is supported with the following findings:

1. First, the formation of new blood vessels is a prerequisite
for nutrition of the healing tissue. Expression of nestin
was regularly observed in angiogenic capillaries found
most abundantly at the border zone. Some capillaries
were observed at the edges of the necrotic tissue, while
the others grew among surviving cardiac muscle cells.
Endothelial cells in these capillaries expressed high
levels of nestin and co-expressed PCNA in their nuclei,
which confirmed that these cells were newly formed.
Nestin upregulation was well documented, e.g. in
dividing neuroepithelial and endothelial cells [5].
Nestin+ endothelial cells at tips of growing capillaries
had bizarre shapes with irregular tiny processes.
Nestin+ endothelial cells found between living cardiac
muscle cells were often observed in a close interaction
with cardiac muscle cells, which might indicate that
cell-to-cell interactions help to promote cardiomyocyte
survival. Similar interactions accompanied by secretion
of trophic factors released by endothelial cells have
been documented to play an important role in hepato-
genesis and neurogenesis [10, 21].

2. Second, it is absence of nestin in the intact myocardium
of healthy adult people and its upregulation in few days
following ischemic heart failure.

3. Third, it is the intensity of nestin immunoreactivity and
characteristic pattern of its temporal and spatial
distribution in the sarcoplasm of cardiomyocytes. In
early time points after heart attack, there appear only
few nestin+ cardiac muscle cells and nestin is homoge-

neously distributed over their sarcoplasm. After 4 to
7 days, more nestin+ cardiomyocytes appear and
subsequently nestin is distributed to certain compart-
ments of their sarcoplasm. After approximately 10 days
from myocardial infarction, nestin is confined to small
foci of subsarcolemmal cytoplasm and to intercalated
discs. This pattern of changes in sarcoplasmic distribu-
tion corresponds to pattern observed in developing and
regenerating skeletal muscle fibres [28] where first the
entire sarcoplasm is filled with nestin intermediate
filaments and finally after nestin levels are down-
regulated; it is confined to the areas of myotendinous
junctions and motor end plate, while in the remaining
sarcoplasm nestin was lost.

4. Finally, we observed nestin immunoreactivity in cardiac
muscle cells that co-expressed PCNA in their nuclei.
Most (but not all) nestin+ cardiac muscle cells were
PCNA− because in the infarcted myocardium PCNA
was expressed only in a low portion of cardiomyocytes.
However, PCNA+ cardiomyocytes co-expressed nestin,
which may be consistent with findings on rare mitotic
divisions observed in cardiomyocytes described earlier
by Beltrami [1].

Scobioala et al. [19] who observed upregulation of nestin
mRNA levels in the infarcted hearts performed a proteomic
analysis of tissue samples obtained from mouse model of
myocardial infarction. They found that nestin was co-
expressed with the stem cell markers c-kit, Sca-1, Mdr-1,
and ABCG2 in small interstitial cells and concluded that
enhanced nestin expression might reflect regenerative
processes in the injured heart. Our observation of nestin-
immunoreactivity in newly formed (i.e. PCNA+) endothelial
cells is in agreement with the conclusion of Scobioala et al.
that nestin expression reflects regenerative processes in the
heart. Therefore nestin can be considered as a useful marker
of regenerative processes in the myocardium. On the
contrary, only a small number of nestin+ cardiomyocytes
in our study was found to co-express proliferative marker
PCNA, which indicated that most nestin+ cardiomyocytes
were not newly generated.

We hypothesize that nestin expression in such cells is
associated with the reorganization of the cytoskeleton in the
cardiomyocytes subjected to ischemic injury and/or dy-
namic changes after myocardial infarction. Ventricular
cardiomyocytes that are preserved and remain functional
after myocardial infarction must compensate the loss in
myocardial necrotic tissue to maintain vital circulation. The
permanent loss of the necrotic heart tissue results in
haemodynamic overload of the functional cardiomyocytes,
which is followed by morphological changes. Cytoskeletal
alterations that occur in cardiomyocytes in coronary artery
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disease, dilated cardiomyopathy or pressure-overload hy-
pertrophy include an increase in content, density and
distribution of desmin, vimentin and other cytoskeleton
components [6, 22, 25]. It is likely that after increased
functional demands in the postinfarcted heart, nestin
participates in rebuilding cardiomyocyte cytoskeleton in
proportion to new dynamic changes, but it forms hetero-
dimers and heterotetramers with other intermediate fila-
ments that makes the intermediate filament network less
stable [23].

This leads to the fragmentation and disassembly of the
original filamentous cytoskeleton components allowing
cardiomyocyte remodelling proportionate to changed hae-
modynamic loads. Thus in addition to being a marker of
regenerative events, nestin may be considered as a
morphological correlate for the dynamical changes that
occur in the structure of affected cardiomyocytes.

Myocardial biopsies have proved useful in exploring
cytoskeletal alterations in cardiac diseases. Future studies
focused on nestin participation in cytoskeleton remodelling
of cardiomyocytes might greatly benefit by this approach
and bring new data on nestin temporal and topographical
localization in the infarcted heart.

Taken together, our data on widespread expression of
nestin that occurs in the human myocardium after the
myocardial infarction support the idea that this intermediate
filament is one of the key structural proteins involved in the
cellular processes associated with the repair of the
myocardium. Nestin is re-expressed in cardiomyocytes,
endothelium of angiogenic capillaries and few other cell
types. In cardiac muscle cells subjected to ischemic injury,
nestin transient re-expression shows characteristic spatial
and temporal distribution. Similar pattern of nestin expres-
sion in cardiomyocytes was observed in specimens
obtained both from young and elderly patients, which
confirms the uniform adaptation of cells to the myocardial
injury throughout the entire lifespan. According to our
results, nestin can be considered as a useful marker for
analysis of changes that occur in the infarcted heart.
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Abstract Paraffin tissue microarrays (PTMAs) are blocks
of paraffin containing up to 1,000 paraffin tissue core
biopsies (PTCBs). The growing number of publications in
recent years bears eloquent witness to the advantages of
these PTMAs in high-throughput molecular profiling of
tumor specimens. In order to conserve the often minute
quantities of available tumor tissue with precisely recorded
follow-up data and to store the greatest possible number of
PTCBs in one block, researchers often try to reduce PTCBs
to the smallest possible diameter. Until now, the smallest
feasible diameter for PTCBs was 0.6 mm. Experiments
with diameters below 0.6 mm have failed due to the
instability of the paraffin tissue punch. The process
described allows the construction of PTMAs with PTCBs
only 0.43 mm in diameter utilizing simple, inexpensive,
self-made paraffin tissue punches and predrilled recipient
blocks.

Keywords Pathology .Methods . Histologic techniques .

Tissue microarrays . Paraffin tissue core biopsies

Introduction

Paraffin tissue microarrays (PTMAs) are blocks of paraffin
containing up to 1,000 paraffin tissue core biopsies
(PTCBs) [1]. The growing number of publications in recent
years and the large array of commercially available PTMAs
bear eloquent witness to the advantages of these PTMAs in

high-throughput molecular profiling of tumor specimens
and on-slide controls for immunohistochemistry [1, 3]. In
order to conserve the often minute quantities of available
tumor tissue with precisely recorded follow-up data and to
store the greatest possible number of PTCBs in one block,
researchers often try to reduce PTCBs to the smallest
possible diameter. Until now, the smallest feasible diameter
for PTCBs was 0.6 mm. Experiments with diameters below
0.6 mm have failed due to the instability of the paraffin
tissue punch (“broken needles 0.4 mm in diameter”,
personal communication Prof. Sauter, Hamburg). To
increase the density of PTCBs in a single PTMA and as a
result increase the efficiency of PTMAs, paraffin tissue
punches with 0.43 mm in diameter were tested.

Material and methods

To construct a PTMA one basically requires a paraffin
tissue punch and a recipient paraffin block with holes to
accommodate the PTCBs. As described by Wan et al. [8],
we manufactured the paraffin tissue punches using ordinary
hypodermic needles of different diameters. Briefly, hypo-
dermic needles (black needle: 22G, 0.70 mm outer
diameter×30 mm length; inner diameter, approximately
0.43 mm; Sterican, B. Braun Melsungen AG, Melsungen,
Germany) were shortened to a length of 2 cm and
sharpened using a drill grinder (Micromot 50/E, Proxxon,
Niersbach, Germany; cost, $50) fitted with a cutting disc
(Fig. 1a). In order to push the punched PTCBs out of the
needles, stylets were constructed out of hypodermic needles
with an outer diameter corresponding to the inner diameter
of the needle punches described above (white needle: 27G;
0.40 mm outer diameter×20 mm length, Sterican, B. Braun
Melsungen AG, Melsungen, Germany) (Fig. 1a). The holes
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in the paraffin receptor block were drilled using an ordinary
microcompound table and a drill grinder or a computer
numerical control (CNC) drilling machine as described in
earlier papers [6, 7]. Briefly, an ordinary paraffin block with
a plastic cassette was fixed in a small water bath milled out
of a block of polyvinyl chloride. This water bath was placed
on a microcompound table (K70, Proxxon, Niersbach,
Germany; cost, $85) in a drill stand (MB140/S, Proxxon,
Niersbach, Germany; cost, $50) (Fig. 1b). A drill grinder was
fitted with a 0.43-mm-diameter drill bit to bore the holes
(HSS, DIN 338, RW, Gühring oHG, Albstadt, Germany).
By turning the wheels of the microcompound table in 0.7-
mm steps, a regular pattern was produced with 0.27 mm
between each 0.43-mm-diameter hole. The temperature of
the water bath was maintained at 15–20°C. Alternatively,
the water bath with the paraffin block was put on the x–y

stage of a CNC drilling machine (Maho MH400E, Deckel-
Maho-Gildemeister, Bielefeld, Germany) to create the
holes in the recipient block. To obtain the PTCBs the
operator punched PTCBs out of the donor blocks holding
the stylet withdrawn a few millimeters. These PTCBs were
then manually transferred to the predrilled recipient block
by plunging the stylet down (Fig. 1c). This procedure was
facilitated by the use of a magnifying glass and lamp for
proper illumination of the recipient block. A cold light
source was used so the paraffin of the recipient block
would not be softened by the heat of the lamp. Once all of
the holes were filled, the recipient block was pressed
against a flat surface such as a glass slide to push the
PTCBs deeper into the holes and to even out the surface of
the PTMA, since individual PTCBs may look out above
the surface of the paraffin block. As an optional,

Fig. 1 a-g Construction of paraffin tissue microarrays (PTMAs) with
paraffin tissue core biopsies (PTCBs) 0.43 mm in diameter. a
Construction of paraffin tissue punches out of conventional hypoder-
mic needles with a drill grinder fitted with a cutting disc (inset).
Paraffin tissue punch (black; 22 G; outer diameter, 0.7 mm; inner
diameter, 0.43 mm) and stylet (white; 27G; outer diameter, 0.4 mm)
after shortening and sharpening. b Drilling of the holes of the PTMA
with a drill grinder in a drill stand on an ordinary microcompound
table. The plastic cassette is fixed in a water bath to cool the drill
(distilled water, 15–20°C). c Manual transfer of the PTCBs from the
donor blocks to the predrilled recipient block with a self-made paraffin
tissue punch. Recipient block: 100 holes; 0.43 mm in diameter;
distance between holes, 0.27 mm. Caution: Stylet must be withdrawn
several millimeters before punching the tissue. The length of the
PTCBs did not depend on the diameter of the tissue punch but on the

thickness of the tissue in the donor block (inset: PTCBs 0.43 mm,
0.6 mm and 1.0 mm in diameter; from left to right). d PTMA with
1363 PTCBs of 0.43 mm in diameter. e Correspondent H- and E-
stained section of the PTMA comprising 1,363 PTCBs (d). PTCBs
displaying a weak staining consist of lung tissue and cell block
material. f PTMA with 100 PTCBs 0.43 mm in diameter. PTMA with
100 PTCBs 0.43 mm in diameter after cutting (lower left). Section
stained with H and E (upper left). Section stained with anti-HER2
(DAB, breast carcinoma, 100×) (upper right). Double staining of the
PTMA section: Immunofluorescence (membranous green staining,
FITC-anti-HER2) and fluorescence in situ hybridization (red nuclear
signals, amplification of the HER2 gene; DAPI: nuclear counterstain,
1,000×) (bottom right). g Eight sections of a PTMA with 100 PTCBs
on a single slide with a total of 800 PTCBs
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additional step the PTMA was placed into an oven for
15 min or longer at a temperature of 50°C in order to make
the paraffins of the recipient block and the PTCBs sticky.
The purpose of this extra step was to improve the contact
between the paraffins in order to prevent the PTCBs from
curling up after sectioning. The PTMA was then slowly
cooled to prevent the formation of cracks in the paraffin.
Subsequent cutting and staining followed routine protocols for
paraffin blocks. To validate the technique PTMAs were
constructed utilizing 1.0-mm, 0.6-mm, and 0.43-mm-diameter
PTCBs of synovial sarcomas, endocrine tumors, and renal cell
carcinomas. Furthermore, some PTMAs contained PTCBs of
different tissues like breast carcinomas. The PTMAs held up
to 1,363 PTCBs each. Sections of these PTMAs were stained
immunohistochemically and by immunofluorescence (e.g.,
anti-calretinin, anti-CD10, anti-chromogranin (all with heat-
induced antigen retrieval)) and by fluorescence in situ
hybridization (e.g., HER2 (PathVysion, Abbott-Vysis)).

Results

As shown in Fig. 1d and e, it is possible to construct
PTMAs with up to 1,363 PTCBs 0.43 mm in diameter
using a standard paraffin block (3,7×2,3 cm; distance of the
PTCBs, 0.27 mm). With the method described I did not
encounter any of the problems with breaking paraffin tissue
punches that were reported in earlier trials. If the donor
tissue was well fixed and paraffinized there was also no
problem with the stability of the PTCBs. The length of the
PTCBs did not depend on the diameter of the tissue punch,
but on the thickness of the tissue in the donor block
(Fig. 1c, inset). Until now, about 3,000 PTCBs could be
punched with the home-made tissue punch from the donor
blocks without breakage of the punch. No stitch injuries
occurred at punching and transferring the PTCBs to the
holes of the recipient block. The use of a magnifying glass
and good illumination facilitated the filling of the holes of
the recipient block so that no holes were skipped. The
PTMA with 1,363 PTCBs of 0.43 mm in diameter was
constructed within about 6 h. The smaller PTMAs with
about 100 PTCBs did not show any difference in the
construction time between the PTCBs 1.0, 0.6, and
0.43 mm in diameter. I did find that when the room
temperature exceeded 20–22°C in my nonairconditioned
laboratory during the summer months, the paraffin of the
recipient block and the PTCBs became soft, making it
difficult to fill the PTMAs. The curling of sectioned PTCBs
could be largely prevented by cutting thin sections
(2–5 µm). Although the individual PTCBs had a small
diameter, a sufficient number of cells (>60 cells) were
present to be evaluated after staining (Fig. 1f). Routine
staining, immunohistochemistry, and fluorescence in situ

hybridization could be performed using standard proce-
dures (Fig. 1f). The number of noninformative cores
differed only minimally (0–4 cores per immunohistochemi-
cally stained section) between the PTMAs made of PTCBs
0.43 mm in diameter and those constructed with PTCBs
0.6 mm and 1.0 mm in diameter.

Discussion

In 1998 Kononen et al. demanded smaller PTCBs to
provide a much higher density of specimens per PTMA
[1]. Rimm et al. reported on new needles, which were under
development that may allow as many as 2,000 or more
spots per slide [4]. Until now, however, it was not possible
to produce PTCBs with diameters smaller than 0.6 mm.
Paraffin punches with smaller diameters were not stable
enough to punch PTCBs without breaking (“broken needles
0.4 mm in diameter”, personal communication, Prof.
Sauter, Hamburg). These unsuccessful experiments were
performed using punches provided with the manual tissue
puncher/arrayer from Beecher Instruments (Beecher Instru-
ments, Sun Prairie, WI, USA). My punches were made of
ordinary hypodermic needles, as described by Wan et al. [8]
and Rodrigues Cordovil Pires et al. [5]. I suspect that they
had slightly thicker walls than the Beecher punches,
providing the decisive plus in stability especially for tissues
with a high consistency such as myometrium or densely
packed fibrous tissue. By reducing the diameter of the
PTCBs, I was able to achieve a higher density of specimens
in a PTMA, packing up to 1,363 PTCBs in a standard
paraffin block (3,7×2,3 cm) (Fig. 1d, e) or 100 PTCBs
within an area less than 1 cm2 (Fig. 1f). This density might
even be increased by reducing the distance between the
PTCBs when using a machine (e.g., Beecher tissue arrayer,
Alphelys tissue arrayer) to construct the PTMA. This higher
density made it possible to construct small PTMAs of
approximately 100 PTCBs and arrange six to eight small
PTMAs (e.g., with different subsets of tumors) for a
particular stain on a single slide thereby enhancing the
flexibility of the PTMA technique (Fig. 1g). Moreover,
smaller PTMAs can reduce sectioning artifacts such as the
splitting of sections on the hot water bath. There should be
no difference in the number of sections which can be cut
from a PTMA filled with PTCBs 0.43 mm, 0.6 mm, or
1.0 mm in diameter because the length of the PTCBs
depends on the thickness of the tissue in the donor block
and not on the diameter of the tissue punch (Fig. 1c, inset).
Despite their small diameter, these PTCBs generally still
contained a sufficient number of cells (>60 cells) for proper
evaluation (Fig. 1f). Furthermore, by taking up to three
PTCBs per case, I very rarely found that I had insufficient
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tissue for interpretation after staining. According to some
guidelines for the evaluation of stainings approved by the
Food and Drug Administration (FDA) of the United States
of America, 60 cells seem to be sufficient (e.g., PathVysion
kit, Abbott-Vysis). Moreover, LeBaron stated that about
200 cells are adequate for some cell evaluations [2].
Concerning the representativity of the 0.43 mm diameter
PTCBs for the whole tumor, as is the case for all PTMAs,
this technique is only suited for the evaluation of antigens
or genome sequences which will be found in the majority of
the cells evaluated (e.g., E-cadherin, synaptophysin).
Moreover, the greatest benefit of this technique will be
achieved with densely packed cells of interest such as
endocrine tumors or renal cell carcinomas.

In summary, it is possible to construct PTMAs with
PTCBs as small as 0.43 mm in diameter. Up to 1,363
PTCBs can be installed in a standard size paraffin block
(3,7×2,3 cm).

Densely packed, small PTMAs provide increased flexibility
by making it possible to position multiple PTMAs with
different subsets of tumors (about 800 PTCBs in all) on a
single slide.
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Abstract Neuroblastoma (NB) is a pediatric neoplasia that
shows complex combinations of acquired genetic aberra-
tions. The specific genes and the molecular mechanisms
responsible for development and progression of NB remain
poorly understood. Our main objective is to compare the
results obtained with different techniques for the detection
of genomic data in 20 patients with NB using the
information obtained to select the appropriate technique in
routine analysis for the therapeutic stratification. The
genetic methods used in this study are multiprobe fluores-
cence in situ hybridization (FISH) assay, metaphasic
comparative genomic hybridization (mCGH), array com-
parative genomic hybridization (aCGH), and the multiplex
ligation-dependent probe amplification (MLPA). Genomic
copy number abnormalities were used to group the cases in
four categories: MYCN amplification cases; 11q deletion
tumors; cases with partial chromosome gains or losses and
samples with entire chromosome alterations. The data
obtained from the multigenomic techniques showed a high
degree of concordance and our findings support the
hypothesis that NB consists of biologically distinct sub-

groups that differ by genetic characteristics of prognostic
relevance. FISH will be essential for the mandatory study
of MYCN status. The use of MLPA as routine technique is
an advantage procedure for detecting the implication of the
common genetic alterations in NB.

Keywords Neuroblastoma . FISH . mCGH . aCGH .MLPA

Introduction

Neuroblastoma (NB) is an embryonal solid tumor of
childhood believed to originate from immature neural crest
cells committed to the adrenal medulla and sympathetic
nervous system [23, 39]. NB is the most frequent
extracranial pediatric solid tumor [10]. The neoplastic
disease has a variable clinical course, ranging from
spontaneous regression to malignant progression [3, 17].
The prediction of prognosis is one of the most urgent
demands before initiating the treatment of NB. The
International Neuroblastoma Staging System currently
stratifies patients into low-, intermediate-, or high-risk
categories based upon well-defined prognostic factors
[11]. These included age, stage, histopathology, and status
of MYCN oncogene [7, 12, 29, 48]. A new and uniform
International Neuroblastoma Risk Group classification
system and strategies for risk-based therapies are now
being developed [33].

One of the biological hallmarks of NB is its complex
genetic heterogeneity; several recurrent genetic alterations
have been identified. Indicators of poor prognosis include
diploidy or tetraploidy [30, 31], MYCN amplification [21,
46], deletion of 1p [21, 22], and gain of 17q [9, 13]. In
addition, different losses of heterozygosity have been
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reported for other chromosomal regions in NB as 2q, 3p,
4p, 9p, 11q, 14q, and 18q [4, 8, 14, 53–57]. Some of these
abnormalities such as 11q deletion are powerful prognostic
markers independent of the clinical features [4, 50]. Despite
the evident clinical relevance of these genomic aberrations,
no definitive NB suppressor gene has been identified.

To date, many different methods have been used for the
detection of deletions and gains including chromosome
analysis [5, 19, 36, 52], Southern blot [41], fluorescence in
situ hybridization (FISH) [49, 59], metaphasic comparative
genomic hybridization (mCGH) [29, 38, 43], and real-time
quantitative polymerase chain reaction (PCR) [6]. However,
these methods have some limitations. Conventional cyto-
genetic analysis is only sporadically successful; PCR-based
methodologies for the detection of loss of heterozygosity
are extremely sensitive to the amount of normal DNA
contaminating the tumor sample, a problem inherent in any
human cancer molecular diagnostic setting; Southern blot
suffers from the disadvantages of a 1–2-week turnaround
time and a requirement for relatively large quantities of
DNA (5–10 μg); FISH is expensive, time-consuming, and
difficult to implement as multiplex assays; mGCH does not
recognize a situation in which loss of one allele is followed
by duplication of another. More recently, array CGH
(aCGH) has been applied in order to detect genomic
alterations in NB [16, 20, 42, 47]. This method improves
the resolution and sensitivity of mCGH; it is a very robust
technique for the detection of cryptic chromosome rear-
rangements but it is labor intensive and requires expensive
equipment. Multiplex ligation-dependent probe amplifica-
tion (MLPA) is a new and fast method. The technique was
first described in 2002 [45] and different studies have been
published, the majority using commercial MLPA assays to
detect gene deletions and duplications in different disorders
[1, 25, 27, 28, 35]. This method identifies the target
sequence by hybridization of two adjacent probes that are
joined by ligation reaction. After denaturation, the target
sequences are amplified by PCR using a unique primer pair
that matches the linkers attached to each probe. Only
probes that hybridize to the target sequence have been
ligated and can be amplified by the PCR reaction. After size
separation by capillary gel electrophoresis, the amplifica-
tion products can be analyzed. The peak area of each
amplification product reflects the relative copy number of
that target sequence, enabling the detection of chromosome
alterations. The introduction of the MLPA technique in the
study of genomic copy number abnormalities in 54 primary
NB tumors was presented by Elliott et al. [24]. The
advantage of the mCGH and aCGH techniques is to obtain
a pangenomic profile; using FISH and MLPA techniques is
only possible to study just semigenomic profiles; FISH needs
to choose the adequate probes in order to detect if the
concrete alterations and MLPA with these specific kits

covers the ten chromosomal regions of highest interest in
NB.

The main objective is to use different genomic techniques
(FISH, mCGH, aCGH, and MLPA) to detect chromosomal
and gene alterations in 20 patients with NB, the information
obtained allows us to select the appropriate technique in
routine analysis for the therapeutic stratification. In this
study, the genetic results obtained by aCGH or MLPA have
allowed us to group the tumors in four different categories.
The genetic data obtained confirmed the importance of use
of these techniques to elucidate the heterogeneous genetic
profile of NB for the therapeutic stratification.

Materials and methods

Patient samples and tissue processing

Samples and DNA were referred to the Spanish Reference
Center for NB biological and Pathological Studies and to the
Spanish Institute of Biomedical Investigations Higher Council
for Scientific Research-Autonomous University of Madrid.
Table 1 gives an overview of clinical data on all cases.
Tumour samples were obtained at the time of diagnosis by
needle core or surgical biopsy. Touch preparations and paraffin
slides were stained with hematoxylin and eosin and examined
by the pathologist to evaluate the amount of neuroblastic cells
and histopathologic categorized following International Neu-
roblastoma Pathology Classification. Touch preparations were
used for FISH. Tumors included for subsequent DNA
extraction had a minimum of 50% of neuroblastic cells.
DNA was extracted using a phenol–chloroform–isoamyl
alcohol extraction after proteinase K treatment.

FISH and Southern blot analysis

MYCN copy number and 1p deletion were investigated with
commercial probes (MYCN (2p24)/LAF (2q11) and 1p36
(D1Z2)/SE 1 cocktail probes dual color direct labeled—
Kreatech, Biotechnology, Amsterdam, The Netherlands).
Both probes were applied and hybridized according to the
manufacturer’s instructions. The results were captured using
a Zeiss Axioplan 2 fluorescence microscope (Carl Zeiss AG,
Oberkochen, Germany). Initially, the status of MYCN was
analyzed by FISH in all cases except for three tumors (NB-6,
NB-7, and NB-17) where Southern blot was used as the
diagnostic technique. Detection of MYCN status by Southern
blot analysis was done according to standard procedures.

mCGH

Fourteen cases were analyzed by mCGH. The technique
was applied using a nick translation labeling kit, Spectrum
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Green deoxyuridine triphosphate, CGH control slides, Cot-
1 DNA, and Spectrum Red DNA control (Vysis Inc.,
Downers Grove, IL, USA) and following the manufac-
turer’s instructions. Hybridized metaphases were captured
using a Zeiss Axioplan 2 fluorescent microscope and
analyzed with Isis software (MetaSystem, Belmont, MA,
USA). Regions with a ratio profile that exceeded the limits
of 1.20 to 0.8 were defined as those with copy number
gains and losses, respectively.

aCGH

All samples were studied using the pangenomic aCGH
technique. A bacterial artificial chromosome (BAC) arrays
platform was used corresponding to a genomic library 1 Mb
Sanger, on Codelink (Amersham, Piscataway, NJ, USA)
glasses. The BACs were extracted and amplified by
degenerate oligonucleotide and amino-linking PCR. The
deposition on the glass was made in triplicate with a
Microgrid II robot (Genomic Solutions, Cambridgeshire,
UK). The DNA was marked with a homemade kit of
Random Priming: Cy5 for the DNA tumor and Cy3 for the
control DNA (pool of 40 healthy individuals; Amersham,
Piscataway, NJ, USA). The hybridization was made during
48 h at 42°C. The samples were captured with an Axon
4000b scanner and analyzed with GenePrix software
(Axon, Union City USA). The bioconductor package (R,

CRAN) snapCGH was used with algorithms for the
analysis and segmentation of the data (Circular Binary
Segmentation algorithm).

MLPA

For this multigenomic technique, a specifically designed set
of probes was used to test for chromosomal abnormalities
in NB, SALSA MLPA Kit P251/P252/P253 (MRC-
Holland, Amsterdam, The Netherlands) and was performed
in all 20 patients. The P251 probe mix contains 38 probes
for chromosomes 1, 3, and 11; P252 probe mix contains 36
probes for chromosomes 2 and 17; P253 probe mix
contains 32 probes for chromosomes 4, 7, 9, 12, and 14.
Each of these three probe mixes contains five control
fragments in chromosomal regions rarely altered in NB.
MLPA was performed as described by the manufacturer
with minor modifications. The ligation products were
amplified by PCR using the common primer set with the
6-FAM label distributed by the supplier. NB in which the
MYCN gene has been amplified can result in MLPA sample
pictures displaying enormous MYCN peaks, while other
probe signals are barely visible. To prevent missing any
additional mutations, it is important to analyze the other
probe signals as well. For this reason, MYCN silencer
solution is used. This solution binds to the complete
hybridizing sequence and part of the primer sequence of

Table 1 Clinical data of the 20 neuroblastoma samples used in the study

Tumour Age at diagnosisa Histology Stageb Metastasis at diagnosis Alive–died

NB-1 23 NB PD 4 Yes 0
NB-2 78 NB PD 4 Yes 0
NB-3 40 NB 4 Yes 1
NB-4 37 NB 4 Yes 0
NB-5 107 NB PD 4 Yes 1
NB-6 18 NB 3 No 0
NB-7 4 NB 4 Yes 1
NB-8 32 NB NOS 4 Yes 1
NB-9 62 NB PD 4 Yes n/a
NB-10 42 NB PD 4 Yes 0
NB-11 44 NB 4 Yes 0
NB-12 10 NB PD 4 Yes 0
NB-13 1 NB NOS 4s Yes 0
NB-14 13 NB NOS 1 No 0
NB-15 3 NB PD 1 No 0
NB-16 51 NB NOS 1 No 0
NB-17 25 GNB 2 No 0
NB-18 0.25 NB NOS 4s Yes 0
NB-19 66 NB PD 2 No 0
NB-20 4 NB PD 1 No 0

NB Neuroblastoma, GNB ganglioneuroblastoma, PD poorly differentiated, NOS not otherwise, 0 alive, 1 died, n/a not available
aMonths
b According to the International Neuroblastoma Staging System
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the MYCN probes, thereby preventing the probes amplifi-
cation during the PCR reaction. The other probes can now
be easily detected and analyzed. Fragments were separated
and quantified by electrophoresis on an ABI Prism 310
capillary sequencer and Genemapper analysis (Applied
Biosystems). In each set of MLPA experiments, we
included at least three normal control DNA samples for
data processing. Reference DNAs were isolated from blood
of healthy volunteers. Data analysis was performed with
Coffalyser MLPA-DAT software (MRC-Holland, Amster-
dam, The Netherlands) generating the normalized peak
value or the so-called probe ratio. The threshold to detect
losses and gains in tumor samples was set at 0.75 and 1.25,
respectively.

Results

The results obtained with the different genetic techniques
are summarized in Fig. 1. The genetic alterations allowed

us to group the cases into four categories. In the first group,
we included the cases with MYCN amplification (8/20; NB-
1 to NB-8); the second group was formed with tumors that
presented deletion of 11q (4/20; NB-9 to NB-12); the third
group was formed with tumors with partial chromosome
gains or losses (4/20; NB-13 to NB-16); samples with
entire chromosome gains or losses were included in the
fourth group (4/20; NB-17 to NB-20).

In the first group of tumors, eight cases, the amplifica-
tion of MYCN was associated with the following alter-
ations: (a) other gains of 2p were present in five samples
detected by aCGH; (b) loss of 1p was observed in the eight
tumors with at least one technique. In the case of NB-4,
there was a discordance between the results obtained with
MLPA and the other techniques; (c) 17q gain was present in
87.5% of the cases; (d) other segmental imbalances, such as
deletion of 11q (two cases), deletion of 3p (two cases), and
deletion of 14q (three cases). NB-5 also presented loss of
11q and 3p. Figure 2 shows the results obtained by the
different techniques in the sample NB-2.

Fig. 1 Genetic alterations detected with the different genetic
techniques. FISH fluorescence in situ hybridization; mCGH metapha-
sic comparative genomic hybridization; aCGH array comparative

genomic hybridization; MLPA multiplex ligation-dependent probe
amplification
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The second group consisted of four cases that presented
11q loss as the principal alteration. These tumors did not
show MYCN amplification, but in two cases (NB-11 and
NB-12) a 2p gain was detected. Using FISH, a deletion of 1p
was observed in two cases (NB-9 and NB-11). When aCGH
and MLPA were used, NB-12 presented a 1p loss localized
in a small area. The 11q loss was associated with 17q gain in
all cases. Two cases presented loss of 3p detected by aCGH;
one of these showed imbalances in chromosome 14.
Chromosome 14 gain was found in NB-11.

The third group was formed of samples with partial
chromosome gains or losses. All cases presented different
genetic alterations in chromosome 2 and segmental chromo-
some 1 imbalances. These tumors had as principal alteration
a polysomy of chromosome 17 plus a gain of 17q.

The last group consisted of four cases with entire
chromosome gains or losses. Two tumors (NB-18 and NB-
20) showed gain of chromosome 2. The four tumors included
in this group presented entire gain of chromosome 7, and in
three cases a gain of chromosome 17 was found. Case NB-17
presented loss of chromosome 3 that was not detected by
MLPA and loss of chromosome 14 that was only detected by
aCGH. Chromosome 18 gain was found in case NB-19.

Discussion

The primary aim of this study was to combine the use of
different genetic techniques (FISH, mCGH, aCGH, and
MLPA) for the screening of chromosomal rearrangements
in NB.

NB has served as a paradigm for the clinical importance
of tumor genomic data [4, 32, 58]. A large number of
genomic aberrations have been defined in NB, and the
pattern of these somatically acquired changes correlate with
tumor behavior [10]. Our results, as previously known,
showed that molecular biology of human NB is complex.
Maximal prognostic information can be obtained when the
entire genomic profile is analyzed. Amplification of the
MYCN oncogene at 2p24 remains a powerful biomarker of
aggressive phenotype and poor survival [18, 44]. MYCN is
the only tumor genetic marker used as a basis for treatment
stratification in NB clinical trials [34, 44]. MYCN amplifi-
cation has been found in approximately 20% of newly
diagnosed tumors and in up to 50% of high-stage cases of
NB [46]. We have previously studied the status of MYCN
by FISH because this determination is routinely used in
order to establish the prognosis and treatment of NB [2].

Fig. 2 Results obtained by
the different techniques in NB-2.
a, b FISH analysis: a MYCN
(2p24) red/LAF (2q11) green.
MYCN amplification: over
fourfold increase of the MYCN
signal number in relation to the
number of control LAF signal.
b 1p36 (D1Z2) red/SE 1 green.
1p36 deletion: only one signal
for 1p36 present. c mCGH
results: losses are indicated
by a bar in red and gains by a
bar in green. d, e MLPA results:
d MYCN gene has been ampli-
fied displaying enormous peaks
while other probe signals are not
visible. e Using silencer solution
preventing the MYCN probes
amplification during PCR reac-
tion, the other alterations can be
analyzed. f aCGH copy number
profile. The X-axis represents
the chromosomes and the Y-axis
the normalized log2 Cy3/Cy5
fluorescence intensity
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Fig. 2 (continued)
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The molecular analysis of tumor DNA by Southern blot
was used to analyze MYCN amplification in three cases.
Tumor biopsies sufficient to provide enough material for
molecular genetic analysis are therefore highly encouraged
at the time of diagnosis. It is remarkable that, among our
first group of MYCN amplified cases, 50% of patients (4/8)
died of disease, reinforcing the adverse prognosis of this
group of patients.

It has been shown that 1p deletion is associated with
adverse clinical and genetic indicators such as MYCN
amplification [26]. There has been ongoing controversy
about the precise prognostic power of 1p deletion in
relation to other variables, particularly MYCN [15, 40].
Some studies showed that an inverse relationship exists
between 11q loss and amplification of MYCN, indicating
that these abnormalities represent distinct genetic subtypes
of advanced-stage NB [38]; multiple studies found a
significant association between 11q, 3p, and 14q loss [49–
51]. In our study, an interesting observation was found in
two tumors with MYCN amplification which showed 11q
loss associated to 3p and/or 14p loss. Unbalanced gain of
17q material is the most common genomic abnormality
seen in primary NB. It has been published that this
alteration is associated with other known prognostic factors
but is in itself a powerful, although controversial, indepen-
dent predictor of adverse outcome [13]. Several analyses
have described that gains or deletions of whole chromo-
somes (entire chromosomal imbalance) confer better prog-
nosis and are associated with low stage of disease [29]. A
segmental chromosomal imbalance profile was recently
associated with NB of infants with poor prognosis [60].

High-resolution methods are necessary for a more
accurate tumor classification, including the atypical genetic
profiles, and turn these discoveries into effective treatment
strategies. Conventional mCGH profiling of NB has
identified many genomic aberrations, but the resolution of
mCGH is approximately only 10 Mb and does not allow the
detailed analysis of chromosome breakpoints [29, 37, 38,
43]. This could be the cause of the majority of discrep-
ancies observed in our results. Further studies using other
techniques such as aCGH or MLPA are necessary to map
the breakpoints precisely.

The use of aCGH enables new chromosomal alterations
to be detected in patients with NB [16, 20, 42, 47]. With
this technique, thousands of sites can be simultaneously
investigated in one patient, allowing partial or total
coverage of the genome. However, aCGH is unlikely to
be introduced into diagnostics due to the cost of the arrays.
With this technique, it is easier to detect the partial gains
and/or losses of small lengths.

MLPA is an alternative multigenetic technique because it is
rather robust and easy to perform, and is a fast technique for
the screening of large number of samples. In this study, the

MLPA technique was used to detect the genetic alterations in
NB, and the results presented a high concordance with those
obtained by aCGH. The number of targets that can be
screened by MLPA is limited; however, multiple samples
can be simultaneously tested at a lower cost than for one
aCGH hybridization. In this study, we combined genomic data
from aCGH and MLPA studies to classify the NB into four
groups: MYCN amplification, 11q loss, segmental chromo-
somal imbalance, and entire chromosomal imbalance.

To increase our understanding of the genetic basis for
NB heterogeneity and to prioritize regional candidate genes
for further analyses, we propose: (a) use of FISH technique
to visualize isolated cells and detect alterations present in a
low percentage of tumor cells. For example, gene amplifi-
cation present in only a minority of cells may well lead to
bad interpretation by molecular analysis but will be readily
apparent by FISH. This technique will be essential for the
mandatory study of MYCN status; (b) use of MLPA as
routine technique will be a very interesting procedure for
detecting the implication of the common genetic alterations
in NB. It will provide important information for the
estimation of prognosis and therapy available for patients
to be obtained and provide important information regarding
delineation of critical regions of gain and loss in NB, which
should facilitate further selection of candidate oncogenes or
tumor suppressor genes; (c) further investigations to extend
and validate whether the genes and signaling pathways
involved can represent an essential step towards the
development of more efficient molecular targeted therapies.

In conclusion, this study shows that the genomic data
obtained in NB diagnostic biopsies can be used to
subcategorize the disease into molecular subsets. Ongoing
studies will test whether DNA or RNA alterations are more
useful in a clinical setting or whether the two will provide
complementary information.

Acknowledgement Supported by the grants FIS RD06/0020/0102
(Instituto de Salud Carlos III; Ministerio de Sanidad y Consumo,
Spain), RD06/0020/0059, and PI06/1576; PI4/07-36 (Fundación
Sociedad Española de Oncología Pediátrica). We are grateful to Dr.
Schuit (MRC-Holland) and Dr. Ambros for the probe mix MLPA
developed, to Dra. Dolores Sánchez for the mCGH analysis, and to
Elisa Alonso and Estela Pons for their technical support.

Conflict of interest statement We declare that we have no conflict
of interest.

References

1. Alibakhshi R, Kianishirazi R, Cassiman JJ, Zamani M, Cuppens
H (2008) Analysis of the CFTR gene in Iranian cystic fibrosis
patients: identification of eight novel mutations. J Cyst Fibros
7:102–109

Virchows Arch (2008) 453:47–55 53



2. Ambros IM, Benard J, Boavida M, Bown N, Caron H, Combaret V,
Couturier J, Darnfors C, Delattre O, Freeman-Edward J, Gambini C,
Gross N, Hattinger CM, Luegmayr A, Lunec J, Martinsson T,
Mazzocco K, Navarro S, Noguera R, O’Neill S, Potschger U,
Rumpler S, Speleman F, Tonini GP, Valent A, Van Roy N, Amann G,
De Bernardi B, Kogner P, Ladenstein R, Michon J, Pearson AD,
Ambros PF (2003) Quality assessment of genetic markers used for
therapy stratification. J Clin Oncol 21:2077–2084

3. Ara T, DeClerck YA (2006) Mechanisms of invasion and
metastasis in human neuroblastoma. Cancer Metastasis Rev
25:645–657

4. Attiyeh EF, London WB, Mosse YP, Wang Q, Winter C, Khazi D,
McGrady PW, Seeger RC, Look AT, Shimada H, Brodeur GM,
Cohn SL, Matthay KK, Maris JM (2005) Chromosome 1p and
11q deletions and outcome in neuroblastoma. N Engl J Med
353:2243–2253

5. Betts DR, Cohen N, Leibundgut KE, Kuhne T, Caflisch U,
Greiner J, Traktenbrot L, Niggli FK (2005) Characterization of
karyotypic events and evolution in neuroblastoma. Pediatr Blood
Cancer 44:147–157

6. Boensch M, Oberthuer A, Fischer M, Skowron M, Oestreich J,
Berthold F, Spitz R (2005) Quantitative real-time PCR for quick
simultaneous determination of therapy-stratifying markers MYCN
amplification, deletion 1p and 11q. Diagn Mol Pathol 14:177–182

7. Bown N (2001) Neuroblastoma tumour genetics: clinical and
biological aspects. J Clin Pathol 54:897–910

8. Breen CJ, O’Meara A, McDermott M, Mullarkey M, Stallings RL
(2000) Coordinate deletion of chromosome 3p and 11q in
neuroblastoma detected by comparative genomic hybridization.
Cancer Genet Cytogenet 120:44–49

9. Brinkschmidt C, Poremba C, Christiansen H, Simon R, Schafer
KL, Terpe HJ, Lampert F, Boecker W, Dockhorn-Dworniczak B
(1998) Comparative genomic hybridization and telomerase activity
analysis identify two biologically different groups of 4s neuro-
blastomas. Br J Cancer 77:2223–2229

10. Brodeur GM (2003) Neuroblastoma: biological insights into a
clinical enigma. Nat Rev Cancer 3:203–216

11. Brodeur GM, Pritchard J, Berthold F, Carlsen NL, Castel V,
Castelberry RP, De Bernardi B, Evans AE, Favrot M, Hedborg F
et al (1993) Revisions of the international criteria for neuroblastoma
diagnosis, staging, and response to treatment. J Clin Oncol
11:1466–1477

12. Burgues O, Navarro S, Noguera R, Pellin A, Ruiz A, Castel V,
Llombart-Bosch A (2006) Prognostic value of the international
neuroblastoma pathology classification in neuroblastoma
(Schwannian stroma-poor) and comparison with other prognostic
factors: a study of 182 cases from the Spanish Neuroblastoma
Registry. Virchows Arch 449:410–420

13. Caron H (1995) Allelic loss of chromosome 1 and additional
chromosome 17 material are both unfavourable prognostic
markers in neuroblastoma. Med Pediatr Oncol 24:215–221

14. Caron H, van Sluis P, Buschman R, Pereira do Tanque R, Maes P,
Beks L, de Kraker J, Voute PA, Vergnaud G, Westerveld A, Slater
R, Versteeg R (1996) Allelic loss of the short arm of chromosome
4 in neuroblastoma suggests a novel tumour suppressor gene
locus. Hum Genet 97:834–837

15. Caron H, van Sluis P, de Kraker J, Bokkerink J, Egeler M, Laureys
G, Slater R, Westerveld A, Voute PA, Versteeg R (1996) Allelic loss
of chromosome 1p as a predictor of unfavorable outcome in patients
with neuroblastoma. N Engl J Med 334:225–230

16. Carr J, Bown NP, Case MC, Hall AG, Lunec J, Tweddle DA
(2007) High-resolution analysis of allelic imbalance in neuroblastoma
cell lines by single nucleotide polymorphism arrays. Cancer Genet
Cytogenet 172:127–138

17. Castel V, Grau E, Noguera R, Martinez F (2007) Molecular
biology of neuroblastoma. Clin Transl Oncol 9:478–483

18. Cohn SL, Tweddle DA (2004) MYCN amplification remains
prognostically strong 20 years after its “clinical debut”. Eur J
Cancer 40:2639–2642

19. Combaret V, Turc-Carel C, Thiesse P, Rebillard AC, Frappaz D,
Haus O, Philip T, Favrot MC (1995) Sensitive detection of
numerical and structural aberrations of chromosome 1 in
neuroblastoma by interphase fluorescence in situ hybridization.
Comparison with restriction fragment length polymorphism and
conventional cytogenetic analyses. Int J Cancer 61:185–191

20. Chen QR, Bilke S, Wei JS, Whiteford CC, Cenacchi N,
Krasnoselsky AL, Greer BT, Son CG, Westermann F, Berthold
F, Schwab M, Catchpoole D, Khan J (2004) cDNA array-CGH
profiling identifies genomic alterations specific to stage and
MYCN-amplification in neuroblastoma. BMC Genomics 5:70

21. Christiansen H, Sahin K, Berthold F, Hero B, Terpe HJ, Lampert
F (1995) Comparison of DNA aneuploidy, chromosome 1
abnormalities, MYCN amplification and CD44 expression as
prognostic factors in neuroblastoma. Eur J Cancer 31A:541–544

22. Christiansen H, Schestag J, Christiansen NM, Grzeschik KH,
Lampert F (1992) Clinical impact of chromosome 1 aberrations in
neuroblastoma: a metaphase and interphase cytogenetic study.
Genes Chromosomes Cancer 5:141–149

23. De Preter K, Vandesompele J, Heimann P, Yigit N, Beckman S,
Schramm A, Eggert A, Stallings RL, Benoit Y, Renard M, De
Paepe A, Laureys G, Pahlman S, Speleman F (2006) Human fetal
neuroblast and neuroblastoma transcriptome analysis confirms
neuroblast origin and highlights neuroblastoma candidate genes.
Genome Biol 7:R84

24. Elliott A, Baker A, Board J, Tweddle D, Curtis A, Bown N (2007)
MLPA analysis of neuroblastoma tumours. Chromosome Res
15:164–165

25. Erlandson A, Samuelsson L, Hagberg B, Kyllerman M, Vujic M,
Wahlstrom J (2003) Multiplex ligation-dependent probe amplifi-
cation (MLPA) detects large deletions in the MECP2 gene of
Swedish Rett syndrome patients. Genet Test 7:329–332

26. Fong CT, Dracopoli NC, White PS, Merrill PT, Griffith RC,
Housman DE, Brodeur GM (1989) Loss of heterozygosity for the
short arm of chromosome 1 in human neuroblastomas: correlation
with N-myc amplification. Proc Natl Acad Sci U S A 86:3753–
3757

27. Hogervorst FB, Nederlof PM, Gille JJ, McElgunn CJ, Grippeling
M, Pruntel R, Regnerus R, van Welsem T, van Spaendonk R,
Menko FH, Kluijt I, Dommering C, Verhoef S, Schouten JP, van’t
Veer LJ, Pals G (2003) Large genomic deletions and duplications
in the BRCA1 gene identified by a novel quantitative method.
Cancer Res 63:1449–1453

28. Jeuken J, Cornelissen S, Boots-Sprenger S, Gijsen S, Wesseling P
(2006) Multiplex ligation-dependent probe amplification: a diag-
nostic tool for simultaneous identification of different genetic
markers in glial tumors. J Mol Diagn 8:433–443

29. Lastowska M, Cullinane C, Variend S, Cotterill S, Bown N,
O’Neill S, Mazzocco K, Roberts P, Nicholson J, Ellershaw C,
Pearson AD, Jackson MS (2001) Comprehensive genetic and
histopathologic study reveals three types of neuroblastoma
tumors. J Clin Oncol 19:3080–3090

30. Look AT, Hayes FA, Nitschke R, McWilliams NB, Green AA
(1984) Cellular DNA content as a predictor of response to
chemotherapy in infants with unresectable neuroblastoma. N Engl
J Med 311:231–235

31. Look AT, Hayes FA, Shuster JJ, Douglass EC, Castleberry RP,
Bowman LC, Smith EI, Brodeur GM (1991) Clinical relevance of
tumor cell ploidy and N-myc gene amplification in childhood
neuroblastoma: a Pediatric Oncology Group study. J Clin Oncol
9:581–591

32. Maris JM (2005) The biologic basis for neuroblastoma heteroge-
neity and risk stratification. Curr Opin Pediatr 17:7–13

54 Virchows Arch (2008) 453:47–55



33. Maris JM, HogartyMD, Bagatell R, Cohn SL (2007) Neuroblastoma.
Lancet 369:2106–2120

34. Matthay KK, Perez C, Seeger RC, Brodeur GM, Shimada H,
Atkinson JB, Black CT, Gerbing R, Haase GM, Stram DO, Swift P,
Lukens JN (1998) Successful treatment of stage III neuroblastoma
based on prospective biologic staging: a Children’s Cancer Group
study. J Clin Oncol 16:1256–1264

35. Nakagawa H, Hampel H, de la Chapelle A (2003) Identification
and characterization of genomic rearrangements of MSH2 and
MLH1 in Lynch syndrome (HNPCC) by novel techniques. Hum
Mutat 22:258

36. Noguera R, Canete A, Pellin A, Ruiz A, Tasso M, Navarro S,
Castel V, Llombart-Bosch A (2003) MYCN gain and MYCN
amplification in a stage 4S neuroblastoma. Cancer Genet
Cytogenet 140:157–161

37. Noguera Salva R, Piqueras Franco M, Ruiz Sauri A, Llombart-
Bosch A, Castel Sanchez V, Navarro Fos S (2006) Genomic
profile in high risk neuroblastoma by comparative genomic
hybridization. An Pediatr (Barc) 64:449–456

38. Plantaz D, Vandesompele J, Van Roy N, Lastowska M, Bown N,
Combaret V, Favrot MC, Delattre O, Michon J, Benard J,
Hartmann O, Nicholson JC, Ross FM, Brinkschmidt C, Laureys
G, Caron H, Matthay KK, Feuerstein BG, Speleman F (2001)
Comparative genomic hybridization (CGH) analysis of stage 4
neuroblastoma reveals high frequency of 11q deletion in tumors
lacking MYCN amplification. Int J Cancer 91:680–686

39. Ross RA, Spengler BA, Domenech C, Porubcin M, Rettig WJ,
Biedler JL (1995) Human neuroblastoma I-type cells are malig-
nant neural crest stem cells. Cell Growth Differ 6:449–456

40. Rubie H, Delattre O, Hartmann O, Combaret V, Michon J, Benard
J, Peyroulet MC, Plantaz D, Coze C, Chastagner P, Baranzelli
MC, Frappaz D, Lemerle J, Sommelet D (1997) Loss of
chromosome 1p may have a prognostic value in localised
neuroblastoma: results of the French NBL 90 Study Neuroblastoma
Study Group of the Societe Francaise d’Oncologie Pediatrique
(SFOP). Eur J Cancer 33:1917–1922

41. Sartelet H, Grossi L, Pasquier D, Combaret V, Bouvier R, Ranchere
D, Plantaz D, Munzer M, Philip T, Birembaut P, Zahm JM,
Bergeron C, Gaillard D, Pasquier B (2002) Detection of N-myc
amplification by FISH in immature areas of fixed neuroblastomas:
more efficient than Southern blot/PCR. J Pathol 198:83–91

42. Scaruffi P, Coco S, Cifuentes F, Albino D, Nair M, Defferrari R,
Mazzocco K, Tonini GP (2007) Identification and characterization
of DNA imbalances in neuroblastoma by high-resolution oligo-
nucleotide array comparative genomic hybridization. Cancer
Genet Cytogenet 177:20–29

43. Schleiermacher G, Michon J, Huon I, d’Enghien CD, Klijanienko
J, Brisse H, Ribeiro A, Mosseri V, Rubie H, Munzer C, Thomas
C, Valteau-Couanet D, Auvrignon A, Plantaz D, Delattre O,
Couturier J (2007) Chromosomal CGH identifies patients with a
higher risk of relapse in neuroblastoma without MYCN amplifi-
cation. Br J Cancer 97:238–246

44. Schmidt ML, Lukens JN, Seeger RC, Brodeur GM, Shimada H,
Gerbing RB, Stram DO, Perez C, Haase GM, Matthay KK (2000)
Biologic factors determine prognosis in infants with stage IV
neuroblastoma: a prospective Children’s Cancer Group study. J
Clin Oncol 18:1260–1268

45. Schouten JP, McElgunn CJ, Waaijer R, Zwijnenburg D, Diepvens
F, Pals G (2002) Relative quantification of 40 nucleic acid
sequences by multiplex ligation-dependent probe amplification.
Nucleic Acids Res 30:e57

46. Seeger RC, Brodeur GM, Sather H, Dalton A, Siegel SE, Wong
KY, Hammond D (1985) Association of multiple copies of the N-
myc oncogene with rapid progression of neuroblastomas. N Engl J
Med 313:1111–1116

47. Selzer RR, Richmond TA, Pofahl NJ, Green RD, Eis PS, Nair P,
Brothman AR, Stallings RL (2005) Analysis of chromosome
breakpoints in neuroblastoma at sub-kilobase resolution using
fine-tiling oligonucleotide array CGH. Genes Chromosomes
Cancer 44:305–319

48. Shimada H, Aotama C, Newton WA Jr (1987) Neuroblastoma;
biology and prognostic factors. Gan To Kagaku Ryoho 14:44–49

49. Spitz R, Hero B, Ernestus K, Berthold F (2003) Deletions in
chromosome arms 3p and 11q are new prognostic markers in
localized and 4s neuroblastoma. Clin Cancer Res 9:52–58

50. Spitz R, Hero B, Simon T, Berthold F (2006) Loss in chromosome
11q identifies tumors with increased risk for metastatic relapses in
localized and 4S neuroblastoma. Clin Cancer Res 12:3368–3373

51. Srivatsan ES, Ying KL, Seeger RC (1993) Deletion of chromo-
some 11 and of 14q sequences in neuroblastoma. Genes
Chromosomes Cancer 7:32–37

52. Stark B, Jeison M, Bar-Am I, Glaser-Gabay L, Mardoukh J, Luria
D, Feinmesser M, Goshen Y, Stein J, Abramov A, Zaizov R,
Yaniv I (2002) Distinct cytogenetic pathways of advanced-stage
neuroblastoma tumors, detected by spectral karyotyping. Genes
Chromosomes Cancer 34:313–324

53. Suzuki T, Yokota J, Mugishima H, Okabe I, Ookuni M, Sugimura
T, Terada M (1989) Frequent loss of heterozygosity on chromo-
some 14q in neuroblastoma. Cancer Res 49:1095–1098

54. Takita J, Hayashi Y, Kohno T, Yamaguchi N, Hanada R,
Yamamoto K, Yokota J (1997) Deletion map of chromosome 9
and p16 (CDKN2A) gene alterations in neuroblastoma. Cancer
Res 57:907–912

55. Takita J, Hayashi Y, Takei K, Yamaguchi N, Hanada R,
Yamamoto K, Yokota J (2000) Allelic imbalance on chromosome
18 in neuroblastoma. Eur J Cancer 36:508–513

56. Takita J, Yang HW, Chen YY, Hanada R, Yamamoto K, Teitz T,
Kidd V, Hayashi Y (2001) Allelic imbalance on chromosome 2q
and alterations of the caspase 8 gene in neuroblastoma. Oncogene
20:4424–4432

57. Thompson PM, Seifried BA, Kyemba SK, Jensen SJ, Guo C, Maris
JM, Brodeur GM, Stram DO, Seeger RC, Gerbing R, Matthay KK,
Matise TC, White PS (2001) Loss of heterozygosity for chromo-
some 14q in neuroblastoma. Med Pediatr Oncol 36:28–31

58. Vandesompele J, Baudis M, De Preter K, Van Roy N, Ambros P,
Bown N, Brinkschmidt C, Christiansen H, Combaret V, Lastowska
M, Nicholson J, O’Meara A, Plantaz D, Stallings R, Brichard B,
Van den Broecke C, De Bie S, De Paepe A, Laureys G, Speleman F
(2005) Unequivocal delineation of clinicogenetic subgroups and
development of a new model for improved outcome prediction in
neuroblastoma. J Clin Oncol 23:2280–2299

59. Wan TS, Ma ES, Chan GC, Chan LC (2004) Investigation of
MYCN status in neuroblastoma by fluorescence in situ hybrid-
ization. Int J Mol Med 14:981–987

60. Wang Q, Diskin S, Rappaport E, Attiyeh E, Mosse Y, Shue D,
Seiser E, Jagannathan J, Shusterman S, Bansal M, Khazi D,
Winter C, Okawa E, Grant G, Cnaan A, Zhao H, Cheung NK,
Gerald W, London W, Matthay KK, Brodeur GM, Maris JM
(2006) Integrative genomics identifies distinct molecular classes
of neuroblastoma and shows that multiple genes are targeted by
regional alterations in DNA copy number. Cancer Res 66:
6050–6062

Virchows Arch (2008) 453:47–55 55



ORIGINAL ARTICLE

Differential expression of fatty acid synthase (FAS)
and ErbB2 in nonmalignant and malignant
oral keratinocytes

Sabrina D. Silva & Isabela W. Cunha &

Ana Lúcia C. A. Rangel & Jacks Jorge &

Karina G. Zecchin & Michelle Agostini &
Luiz P. Kowalski & Ricardo D. Coletta & Edgard Graner

Received: 23 November 2007 /Accepted: 5 May 2008 / Published online: 6 June 2008
# Springer-Verlag 2008

Abstract The aim of this study was to investigate fatty
acid synthase (FAS) and ErbB2 expression in nonmalignant
oral epithelium and oral or head and neck squamous cell
carcinomas (OSCC/HNSCC). Morphologically normal,
hyperkeratotic, and dysplastic oral epithelium as well as
well-differentiated and poorly differentiated OSCC were
immunohistochemically evaluated for FAS, ErbB2, and Ki-

67. These proteins were also analyzed in a tissue micro-
array with 55 HNSCC. SCC-9 cells were used to study FAS
and ErbB2 during differentiation. FAS expression was
higher in hyperkeratosis, dysplasias, and OSCC than in
normal epithelium. Well-differentiated OSCC/HNSCC were
more positive for FAS than the poorly differentiated
tumors. ErbB2 was observed at the surface of nonmalignant
and well-differentiated OSCC/HNSCC keratinocytes and in
the cytoplasm of poorly differentiated cells. Ki-67 index
was progressively higher from normal oral epithelium to
OSCC, inversely correlated with cell surface ErbB2, and
positively correlated with intracytoplasmic ErbB2. Finally,
SCC-9 cell cultures were enriched in membrane ErbB2-
positive cells after differentiation by anchorage deprivation.
In conclusion, FAS is overexpressed in OSCC/HNSCC and
hyperkeratotic oral epithelium and ErbB2 is found at the
cell surface of differentiating keratinocytes and in the
cytoplasm of poorly differentiated tumor cells. Ki-67 index
is higher in epithelial dysplasias and OSCC than in
morphologically normal oral epithelium.

Keywords ErbB2 . Fatty acid synthase . Ki-67 . SCC-9 .

Oral squamous cell carcinoma . Keratinization

Introduction

Fatty acid synthase (FAS, EC2.3.1.85) is the cytosolic
multifunctional enzyme responsible for the endogenous
production of saturated long-chain fatty acids from acetyl-
CoA and malonyl-CoA [6, 22]. FAS is arranged as a
homodimer and each ~250 kDa polypeptide chain contains
seven distinct catalytic sites that sequentially act to generate
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the 16-carbon saturated fatty acid palmitate [8]. Normal
cells (with exception of liver, lactating breast, fetal lung,
and adipose tissue) have low FAS activity because most of
the fatty acids are supplied by the diet [22, 51]. However,
despite its apparently marginal role in adult tissues, FAS is
essential during embryogenesis, since FAS n−/− and FAS
n+/− mice die in utero even in the presence of a diet rich in
saturated fatty acids [9]. It has been recently demonstrated
that FAS expression is upregulated in a variety of human
epithelial cancers, including prostate, breast, ovarian, lung,
stomach, colon, and melanoma [3, 10, 17, 23, 32, 35, 38,
45, 49], as well as in soft tissue sarcomas [39, 46], and
often associated with a poor prognosis [2, 3, 12, 17, 46].
FAS expression and activity are elevated in oral squamous
cell carcinoma (OSCC) [1, 15, 21, 41]; however, in contrast
with several FAS-overexpressing malignancies, well-differ-
entiated OSCC produces more FAS than their poorly
differentiated counterparts [21, 41]. FAS specific inhibitors
block cell cycle progression and cause apoptosis in
prostate, breast, colon, and promyelocytic leukemia cancer
cell lines [11, 25, 33]. Similarly, OSCC cell lines exposed
to the FAS inhibitor cerulenin show reduced proliferation
and enhanced apoptotic cell death [1, 55]. Moreover,
inhibition of FAS activity decreases the size of prostate
and ovarian cancer xenographs [20, 34, 35].

The regulation of FAS production is complex. Proges-
terone stimulates FAS expression in breast cancer cell lines
[24] and androgens or epidermal growth factor upregulate
FAS production and activity in the androgen-dependent
prostate cancer cell line LNCaP [16, 43, 44, 48]. However,
FAS is also overexpressed in androgen-independent pros-
tate cancers [29, 34]. Recent experimental evidences
demonstrate a direct connection between the cell surface
receptor ErbB2 and FAS expression in cancer cells [26, 27].
Previous work from our laboratory showed that OSCC cell
lines have very low androgen receptor protein but high
ErbB2 protein levels [1] and that the expression of the latter
one is positively correlated with the FAS protein amount in
OSCC tissue samples [41]. Besides its transcriptional
control, it was recently shown that FAS protein can be
ubiquitinated and degraded by proteasomes in LNCaP
prostate cancer cells, which can be reversed by the
interaction with the isopeptidase ubiquitin-specific protease
2a [13].

In order to better understand the high expression of FAS
in well-differentiated OSCC and verify its correlation with
ErbB2, we performed immunohistochemical reactions in
tissue sections obtained from morphologically normal,
dysplastic, and hyperkeratotic oral epithelium, as well as
well-differentiated and poorly differentiated tumors. Addi-
tionally, we describe the expression of these molecules
during the keratinization process using a cell culture
model.

Materials and methods

Study population

The tissue samples included in this study were obtained
from the archives of the Orocentro (Center for Diagnosis
and Treatment of Oral Diseases, UNICAMP, Piracicaba,
Brazil) and comprised of nine fibrous hyperplasias, nine
hyperkeratoses, 20 epithelial dysplasias, and 28 OSCCs. A
tissue microarray (TMA) was constructed with head and
neck squamous cell carcinoma (HNSCC) samples obtained
from the primary tumors of 55 patients who had metastasis
to the lungs and were treated at the Department of Head and
Neck Surgery and Otorhinolaryngology, A.C. Camargo
Cancer Hospital, São Paulo, Brazil (Tables 1 and 2). These
cases were reviewed to confirm diagnosis and the degree of
epithelial dysplasia as well as tumor differentiation were
classified according to WHO classification by four of the
authors (SDS, IWC, JJ, and EG). All samples were
collected after explicit informed consent and with local
ethical committee approval.

TMA construction

From the previous defined areas, core biopsies were taken
using a Tissue Microarrayer (Beecher Instruments, Silver
Springs, USA). Tissue cores with a dimension of 1.0 mm
from each specimen were punched and arrayed in duplicate
on a recipient paraffin block. Each core was spaced 0.2 mm
apart. Sections of the recipient block were transferred with
an adhesive tape to coated slides for subsequent ultraviolet
cross-linkage (Instrumedics, Hackensack, NJ, USA); the
slides dipped in a layer of paraffin to prevent oxidation and
kept at −20°C.

Immunostaining

The paraffin-embedded samples were cut (3 μm) and
mounted on silane-coated glass slides for hematoxylin and
eosin staining and immunohistochemistry. FAS, ErbB2,
and Ki-67 immunodetection was performed as previously
described [5, 38]. Briefly, the sections were deparaffinized,
rehydrated in graded ethanol solutions, and immersed in
3% H2O2 for 25 min at room temperature. Microwave
(1380 W; Panasonic, Brazil) antigen retrieval consisted of
two periods of 12 min in 10 mM citric acid solution
(pH 6.0) followed by a washing step with phosphate-
buffered saline (PBS). The incubations with the primary
antibodies diluted in PBS were made overnight at 4°C: anti-
FAS (1:3,000—Transduction Laboratories, Lexington, KY,
USA), anti-ErbB2 (1:200—Dako, Carpinteria, CA, USA),
and anti-Ki-67 MIB 1 (1:200—Dako). Sections were
washed again and incubated with biotinylated secondary
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antibodies for 30 min followed by the streptavidin–biotin–
peroxidase (Strept ABC complex/HRP Duet kit, Dako) for
30 min at room temperature. Reactions were developed with a
solution containing 0.6 mg/ml of 3,3′-diaminobenzidine
tetrahydrochloride (DAB, Sigma, St. Louis, MO, USA) and
0.01%H2O2 and counter stained with Carazzi’s hematoxylin.
Positive and negative controls were included in all reactions.
The intensity of the immunostaining was classified as
negative, weak, or strong for FAS or ErbB2 in a blinded

analysis performed by two of the authors (SDS and EG). The
percentage of Ki-67 positive nuclei was calculated with the
aid of an image computer analyzer (Kontron 400, Carl Zeiss,
Germany).

SCC-9 cells (ATCC, Manassas, VA, USA) were plated in
eight-well chamber slides (Lab Tek, Nunc, Naperville, IL,
USA) and fixed in 3.7% paraformaldehyde. Primary anti-
bodies anti-FAS (1:3,000) and anti-cytokeratin (1:500—
PAN, AE1/AE3, Dako) were incubated overnight at 4°C

Table 2 Relationship among FAS, membrane, and cytoplasmic ErbB2 expression with pathological variables and recurrence information in the
invasive OSCC tumors

Variables Category FAS n (%) Membrane ErbB2 n (%) Cytoplasmic ErbB2 n (%)

Negative Positive Negative Positive Negative Positive

Histological grade I 10 (31.25) 13 (59.09)* 21 (43.75) 2 (40) 13 (43.33) 10 (43.48)
II 16 (50) 9 (40.91) 21 (43.75) 3 (60) 14 (46.67) 10 (43.48)
III 6 (18.75) 0 6 (12.5) 0 3 (10) 3 (13.04)

Involved margins No 26 (86.67) 15 (71.43) 36 (80) 3 (60) 21 (75) 18 (81.82)
Yes 4 (13.33) 6 (28.57) 9 (20) 2 (40) 7 (25) 4 (18.18)

Lymphatic permeation No 13 (46.43) 10 (50) 20 (46.51) 4 (80) 11 (39.29) 13 (65)
Yes 15 (53.57) 10 (50) 23 (53.49) 1 (20) 17 (60.71) 7 (35)

Rupture No 13 (40.62) 9 (40.91) 20 (41.67) 1 (20) 11 (36.67) 10 (43.48)
Yes 19 (59.38) 13 (59.09) 28 (58.33) 4 (80) 19 (63.33) 13 (56.52)

Vascular embolization No 24 (85.71) 19 (95) 38 (88.37) 5 (100) 24 (85.71) 19 (95)
Yes 4 (14.29) 1 (5) 5 (11.63) 0 4 (14.29) 1 (5)

Perineural infiltration No 10 (35.71) 7 (35) 17 (39.53) 0* 11 (39.29) 6 (30)
Yes 18 (64.29) 13 (65) 26 (60.47) 5 (100) 17 (60.71) 14 (70)

Local recurrence No 14 (41.18) 10 (45.45) 22 (44) 2 (40) 16 (51.61) 8 (33.33)
Yes 20 (58.82) 12 (54.55) 28 (56) 3 (60) 15 (48.39) 16 (66.67)

Cervical recurrence No 22 (64.71) 13 (59.09) 32 (64) 2 (40) 22 (70.97) 12 (50)
Yes 12 (35.29) 9 (40.91) 18 (36) 3 (60) 9 (29.03) 12 (50)

Percentages considering cases with complete information
*p≤0.05

Table 1 Relationship among FAS, membrane, and cytoplasmic ErbB2 expression with lifestyle and clinical variables in the invasive OSCC
tumors

Variables Category FAS n (%) Membrane ErbB2 n(%) Cytoplasmic ErbB2 n (%)

Negative Positive Negative Positive Negative Positive

Gender Male 30 (91.18) 21 (95.55) 48 (96) 3 (60) * 30 (96.77) 21 (87.5)
Female 3 (8.82) 1 (4.45) 2 (4) 2 (40) 1 (3.23) 3 (12.5)

Race Caucasian 29 (87.88) 12 (81.82) 40 (81.63) 5 (100) 24 (80) 21 (87.5)
Non-Caucasian 4 (12.12) 4 (18.18) 9 (18.37) 0 6 (20) 3 (12.5)

Smoking habit Yes 3 (9.68) 1 (4.45) 2 (4.26) 2 (40)* 1 (3.57) 3 (12.5)
No 28 (90.32) 21 (95.55) 45 (95.74) 3 (60) 27 (96.43) 21 (87.5)

Alcohol consumption Yes 7 (22.58) 1 (4.55) 6 (12.77) 2 (40) 3 (10.71) 5 (20.83)
No 24 (77.42) 21 (95.55) 41 (87.23) 3 (60) 25 (89.29) 19 (79.17)

Clinical stage T1+T2 7 (31.82) 3 (23.08) 10 (32.26) 0 6 (30) 4 (30.77)
T3+T4 15 (68.18) 10 (76.92) 21 (67.74) 2 (100) 14 (70) 9 (69.23)

Lymph nodes N0 1 (3.23) 0 1 (2.13) 0 1 (3.23) 0
N+ 30 (96.77) 19 (100) 46 (97.87) 2 (100) 30 (96.77) 18 (100)

Percentages considering cases with complete information
*p≤0.05
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and washed in PBS. After incubation with secondary
antibodies and the streptavidin–biotin complex, the reac-
tions were developed as described above. Immunofluores-
cence reactions using 3.7% paraformaldehyde-fixed SCC-9
cells were performed with anti-ErbB2 antibodies (1:50–
1:100—BD PharMingen, clone 9G6, San Diego, CA, USA)
diluted in PBS 0.1% bovine serum albumin (BSA) for 1 h
at room temperature. After incubation with fluorescein
isothiocyanate (FITC)-conjugated anti-rabbit immunoglob-
ulin G (1:500–1:1,000—Vector Laboratories, Burlingame,
CA, USA) for 1 h, the reactions were mounted in
Vectashield with DAPI (Vector Laboratories) and docu-
mented in a Leica DMR microscope equipped with
epifluorescence (Leica Microsystems, Germany). The staining
of living cells was made by incubating the primary antibodies
(1:50–1:200) for 1 h at 4°C in Dulbecco’s modified eagle’s
medium (DMEM)/F12 medium containing 0.1% BSA, fol-
lowed by fixation and immersion in secondary antibody
solution as described above.

Suspension-induced differentiation of SCC cells

The cell line SCC-9 was maintained in DMEM/F12
medium (Invitrogen, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS; Cultilab, Brazil),
400-ng/ml hydrocortisone, and 100-μg/ml gentamicin and
kanamycin at 37°C in a humidified atmosphere of 5% CO2.
In order to differentiate the SCC-9 cells [36], suspension
cultures were performed according to Monk et al. [28].
Briefly, serum-free methylcellulose-containing DMEM-F12
was used to keep the SCC-9 cells in suspension (1–2×106

cells/ml of methylcellulose-DMEM-F12 medium in a
25-cm2 culture flask) at 37°C in a humidified atmosphere
of 5% CO2. After different periods of time (5–10 h), cells
were harvested by diluting the methylcellulose medium
ten-fold with prewarmed PBS followed by centrifugation at
1,000×g for 4 min. Differentiated SCC-9 cells were then
plated (5×104) in each well of eight-well chamber slides
(Lab Tek, Nunc). Similarly, cells grown in DMEM-F12

Fig. 1 Immunohistochemical
detection of FAS in morpholog-
ically normal oral epithelium
(a), hyperkeratosis (b), mild
dysplasia (c), severe dysplasia
(d), well-differentiated OSCC
(e), and poorly differentiated
OSCC (f). Arrow = stratum
granulosum; * = keratin pearls;
a, b, c, e, and f = original
magnification, ×200; d = origi-
nal magnification, ×400
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containing 10% FBS were plated (2×104 in each well) as
controls. After 12–16 h, the cells were fixed in 3.7%
paraformaldehyde for immunocytochemistry or 90%
ethanol for Papanicolaou staining. The positivity for ErbB2
at the cell membrane of differentiated and undifferentiated
SCC-9 cells was analyzed by immunofluorescence and
flow cytometry. For the flow cytometry experiments, cells
were incubated for 1 h at room temperature with anti-ErbB2
antibodies (BD PharMingen) 1:50, washed three times with
PBS and incubated with anti-mouse FITC conjugated
at 1:250 for 1 h. After a new washing step, samples
were analyzed in a Becton Dickinson FACSCalibur flow
cytometer (San Jose, CA, USA) equipped with an argon
laser and CellQuest software. Five thousand events were
collected for each sample. Cell populations were identified
by their light-scattering characteristics, enclosed in elec-
tronic gates, and analyzed for the intensity of the
fluorescent probe signal.

Statistical analysis

For frequency analysis in contingency tables, statistical
analysis of associations between variables was performed
by the Fisher’s exact test and for continuous variables, the
nonparametric Mann–Whitney U test. Pearson correlation
analyses were used to evaluate associations between FAS,
ErbB2, and Ki-67 expression. Kruskal–Wallis test was used

in order to compare Ki-67 expression levels in the studied
samples. Significance was set for p<0.05.

Results

The cytoplasmic immunohistochemical labeling for the
FAS protein was weak and restricted to the lower layers
of the stratum spinosum in the morphologically normal oral
epithelium (Figs. 1a and 2a). In most of the dysplastic
samples (Fig. 1c, d), FAS positivity was more intense than
in normal tissues and widely spread to the upper epithelial
cell layers. OSCC tissue samples showed strong reactions
for FAS (Fig. 1e,f), which were more prominent in well-
differentiated OSCC than in the poorly undifferentiated
tumors (Fig. 2a). Intense FAS staining was also observed in
the hyperkeratotic oral mucosa samples (Figs. 1b and 2a),
in which all cell layers, especially the stratum granulosum,
were labeled. In the TMA with HNSCC samples, a
significant correlation between the histological grade and
FAS expression was observed. Twenty-two cases (40%)
were positive for FAS and this positivity was more intense
in well-differentiated (grade I; 59.1%) than in moderately
differentiated (grade II) or poorly differentiated (grade III)
tumors (p<0.05; Table 2).

Two distinct patterns of ErbB2 positivity were found. The
canonical cell membrane staining for ErbB2 was clearly

Fig. 2 Analysis of FAS, ErbB2,
and Ki-67 expression in normal
epithelium (NE), hyperkeratosis
(H), mild dysplasia (MD),
severe dysplasia (SD), well-
differentiated OSCC (W) and
poorly differentiated OSCC (P).
Graphical representation of FAS
positivity (a) (Fisher exact test,
a: p=0.05, b: p=0.005,
c: p=0.065), ErbB2 at the cell
membrane (b) (Fisher exact test,
a: p=0.065, b: p=0.047,
c: p=0.022, d: p=0.008), and
ErbB2 in the cytoplasm (c)
(Fisher exact test, a: p=0.015,
b: p=0.009, c: p=0.022,
d: p=0.023). The Ki-67 index
was progressively higher from
normal oral epithelium to OSCC
(d) (Kruskal–Wallis test)
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evident in the stratum spinosum of the normal epithelium,
hyperkeratosis, mild epithelial dysplasias, well-differentiated
OSCC, and hyperkeratosis (Fig. 3a–c,e). A diffuse cytoplas-
mic staining for this receptor was found at the basal cell layer
of the normal epithelium, in most of the severe dysplasias
and poorly differentiated OSCC as well as in some areas of
well-differentiated OSCC (Figs. 2b,c and 3a,d–f).

Taking in consideration the OSCC samples only, an
inverse correlation was found between the ErbB2 positivity
at the cell membrane and its cytoplasmic staining (p=0.02,
r=−0.3) as well as between the former and the cell
proliferation index, as measured by the Ki-67 nuclear
positivity (p=0.04, r=−0.24). A positive correlation was
found between the Ki-67 index and the cytoplasmic ErbB2
staining (p=0.06, r=0.23). By comparing the normal oral
epithelium and well-differentiated OSCC, the intensity of
the FAS staining was positively correlated with the Ki-67
index (p=0.002, r=0.61) and with the cytoplasmic ErbB2

(p=0.06, r=0.4). Although not statistically significant, FAS
positivity in normal epithelium and poorly differentiated
OSCC was also positively associated with the Ki-67 index
(p=0.09, r=0.36). Inverse correlations between the Ki-67
index and ErbB2 at the cell surface (p=0.003, r=−0.59)
and between the latter and the ErbB2 cytoplasmic staining
(p=0.04, r=−0.43) were observed in the same samples.
When well- and poorly differentiated OSCC were com-
pared, ErbB2 at the cell membrane was positively associ-
ated with FAS staining (p=0.03, r=0.41) and inversely
correlated with the ErbB2 in the cytoplasm (p=0.04, r=
−0.38). The immunohistochemical reactions performed in
the TMA with aggressive HNSCC samples that metasta-
sized to the lungs confirmed these results since ErbB2 at
the cell membrane was correlated with FAS (p=0.014) and
both inversely associated with the ErbB2 in the cytoplasm
(p=0.032). ErbB2 positivity at the cell membrane was also
associated with perineural infiltration in the same samples

Fig. 3 Immunohistochemical
detection of ErbB2 in morpho-
logically normal oral epithelium
(a), hyperkeratosis (b), mild
dysplasia (c), severe dysplasia
(d), well-differentiated OSCC
(e), and poorly differentiated
OSCC (f). * = keratin pearls; a,
b, c, e, and f = original
magnification, ×200; d =
original magnification, ×400
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(Table 2). A comparative analysis of the proliferative status
of the oral epithelial cells showed that the Ki-67 index is
progressively higher from normal oral epithelium to OSCC
(Fig. 2d). Interestingly, the samples with hyperkeratosis
also had a higher Ki-67 score than the normal epithelium
(Fig. 2d).

In order to better understand the expression of FAS in
well-differentiated OSCC and HNSCC, we induced
the differentiation of an OSCC cell line as described by
Rheinwald and Beckett [36] and Monk et al. [28]. Figure 4a
and b show that following anchorage and serum depriva-
tion, SCC-9 cells lost their typical morphology with

abundant cytoplasm and irregular shape and became small,
round, and eosinophilic. Keratinization was clearly evident
by both Papanicolaou staining (Fig. 4c,d) and immunocy-
tochemistry (Fig. 4e,f). A finely granular FAS cytoplasmic
staining was observed in undifferentiated SCC-9 cells,
whereas differentiated cells showed strong positivity for
FAS within large and heterogeneous granules (Fig. 4g,h).
Finally, regularly growing SCC-9 cells were positive for
ErbB2 both in the cytoplasm and cell membrane (Fig. 5a,b),
and after the incubation in semisolid cell culture medium,
the expression of this receptor was found at the surface of
most differentiated cells (Fig. 5c). In order to better

Fig. 4 Anchorage deprivation
of SCC-9 cells promotes kerati-
nocyte differentiation. The left
column shows undifferentiated
and the right column differenti-
ated SCC-9 cells. Hematoxylin
and eosin staining (a, b),
Papanicolaou staining showing
undifferentiated cells labeled in
green (c) and differentiated cells
in orange (d), and immunocy-
tochemical reaction using anti-
bodies against cytokeratins
(AE1/AE3) (e, f) or FAS (g, h).
Original magnification, ×400
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understand the pattern of ErbB2 positivity during keratini-
zation, we performed flow cytometry analysis, which
showed an increase from 21% to 56% in the number of
ErbB2 positive cells following anchorage deprivation
(Fig. 5d–f).

Discussion

In the last few years, FAS expression and activity have
shown to be abnormally high in several human cancers [3,
6, 10, 17, 23, 31, 32, 35, 38–40, 45, 46, 49] and associated
with a poor prognosis in some tumors [2, 3, 12, 17, 40, 46].
Although the enhanced FAS expression and activity found
in OSCC, well-differentiated tumors have been described as
more positive for FAS than the poorly differentiated lesions
[21, 41]. Indeed, in the present work, we confirm that the
production of FAS is higher in OSCC and HNSCC in
comparison with the morphologically normal epithelium
and that its immunohistochemical expression in well-
differentiated tumors is stronger than in poorly differenti-
ated lesions. FAS expression in keratinized human oral
epithelium has been detected in the stratum granulosum and
uppermost layer of the stratum spinosum and coincides
with the expression of the cutaneous fatty acid-binding
protein, which is involved in the transport of long-chain
fatty acids to the lamellar bodies [47, 50]. We included in

the present work tissue sections of hyperkeratotic oral
mucosa which showed, as expected, intense FAS immu-
nostaining. Based on these observations, it is conceivable
that in well-differentiated OSCC, both neoplastic- and
keratinization-associated FAS production are superimposed,
making these samples even more positive than the poorly
differentiated tumors. This fact might explain why FAS
expression is not more prominent in poorly differentiated
and aggressive OSCC or HNSCC, as it occurs in several
cancers.

ErbB2 overexpression or gene amplification have been
described in OSCC and HNSCC by several authors [7, 18,
19, 30, 52–54]. We have previously shown that ErbB2 is
preferentially expressed at the cell membrane in well-
differentiated lesions [41] and, here, we extend these results
by demonstrating that ErbB2 expression at the cell surface
occurs in the morphologically normal and hyperkeratotic
oral epithelium, epithelial dysplasias, and well-differentiated
OSCC and HNSCC. A direct connection between the
expression of this receptor and FAS was recently evidenced
by Menendez et al. [26, 27]. According to these authors, the
inhibition of FAS expression by means of RNAi or its
natural specific inhibitor cerulenin downregulates ErbB2
mRNA in breast and ovarian cancer cell lines. Moreover,
the association of cerulenin with Trastuzumab (Herceptin)
synergistically enhances apoptotic cell death in a breast
cancer cell line. Conversely, ErbB2 overexpressing NIH-3T3

Fig. 5 Detection of ErbB2 protein in the cytoplasm and at the cell
membrane of paraformaldehyde-fixed SCC-9 cells by immunofluo-
rescence (a). ErbB2 was observed at the cell surface of undifferen-
tiated (b) and differentiated (c) living SCC-9 cells. Original
magnification, ×400; nuclei were stained with DAPI. Flow cytometry
analysis of ErbB2 expression at the cell surface of undifferentiated and

differentiated SCC-9 cells (d, e). Note the increase from 21.5% to
56.7% of ErbB2 positive cells after serum and anchorage deprivation
(filled = negative control; unfilled = anti-ErbB2). The superimposition
of the peaks representing both undifferentiated (filled) and differen-
tiated (unfilled) ErbB2-positive cells is shown in f
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cells show high FAS protein levels and cerulenin is able to
inhibit their growth in soft agar as well as to induce
enhanced apoptotic cell death, in comparison with the wild
type cells. In our well-differentiated OSCC and HNSCC
cases, ErbB2 was present at the cell membrane mainly in the
regions close to the keratin pearls, while poorly differentiated
tumors expressed ErbB2 in the cytoplasm only. The
positivity for ErbB2 at the cell membrane was inversely
correlated to its cytoplasmic staining, which was in turn
correlated with cell proliferation, as measured by the Ki-67
index. The biological significance of these distinct patterns
of ErbB2 distribution is not known; however, our results
suggest that when at the cell surface, this receptor has a role
in squamous cell differentiation (fact that was clearly evident
in hyperkeratosis; Fig. 3b). Indeed, a statistically significant
correlation was found between ErbB2 at the cell surface and
FAS positivity when well-differentiated and poorly differen-
tiated tumors were compared. Furthermore, simultaneous
positivity for FAS and ErbB2 at the cell surface may be a
predictor of good prognosis and a larger clinical study will be
necessary to confirm these findings.

OSCC-derived cell lines, such as SCC-4, SCC-9, SCC-
15, and SCC-25, homogeneously express FAS in the
cytoplasm and their growth can be efficiently inhibited by
cerulenin [1]. Interestingly, in our previous work with
antibodies directed against an intracytoplasmic domain of
the ErbB2 protein (anti-c-erbB-2 oncoprotein; A0485,
Dako), we observed expression of ErbB2 in the cytoplasm
of these cells, whereas epidermal growth factor receptor, the
prototype member of the ErbB family of receptors, was
found at the cell membranes [1]. Here, we show ErbB2
positivity in both the cytoplasm and cell surface by using
antibodies directed against an extracellular domain of this
receptor. Anchorage deprivation by culture in methylcellu-
lose-containing medium terminally differentiates and kera-
tinizes SCC cells [36]. In the present work, we used similar
culture conditions in order to promote the differentiation of
SCC-9 cells and analyze the expression of FAS and ErbB2
during keratinization. Differentiated SCC-9 cells expressed
FAS in cytoplasmic granular structures and had a higher
frequency of ErbB2 at the cell membrane than the
undifferentiated controls, corroborating the immunohisto-
chemical results of this and previous study [41]. The gross
granular pattern of FAS expression in differentiated SCC-9
cells may represent the lipid-accumulating lamellar gran-
ules found in the stratum spinosum and granulosum of the
stratified epithelium [37, 42]. Accordingly, the fatty acid
synthesis seems to have increased during squamous cell
differentiation, when short-chain fatty acids are replaced by
long-chain saturated fatty acids [4, 14].

In summary, the results presented here show that FAS
expression is higher in oral hyperkeratosis, epithelial
dysplasias, OSCC, and HNSCC than in the normal oral

epithelium. ErbB2 expression was observed at the cell
surface of nontumoral and well-differentiated OSCC and
HNSCC, whereas its cytoplasmic localization was found in
poorly differentiated tumors. The Ki-67 index was progres-
sively higher from the normal oral epithelium to OSCC and
positively associated with the ErbB2 cytoplasmic labeling.
Finally, the in vitro differentiation increased the number of
cell membrane ErbB2 positive cells. Taken together, these
findings suggest that FAS is involved in both neoplastic cell
proliferation and epithelial differentiation and explain why
well-differentiated OSCC express more FAS than their
poorly differentiated counterparts. Further studies will be
necessary to elucidate the exact role of ErbB2 in the FAS
gene expression in oral cancer cells.

Conflict of interest statement We declare that we have no conflict
of interest.
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Abstract Chlamydia pneumoniae (Chlamydophila pneu-
moniae) infect macrophages and accelerates foam cell
formation in in vitro experiments, but whether this might
occur in human atherosclerosis is unknown. In the present
study, we examined 17 carotid artery segments, obtained by
endarterectomy, in which the presence of C. pneumoniae
was confirmed by both polymerase chain reaction and
immunohistochemistry. Electron microscopy demonstrated
the presence of structures with the appearance of elemen-
tary, reticulate and aberrant bodies of C. pneumoniae in the
cytoplasm of macrophage foam cells. The volume of the
cytoplasm that was free from vacuoles and lipid droplets in
C. pneumoniae-infected foam cells was dramatically re-
duced, and a phenomenon of the amalgamation of C.
pneumoniae inclusions with lipid droplets was detected.
Double immunohistochemistry showed that C. pneumo-

niae-infected foam cells contained a large number of
oxidized low-density lipoproteins. The observations pro-
vide support to the hypothesis that C. pneumoniae could
affect foam cell formation in human atherosclerosis.

Keywords Atherosclerosis . Arteries . Macrophages .

Chlamydia pneumoniae

Introduction

In 1988, Saikku et al. [56] described an association of
Chlamydia pneumoniae with chronic coronary heart disease
and acute myocardial infarction. Since then, the role of C.
pneumoniae in vascular diseases, including atherosclerosis,
has become a topic of increasing interest [1, 10, 31, 41,
44, 45].

A possible aetiologic involvement of C. pneumoniae in
vascular pathology remains controversial [1, 10, 47]. Some
studies have failed to detect any C. pneumoniae in
atherosclerotic lesions [2, 49, 59], while others have
evidenced of an association of C. pneumoniae with
atherosclerosis by means of seroepidemiology analysis,
detection of the microorganism in atheromas by culture,
polymerase chain reaction (PCR), immunohistochemically
and in situ hybridisation [20, 26, 28, 37, 38, 42, 53, 58, 62].
In the arterial wall, C. pneumoniae was detected in a variety
of cell types including macrophages, smooth muscle cells
and endothelial cells [1, 10, 31]. The organism can be
detected in circulating monocytes, and this led to the
suggestion that C. pneumoniae-infected monocytes/macro-
phages migrating to the arterial wall from the blood stream
have the capacity to infect all atheroma cell types [9, 14,
21, 40, 46, 51]. A number of in vitro studies have
investigated the molecular mechanisms involved in the
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functional alterations of cells infected by C. pneumoniae [1,
35, 46, 47, 48, 50]. The infection of arterial cells with C.
pneumoniae has been shown to lead to the induction of the
expression of inflammatory cytokines, pro-coagulants,
matrix metalloproteinase and adhesion molecules [19, 25,
48]. However, the question of whether C. pneumoniae is
just a concomitant phenomenon or a causative in athero-
sclerosis has not been yet clarified [1, 41, 47].

In a previous work, we used a combination of immuno-
histochemistry and PCR to search for C. pneumoniae in
atherosclerotic plaques obtained by endarterectomy, and we
particularly focused on a possible infection of dendritic
cells with the microorganism [8]. In that study, C. pneumo-
niae was identified by both immunohistochemistry (IH) and
PCR in 17 of 60 arterial specimens analysed (28%; PCR+/
IH+ specimens) [8]. In two specimens (3%), C. pneumoniae
was identified by immunohistochemistry only (PCR−/IH+

specimens), and in 19 specimens (32%), C. pneumoniae
was detected by PCR only (PCR+/IH− specimens). In 22
specimens (37%), no C. pneumoniae was detected by either
techniques (PCR−/IH− specimens). It was found that the
presence of C. pneumoniae in the arterial specimens did not
relate to the age or sex of the patient, the length of clinical
history or any clinical data available [8]. During that study,
we noted that C. pneumoniae immunopositivity was
associated with foam cells located around the lipid/necrotic
core of atherosclerotic plaques (unpublished observation).

The formation and accumulation of foam cells are key
events in atherosclerosis [54]. In vitro studies have
established that C. pneumoniae induces human and murine
macrophage foam cell formation [30]. Despite the obvious
interest in elucidating whether this process might occur in
atherosclerotic plaque in situ, no previous work has
investigated the features of infected foam cells in the
arterial wall. The present study focuses on examining the
features of arterial foam cells infected with C. pneumoniae.

Materials and methods

Archival tissue specimens

The carotid artery specimens were obtained by endarterec-
tomy from 60 patients whose ages ranged from 46 to 75 years
(33 men and 27 women), as reported previously [8]. The
study was carried out in accordance with the principles
outlined in the Helsinki Declaration. The study was
approved by the institutional review board of St. Vincent’s
Hospital, Sydney, and informed consent was obtained from
each patient. Atherosclerotic plaques in each specimen were
identified macroscopically and were divided into three
parts. One tissue part from each plaque was embedded in
optimal cutting temperature (OCT) compound, frozen in

liquid nitrogen and stored at −70°C until cryostat section-
ing. A second tissue part from each specimen was fixed in
10% buffered formalin, processed and embedded in paraffin
wax. The remaining tissue parts were used for electron
microscopic analysis as detailed below.

The presence or absence of C. pneumoniae in the
specimens was established by a combination of immuno-
histochemistry and PCR, carried out according to Campbell
et al. [12] as reported previously [8]. In the present study,
only specimens (n=17), showing double positive results [8]
were examined.

Antibodies and immunohistochemical procedures

Anti-C. pneumoniae monoclonal antibody (DakoCytoma-
tion; clone RR402) was used to detect C. pneumoniae in
the sections as detailed previously [8]. Avidin–biotin
complex (ABC) method [27] was utilised for single
immunostaining, and negative controls were carried out
according to the recommendations of Dowell et al. [17] as
previously described [8].

Sets of parallel sections were immunostained with anti-C.
pneumoniae monoclonal antibody (DakoCytomation; clone
RR402), anti-CD68 (DakoCytomation), anti-oxidised low-
density lipoproteins (LDL; a kind gift of Dr Franz Tatzber,
Biomedica, Austria) and anti-Toll-like receptor 2 (TLR2,
Santa Cruz Biotechnology) antibodies. The sections were
stained using ABC technique, and appropriate negative
controls were carried out. To prevent lipid peroxidation in
the tissue sections in which the distribution of oxidised
LDL was studied, the sections were pretreated with 0.3%
H2O2 in phosphate-buffered saline (PBS) containing
0.5 μM butylated hydroxytoluene (Sigma) for 10 min to
block endogenous peroxidase as used previously [7].

Double immunostaining was used to analyse a possible
association of C. pneumoniae with oxidised LDL according
to the procedures described in detail in earlier publications
[6, 7].

Laser capture microdissection and electron microscopy
of C. pneumoniae-immunopositive cells

For laser capture microdissection, tissue segments fixed in a
solution containing 4% paraformaldehyde, 0.05% glutaralde-
hyde in PBS were cut into thin tissue slices (about 1.5 mm in
thickness). Immunohistochemical reactions were carried out
in the floating tissue slices using ABC technique. After the
immunohistochemical procedures were completed, the tissue
slices were washed in PBS and re-fixed in 0.5% glutaralde-
hyde in PBS. After being washed in PBS, the tissue slices
were oriented and embedded in OCT compound in liquid
nitrogen. After being cut on a cryostat, sections were placed
onto slides covered with polyethylene-naphtalate membranes
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(PALM Microlaser Technologies; 1440–1000). A PALM
Laser-MicroBeam System (PALM Microlaser Technologies),
which enabled the contact-free isolation of single cells, was
used for microdissection. Microdissected cells were cata-
pulted into lids of 0.5-ml reaction tubes using the laser
pressure catapulting technique of the instrument.

Preparation of microdissected cells for electronmicroscopy
was carried out according to a modified technique described
by Grant and Jerome [24], as used previously [4]. The entire
lids of 0.5-ml reaction tubes with microdissected cells were
fixed in 1% glutaraldehyde in PBS, post-fixed in 1% OsO4

and embedded in Araldite. Serial ultrathin sections of the
embedded lids containing microdissected cells were then cut

and placed on formvar-coated grids. The ultrathin sections
were stained with uranyl acetate and lead citrate and were
examined with the aid of an electron microscope. After
affirmation that the microdissected cells indeed contained C.
pneumoniae, a systematic electron microscopic examination
of the tissue samples was carried out.

Routine electron microscopy and electron microscopic
immunohistochemistry

For routine electron microscopy, tissue samples fixed in 2.5%
and 1% OsO4 were dehydrated and embedded in Araldite
resin as previously described [5]. For electron microscopic

Fig. 1 Patterns of distribution
of C. pneumoniae immunoposi-
tivity in atherosclerotic plaques
identified using anti-C. pneu-
moniae (DakoCytomation; clone
RR402) antibody (a–g). a Low
magnification image showing
the distribution of C. pneumo-
niae immunopositivity along the
border of an acellular lipid/ne-
crotic core in which the presence
of cholesterol crystals is evident.
b Negative control. a and b are
parallel sections. In a, the lipid
core is marked by a star. In c–e,
note the granular and agranular
patterns of immunopositive ma-
terial in the cytoplasm of plaque
cells (shown by large arrows in
d) and agranular immunoposi-
tive staining of the surrounding
extracellular matrix (shown by
small arrows in d). f and g
Consecutive stages of laser cap-
ture microdissection. a–g ABC
immunoperoxidase technique;
counterstaining with Mayer’s
haematoxylin. Bars=150 μm (a)
and 20 μm (c–g)
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immunohistochemistry, tissue pieces were fixed in 0.2%
glutaraldehyde and 3% paraformaldehyde in PBS (pH 7.4)
and embedded in LR White resin according to the protocol
described by Keita et al. [34]. Post-embedding immunohis-
tochemistry on ultrathin sections was carried out using anti-
C. pneumoniae antibody according to the technique of Keita
et al. [34] with gold-labelled secondary antibody prepared
according to Simmons et al. [57]. Colloidal gold particles
were prepared by the reduction of a solution of HAuCl4 by a
mixture of sodium citrate and tannic acid [57]. The contrast
of ultrathin sections was increased by treatment with uranyl
acetate. Electron microscopic identification of cell types in
atherosclerotic plaques was carried out as described in detail
previously [5].

Results

All of the arterial specimens contained advanced athero-
sclerotic plaques with well-developed lipid/necrotic cores.
In atherosclerotic plaques, C. pneumoniae immunopositiv-
ity was most often seen around the lipid/necrotic cores
(Fig. 1a,b). This pattern of C. pneumoniae distribution was
typical for all 17 specimens examined. C. pneumoniae
immunopositivity was presented mostly by granular stain-
ing located in the cytoplasm (Fig. 1c,d). A pale non-
granular staining was also identifiable in the cytoplasm of
C. pneumoniae-immunopositive cells and the surrounding
extracellular matrix (Fig. 1c,d). The presence of C.
pneumoniae immunopositivity was observed also in areas
of neovascularisation in plaque shoulders adjacent to the
lipid/necrotic cores (Fig. 1e).

To examine the ultrastructure of C. pneumoniae-immu-
nopositive cells, the cells were microdissected from plaques
using laser capture microdissection technique (Fig. 1f,g).
Electron microscopic analyses demonstrated that the micro-
dissected cells contained structures, the appearances of
which were typical of inclusions, elementary bodies (EBs)
and reticulate bodies (RBs) of C. pneumoniae (Fig. 2a,b)
[11, 36, 60, 61]. The presence of structures resembling EBs
and RBs of C. pneumoniae were observed in the surround-
ing extracellular space (Fig. 2c). Electron microscopic
immunochemistry confirmed that C. pneumoniae antigens
were present in atherosclerotic plaques (Fig. 3a).

Routine ultrastructural examination of plaque areas,
where, according to immunohistochemistry, C. pneumoniae
antigens were most frequently present, identified inclu-
sions, EBs and RBs of C. pneumoniae in all analysed
specimens. In some C. pneumoniae-infected cells, the
cytoplasm contained a large number of C. pneumoniae
inclusions (Fig. 3b). In these cells, the surrounding
membranes of neighbouring C. pneumoniae inclusions
were often apposed to each other (Fig. 3b). In these foci,

the apposed membranes of the inclusions were frequently
interrupted, and this led to the formation of a direct
association between the neighbouring inclusions (Fig. 3c).
RBs and EBs as well as intermediate forms of C. pneumo-
niae were observed within the interconnected inclusions
(Fig. 3b–e). Extensive consolidation of individual C.
pneumoniae inclusions (Fig. 3f), resulting in the formation
of huge inclusions (Fig. 3g), was especially prominent in
cells, containing “lipid droplets”, identifiable as foam cells.
C. pneumoniae inclusions were seen in direct contacts with
lipid droplets (Fig. 3c,f and g). In foam cells where the
majority of C. pneumoniae inclusions were fused, a
phenomenon of an amalgamation of C. pneumoniae
conclusions with lipid droplets was observed (Fig. 4a,b).
Electron microscopy also suggested that in some foam
cells, the accumulation of lipids occurred within individual
C. pneumoniae inclusions (Fig. 5a,b).

The ultrastructural examination of C. pneumoniae-
infected foam cells suggested their macrophage origin.
This was in agreement with immunohistochemical staining

Fig. 2 Electron micrographs demonstrating the presence of C.
pneumoniae organisms at different stages of development within
inclusions in the cytoplasm of laser capture microdissected cells (a–c).
In a and b, arrows show zones of the adhesion and fusion of C.
pneumoniae inclusions. In c, the arrow shows an area where the
external cellular membrane (plasmalemma) is damaged. Note the large
number of C. pneumoniae RBs and aberrant bodies in the surrounding
extracellular space. Bars=0.5 μm (a–c)
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of parallel sections with anti-C. pneumoniae antibody
(DakoCytomation; clone RR402) and anti-CD68 antibody
(Fig. 6a,b). Analysis of adjacent parallel sections stained
with anti-TLR2 and anti-oxidised LDL antibodies demon-
strated overlapping patterns of immunopositivity of C.
pneumoniae, CD68, TLR2 and oxidised LDL (Fig. 6a–d).
Double immunohistochemistry confirmed that C. pneumo-
niae was co-localised with oxidised LDL (Fig. 6e). Some
C. pneumoniae-infected foam cells displayed signs of
extensive edema of the cytoplasm and degeneration, but
no fragmentation of chromatin or formation of typical
apoptotic bodies was observed.

Discussion

To our knowledge, this is the first study to demonstrate that
different stages of the development of C. pneumoniae can

be identifiable in foam cells in human atherosclerotic
plaques. The observations support a view that the microor-
ganism may develop in the cytoplasm of infected cells in
the arterial wall in vivo. In all specimens studied in this
study, C. pneumoniae inclusions, EBs, RBs and aberrant
bodies were detected in infected foam cells located
predominantly around the lipid cores of atherosclerotic
plaques. Foam cells which harboured C. pneumoniae were
identified as cells of macrophage origin.

Monocyte migration into the arterial wall from the blood
stream, followed by their differentiation into macrophages,
which eventually become foam cells, are key events in the
formation and progression of atherosclerotic lesions [16,
22, 44, 54]. The transformation of macrophages into foam
cells depends on the contact of the cells with modified
lipoproteins [16, 22, 54]. The major storage form of
cholesterol in these macrophages is cholesteryl fatty acid
esters which are structurally identifiable as lipid droplets

Fig. 3 C. pneumoniae inclu-
sions located in cells distributed
along the border of the lipid/
necrotic cores in atherosclerotic
plaques (a–g). a C. pneumoniae
immunopositivity in inclusions
revealed by electron microscop-
ic immunohistochemistry utilis-
ing immunogold technique. b, c
Aggregation and fusion of C.
pneumoniae inclusions between
each other (shown by arrows in
b and c) and with a “lipid
droplet” (marked by a star in c).
d, e Details of c. f, g Accumu-
lation of large numbers of C.
pneumoniae inclusions and their
fusion in foam cells. Lipid
droplets are marked by stars. In
g, the arrow shows a huge
inclusion, presumably formed
by the fusion of several C.
pneumoniae inclusions. a–g
Electron microscopy. Bars=
0.5 μm (a–c, f and g)
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[16, 39, 43]. It has been shown that C. pneumoniae can
induce macrophage foam cell formation in the presence of
LDL [30]. Several mechanisms may support the ability of
C. pneumoniae to induce macrophage foam cell formation.
C. pneumoniae can cause macrophage activation, resulting
in LDL oxidation and scavenger receptor up-regulation,
which may be followed by an increase in the uptake of the
oxidised LDL by macrophages [32, 33]. Cell activation by

C. pneumoniae has been reported to be mediated by both
TLR2 and TLR4, with TLR2 playing the predominant role
[13, 15, 52, 63]. Cao et al. [13] provided in vitro evidence
of the ability of C. pneumoniae to induce foam cell
formation in a TLR2-dependent fashion. The observations
of an overlap between patterns of the distribution of C.
pneumoniae, oxidised LDL and the TLR2 expression in
plaque tissue specimens reinforce an opinion that there is a
link between C. pneumoniae, oxidised LDL and the TLR2
in atherosclerosis [13, 18].

The present study has shown that the accumulation of a
large number of C. pneumoniae inclusions in foam cells is
accompanied by a dramatic reduction in the volume of the
cytoplasm which is free from C. pneumoniae inclusions and
lipid droplets. The close apposition of the external
membranes of individual C. pneumoniae inclusions in
foam cells can lead to the fusion of the inclusions. In some
foam cells, this process is expansive, with the most of the
cytoplasm being replaced by fused C. pneumoniae inclu-
sions and lipid droplets. The present study recognises a
phenomenon of the amalgamation of C. pneumoniae
inclusions and lipid droplets resulting from the incorpora-
tion of lipid droplets into fused C. pneumoniae inclusions.

In an infection, the infecting organism seeks to utilise the
host’s resources to multiply, usually to the detriment of the
host. Therefore, the association of infecting microorganisms
with various organelles and structures in the host’s cells
occurs at all stages of the development of the micro-
organisms. In foam cells, the amalgamation of C. pneumo-
niae inclusions with lipid droplets might occur simply as a
result of the simultaneous and continuous increase in the
numbers of both C. pneumoniae inclusions and lipid
droplets within a limited space of the cytoplasm of the
infected cells. The amalgamation of C. pneumoniae
inclusions with lipid droplets might affect not only the
development of the microorganism but also the intensity of
transformation of the infected cells into foam cells. One
also cannot exclude that the amalgamation of C. pneumo-
niae inclusions with lipid droplets might represent a

Fig. 5 The appearance of the structures (shown by arrows) resulting from the accumulation of lipids within C. pneumoniae inclusions (a, b).
Electron microscopy. Bars=1.5 μm (a) and 0.5 μm (b)

Fig. 4 Amalgamation of C. pneumoniae inclusions and lipid droplets
in the cytoplasm of a foam cell (a, b). b Detail of a. Electron
microscopy. Bar=1 μm
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secondary process occurring after the degenerative alter-
ation of C. pneumoniae in forming foam cells.

In vitro studies have found that lipid loading of RAW264.7
cells and mouse peritoneal macrophages with either oxidised
or acetylated LDL significantly inhibits the growth of C.
pneumoniae [3]. Modified forms of LDL are not directly
toxic to C. pneumoniae and do not inhibit either the initial
binding or internalisation of C. pneumoniae by macrophages
in vitro [3]. A treatment of lipid-loaded macrophages with C.
pneumoniae stimulates secretion of a variety of cytokines
[3]. C. pneumoniae has been shown to induce the expression
of messenger RNA for tumor necrosis factor-α in foam cells
in vitro despite the inhibition of nuclear factor-B binding to
DNA by prior treatment with oxidised LDL [3].

In vitro studies have shown that foam cell formation is
not conducive to the growth of C. pneumoniae but does not
inhibit the C pneumoniae-induced secretion of pro-
inflammatory cytokines [3]. However, it is not yet known
whether foam cells have the capacity to support or inhibit
the growth of C. pneumoniae in the arterial wall in vivo.
The presence of a large number of C. pneumoniae

inclusions in some foam cells, shown by the present work,
suggests that C. pneumoniae could develop in the cyto-
plasm containing lipid droplets. Furthermore, the presence
of different development stages of the microorganism
within fused C. pneumoniae inclusions, in which lipid
droplets have been incorporated, supports a possibility that
foam cells in human atherosclerosis might not critically
inhibit the growth of the microorganism. However, the
amalgamation of C. pneumoniae inclusions with lipid
droplets in arterial foam cells likely creates a microenvi-
ronment in which the development of the microorganism
and its release from host cells might be affected. This
phenomenon might explain the observations of relatively
few cells that are actually infected in atheromatous lesions
[37, 38, 53, 58] and the fact that there are difficulties in
culturing C. pneumoniae from artery specimens [1, 23, 47].

Blessing et al. [3] have shown that despite the resistance to
C. pneumoniae infection, foam cells retain their capacity to
secret pro-inflammatory cytokines and chemokines in re-
sponse to the binding of C. pneumoniae. Because foam cells
are a major cellular component of atherosclerotic lesions

Fig. 6 Co-localisation of C.
pneumoniae with lipids, oxi-
dised LDL and TLR2 in macro-
phage foam cells (a–e). a–d
Low magnification images of
consecutive parallel sections
stained with anti-C. pneumoniae
(DakoCytomation; clone
RR402) (a), anti-CD68 (b), anti-
oxidised LDL (c) and anti-TLR2
(d) antibodies showing an over-
lapping pattern of the distribu-
tion of the antigens. a–d ABC
immunoperoxidase technique;
counterstaining with Mayer’s
haematoxylin. e Double immu-
nostaining showing the presence
of oxidised LDL in the cyto-
plasm of foam cells infected
with C. pneumoniae. Oxidised
LDL were identified with alka-
line phosphatase-anti-alkaline
phosphatase (APAAP) technique
(rose), while C. pneumoniae
was visualised by peroxidase-
anti-peroxidase (PAP) technique
(brown). Counterstaining with
Mayer’s haematoxylin. Bars=
200 μm (a) and 20 μm (e)
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[54], C. pneumoniae can contribute to the atherogenesis
without requiring a widespread infection. A chronic infection
of foam cells with C. pneumoniae around the plaque lipid/
necrotic cores might augment the focal lipid-induced
inflammatory response, accelerate cell death and contribute
to the expansion of the necrotic core and the thinning of the
fibrous cap and thus affect plaque stability [3].
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Abstract To analyze the expression of matrix metallopro-
teinases (MMPs) and their relationships with the histological
grades of the intraductal papillary mucinous neoplasm
(IPMN) of the pancreas, we examined the frequency of
expression and intracellular localization of MMP1, MMP2,
MMP3, MMP7, and MMP9 in IPMN by immunohistochem-
istry. A total of 45 IPMN lesions (14 adenomas, 17
borderline lesions, nine noninvasive carcinomas, and five
invasive lesions) from 21 patients were examined. MMP1,
MMP2, MMP7, and MMP9 were expressed in tumor cells.
Frequency of tumor cells expressing MMP7 was low in
adenomas (median, 5.0%), higher in borderline lesions
(median, 30.0%), in noninvasive carcinomas (median,
50.0%), and in invasive lesions (median, 80.0%), with a
significant trend (P<0.0001). Such a trend was also observed
when the lesions were classified into gastric and intestinal
subtypes (P<0.0001 and P=0.011, respectively). Basolateral
expression of MMP7 in tumor cells was more prominent in
lesions with higher histological grades (P<0.0001). The
frequency and the localization of MMP1, MMP2, and
MMP9 did not correlate to the histological grades. MMP7

may contribute to the process by which IPMN advances
from adenoma to carcinoma and to subsequent invasion of
tumor cells in IPMN.

Keywords Intraductal papillary mucinous neoplasm .

Matrix metalloproteinase . Immunohistochemistry

Introduction

Intraductal papillary mucinous neoplasms (IPMNs) are
pancreatic neoplasms characterized by mucin production,
cystic dilatation of the pancreatic ducts, and intraductal
papillary growth [1]. Prognosis is favorable for patients
with IPMNs without invasion, but poor for those with
invasion, which account for approximately 30% of patients
[1]. The progression of IPMN is thought to be stepwise
from adenoma to borderline lesion, noninvasive carcinoma,
and finally to invasive carcinoma [14]. The factors which
contribute to this progression, however, remain unclear.

Among the many factors related to the invasion process
of malignant tumors, the matrix metalloproteinases (MMPs)
are thought to play a key role, and their functions have been
extensively investigated in many kinds of advanced
carcinoma including invasive ductal carcinoma of the
pancreas (IDC) [2, 7, 16]. MMPs have been shown to be
involved in the early stages of tumor progression such as
tumor initiation, cell proliferation, and apoptosis in many
organs [3, 6, 10, 12]. A recent study has shown that their
functions differ according to their intracellular localization
pattern in tumor cells [5]. However, whether MMPs are
involved in the progression of IPMN is unknown.

To determine whether MMPs play a role in the
progression of IPMN, we analyzed the expression of MMPs
in each histological grade of IPMN. MMP expression
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in IPMN and IDC were evaluated using an immunohisto-
chemical method. We compared the frequency of cells which
express MMPs and the intracellular localization of MMPs
between the different histological grades of IPMN and
between the invasive lesions of IPMN and IDC.

Materials and methods

Patients and specimens

The IPMN specimens used in this study were obtained from
21 consecutive patients with IPMN who underwent
pancreatectomy at the Tokyo Medical and Dental Univer-
sity from 1998 to 2007. The IDC specimens were obtained
from ten consecutive patients as above from 2003 to 2005.
Written informed consent for the use of the surgical
material was obtained from all patients.

The clinical and histopathological stages of the tumors
were determined according to the TNM classification
published in 2002 [15]. The tumors were classified according
to the histological grade of WHO classification [9].

Immunohistochemistry

The pancreatectomy specimens were fixed in 3.6% buffered
formalin for 48 h. Each specimen was then cut perpendicular to
the main pancreatic duct into 5-mm-thick slices. All the slices
were embedded in paraffin. Sections 4 μm thick were stained
with hematoxylin and eosin and subsequently examined under
a microscope to identify the lesions. Then, a section which
contained the lesion with the highest histological grade was
selected from each patient and immunostained.

These sections were deparaffinized in xylene, rehydrated
in graded alcohol, and transferred to phosphate-buffered
saline (PBS). The procedures of antigen retrieval, blocking

of nonspecific reaction, working dilutions, and tissue used
as positive control for each primary antibody are listed in
Table 1. All the primary antibodies were incubated
overnight with the tissues. After the reaction of primary
antibodies, samples were rinsed four times with PBS. The
antibodies except E-cadherin were stained by diaminoben-
zidine using the EnVision Kit (EnVision/HRP, DAKO,
Carpinteria, CA, USA) according to the manufacturer’s
protocol. For E-cadherin, R.T.U. VECTASTAIN Universal
Elite ABC Kit (Vector Laboratories, Peterborough, UK)
was used for staining according to the manufacturer’s
protocol. The sections were then washed three times with
PBS, counterstained with hematoxylin, and again washed
three times with PBS. The slides were mounted in Malinol
(Muto Pure Chemicals, Tokyo, Japan).

Evaluation of the results

The immunostaining results were analyzed to determine the
frequency of tumor cells expressing MMPs and the
intracellular localization of MMPs. When two or more
histological grades were identified in a section, we recorded
the results of each histological grade separately. The
frequencies of tumor cells expressing MMPs were
expressed as the percentage of MMP-expressing cells in
all the tumor cells, each 5% grade, for each histological
grade of IPMN and in IDC. When the expression of MMPs
was localized to a specific area of the tumor cells, the
percentage of the tumor cells which showed this intracellular
localization was recorded for each lesion.

The staining results of tumor-associated antigens MUC1,
MUC2, and MUC5AC were considered to be positive when
cytoplasmic staining was observed in more than 5% of all
tumor cells.

E-cadherin results were considered to be positive when
clear membranous staining was observed.

Table 1 Antibodies for immunohistochemistry

Specificity Clone Manufacturer Antigen retrieval Blocking Working dilution Positive control

MMP1 41-1E5 DFC PK 5 min NGS 1:100 Colonic cancer (E,S)
MMP2 42-5D11 DFC AC 20 min NGS 1:100 Colonic cancer (S)
MMP3 55-2A4 DFC MW 10 min NGS 1:100 Esophageal cancer (E)
MMP7 141-7B2 DFC MW 20 min – 1:2,500 Pancreatic cancer (E)
MMP9 56-2A4 DFC MW 20 min NGS 1:100 Trophoblast
MUC1 Ma695 Novocastra – – 1:1,000 Normal pancreatic duct
MUC2 Ccp58 Novocastra AC 20 min – 1:100 Colonic mucosa
MUC5AC CLH2 Novocastra MW 40 min – 1:50 Gastric foveolar epithelium
E-cadherin NCH-38 DAKO MW 40 min NHS 1:100 Normal pancreas tissue

All the listed antibodies are mouse monoclonal antibodies.
Antigen: MMP matrix metalloproteinase, MUC core protein of mucin antigen; Manufacturer: DFC Daiichi Fine Chemical Co. Ltd., Takaoka,
Japan, Novocastra Novocastra Laboratories Ltd., New Castle upon Tyne, UK, DAKO, DAKO Cytomation, Carpinteria, CA, USA; Antigen
retrieval: AC autoclave 121°C, MW microwave 96°C, PK proteinase K; Blocking: NGS normal goat serum, NHS normal horse serum; Positive
control: E epithelial cell, S stromal cell
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Statistical analysis

All statistical analyses were performed using SPSS software
(SPSS 11.5.1J, SPSS Japan, Tokyo, Japan). The trend in the
frequency of MMP expression according to histological grade

was analyzed by Spearman’s rank correlation analysis. The data
on the frequency of lesions for each grade of apical or
basolateral pattern were analyzed by the chi-square test. A P
value of less than 0.05 was considered to be statistically
significant.

Table 2 Clinicopathological data of IPMNs

Type of lesion in an
examined section (shown
as % in each section)

Mucinous subtypePatient no. Age (years) Sex Localization Subtype Diagnosis AD BL NIC IC

1 67 M Ph MX Adenoma 100 – – – G
2 72 M Ph B Borderline 90 10 – – G
3 79 M Ph MX Borderline 60 40 – – I
4 83 M Ph B Borderline 60 40 – – G
5 74 M Ph MX Borderline 60 40 – – G
6 74 M Ph MX Borderline 50 50 – – G
7 62 M Ph B Borderline 50 50 – – G
8 78 F Ph MX Borderline 10 90 – – I
9 75 F Pbt MX Borderline 10 90 – – G
10 67 M Pbt MX Borderline 20 80 – – G
11 76 M Ph MX Borderline 30 70 – – I
12 74 M Ph MX Borderline 80 20 – – G
13 63 M Ph MX Noninvasive ca 30 60 10 – G
14 58 M Ph B Noninvasive ca – 40 60 – I
15 67 M Pbt MX Noninvasive ca – 20 80 – I
16 72 M Pbt B Noninvasive ca – 10 90 – I
17 59 F Phbt MX Invasive ca 25 25 10 40 G + PB
18 71 M Ph B Invasive ca – 15 80 5 G
19 66 M Phbt B Invasive ca – – 80 20 I
20 60 M Pbt B Invasive ca – – 90 10 I
21 83 F Pbt MX Invasive ca – – 10 90 G

Total number of each lesion 14 17 9 5

Lesions: AD adenoma, BL borderline lesion, NIC noninvasive carcinoma, IC invasive lesion of IPMN; Subtype: MX mixed, B branched;
Localization: Ph pancreas head, Pbt pancreas body and tail; Mucinous subtype: G gastric type, I intestinal type, PB pancreatobiliary type

Table 3 Clinicopathological data of invasive ductal carcinoma

Patient no. Age (years) Sex Localization Differentiation TS Size T N M

1 71 F Pb Mod>wel>por 1 1.5 3 1 0
2 34 M Ph Wel 2 2.3 3 3 0
3 64 M Ph mod = por 2 2.3 3 1 1
4 71 F Ph mod = por 2 2.5 4 0 0
5 80 F Ph mod 2 3 3 3 0
6 69 M Ph wel 2 3.5 2 1 0
7 74 M Ph mod = por 2 3.5 3 1 0
8 86 M Ph mod = por 2 3.5 3 1 0
9 51 M Ph mod = wel 2 4 3 1 0
10 80 F Pbt wel = mod 4 6.5 4 3 1

Localization: Ph pancreas head, Pbt pancreas body and tail; Differentiation: wel well differentiated, mod moderately differentiated, por poorly
differentiated
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Results

Clinicopathological data

The clinicopathological data of the 21 patients with IPMN
and of the ten patients with IDC are shown in Tables 2 and
3, respectively.

The age distribution of patients with IPMN was 59 to 83
(mean, 70.5) years and the male–female ratio was 17:4.
Sections from each patient contained lesions of various
histological grades: adenoma in 14 patients, borderline
lesions in 17 patients, noninvasive carcinoma in nine
patients and invasive lesions in five patients. The patho-
logical diagnosis in the table shows the highest grade for
each patient. Histologically, all five invasive lesions were
tubular carcinoma with scirrhous invasion.

The age distribution of patients with IDC was 34 to 86
(mean, 68.0) years and the male–female ratio was 6:4. Nine
patients had lymph node metastasis, and two patients had
distant metastasis to the liver.

The IPMN lesions were classified into subtypes according
to their MUC expression profile [4]: 12 patients had lesions
which were classified as the gastric subtype (MUC1−,

MUC2−, and MUC5AC+) and eight had the intestinal
subtype (MUC1−, MUC2+, and MUC5AC+/−). A section
from one patient showed a mixture of two mucinous sub-
types, the gastric and pancreatobiliary (MUC1+, MUC2−,
and MUC5AC−). Sections of the gastric subtype contained
adenoma in 11 patients, borderline lesions in 11 patients,
noninvasive carcinoma in four patients, and invasive lesions
in three patients. Sections of the intestinal subtype contained
adenoma in three patients, borderline lesions in six patients,
noninvasive carcinoma in five cases, and invasive lesions in
two patients. The histological grade of the lesion classified as
pancreatobiliary subtype was adenoma.

MMP and E-cadherin expression in normal pancreas

In normal pancreas, MMP1 was expressed in ductal metapla-
sia [13], fibroblasts, and macrophages. MMP2 was expressed
in fibroblasts in the stroma. MMP3 was expressed in neither
the epithelium nor the stroma. MMP7 was expressed in the
small pancreatic duct in the atrophic lobule and ductal
metaplasia. MMP9 was expressed in acinar cells, macro-
phages, neutrophils, and lymphocytes. E-cadherin was
expressed in all epithelial cells in a membranous pattern.

Fig. 1 Frequency of the tumor
cells expressing MMP1, MMP2,
MMP7, and MMP9. The hori-
zontal bars indicate the median
and the vertical bars indicate
interquartile range. Frequency of
tumor cells expressing MMP7
showed a significant trend in
accordance with the histological
grades of IPMN (P<0.0001).
The results for MMP3 were
excluded from this figure be-
cause they were negative. AD
adenoma, BL borderline lesion,
NIC noninvasive carcinoma, IC
invasive lesion of IPMN
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Frequency of tumor cells expressing MMPs

MMP1, MMP2, MMP7, and MMP9 were expressed in the
lesions of IPMN. MMP1, MMP7, and MMP9 were
expressed mainly in tumor cells, whereas MMP2 was
expressed mainly in stromal cells. MMP3 was expressed
in neither tumor cells nor stromal cells. The frequency of
the tumor cells expressing MMP1, MMP2, MMP7, and
MMP9 are shown in Fig. 1. The median of the frequency
of tumor cells expressing MMP7 were 5.0% in adenomas,
30.0% in borderline lesions, 50.0% in noninvasive
carcinomas, and 80.0% in invasive lesions. These values
were positively correlated to the histological grade
(P<0.0001). The frequencies of cells expressing MMP1,
MMP2, and MMP9 did not show correlation with the

histological grades (P=0.412, 0.403, and 0.168, respec-
tively). Figure 2 shows representative histological and
immunohistochemical findings.

The correlation between the frequency of MMP7
expression and the histological grades in each subtype
was also analyzed (Fig. 3). In the gastric subtype, the
median of the frequencies of tumor cells expressing MMP7
were 5.0% in adenomas, 30.0% in borderline lesions,
35.0% in noninvasive carcinomas, and 80.0% in invasive
lesions. In the intestinal subtype, the median were 5.0% in
adenomas, 55.0% in borderline lesions, 60.0% in noninva-
sive carcinomas, and 90.0% in invasive lesions. The fre-
quencies were positively correlated to the histological grade
in both subtypes (P<0.0001 in the gastric type; P=0.011 in
the intestinal type). The lesion classified as the pancreato-

Fig. 2 The representative histological and immunohistochemical
findings of the lesions. a–d adenomas; e–h borderline lesions; i–
l noninvasive carcinoma; n–q invasive lesions of IPMN. a, e, i, and n
HE staining; b, f, j, and o MMP1; c, g, k, and p MMP7; d, h, l, and q
MMP9. Frequency of tumor cells expressing MMP7 was low in
adenomas, higher in borderline lesions and noninvasive carcinomas,

and still higher in invasive lesions. The intracellular expression of
MMP1 was generally diffuse in the cytoplasm and that of MMP9 was
apical. The findings of MMP2 and MMP3 are not shown in this figure
because the frequency of cells expressing these MMPs was nil or very
low
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biliary subtype was excluded from the analysis because
only one lesion of this subtype was included in this study.

In IDC, MMP1, MMP2, MMP7, and MMP9 were
expressed in tumor cells. MMP3 was expressed in neither
tumor cells nor stromal cells. The frequencies of tumor cells
expressing MMPs are also shown in Fig. 1. No significant
difference was found in the frequencies between the
invasive lesions of IPMN and IDC for any of the MMPs.

Intracellular localization of MMPs

MMP1 was expressed diffusely in the cytoplasm of tumor
cells in all histological grades and was not localized to any
specific area.

The number of tumor cells expressing MMP2 was so
small that the localization could not be evaluated.

Localized expression of MMP7 in the apical portion was
consistently observed in the MMP7-expressing tumor cells.
Localized expression in the basolateral portion was more
frequent in lesions of higher histological grades. Tumor
cells expressing MMP7 in the basolateral portion were
classified into three groups according to their frequency,
and the number and frequency of the lesions for each
histological grade were recorded (Table 4). The frequencies

of basolateral localization for each of the three groups
were significantly different between histological grades
(P<0.0001). Representative findings are shown in Fig. 4.

In all tumor cells expressing MMP9, the expression was
localized to the apical portion of the tumor cells.

In IDC, the expression of MMPs in the cytoplasm of the
tumor cells was diffuse and was not localized to any
specific area.

Expression of E-cadherin in IPMN

In adenomas, borderline lesions, and noninvasive carcinomas,
almost all tumor cells expressed E-cadherin. Although focal
attenuation of E-cadherin expression was noted in invasive
lesions, the distribution of such attenuated expression did not
necessarily coincide with that of basolateral MMP7 expression
(Fig. 5).

Discussion

Our immunohistochemical analysis showed that the
frequency of cells expressing MMP7 and of their basolateral
localization was positively correlated to the histological

Fig. 3 Frequency of the tumor
cells expressing MMP7 in the
gastric and intestinal subtype of
IPMN. The horizontal bars indi-
cate the median and the vertical
bars indicate the interquartile
range. In both subtypes, the
frequencies positively correlated
with the histological grades of
IPMN (gastric subtype, P<
0.0001; intestinal subtype, P=
0.011). AD adenoma, BL border-
line lesion, NIC noninvasive car-
cinoma, IC invasive lesion of
IPMN

Table 4 Frequency of basolateral expression of MMP7 for each histological grade of IPMN

Number (%) of the lesions in

Frequency of tumor cells expressing MMP7
in basolateral portion

Adenoma
(n=14)

Borderline
(n=17)

Noninvasive
(n=9)

Invasive
(n=5)

None 7 (50%) 2 (11.8%) 0 0
<50% 7 (50%) 11 (64.7%) 2 (22.2%) 0
≥50% 0 4 (23.5%) 7 (77.8%) 5 (100%)

Adenoma adenoma of IPMN, Borderline borderline lesion of IPMN, Noninvasive noninvasive carcinoma of IPMN, Invasive invasive lesion of
IPMN
P<0.0001 by chi-square test
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grades of IPMN. We also found that MMP1, MMP2, and
MMP9 are expressed in the tumor cells of IPMN of all
histological grades.

The positive correlation between the frequency of
MMP7 expression and the histological grades of IPMN
suggests that MMP7 may be involved in the tumor
progression process by which IPMN advances from
adenoma to carcinoma. The precise function of MMP7 in
this progression has not yet been clarified. However,
previous studies in colorectal and breast carcinogenesis
have suggested that the function of MMP7 in the early
stages of tumor progression may be related to cell
proliferation. A study on the roles of MMPs in colorectal
adenoma has shown that MMP7 is induced by and interact
with the beta-catenin signaling pathway and consequently
promotes cell proliferation [8]. Another study using
mammary gland cell lines has shown that MMP7

expression activates ErbB4 receptors to promote cell
proliferation and subsequent transformation [11]. These
studies suggest that MMP7 is involved in the process of
cell proliferation in the early stages of IPMN. In the
present study, both the gastric and intestinal subtypes of
IPMN showed positive correlation with histological
grades, suggesting that those two subtypes of IPMN share
the same function of MMP7 in the early stages of tumor
progression, as discussed above.

The positive correlation between the basolateral locali-
zation of MMP7 and the histological grades of IPMN
suggests that this localization pattern is associated with
tumor progression by which IPMN advances from adenoma
to carcinoma including its invasive stage. A recent study [5]
has shown an association between the functions of MMP7
and its intracellular localization. The study showed that
apical expression of MMP7 was responsible for cell

Fig. 4 The intracellular localization of MMP7 in each histological grade. a Adenoma; b borderline lesion; c noninvasive carcinoma; d invasive
lesion of IPMN. The frequency of the basolateral expression was higher in the lesions of higher histological grades

Fig. 5 E-cadherin and MMP7
expression of IPMN noninva-
sive carcinoma and invasive
lesion. a and b Noninvasive
carcinoma; c and d invasive
lesion; a and c MMP7; b and d
E-cadherin. In noninvasive car-
cinoma, E-cadherin was
expressed in almost all tumor
cells with membranous pattern.
The tumor cells expressing
MMP basolaterally did not show
the attenuation of E-cadherin
expression. In invasive lesion,
focal attenuation of E-cadherin
expression was observed. The
distribution of the attenuated
expression of E-cadherin did not
coincide with the basolateral
MMP7 expression
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proliferation, a result of the MMP acting on an apically
located substrate. The findings of the study allow us to
hypothesize that basolateral localization of MMP7 is related
to the functions of basolaterally located substrates of tumor
cells. Considering that cell adhesion molecules and basement
membrane components such as E-cadherin, fibronectin,
laminin, and type IV collagen are substrates of MMP7, their
degradation by MMP7 may initiate invasion. However, in
the present study, no significant relationship was found
between the basolateral expression of MMP7 and the
expression of E-cadherin. One explanation for this lack of
correspondence may be that the cleavage of E-cadherin by
MMP7 secreted basolaterally may require co-secretion of a
MMP7 activator, as basolaterally secreted MMP7 is mainly
latent [5]. Another possible explanation is that MMP7
secreted basolaterally targets molecules other than
E-cadherin, such as components of tight junctions.

MMP1, MMP2, and MMP9 are expressed in all histolog-
ical grades of IPMN. This suggests that these MMPs may
also be involved in tumor progression. However, their
functions may be different from those of MMP7 because
both the frequency of expression and the intracellular
localization did not correlate with the histological grades.
The roles of these MMPs in carcinogenesis or tumor
progression have been described in recent studies. Studies
on colorectal cancer development have reported complex
interactions of these MMPs with the oncogenes and tumor
suppressor genes such as APC, k-ras, smad4, and p53 in the
early stages of tumor development [8]. Considering that
these genes also play a role in the tumor progression of
IPMN [14], it is likely that the interactions between these
genes and MMPs contribute to tumor progression.

For all MMPs examined, no significant difference was
found between IDC and the invasive lesions of IPMN,
neither in the frequency of the positive cells nor in
intracellular localization. This lack of significant difference
is not definitive because the present study included only
tubular carcinoma, not mucinous carcinoma, and only five
lesions of invasive carcinoma.

In conclusion, our study shows that the frequency of tumor
cells expressing MMP7 and of their basolateral localization
exhibits positive correlations with the histological grades of
IPMN, both gastric and intestinal subtypes. The present study
also confirms that MMP1, MMP2, and MMP9 are expressed
equally in all histological grades of IPMN, suggesting that
MMP1, MMP2, and MMP9 may be involved in the tumor
progression process in the early stages of IPMN. Taken
together, these results indicate that MMP7 plays a role in the
process of tumor progression by which IPMN advances from
adenoma to carcinoma. Additionally, the basolateral expres-

sion of MMP7 possibly relates to the initiation of invasion.
MMP1, MMP2, and MMP9 may be involved in the tumor
progression process in the early stage of IPMN.
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Abstract Kangai (KAI)-1 (CD82) is a metastasis suppres-
sor gene, which belongs to the family of tetraspanin
proteins. A loss of KAI-1 expression is associated with
the advanced stages of many human malignancies. The
present study was designed to investigate the expression
pattern of KAI-1 in the normal endometrium and uterine
tumors and to correlate it with the expression of tumor

suppressor protein p53. KAI-1 could be found in the
normal endometrium throughout the menstrual cycle.
Thirteen of 42 endometrial carcinomas demonstrated
moderate KAI-1 expression, but low expression of p53.
Twenty-nine of 42 endometrial carcinomas showed reduced
or absent KAI-1 expression, which correlated with strong
expression of p53 (p<0.001). There were significant
correlations between KAI-1 expression and histological
type, e.g., 93% of endometrioid carcinomas displayed a low
or moderate immunostaining for KAI-1, whereas nearly all
of the serous/clear cell carcinomas were KAI-1 negative
(p<0.001); tumor grading, e.g., 73% of high grade tumors
showed no KAI-1 expression (p<0.001). Most of the
investigated uterine sarcomas were negative for KAI-1,
whereas they displayed a strong immunostaining for p53. In
conclusion, KAI-1 and p53 show inverse expression. The
reduced KAI-1 expression may be the result of dysregu-
lated p53 function and could be an important step in the
endometrial carcinogenesis.

Keywords KAI-1 .Metastasis suppressor . p53 . CD82 .

Endometrium . Uterine tumor . Sarcoma

Introduction

Endometrial carcinoma is the most common malignant
epithelial tumor of the female genital tract in developed
countries. Two different clinicopathological types can be
distinguished: the estrogen-related endometrioid type
(type I) and the non-estrogen-related non-endometrioid
type (serous or clear cell carcinoma) (type II) [17]. Type I
carcinomas (approximately 80%) are associated with hyper-
estrogenicity [25]. At the molecular level, mutations of
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DNA mismatch repair genes (MutS protein homolog
(MSH)1, MSH2) [9] of ß-catenin [10], k-ras [9], phospha-
tase and tensin homolog, and the loss of the estrogen
receptor (ER) and progesterone receptor (PR) [9] may play
a central role for type I tumors and the transformation to
more aggressive carcinomas. Only 15% to 20% of the cases
are type II carcinomas, which typically develop from the
atrophic endometrium of postmenopausal woman and
invade the myometrium [28]. Mutation of the p53 gene
seems to be important for these tumors [16]. Uterine
sarcoma is a rare form of uterine malignancy and occurs
in 2% to 5% of all patients with uterine tumors [29]. There
are four recognized types of uterine sarcoma: leiomyosar-
comas (35%), endometrial stromal sarcomas (10%), mixed
mesodermal tumors (7%), and other uterine sarcomas (3%).
Malignant mixed mullerian tumors (MMMT), which
contain epithelial and stromal elements, are considered as
a subset to the endometrial carcinoma (sarcomatoid
carcinoma) (45%) [31]. Whereas estrogens tend to play a
causal role in the pathogenesis of the most endometrial
adenocarcinomas, such a link has not been established for
the uterine sarcomas in general, although it may exist for
the MMMT variant [35].

Recently, Kangai (KAI)-1 has emerged as a metastasis
suppressor. KAI-1 (CD82) is a member of the transmem-
brane 4 protein superfamily (TM4SF) and is located in the
p11.2 region on the human chromosome 11 [7]. TM4SF
members are characterized by the four highly conserved
transmembrane domains, two relatively divergent extracel-
lular domains, and two short cytoplasmic domains at the
NH2 and COOH termini. The precise biochemical function
of the TM4SF is not clear yet; however, the current data
suggest a role for this superfamily largely in the regulation
of the cell proliferation, activation, and motility [23]. About
20 members of this family have been identified including
MRP-1/CD9, TAPA-1/CD81, ME491/CD63, and KAI-1/
CD82 [36]. A growing body of evidence suggests that
CD9, one member in TM4SF, which has a 54% identity
with KAI-1, is involved in the cell motility and metastasis
[13]. Expression of CD9 in malignant melanoma cells
significantly suppressed the metastatic potential [3]. KAI-1
expression was reduced in the human cell lines derived
from metastatic prostate tumors as compared with its
expression in normal prostate tissue [7]. Downregulation
of the KAI-1 protein was also observed during the
progression of human prostate cancer [8]. It was reported
that loss of KAI-1 expression correlates with the progres-
sion of a variety of human cancers such as non-small cell
lung cancer and cancer of the pancreas [6]. In addition,
expression of KAI-1 in colon cancer cells and melanoma
cells resulted in reduced cell motility and invasiveness in
vitro and in the suppressed experimental metastasis in vivo
in melanoma cells [34].

It is known that KAI-1 is expressed in a wide range of
tissues, but its expression in the uterine stromal and
epithelial tumors in correlation with the tumor suppressor
p53 and with the clinical and histological parameters has
not previously been investigated. The present study was
designed to examine for the first time the expression pattern
of KAI-1 in the endometrial hyperplasias and uterine
tumors such as endometrial carcinomas and sarcomas and
thus, its potential role as an additional diagnostic marker for
these tumors.

Materials and methods

Tissue collection

For immunohistochemistry, surgical specimens that had
been routinely fixed in the 4% formaldehyde and embedded
in the paraffin were used. Forty-two endometrial carcino-
mas (30 endometrioid, eight serous, and four clear cell
carcinomas), 15 sarcomas of the uterus (five carcinosarco-
mas, eight low grade endometrial stromal sarcomas, and
two leiomyosarcomas), and 17 endometrial hyperplasias
(six cases of simple hyperplasia without atypia, three cases
of simple hyperplasia with atypia, four cases of complex
hyperplasia without atypia, and four cases of complex
hyperplasia with atypia) were analyzed. Of the endometrial
carcinomas, eight tumors were International Federation of
Obstetricians and Gynecologists (FIGO) stage Ia, 17 tumors
FIGO Ib, seven tumors FIGO Ic, and ten tumors FIGO
stage II. Twenty samples of normal endometrium (ten of the
early and late proliferative phase and ten of the early and
late secretory phase) were additionally included. The age of
all patients ranged from 33 to 90 years with a mean of
59 years. The median age of the patients with endometrial
carcinoma was 65 years. The tissue material was selected
following histological review from the files of the Depart-
ment of Gynecopathology, University Hospital Hamburg-
Eppendorf. All lesions were classified according to the
most recent WHO criteria.

Immunohistochemistry

Serial sections of 4–6 μm were cut from the paraffin blocks
and mounted on 3-aminopropyl-triethoxysilan-coated
slides, deparaffinized in xylene and rehydrated in the
graded alcohol to Tris-buffered saline (TBS; 50 mmol/L
Tris, 150 mmol/L NaCl, pH 7.4). For the detection of KAI-
1, the slides were microwaved for 5×2 min in a 10 mmol/L
citrate, pH 6.0. After cooling down for 20 min, the slides
were washed with a phosphate-buffered saline (PBS),
blocked for 10 min at room temperature with avidin–biotin
blocking system (DAKO, Denmark), and incubated with an
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anti-KAI-1 mouse monoclonal antibody (G2) (Santa Cruz
Biotechnology, Santa Cruz, CA, USA) at a dilution of
1:200. The slides were then reacted with biotinylated
secondary antibody (DAKO, Glostrup, Denmark) for
10 min. Staining was performed using peroxidase-labeled
streptavidin (DAKO) and 3,3′-diaminobenzidine (DAB)
(DAB tetrahydrochloride containing 0.03% H2O2; Sigma,
Chemical Co.). Sections were counterstained with hema-
toxylin (Hemalaun Meyer; Merck, Germany), dehydrated,
and mounted (Eukitt; Labo-Med, Germany). For p53
immunohistochemistry, deparaffinized tissue sections were
washed in a phosphate-buffered saline and preincubated in
a 0.5% blocking serum for 5 min. The slides were incubated
overnight at 4°C using the mouse monoclonal p53 antibody
DO7 (DAKO), which recognizes the wild type and mutant
p53 at a dilution 1:150. Slides were then rinsed in PBS
solution and incubated with the secondary antibody (1:200
dilution, DAKO) for 30 min and again rinsed and incubated
with the ancillary antibody (StrepAB complex/HRP Duet)
for another 30 min. Revelation was performed with DAB
(Sigma) immersion in 37°C for 5 min and hematoxilin
counterstaining. Paraffin slides from the human prostate
tumor served as a positive control (Santa Cruz Biotechnol-
ogy, CA, USA) and P19 cells, which served as negative
control, were obtained from American Type Culture Collec-
tion (Manassas, VA, USA). Positivity was characterized by
the dark brown staining of the nucleus.

Microscopic evaluation

Histological and immunohistochemical evaluation was
performed independently by two pathologists. Every tumor
was given a score in which both the intensity of the staining
(no staining=0; low staining=1; medium staining=2; strong
staining=3) and the percent of stained epithelial cells
(0%=0; under 10%=1; 10% to 50%=2; 51% to 80%=3;
over 80%=4) were multiplicated. In normal endometrium,
the given score consisted of staining intensity and the percent
of stained glands. In addition, the immunohistochemical
localization pattern was noted.

Statistical analysis

The SPSS11.0 program was used for calculation of
interrelationships between the analyzed KAI-1 protein
expression, p53 staining, and the histological or clinical
factors by the chi-square test. Probability values less than
0.05 were regarded as statistically significant.

Protein isolation and Western blot analysis

Western blot analysis was performed on normal and tumor
samples for which fresh-frozen material could be obtained.

Protein concentration was determined following the stan-
dard protocols and using the bovine serum albumin stand-
ards. Extraction of proteins from endometrial tissue for
Western blot analysis was carried out in PBS in the
presence of 1% NP40 and protease inhibitors [23]. Proteins
were electrophoresed on 10% sodium dodecyl sulfate
(SDS)-polyacrylamide gels (NuPAGE Bis-Tris; Invitrogen)
and transferred by the tank blotting onto the polyvinylidene
difluoride Immmobilon membranes (Millipore Corp.). For
electrophoresis, lysates were added to an equal volume of
LDS sample Buffer (10 mM Tris, 10% SDS, 20% glycerol,
0.01% bromophenol blue; Invitrogen), and antioxidant was
added to the NuPAGE transfer buffer (Invitrogen). For the
detection of KAI-1, the monoclonal antibody G2 (Santa
Cruz Biotechnology) was used at 1:200. Monoclonal
antibody against glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) (clone 6C5; HyTest, Turku, Finland) was
used at 1:10,000. Immunodetection was performed with the
enhanced chemiluminescence system (SuperSignal; Pierce).
Cell lysates 95–267 (Santa Cruz) and transiently KAI-
1-transfected MDAMB-231 cells [11] were used as the
positive control.

Results

Immunohistochemistry

Immunohistochemistry was performed on the paraffin-
embedded samples of the endometrial carcinoma, sarcoma,
endometrial hyperplasia, and normal endometrium. The
results are presented in Fig. 1 and in Table 1, 2, 3.

KAI-1 expression in normal endometrium, endometrial
hyperplasia, and endometrial carcinoma

In the normal human endometrium of 20 patients
(Table 1), KAI-1 expression could be found throughout
the menstrual cycle and was localized to epithelial cells of
the endometrial glands and surface epithelium (data not
shown) showing the clear plasma membrane localization.
Normal endometrial samples did not show immunohisto-
chemical reaction for p53 using the monoclonal antibody
DO7 (data not shown). The low level of p53 is usually due
to rapid turnover of p53. However, Pohnke et al. [32]
demonstrated that the wild-type (wt) p53 (using CM1
antibody, Novocastra, UK) protein increases in the normal
endometrium with the progression throughout the menstrual
cycle.

Five of the 17 (29%) samples of endometrial hyperplasia
displayed a strong cytoplasmic immunostaining for KAI-1
(score 8–12; Table 1) in the endometrial glands. Samples of
complex atypical hyperplasia demonstrated a reduced
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expression pattern of KAI-1 in comparison with the simple
non-atypical endometrial hyperplasia. In two of these
samples, focal regions of squamous metaplasia were
observed, which were positive (not shown). In only two
cases of hyperplasia that we observed nuclear expression of

p53, which was focal and restricted to the atypical complex
hyperplasia next to the carcinoma as demonstrated in a
previous study [33].

A series of 42 endometrial carcinomas was analyzed
for the KAI-1 expression immunohistochemically. For

Table 1 KAI-1 staining pattern in the normal human endometrium, hyperplasias, and uterine neoplasias of epithelial and stromal origin

n Negative KAI-1 (s=0) Low KAI-1 (s=1–3) Moderate KAI-1 (s=4–7) High KAI-1 (s=8–12)

n % n % n % n %

Normal human endometrium (n=20)
Proliferative phase 10 0 0 4 (35.0) 6 (65.0)
Secretory phase 10 0 0 2 (22.0) 8 (88.0)
Endometrial hyperplasia (n=17)
Simple (absence of atypia) 6 0 0 3 (50.0) 3 (50.0)
Simple (presence of atypia) 3 0 0 3 (75.0) 0
Complex (absence of atypia) 4 0 0 2 (50.0) 2 (50.0)
Complex (presence of atypia) 4 0 2 (50.0) 2 (50.0) 0
Endometrial carcinomas 42 13 (31.0) 16 (38.0) 13 (31.0) 0
Sarcomas 15 12 (70.) 5 (30.0) 0 0

s Score

Fig. 1 Immunohistochemical
localization of KAI-1 and p53
in the uterine neoplasias
of the epithelial and stromal
origin. a Moderate KAI-1 stain-
ing of a well-differentiated
endometrioid carcinoma of his-
topathological grade G1 (×200).
b Absence of p53 expression
pattern in the same sample
(×200). c Absence of KAI-1
expression in a clear-cell carci-
noma (×200). d Strong staining
for p53 in the same clear cell
carcinoma. e and f Demonstrate
an absence of KAI-1 expression
(e) and a strong staining for p53
in a uterine sarcoma (f)
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this analysis, the tumors have been divided into three
categories, from negative to moderate expression (score
4–7). Ten G1 and three G2 endometrioid tumors of 42
(31%) demonstrated a moderate score (4–7) of cyto-
plasmic KAI-1 expression. It is interesting that these
KAI-1 positive tumors were all well or moderately
differentiated endometrioid carcinomas (Fig. 1a, Tables 1
and 2). The comparison with the expression level of p53
in these tumors showed that most of those that had a
moderate score (4–7) for KAI-1 had negative/low p53
staining (Fig. 1b—showing negative p53 expression in
endometrioid carcinoma). Absent or reduced KAI-1
expression was observed in 29 of 42 (69%) adenocarci-
nomas, of which five specimens could be graded as G1,
nine as G2, and three as G3 endometrioid carcinomas
(Tables 1 and 3; Fig. 1c—showing negative KAI-1
expression in a clear cell endometrial carcinoma). This

result correlated with the strong expression of p53 (p<
0.001; Fig. 1d—showing p53 expression in a clear cell
endometrial carcinoma). The protein was localized to the
nucleus showing a diffuse granular pattern. Table 3
represents the correlation of KAI-1 expression with
histological and clinical parameters. The results of
endometrial carcinomas demonstrate a strong inverse
correlation between KAI-1 and the expression of p53 as
detected with the monoclonal DO7 antibody (Table 3).
Additionally, there were significant correlations between
KAI-1 expression and histological type, tumor grade, and
high stage (p<0.001). Histological type—28 (93%) of 30
endometrioid carcinomas displayed a low or moderate
cytoplasmic immunostaining for KAI-1, whereas 11 (92%)
of 12 serous/clear cell carcinomas were KAI-1 negative
(p<0.001; Table 3); grading—25 (93%) of 27 tumors of
malignancy grade G1/G2 were KAI-1 positive; however,
11 (73%) of 15 high grade tumors showed no KAI-1
expression (p<0.001; Table 3). We also could observe a
significant association between low KAI-1 expression
and/or high stage (p=0.0157; Table 3).

KAI-1 expression in uterine tumors of stromal origin

In addition to the epithelial uterine tumors, we investigated
the KAI-1 expression by the immunohistochemical analysis
in the 15 sarcomas, which were mostly of the stromal origin
(including five carcinosarcomas, eight low grade endome-
trial stromal sarcomas, and two leiomyosarcomas; Table 1).
Nearly all sarcoma samples demonstrated absent or very
low KAI-1 expression (Fig. 1e). Fifty percent of sarcomas

Table 3 Correlation of KAI-1 staining with the histological and clinical parameters in the endometrial carcinomas

n Negative KAI-1 (s=0) Low KAI-1 (s=1–3) Moderate KAI-1 (s=4–7) Significance

n % n % n %

FIGO grading (n=42)
G1 15 0 5 (32.0%) 10 (68.0%)
G2 12 2 (17.0%) 7 (58.0%) 3 (25.0%)
G3 15 11 (73.0%) 4 (27.0%) 0 p<0.0001
Histological type (n=42)
Endometrioid 30 2 (7.0%) 15 (50.0%) 13 (43.0%)
Serous/clear cell 12 11 (92.0%) 1 (8.0%) 0 p<0.0001
Clinical stage (n=42)
Ia/Ib 25 4 (16.0%) 10 (40.0%) 11 (44.0%)
Ic/II 17 9 (53.0%) 6 (35.0%) 2 (12.0%) p=0.0157
p53 status (n=42)
Negative/low 13 0 4 (30.0%) 9 (70.0%)
Moderate 14 3 (21.0%) 7 (50.0%) 4 (29.0%)
High 15 10 (67.0%) 5 (33.0%) 0 p<0.0001
Total 42 13 16 13

s score, G1–G3 grade

Table 2 Correlation of KAI-1 staining with FIGO grading in
endometrioid carcinomas

n Negative
KAI-1
(s=0)

Low
KAI-1
(s=1–3)

Moderate
KAI-1
(s=4–7)

Significance

n % n % n %

FIGO grading (n=30)
G1 15 0 5 (32.0) 10 (68.0)
G2 12 2 (17.0) 7 (58.0) 3 (25.0)
G3 3 0 3 (100) 0 p<0.0001

s Score, G1–G3 grade
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demonstrated a strong positivity in the nucleus for p53
whereas 50% showed a lower immunoreactivity (Fig. 1f).
The same inverse correlation between KAI-1 and p53
expression could be found. There was no correlation
between the histological type and the KAI-1 expression
pattern.

Immunoblot analysis of KAI-1 expression

To verify the results of immunohistochemistry, Western blot
analysis was performed. Protein lysates were used from the
15 samples including the normal endometrium, endometrial
hyperplasia, endometrial carcinomas, and uterine sarcomas
(Fig. 2). The KAI-1 protein was exclusively found in the
cytoplasmic/microsomal preparation and was absent from
the nuclear fraction [11]. Western blot analysis with anti-
KAI-1 antibody detected a 43-kDa protein band. Such
specific band has been found in the normal endometrium
(lanes 1, 3, 5) whereas carcinoma (lanes 2, 4, 6) and
sarcoma (lane 7) samples showed reduced or negative
protein expression of KAI-1. As a positive control, we used
prepared cytosolic extracts from MDA-MB-231 human
breast cancer cells (lane 8) which had been transfected with
an expression vector for the human KAI-1 [18].

Discussion

It is known that in the oncogenic process, genetic changes
result in an imbalance of cellular growth regulation, leading
to uncontrolled proliferation. However, unrestrained growth
does not, by itself, result in the invasion and metastasis.
The ability of tumor cells to metastasize often requires
additional genetic changes [20], which result in the
activation and inactivation of metastasis stimulating and

metastasis suppressor genes [4]. Loss of function of
metastasis suppressor genes has been demonstrated to
contribute to the metastatic progression of tumor cells [14].

In this study, we investigated the expression pattern of
the metastasis suppressor gene KAI-1 in the uterine tumors
of epithelial and stromal origin compared to the normal
endometrium and its correlation with the expression of p53
using immunohistochemistry. The normal endometrium
displayed a strong expression of KAI-1 localized to
epithelial cells throughout the menstrual cycle and also in
decidualized endometrial stromal cells, as we have recently
shown [11]. Most of the KAI-1 positive tumors were well-
differentiated endometrioid carcinomas of malignancy
grade G1/G2. Twenty-nine of the 42 analyzed endometrial
carcinomas and 12 of the 15 uterine sarcomas showed a
very low or absent expression of KAI-1, indicating that loss
of KAI-1 expression may play an important part in the
pathogenesis of such tumors. The interpretation of these
results with respect to tumor progression should consider
that most likely endometrioid and serous carcinomas follow
the different pathways of tumorigenesis [18]. The endome-
trioid carcinoma is related to hyperestrogenism by the
association with endometrial hyperplasia and frequent
expression of estrogen and progesterone receptors, whereas
serous carcinoma is unrelated to estrogen and associated
with atrophic endometrium [18]. Estrogen, which is
expressed throughout the cycle of the human endometrium,
seems to play a role for the expression of KAI-1 in the
normal endometrium, in endometrial hyperplasias, and also
in the low grade endometrioid carcinomas (type I).
However, the association between those and the role, these
hormones that could play for the metastasis suppressor gene
KAI-1 need to be elucidated. The fact that most endome-
trioid carcinomas show at least a weak ER and/or PR
expression and often contain well-differentiated carcinoma
foci favors the progression along an estrogen-driven
pathway [18]. As we could demonstrate as well, most of
these carcinomas showed a low or intermediate staining for
KAI-1. Therefore, it could be very important to investigate
the mechanism underlying the KAI-1 expression in normal
endometrium as well as in endometrioid carcinomas and to
answer the question if estrogen triggers or inhibits KAI-1.
Type II endometrial carcinomas associated with atrophic
endometrium and which are usually ER negative revealed a
negative KAI-1 expression for most of the cases in our
study.

It is clear that metastasis requires genetic changes to occur
[6]. Loss of function of metastasis suppressor gene(s) is an
important event during the progression of a tumor cell from a
nonmetastatic to a metastatic phenotype [4]. KAI-1 is a
recently identified metastasis suppressor gene for pros-
tatic cancer. The expression of KAI-1 was reduced in
the human cell lines derived from metastatic prostate

Fig. 2 Western blot analysis of KAI-1 protein expression in normal
endometrium and epithelial and stromal uterine neoplasias. Lanes 1, 3,
and 5—KAI-1 expression of normal endometrium (secretory phase);
lanes 2, 4, and 6—uterine carcinoma (serous, clear cell type,
endometrioid (G2), respectively); lane 7—uterine carcinosarcoma.
As a positive control, cytosolic extract was prepared from MDA–MB-
231 cells which had been transfected with a KAI-1 expression vector
(lane 8). Per lane, 20 μg of protein were loaded. The blot was
immunodetected with KAI-1 antibody G2, then stripped and reprobed
with GAPDH antibody as a loading control. Migration of size markers
is indicated in kDa
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tumors as compared with its expression in the normal
prostate tissue [28]. It was noted later that KAI-1 protein
expression was downregulated during the progression of
human prostate cancers [36]. Liu et al. demonstrated a
frequent downregulation of the KAI-1 metastasis suppres-
sor gene in epithelial ovarian carcinoma [21]. Another
group could find a downregulation of KAI-1 in cervical
and some endometrial carcinomas, but there was no
differentiation between histological types and no compar-
ison with the suppressor molecule p53, two important
prognostic and diagnostic factors [22]. A loss of KAI-1
expression occurs in the advanced stages of many cancers.
It is associated with a poor patient prognosis in the non-
small cell lung cancer [1] and recurrence in the breast and
bladder tumors [30]. Identification of patients whose
tumor cells show reduced KAI-1 expression may allow
them to be targeted for tailored therapy to inhibit
metastasis. Strategies to restore KAI-1 expression might
be explored to limit the spread of tumor cells.

Comparison of the KAI-1 immunostaining with p53
expression levels showed that most of our investigated
uterine tumors with low/absent KAI-1 level displayed a
strong expression of p53 (using the monoclonal anti-
body DO-7 which also recognizes the mutated p53).
This strong expression might be the result of the
accumulated mutated p53 indicating that loss of KAI-1
expression may be implicated in the progression to the
development of a more aggressive histology. Normal
endometrial samples did not show any immunohisto-
chemical reaction for p53 with this antibody. However,
another research group could demonstrate an increased
expression of p53 (using an antibody against wild-type
p53) in normal endometrium with progression through-
out the menstrual cycle [32].

Here we could demonstrate for the first time an
inverse correlation between KAI-1 and p53. We suppose
that the loss of KAI-1 may be connected with a
dysfunction of probably mutated p53—the accumulation
of which is detected immunohistochemically using the
antibody DO-7. p53 might be implicated in regulating
KAI-1 expression [2]. Tumor cells of the human organism
have very often the phenomenon of a high level of p53
protein, which is usually dysfunctional. p53 dysfunction,
amplification, overexpression of human epidermal growth
factor receptor 2, loss of p16 [27], and cell cycle inhibitor
p27 [5] expression are considered rare and late events
during progression and dedifferentiation of endometrioid
carcinoma, since they are predominantly found in the
grade 3 tumors, rarely in grade 1 [15]. However,
dysfunctional p53 was found in 80% of stromal tumors
and of nonendometrioid carcinomas [15]. p53 is the most
frequently inactivated tumor suppressor in the human
cancer. [12]. A variety of mechanisms can lead to such

functional inactivation including genetic alteration and
interaction with the oncogenic cellular or viral proteins.
A substantial number of candidate p53 target genes,
which contain p53-binding sites in their promoter
regions and are transcriptionally activated by wild-type
p53 have been successively identified [19].

In this context, the recent suggestion of a direct link
between p53 and the KAI-1 gene is of particular
interest. A sequence exhibiting a significant homology
with the p53 consensus binding site was identified at
the position −896 to −863 bp of the KAI-1 promoter.
An induction of endogenous KAI-1 gene expression was
detected by reverse transcriptase-polymerase chain reac-
tion 48 h after cellular transfection of a wt-p53
expression plasmid into a human prostatic carcinoma
cell line [26]. Marreiros et al. [24] could confirm that a
76-bp region (residues −922 to −847) of the KAI-1
promoter, with binding motifs for p53, AP1, and AP2,
is required for the high level activity of a KAI-1
reporter in the prostate cancer. Western blotting analysis
showed that an absence of wt-p53, and a loss of junB
or AP2 protein expression, correlated with downregula-
tion of KAI-1 mRNA levels. In our study, we could
find a reduced or absent KAI-1 expression in the
endometrial carcinomas and uterine sarcomas and a
strong expression of p53 which most likely represents
accumulation of mutated p53. The molecular basis for
downregulation of KAI-1 expression in advanced tumors
and identification of the normal functional role of KAI-
1 need further investigation.

Since decreased KAI-1 expression is already seen in the
early stages of endometrial cancer and in a subset of
atypical complex endometrial hyperplasias, we speculate
that downregulation of this gene might be an important part
in the development of endometrial cancer and sarcomas.
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Abstract Neovasculogenesis is essential in tissue remodel-
ing. Endothelial progenitor cells (EPCs) mobilize from
bone marrow (BM) and participate in neovasculogenesis.
This study examined the role of EPCs in a model of
reversible glomerulonephritis induced by habu snake
venom (HSV). Lethally irradiated FVB/N wild-type mice
were transplanted with BM cells from donor transgenic
mice expressing β-galactosidase gene under the control of
endothelial-specific tie-2 promoter. HSV or saline was
injected intravenously after BM transplantation (BMT).
The kidneys were removed before injection and at days 1,
7, 28, and 56 after injection. β-Galactosidase-expressing
cells were identified by X-gal staining. The expressions of
CD31 (endothelial cell marker) and vascular endothelial
cell growth factor (VEGF) in renal tissues were examined
by immunohistochemistry. In BMT mice injected with
saline, few X-gal-positive cells were detected in glomeruli.
In HSV-injected mice, X-gal-positive EPCs were increased

in damaged glomeruli, reaching maximum at day 28.
Recovery of glomeruli was observed at day 56 in
association with reduction of X-gal-positive EPCs. VEGF
overexpression was detected in glomerular epithelial and
endothelial cells, mesangial cells, and EPCs. Our results
indicated that EPCs were mobilized into the damaged
glomeruli, suggesting EPCs participation in glomerular
capillary repair of damaged glomeruli in HSV-induced
glomerulonephritis.

Keywords Endothelial progenitor cell . Angiogenesis .

Vascular endothelial cell growth factor (VEGF)

Introduction

Neovasculogenesis is an important process associated with
both physiological and pathological conditions such as organ
development, menstrual cycle, wound healing, tumor growth,
and ischemic diseases [3, 6, 10–12, 26]. During embryonic
development, new blood vessels are formed from primitive
endothelial progenitor cells (EPCs), a process referred to as
vasculogenesis. On the other hand, postnatal neovascular
development is thought to result from proliferation, migra-
tion, and remodeling of fully differentiated endothelial cells
derived from pre-existing blood vessels, i.e., angiogenesis
[33]. Recent studies showed the presence of bone marrow-
derived EPCs in systemic circulation. Their number was
augmented in response to certain cytokines and/or tissue
ischemia, and home to as well as incorporate into the site of
neovascularization during hindlimb ischemia, postmyocar-
dial infarction, hormone-induced ovulation, wound healing,
corneal neovascularization, and cerebral ischemia [2, 4, 15,
21, 31, 37, 40].
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In models of reversible glomerulonephritis such as
anti-Thy-1.1 antibody-induced (Thy-1) glomerulonephri-
tis and habu snake venom (HSV)-induced glomerulone-
phritis, it has been postulated that proliferation of
glomerular endothelial cells participates in capillary
repair and restoration of glomerular architecture [17, 25,
37]. In addition, other studies demonstrated that the
destruction of glomerular capillary network and the
subsequent incomplete angiogenic capillary repair lead to
glomerular sclerosis in anti-glomerular basement mem-
brane (GBM) glomerulonephritis [36]. These findings
suggest the importance of glomerular endothelial cell
proliferation during the glomerular capillary regeneration
process. On the other hand, the expression of angiogenic
growth factor, vascular endothelial cell growth factor
(VEGF), is highly up-regulated in the damaged glomeruli
[17, 24], and systemic administration of VEGF enhances
the capillary repair and prevents the deterioration of
glomerular structure from progressing to glomerular
sclerosis in experimental glomerulonephritis induced by
anti-Thy-1.1 antibody and HSV [29]. These results
suggest that VEGF is a key factor in angiogenic
glomerular capillary repair and that glomerular endothelial
cell regeneration is an important process for glomerular
reconstruction after glomerular injury.

In the present study, we investigated whether bone
marrow (BM)-derived EPCs are the source of glomerular
endothelial cells and if so, determine the association
between recruited EPCs and glomerular capillary repair in
a model of HSV-induced reversible glomerulonephritis.

Materials and methods

Mice

FVB/N-TgN [TIE2LacZ] 182Sato male mice (TIE2/LZ
mice) of 25±3 g body weight (mean ± SD), obtained from
The Jackson Laboratory (Bar Harbor, ME, USA), were used
as donors for bone marrow transplantation (BMT). This
transgenic mouse constitutively expresses β-galactosidase
encoded by lacZ under the transcriptional regulation of an
endothelial cell-specific promoter, Tie-2 [4, 37]. In a
preliminary study, we ascertained that β-galactosidase-
expressing cells also expressed Tie-2, suggesting that the
expression of β-galactosidase was restricted to endothelial
cells in the donor mouse (data not shown). FVB/N wild-type
male mice (WT mice) were also purchased (The Jackson
Laboratory) and served as recipients of BMT. All mice were
housed in standard rodent cages, in rooms set at constant
ambient temperature (22±1°C) and humidity (85%), with
10 h of lights-on each day. Drinking water and pellet rodent
food were provided ad libitum.

Experimental design

The experimental protocol was inspected by the Animal Care
and Use Committee of Nagasaki University School and
approved by the President of Nagasaki University School.
BM cells were obtained by flushing the tibias and femurs
of age-matched donor transgenic mice. Recipient mice,
7-week-old, were lethally irradiated (11 Gy) and injected
intravenously with 1×106 BM cells. Subsequent analysis
showed no radiation-induced glomerular injury in this
model, suggesting that the effect of irradiation on glomer-
ular capillary recovery is marginal. Preliminary studies
demonstrated that the BM of the recipient mice was
reconstituted 4 weeks after the transplantation [4, 31, 37].

At that stage, transplanted mice were injected with HSV
(Trimeresurus flavoviridis; Wako Pure Chemical Industries,
Osaka, Japan) dissolved in saline at a dose of 2 mg/kg body
weight intravenously (HSV group: n=25). Mice of another
group were injected with saline alone (S group: n=25). Mice
were sacrificed before injections and at days 1, 7, 28, or 56
after injections (n=5, each), and renal tissues were dissected
out carefully. Tissues were fixed with 4% paraformaldehyde
(PFA) immediately after sampling for 24 h and embedded in
paraffin and cut into 4-μm-thick sections for histological
assessment of renal injury. Frozen tissues were also prepared
by mounting in optimal cutting temperature compound
(Miles, Inc., Elkhart, IN, USA) and rapidly frozen in dry
ice and stored at −80°C until use. Fresh frozen tissues were
cut into 4-μm-thick sections using a microtome and placed
onto aminopropyltriethoxysilane-coated slide glasses.

Histological and immunohistochemical examination

To assess the morphological changes in the kidney, paraffin-
embedded tissue sections were stained with periodic acid-
Schiff reaction. We identified β-galactosidase-expressing
cells using the X-gal Staining Assay Kit (A10300K, Gene
Therapy Systems, San Diego, CA, USA) and immunohisto-
chemically by using rabbit anti-β-galactosidase antibody.
Immunohistochemical staining was performed using the
following antibodies: (1) rat anti-mouse CD31 antibody
diluted 1/50 (1625-01, Southern Biotechnology, Birmingham,
AL, USA), which was used as a marker of endothelial cells;
(2) rabbit anti-Tie-2 antibody diluted 1/200 (sc-324, Santa
Cruz Biotechnology, Santa Cruz, CA, USA), which is the
receptor for angiopoietin-1 and angiopoietin-2; (3) rabbit anti-
VEGF antibody diluted 1/100 (sc-507, Santa Cruz Biotech-
nology); (4) rabbit anti-β-galactosidase antibody diluted 1/
100 (ab616, Abcam, Cambridge, UK); and (5) horseradish
peroxidase (HRP)-labeled dextran polymer-conjugated mouse
anti-proliferating cell nuclear antigen (PCNA) antibody
(U7032, DAKO, Glostrup, Denmark) as a marker of
proliferating cells. To block endogenous peroxidase, renal
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sections were reacted with methanol containing 0.3% H2O2

for 15 min at room temperature. Indirect immunohisto-
chemical technique was used for the detection of CD31,
Tie-2, and β-galactosidase. For CD31 and β-galactosidase
antibodies, frozen sections were fixed with acetone for
15 min at room temperature and incubated for 30 min with
a blocking buffer containing 5% normal goat serum, 5% fetal
calf serum, 5% bovine serum albumin, and 20% normal
swine serum in phosphate-buffered saline (PBS). The
sections were then reacted with the primary antibodies
diluted in the same blocking buffer. For a better identification
of CD31-positive capillaries, we performed the three-layer
method, as described previously [1]. After reacting with anti-
CD31 antibody at room temperature for 1 h, the sections
were reacted with HRP conjugated rabbit anti-rat immuno-
globulins (DAKO P0450), as the secondary antibody diluted
1/100 for 30 min at room temperature and then, reacted with
HRP-conjugated swine anti-rabbit immunoglobulins (DAKO
P0399) as the third antibody diluted 1/50 for 30 min at room
temperature. For β-galactosidase antibody, sections were
reacted with HRP-conjugated swine anti-rabbit immunoglo-
bulins diluted 1/50 for 30 min at room temperature and a
complex of rabbit anti-HRP antibody and HRP (DAKO
Z0113) diluted 1/100 for 30 min at room temperature. For
Tie-2 staining, frozen sections were fixed with 4% PFA for
15 min at room temperature and then incubated for 30 min
with the aforementioned blocking buffer. Subsequently, the
sections were reacted with anti-Tie-2 antibody for 1 h at
room temperature and HRP-conjugated swine anti-rabbit
immunoglobulins diluted 1/50 for 30 min at room temper-
ature and a complex of rabbit anti-HRP antibody and HRP
diluted 1/100 for 30 min at room temperature. For VEGF
staining, we applied the peroxidase and avidin–biotin
complex technique using Vectastatin Elite ABC kit (Vector
Laboratories, Burlingame, CA, USA), which yielded the
strongest signal for VEGF. For blocking of endogenous
biotin, deparaffinized tissue sections were incubated with
avidin D blocking solution (SP-2001, Vector Laboratories)
for 15 min, rinsed with buffer, and incubated with the
biotin blocking solution (SP-2001, Vector Laboratories)
before reacting with the first antibody. Subsequently, the
tissue sections were reacted with the primary antibody for
16 h at 4°C. We used direct immunohistochemical
technique for PCNA staining. After deparaffinization, the
sections were incubated for 30 min with a blocking buffer
similar to that described above and then reacted with anti-
PCNA antibody for 1 h at room temperature. Reaction
products were visualized by treating sections with H2O2

and 3′,3-diaminobenzidine tetrahydrochloride. Finally, the
sections were counterstained with methyl green and
mounted.

Tissue sections were also double-stained for X-gal and
Tie-2 or X-gal and VEGF. After X-gal staining using the

X-gal staining assay kit, sections were incubated with each
antibody and stained as described above. Indirect immuno-
histochemistry was performed using β-galactosidase anti-
body for CD31/β-galactosidase double staining. After CD31
staining as described above, sections were washed in PBS to
stop the color reaction and incubated with double staining
enhancer (50-056, Zymed Laboratories Inc., San Francisco,
CA, USA). Thereafter, the sections were reacted with
anti-β-galactosidase antibody followed by incubation with
HRP-conjugated antibody as mentioned above. A second
chromogen, True blue (71-00-64, KPL, Gaithersburg, MD,
USA), was then applied, which stained positive cells in blue.
The tissue sections were not counterstained with methyl
green, since this counterstaining could interfere with the
color from the chromogen.

Immunostaining with irrelevant rat IgG2a (0117-01,
Southern Biotechnology) or normal rabbit immunoglobulin
(DAKO X0903), as negative controls, yielded no positive
signal in erythrocytes or any other cells.

Fifteen glomeruli from each animal, each with an
equatorial plane cross-section, were analyzed. We counted
the number of CD31-positive glomerular capillary loops,
X-gal-positive cells, and VEGF-positive cells in each
glomerular cross-section in 15 glomeruli per kidney of five
mice at each time point. In this study, CD31-positive
glomerular capillary loops represented glomerular capillary
loops with CD31-positive area occupying more than 30%
of the entire capillary loop. Based on preliminary studies,
the 30% cutoff value was selected arbitrarily in order to
avoid overestimating the count by the inclusion of
structures that could not be identified with certainty as
capillary loops. Thus, we used sections with well-preserved
tissue morphology to identify the CD31-positive capillary
loops.

Statistical analysis

Data were expressed as mean ± SD. Differences among
groups were examined for statistical significance using
repeated measures ANOVA (Bonferroni/Dunn test). A P
value less than 0.05 denoted the presence of statistically
significant difference.

Results

Histopathological changes and alteration of glomerular
endothelial cells in HSV-induced glomerulonephritis

In the S group, no mesangiolysis or mesangial matrix
expansion was observed, and the number of CD31-positive
glomerular capillary loops did not change throughout the
experimental period (Fig. 1a and b). On the other hand,
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Fig. 1 Histological examination
and CD31 expression. In
saline-injected mice (S group),
no morphological changes such
as mesangiolysis and mesangial
matrix expansion were observed
in glomeruli (a and b: S 56d).
On the other hand, note the
ballooning of glomerular
capillary and reduction of
CD31-positive endothelial cells
in habu snake venom (HSV)-
injected mice (HSV group) at
day 1 (c and d: HSV 1d). At day
7, reduction of cystic lesions
accompanied the increased
number of CD31-positive
capillary loops (e and f: HSV
7d). At day 28, mesangial
matrix expanded and the
number of CD31-positive
capillary number was decreased
(g and h: HSV 28d). At day 56,
mesangial expansion was
reduced and CD31-positive
capillary number returned to
almost baseline levels, following
glomerular structure repair
(i and j: HSV 56d). a, b, e, g,
and i: PAS staining. b, d, f, h,
and j: immunohistochemistry
for CD31. Magnification: ×400.
Arrowheads: CD31-positive
capillary loops
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injection of HSV induced mesangiolysis at day 1, as reported
previously [30]. Loss of the mesangial cells led to ballooning
of glomerular capillary loops and induced cystic lesions,
accompanied by a significant reduction in the number of
CD31-positive capillary loops (Figs. 1c,d and 2). At day 7,
after acute mesangial injury, the cystic lesions were
diminished (Fig. 1e), and the number of glomerular capillary
loops increased to reach the levels noted at baseline before
HSV injection (Figs. 1f and 2). Subsequently, the mesangial
matrix expanded and the number of CD31-positive capillary
loops diminished. These changes were most extensive and
significant at day 28 (Figs. 1g,h and 2). At day 56, mesangial
matrix expansion was further diminished, together with
further increase in the number of CD31-positive capillary
loops (Fig. 2). This resulted in reconstitution of the
glomerular structure and the final appearance resembled
normal glomeruli (Fig. 1i and j).

Involvement of BM-derived EPCs in glomeruli

To identify BM-derived EPCs, we used the X-gal staining
technique. Before HSV injection, few cells were positive
for X-gal staining in glomeruli (Fig. 3a; n=0.9±0.8). In
HSV group, a small number of X-gal-positive cells was
detected in damaged glomeruli at days 1 (n=1.8±1.1) and 7
(n=2.1±1.3; Fig. 3b). At day 28, the number of X-gal-
positive EPCs was significantly higher (n=2.9±1.7) in
parallel with mesangial matrix expansion (Fig. 3c and
Table 1). Then, the number of X-gal-positive cells
decreased gradually, but they were still found in the
glomeruli at day 56 (n=2.3±1.0; Fig. 3d). In mice of the
S group, a few cells positive for X-gal were observed from
day 1 to day 56 in this experiment (Fig. 3e and Table 1).

In the HSV group, some cells double-stained for CD31
and β-galactosidase were identified from day 1 to day 56

(Fig. 4 and Table 1). The number of such cells was
significantly higher at day 28 but was decreased at day 56
in HSV group (Table 2).

VEGF and PCNA expression during HSV-induced
glomerulonephritis

Before HSV injection, few cells were positive for VEGF in
glomeruli (Fig. 5a and Table 1). In HSV-injected mice, the
number of VEGF-positive cells was very small at days 1
and 7 (Fig. 5b and c, respectively and Table 1), and their
number was the same as that in non-HSV-injected mice
(Table 1). At day 28, when mesangial matrix expansion and
reduction of CD31-positive capillary loops were noted, the
number of VEGF-positive cells was significantly increased
in the damaged glomeruli (Fig. 5d and Table 1). VEGF was
expressed mainly in glomerular epithelial cells and in some
mesangial cells and glomerular endothelial cells. Recon-
struction of glomerular capillaries was associated with a
decrease in the number of VEGF-positive cells at day 56
(Fig. 5e and Table 1). In the tubulointerstitial area, a few
tubular epithelial cells were also positive for VEGF at days
1, 7, 28, and 56. In mice of the S group, a weak expression
of VEGF in glomeruli was observed throughout the
experimental period (1.2±1.2, 1.8±1.2, 1.3±0.2, and 0.9±
0.8 cells/glomerulus, at days 1, 7, 28, and 56, respectively).
We also performed double staining for VEGF and X-gal in
the same sections to examine the expression of VEGF on
BM-derived endothelial cells. In glomeruli obtained from
HSV-injected mice, some X-gal-positive BM-derived EPCs
were also positive for VEGF in this model at days 1, 7, 28
(Fig. 5d), and 56. We also examined the expression of
PCNA, a marker of cell proliferation. PCNA-positive cells
were identified in damaged glomeruli from day 1 to day 56.
The number of cells positive for PCNA was very small;
however, a statistically significant increase in the number of
PCNA-positive cells was only observed at day 28 in HSV-
injected mice (day 7: Fig. 6a; day 28: Fig. 6b and Table 1).

Discussion

The present study demonstrated that the BM-derived endo-
thelial cells were mobilized into glomeruli and the number of
BM-derived cells was increased in injured glomeruli in HSV-
induced glomerulonephritis.We also showed that BM-derived
endothelial cells were the potential source of glomerular
endothelial cells, and that these cells are involved in the
reconstruction of glomerular structure through VEGF expres-
sion in HSV-induced glomerulonephritis.

Transplantation of TIE2/LZ BM cells into syngeneic WT
mice is a well-established method for examining the
influence of EPCs in BM cells on neovasculogenesis
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Fig. 2 Quantitative analysis of the number of CD31 in glomeruli. We
counted the number of CD31-positive glomerular capillary loops per
cross-section of the glomerulus in 15 glomeruli per kidney of five
mice at each time point. Data are mean ± SD. *P<0.01 versus before
injection, days 7 and 56 in HSV group. #P<0.01 versus the S group
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because the expression of β-galactosidase is restricted to
Tie-2-expressing endothelial cells in TIE2/LZ mouse [4, 31,
40]. In fact, accumulated evidence suggests the contribution
of BM-derived endothelial cells to neovascularization in
BMT animal models, such as hindlimb ischemia, myocar-
dial infarction, retinal ischemia, cutaneous wounds, and
tumor growth [4, 8, 22, 23, 27, 39]. In the present study, we
used the HSV-induced glomerulonephritis model; a single
injection of HSV caused mesangial matrix lysis and
exhibited toxic effects on the endothelium, leading to
ballooning of glomerular capillaries, formation of micro-
aneurysms, and loss of endothelial cells, followed by a

repair phase characterized by mesangial and endothelial
cell proliferation [7, 25, 30]. In our TIE2/LZ BM cell-
transplanted mice, we demonstrated that HSV-induced
glomerular changes were associated with immigration of
BM-derived Tie-2 expressing endothelial cells. At day 28,
we observed an increase in the number of BM-derived
endothelial cells compared with the control, followed by a
slight decrease over the next 4 weeks. Following the
increased migration of BM-derived endothelial cells,
CD31-positive glomerular capillaries were also increased
in the damaged glomeruli. These results indicate that
glomerular capillary repair cannot only be attributed to

Fig. 3 X-gal staining of the
glomeruli. In saline-injected
mice, few cells were positive for
X-gal staining at day 1 (a). In
comparison, a larger number of
X-gal-positive cells was
detected in glomeruli showing
cystic lesions in HSV-injected
mice at day 1 (b). At day 28,
note the large number of
X-gal-positive cells (c) and
X-gal-positive cells were still
observed at day 56 (d).
In mice of the S group at
day 56, few X-gal-positive cells
were observed (e). Magnifica-
tion: ×400. Arrowheads:
X-gal-positive cells
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proliferation of resident endothelial cells but also bone
marrow-derived endothelial cells.

In the present study, we could not determine the
relative contribution of BM-derived endothelial cells to
glomerular capillary repair compared to residential endo-
thelial regeneration. Extensive endothelial cell loss and
proliferation of these cells have been reported in HSV-
induced glomerulonephritis [25]. Since the number of
migrating BM-derived endothelial cells in glomeruli was
clearly less than that of resident endothelial cells, we
presume that the number of endothelial cells of BM origin
is limited. Previous studies showed the differentiation of
BM-derived cells to renal cells in humans and animals [9,
14, 16, 18, 28, 32, 34]. For example, Poulsom et al. [32]
identified frequent Y chromosomes containing tubular and
glomerular epithelial cells within the kidneys of female
mice that had received BM transplantation from male mice.
Other studies also demonstrated that BM cells could give
rise to mesangial and glomerular endothelial cells [9, 14,
16, 18, 34] and that the ratio of BM-derived cells to
glomerular cells was only 11–12% [18]. More recently, Lin

et al. [28] demonstrated that in BM cell-transplanted mice,
the kidneys contained 8% BM-derived cells at 28 days after
ischemia–reperfusion injury. Among them, 10.6% were
glomerular cells, of which 3.8% were glomerular endothe-
lial cells. We showed that β-galactosidase expressing cells
were also positive for CD31 staining, suggesting that BM-
derived endothelial cells have the capacity to home to
injured glomeruli and differentiate into glomerular endo-
thelial cells. Interestingly, we also showed that the number
of β-galactosidase-positive CD31-positive cells was in-
creased at day 28, but decreased at day 56. While the exact
reason for this decrease is not clear, recent studies
demonstrated apoptosis of glomerular endothelial cells in
anti-GBM-GN [35, 36]. Since apoptosis is widely recog-
nized as a controlled mode of cell death, endothelial cell
apoptosis might explain the disappearance of endothelial
cells during capillary regression. Further studies are
warranted to examine the contribution of BM-derived cells
to glomerular capillary repair by using perfusion fixation of
the kidneys or ultrastructural examination using electron
microscopy.

We also demonstrated that BM-derived endothelial cells
did not only migrate into the damaged glomeruli but also
secreted a potent angiogenic ligand, VEGF, in this model.
VEGF is a strong chemoattractant factor for EPCs from
BM, and VEGF administration promotes mobilization of
EPCs to peripheral blood [5, 13, 20]. Previous studies
demonstrated that EPCs express and secrete a variety of

Table 1 Number of cells positive for X-gal, VEGF and PCNA

Number of positive cells/glomerulus

Day 0 Day 1 Day 7 Day 28 Day 56

S HSV S HSV S HSV S HSV S HSV

X-gal 0.8±0.7 0.9±0.8 0.9±0.8 1.8±1.1 1.0±0.8 2.1±1.3 1.1±0.6 2.9±1.7*,** 1.1±1.0 2.3±1.0
VEGF 0.8±0.7 0.9±0.8 1.2±1.2 1.6±1.2 1.8±1.2 0.9±0.8 1.3±0.2 8.3±2.4*,** 0.9±0.8 1.7±1.2
PCNA N.D. 0 N.D. 1.3±1.3 N.D. 1.5±1.0 N.D. 4.6±1.2*** N.D. 1.8±1.3

Data are mean ± SD, n=5 for each day
S Saline group, HSV habu snake venom group, N.D. not determined
*P<0.01 versus day 0 in HSV group; **P<0.01 versus S group; ***P<0.01 versus day 0

Fig. 4 Double immunostaining for CD31 (brown) and β-galactosidase
(blue). Note that some of CD31-positive cells also expressed β-
galactosidase (arrowhead), while others were not (arrow). Magnifica-
tion: ×800

Table 2 Number of CD31- and β-galactosidase-double positive cells
in HSV-injected mice

Number of double-positive cells/glomerulus

Day 0 Day 1 Day 7 Day 28 Day 56

CD31/β-
galactosidase

0.8±0.8 1.6±0.8 1.5±1.2 3.0±1.3* 2.3±1.3

Data are mean ± SD, n=5 for each day
*P<0.01 versus day 0
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Fig. 5 Immunohistochemistry
for VEGF in HSV-induced
glomerulonephritis. In mice of
the S group, VEGF expression
was not observed in glomeruli at
day 56 (a). In HSV group, some
cells were positive for VEGF in
the damaged glomeruli at day 1
(b; arrowheads). At day 7, the
increased number of glomerular
capillaries was associated with
diminished VEGF expression
(c). Subsequently, reduction of
glomerular capillaries was asso-
ciated with increased number of
VEGF-expressing cells at day
28 (d). This was followed by
reduced expression of VEGF
with recovery of glomerular
architecture at day 56 (e).
Double staining for VEGF
(brown) and X-gal (blue) in the
same section of HSV-group
showed that some VEGF-
positive cells were also positive
for X-gal (f, day 28).
a–f Magnification: ×400. Inset
in (f), magnification: ×800.
Arrowheads: VEGF-positive
cells

Fig. 6 Immunohistochemistry
for PCNA. In glomeruli of
HSV-injected mice, a few
PCNA-positive cells were
observed at day 7 (a), but their
number increased at day 28 (b).
Magnification: ×400. Arrow-
heads: PCNA-positive cells
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growth factors, including VEGF [19, 38]. Furthermore, it
has been suggested that EPC-induced neovascularization is
not only due to the incorporation of EPC into the newly
formed vessels but also influenced by the release of pro-
angiogenic factors in a paracrine manner [19, 38]. In our
study, we showed that the increase in the number of VEGF-
positive cells paralleled the influx of BM-derived endothe-
lial cells at day 28. In addition, PCNA-positive cells were
also increased in damaged glomeruli, accompanied by
migration of EPC in glomeruli at day 28. We presume that
the contribution of BM-derived EPC to the reconstruction
of glomeruli is smaller than resident glomerular endothelial
cells. However, taken together with the above results, we
speculate that BM-derived EPCs lead the proliferation of
endothelial cells and participate, at least in part, in the
glomerular capillary repair through VEGF expression in our
model.

In summary, our findings indicated that BM-derived
endothelial cells contribute not only to the glomerular
endothelial cell turnover but also to the regeneration of
glomerular microvasculature in pathologic conditions. In
other organs, EPCs augment tissue neovascularization after
ischemia and contribute to reendothelialization after endo-
thelial injury [21, 8, 22, 23], highlighting the potential
therapeutic usefulness of targeting such cells. Our findings,
therefore, may provide the basis for the development of
new therapeutic strategies for renal diseases, by targeting
mobilization, differentiation, and proliferation of BM-
derived endothelial progenitor cells.
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Abstract Combined nonneuroendocrine–neuroendocrine
lung tumors are relatively infrequent and little is known as
for their genetic basis. Here, we report the case of a 69-year-
old male with a solitary neoplasm in the upper lobe of the
right lung. At histological examination, the tumor showed
two components. The main part was an adenocarcinoma of
the acinar type. The second part showed morphological and
immunohistochemical phenotype of a neuroendocrine carci-
noma composed of a small cell lung carcinoma and a large
cell neuroendocrine carcinoma. The aim of our study was to
investigate the genetic relationship between neuroendocrine
and nonneuroendocrine tumor components. To this purpose,
we performed a loss of heterozygosity (LOH) analysis with
40 chromosomal microsatellite markers. Microallelotyping
revealed a common genetic profile in the different tumor
areas. In 9 of 30 informative regions analyzed, LOH
involved the same allele in all components, regardless of
their histological type and grade. These findings support the
true combined nature of this exocrine–neuroendocrine
carcinoma of the lung and suggest a common monoclonal
origin from a pluripotent epithelial (alveolar or bronchial)
precursor cell for the two different tumor components.

Keywords Combined lung cancer . Adenocarcinoma .

Large cell neuroendocrine carcinoma . Small cell
lung carcinoma . Pluripotent epithelial precursor

Introduction

The World Health Organization (WHO) classifies lung tu-
mors with neuroendocrine phenotype in four diagnostic
categories: typical carcinoid (TC), atypical carcinoid (AC),
large cell neuroendocrine carcinoma (LCNEC), and small
cell carcinoma (SCLC) [21]. Such entities represent a spec-
trum of increasingly aggressive tumor lesions, ranging from
the less aggressive TC and AC (low- and intermediate-
grade malignant) to the highly aggressive LCNEC and
SCLC (high-grade malignant) [15]. Published data suggest
that low–intermediate-grade (TC and AC) and high-grade
(LCNEC and SCLC) neuroendocrine tumors represent two
biologically separate entities, potentially void of any cross-
evolutivity [21].

Both pulmonary high-grade neuroendocrine carcinomas
may be associated with other major histologic types. WHO
classification defines as combined SCLC the association of
SCLC with an additional non-small-cell component repre-
sented by squamous cell, adenocarcinoma (ADC) or large
cell carcinoma (LCC) and, less commonly, giant cell and/or
spindle cell carcinoma [21]. When the additional compo-
nent is represented by LCC, a 10% cutoff was established
[21]. Similar criteria define combined LCNEC; however,
when even a minor SCLC component is present, these
tumors are classified as combined SCLC [21]. Rare cases
with TC or AC components are also reported, many of
which are colliding lesions rather than true mixed tumors
[2, 17, 18].
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Relatively few data are available regarding the genetic
background of nonneuroendocrine–neuroendocrine com-
bined cancers of the lung. Here, we report the case of a
lung cancer made of an ADC associated with a neuroen-
docrine carcinoma displaying different growth patterns
spanning from LCNEC to SCLC. The analysis of the
tumor components was performed by conventional histology
and immunohistochemistry for specific markers. In addition,
loss of heterozygosity (LOH) investigation was conducted
for 40 microsatellite markers mapping at chromosomal loci,
harboring known or putative tumor suppressor genes and
involved in lung carcinogenesis. Microallelotyping analysis
proved effective in discriminating the polyclonal or mono-
clonal origin of combined, mixed, collision, and multiple
cancers of several organs including lung [6, 9, 11, 12, 24].
The aim of this work was to analyze the genetic relation-
ship between the neuroendocrine and exocrine components,
to confirm the true combined nature of this neoplasm, and
to gain information on its histogenesis.

Clinical history

A 69-year-old man, with 40-pack-per-year smoking history
and no occupational risk factors, was admitted for the
incidental finding of a single right lung opacity at direct
chest X-ray performed for cardiac disease. His past medical
history showed mild hypertension and chronic atrophic
gastritis. Four years before, he underwent myocardial
revascularization by coronary artery bypass grafting for
acute myocardial infarction. At admission, his physical
examination was unremarkable. Routine laboratory tests
were normal. A chest computed tomography (CT) scan
revealed a solitary pulmonary nodule in the right upper lobe.
Fiber optic bronchoscopy and transthoracic fine-needle
aspiration biopsy did not allow a diagnosis. Abdomen and
brain CT scans were negative for metastatic deposits.

At surgery, a single white–gray nodule at cut surface,
measuring 2.0×2.5×2.5 cm in size, was removed. One

third of the nodule was processed for intraoperative
diagnosis on frozen section. After a positive cancer
diagnosis was made, a formal right upper lobectomy with
mediastinal lymphadenectomy was performed through a
right posterolateral thoracotomy. The entire lung lobe
specimen measured 6.0×3.0×3.5 cm; 20 lymph nodes
were isolated. No intraoperative complications occurred.
The postoperative course was uneventful and the patient
was discharged at day 9 after surgery. The disease stage
was T1N0M0. The patient did not receive any adjuvant
chemotherapy, did not experience any complication or
recurrence at 31 months of follow-up, and gave informed
consent to realize this investigation.

Materials and methods

Histology and immunohistochemistry

After fixation in 10% buffered formalin, the surgical
specimen including the entire tumor was sampled according
to standard procedures and processed into paraffin. Serial
4-μm-thick sections were stained with hematoxylin–eosin
for conventional histology, periodic acid–Schiff (PAS),and
PAS–diastase for mucin detection. The diagnosis was made
according to the most recent WHO classification criteria for
lung tumors. [21] Mitoses were counted on a minimum of
50 high-power fields (HPF, 10 HPF=2 mm2). Ki67 prolifera-
tive index was assessed by nuclear count (Table 1) on the
same areas using a digital image elaboration software (Image
ProPlus, Media Cybernetics, Silver Spring, USA).

Immunoperoxidase tests were performed with a polymer
detection system (UltraVision LP Large Volume Detection
System, LabVision, Fremont, CA, USA). The primary
antibodies included chromogranin A (mouse clones
LK2H10+PHE5, dilution 1:1,000, Neomarkers, Fremont,
CA, USA); neuron-specific enolase (NSE; BBS/NC/VI-
H14 dilution 1:1,000, Dako, Glostrup, Denmark); synapto-
physin (rabbit polyclonal, dilution 1:800, Cell Marque, Hot

Table 1 Mitotic index and immunohistochemical data of the histologic components of a combined tumor of the lung

Tumor component Mitosis (n/2 mm2) Ki67 (%) TTF-1 CDX-2 CgA Syn CD56 NSE

ADC 54 39 + − − − − −
Transition na na +a − +b +b +b +b

LCNEC “A” 19 30 −/+ − + + + +
LCNEC “B” 63 51 − − + + + +
SCLC 66 72 + − +/− + + +

TTF-1 Thyroid transcription factor 1, CDX-2 caudal type homeobox transcription factor 2, CgA chromogranin A, Syn synaptophysin, CD56/N-
CAM neural cell adhesion molecule, NSE neuron-specific enolase, ADC adenocarcinoma, LCNEC large cell neuroendocrine carcinoma, SCLC
small cell lung carcinoma, na not available
a ADC component only
b LCNEC “A” component only
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Springs, AR, USA); CD56/N-CAM (rabbit polyclonal,
dilution 1:1,000, Neomarker, Fremont, CA, USA); thyroid
transcription factor (TTF-1; clone 8G7G3/1 Dako, Glostrup,
Denmark, dilution 1:50); CDX2 (mouse monoclonal CDX2-
88, dilution 1:300, Novocastra, New Castle, UK); Ki67
(mouse monoclonal clone MIB-1, dilution 1:100, Dakocy-
tomation, Glostrup, Denmark). Antigen retrieval by protease
or microwave pretreatment was performed for synaptophy-
sin, CD56/N-CAM, TTF-1, CDX-2, and Ki67 before
applying the primary antibody. Controls consisted of omis-
sion of the first layer and use of tissue with or without the
pertinent antigen. Double immunostaining tests were per-
formed on the same section using diaminobenzidine and Fast
Red as chromogens for TTF-1 and for chromogranin A or
synaptophysin, respectively.

Genetic analysis

For DNA extraction, serial 4-μm-thick sections were
stained with hematoxylin and examined under a stereo
microscope. Normal areas and each of the different tumor
components were separately microdissected using sterile
scalpels. At least 80% neoplastic cell enrichment was
obtained for each tumor sample. Microdissected tissues
were suspended in an optimized buffer for tissue lysis and
incubated overnight with Proteinase K, and DNA was
extracted and purified with a commercial kit according to
the manufacturer protocol (DNeasy Tissue kit, QIAgen Inc.,
Valencia, CA, USA). DNA quality was assessed by
polymerase chain reaction (PCR) amplification of human
beta-globin gene.

LOH was investigated by PCR amplification of 40 high-
ly polymorphic microsatellite markers on 13 chromosomes
(Table 2), on tumor and control DNA samples with primers
labeled with Beckman Coulter WellRED fluorescent dyes
D2, D3, D4 (Beckman Coulter, Fullerton, CA, USA).
Microsatellites markers were chosen according to different
criteria: some located in chromosomal regions commonly
lost in lung carcinomas (3p, 5q, 9p, 17p), others in regions
reported to be possibly discriminating between small cell and
large cell neuroendocrine carcinoma (10q, 16q, X) [5, 23].
Additionally, microsatellite instability (MSI) was tested
with a panel of markers including the specific mononucle-
otide repeat markers BAT40 and BAT26 [1].

For PCR amplification, 2 μl of diluted DNA were
combined in 25-µl reaction mix containing 10 mM Tris–
HCl (pH 9.0), 50 mM KCl, 0.1% Triton X-100, 200 μM of
each deoxyribonucleotide triphosphate (Promega, Madison,
WI, USA), 0.4 μM of each primer, 1.5–2.0 mM MgCl2, and
1.25 U Taq polymerase (Promega). PCR amplifications of
35 cycles were performed in an AB 2700 thermal cycler
(Applied Biosystems, Foster City, CA, USA). The presence
and correct size of PCR amplimers was checked by

electrophoresis on 2% agarose gel (Qbiogene Inc., Carlsbad,
CA, USA).

PCR products were run on a CEQ™ 8000 capillary
DNA sequencer and CEQ™ 8000 Fragment Analysis
software was used for electrophoretic profile analysis
(Beckman Coulter Inc., Fullerton, CA, USA). Area and
height of peaks were proportional to the concentration of
the PCR fragments in the sample. Peak height data
produced by the CEQ™ 8000 Fragment Analysis software
were used to calculate the following ratio: (lower allele/
higher allele)tum/(lower allele/higher allele)norm. Values
below 0.6 or above 1.67, reflecting an allelic imbalance of
40% or more, indicated LOH.

The fractional allelic loss index (FAL, i.e., number of
markers with LOH divided by the total number of
informative markers) was calculated. High FAL values are
considered as a positive marker of genetic instability.

Statistical analysis

Frequencies of allelic losses in the different tumor com-
ponents were compared with Fisher’s exact test. All P
values were based on two-sided tests. P values less than
0.05 were considered statistically significant.

Results

Histology and immunohistochemistry

The tumor was composed of two distinct, though inter-
mingled, growth patterns (see Figs. 1, 2 and Table 1).

The major tumor part (~70% of the lesion) was made by
neoplastic glands, irregular in shape and lined by atypical
cells with abundant PAS–diastase-positive cytoplasm, large
nuclei with a single, evident nucleolus, consistent with the
diagnosis of ADC of the acinar type (Fig. 1a,b). At
immunohistochemistry, the ADC cells were positive for
TTF-1 and negative for CDX-2, consistent with a pulmonary
origin of the tumor. All neuroendocrine markers were
negative. The proliferative index for Ki67 was 39%.

The remaining part of the tumor showed an overall
organoid structure consistent with a neuroendocrine pheno-
type (Fig. 1a,c) at its periphery intimately intermingled with
the ADC component and often budding off from gland
structures (Fig. 1d). In transition areas, ADC cells were
positive for TTF-1 and negative for all neuroendocrine
markers while, vice versa, the neuroendocrine tumor cells
were negative for TTF-1 and positive for chromogranin A,
synaptophysin, CD56/N-CAM, and NSE (Fig. 1e,f).

In the remaining neuroendocrine part, three different
growth patterns were distinguished (Fig. 2a–c). The first
pattern was structured in small, solid islets with evident
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peripheral palisading and pseudoglandular pattern, in the
absence of necrosis, with relatively regular, monomorphic
tumor cells, abundant eosinophilic cytoplasm, and low
cytological atypia (Fig. 2a and inset). The mitotic count was
of 19 mitoses per 2 mm2 and the proliferation index for
Ki67 accounted for 30% of tumor cells (Fig. 2d, left). At
immunohistochemistry, tumor cells stained intensely and
uniformly for chromogranin A, synaptophysin, CD56/
N-CAM, and NSE, while TTF-1 was occasionally positive
(Fig. 2d center, right). The high mitotic index allocated this
cancer component in the category of high-grade neuroen-
docrine neoplasia, large cell neuroendocrine carcinoma
(LCNEC component “A”).

The second neuroendocrine pattern showed a solid
structure with cohesive large tumor sheets and evident
central, comedo-type necrosis (Fig. 2b and inset). Tumor

cells were similar in shape to those of the first neuroendo-
crine component, though relatively larger in size, with
abundant cytoplasm, higher cytological atypia, and evident
nucleoli. The mitotic count was of 63 mitosis per 2 mm2

and the Ki67 proliferation index accounted for 51% of
tumor cells (Fig. 2e, left). At immunohistochemistry, tumor
cells stained intensely and uniformly for chromogranin A,
synaptophysin, CD56/N-CAM, and NSE, with negative
TTF-1 (Fig. 2e, center, right). These features were
consistent with a diagnosis of poorly differentiated, high-
grade neuroendocrine neoplasia, large cell neuroendocrine
carcinoma (LCNEC component “B”).

The third neuroendocrine pattern showed solid sheets
made of densely packed, severely atypical cells, often
spindle in shape, with high nucleus-to-cytoplasm ratio and
scant cytoplasm. Cell borders were not clearly detectable.

Table 2 Results of the microallelotype analysis on the different histologic components of a combined tumor of the lung

Micro-
satellite

Markera

Cytogenetic
Sitea

Gene of
interest

ADC LCNEC
“A” “B”

LCNEC SCLC

MYC-L1 1p34-35

BAT4 1p13.1
no MSI no MSI no MSI no MSI

D2S123 2p16
BAT26 2p16 hMSH2 no MSI no MSI no MSI no MSI

D3S1100 3p22-21.3
D3S1478 3p21.3-21.2 RASSF1
D3S1621 3p21.2-14.2
D3S1481 3p14.2 FHIT
D4S2397 4p15.2
D5S346 5q21-22 APC
D5S422 5q32-33
D8S254 8p22
D9S157 9p23-22
D9S171 9p21

p15-p16

D10S1765 10q23-24 PTEN
D10S1671 10q24
D10S209 10q25.3-26.1
PYGM 11q13.1

D11S4945 11q13
D11S4946 11q13 MEN-1
D11S913 11q13
D11S916 11q13-q23

D11S1365 11q13-q14
D11S29 11q23.3
D11S387 11q25
D16S301 16q22.1
D16S421 16q22.1

P/E -
Cadherin

D16S496 16q22.1
D16S507 16q23.2
D16S422 16q24.2

H -
Cadherin

TP53 17p13.1 p53
D17S250 17q11.2-q12

D18S1147 18q21-23
D18S483 18q21.3-22
D18S477 18q21-23
D18S61 18q22.3
D18S58 18q22.3-q23

DXYS233 Xp22.32/Yp11.3
SHOX Xp22.32/Yp11.3 SHOX

DXYS154 Xqter/Yqter
FAL 0.33 0.40 0.53 0.60

ADC Adenocarcinoma, LCNEC large cell neuroendocrine carcinoma, SCLC small cell lung carcinoma, ● loss of heterozygosity (loss of allele #1), ●
loss of heterozygosity (loss of allele #2), ❍ retention of heterozygosity, ★ not informative,MSI microsatellite instability,FAL fractional allelic loss
index
a Primer sequences and microsatellite marker localizations are available at Genome Database (www.gdb.org) and PubMed UniSTS (http://www.
ncbi.nlm.nih.gov) web sites
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The nuclei were ovoid with finely granular chromatin and
inconspicuous nucleoli. Nuclear molding was sometimes
present (Fig. 2c, and inset). The mitotic count was of 66
mitosis per 2 mm2 and the Ki67 proliferation index was
72% (Fig. 2f, left). At immunohistochemistry, tumor cells
stained intensely and uniformly for synaptophysin, CD56/
N-CAM, NSE, and TTF-1, with almost absent chromogra-
nin A positivity (Fig. 2f, center, right). These features were
consistent with a diagnosis of poorly differentiated, high-
grade neuroendocrine neoplasia, SCLC.

All lymph nodes, as well as the visceral pleura and the
bronchial resection margin, resulted void of any metastatic
deposit.

Genetic analysis

Of the microsatellite markers investigated in the present
study, 30 out of 40 were informative for LOH analysis (75%).
No MSI was observed in any tumor component, either with
the two specific mononucleotide repeats BAT26 and BAT40
and any other microsatellite investigated (see Table 2).

LOH was observed for 24 of 30 informative micro-
satellite markers (80%), 14 of 24 (58%) involving at least
two tumor components and nine (38%) involving all four
components. In 13 out of 14 markers with LOH, alterations
involved the very same allele (Fig. 3), the only exception
being D11S1365 for which different alleles were lost in the

Fig. 1 Whole section (a): ADC component, periphery of the nodule
(b, enlargement of the upper square in a) and neuroendocrine
component, central area (c, enlargement of the lower square in a).
Transition area (d–f): neuroendocrine cancer cells bud off ADC

glands, and are positive for CgA (e, red stain) and synaptophysin
(f, red stain), while TTF-1 is restricted to ADC cells (e, f, brown
stain). H & E, original magnification ×5 (a), ×40 (b, c), ×200 (d);
double immunoperoxidase, ×200 (e,f)
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LCNEC component “B” and SCLC (higher vs lower
molecular weight allele loss, respectively). The same allele
was lost in all tumor components for nine markers on
chromosomes 3p, 10q, 16q, and 17p (TP53), while four
further markers (BAT40, D9S157 and D9S171, D17S250)
involved only two tumor components.

Comparison between tumor components showed lower
FAL index for ADC (0.33), increasing from LCNEC
component “A” (0.40) to LCNEC component “B” (0.53)
and SCLC (0.60; Fig. 3, top). Only the comparison ADC vs
SCLC approached the statistical significance (P=0.069).

In the ADC, allelic losses involving all informative
markers investigated were found at chromosomes 3p, 10q,
16q, and 17 (including LOH at TP53). Overall, the FAL
index in the ADC component was 0.33.

In the LCNEC component “A”, allelic losses involving
all the informative markers investigated were found at
chromosomes 3p, 10q, and 16q. A single loss at chromo-
some 17p (TP53) was observed, with retention of the 17q
marker (D17S250). All microsatellite markers at 18q were

lost, with the only exception of the most centromeric one
(D18S1147). Overall, the FAL index in the LCNEC
component “A” was 0.40.

The LCNEC component “B” displayed allelic losses
involving all the informative markers investigated at chromo-
somes 3p, 5q, 9p, 10q, and 16q. Single losses were observed
at chromosomes 1p (BAT40), 11q (D11S1365), 17p (TP53)
and at the pseudoautosomal region (DXYS154). Overall, the
FAL index in the LCNEC component “B” was 0.53.

In the SCLC component, allelic losses involving all the
informative markers investigated were found at chromo-
somes 3p, 9p, 10q, 16q, and 17 (including TP53). Loss of
the single informative marker investigated was found at
chromosome 1p (BAT40). Most informative microsatellite
markers at 11q were lost, with the exception of the most
centromeric one (PYGM) and of D11S916. Overall, the
FAL index in the SCLC component was 0.60.

Losses at 9p were found in both LCNEC component “B”
and SCLC, while losses at both markers on 17 chromo-
somes were common to ADC and SCLC. LOH at

Fig. 2 a LCNEC component “A”: cancer cells display disperse
chromatin without prominent nucleoli, mitoses are not evident
(a, inset) and Ki67 labels about 1/3 of cells (d, left). At double
immunohistochemistry, cancer cells are strongly positive for chro-
mogranin A (d, center, red stain) and synaptophysin (d, right, red
stain), and occasionally for TTF-1 (d, center and right, brown stain).
b LCNEC component “B”: classic solid areas with comedo-type
necrosis; cancer cells display abundant cytoplasm, evident nucleoli
(b, inset), frequent mitoses and Ki67 labels about 1/2 of cells (e, left).
At double immunohistochemistry, cancer cells are strongly positive

for chromogranin A (e, center, red stain) and synaptophysin (e, right,
red stain), with negative TTF-1 (e, center and right, brown stain).
c SCLC: solid structure with severe atypia and noncohesive cells void
of nucleoli (c, inset), with Ki67 labeling in 2/3 of cells (f, left). At
double immunohistochemistry, cancer cells are negative for chromog-
ranin A (f, center, red stain), while strongly positive for synaptophysin
(f, right, red stain) and TTF-1 (f, center and right, brown stain). H &
E, original magnification ×200 (a–c), ×400 (a–c inset); immunoper-
oxidase, original magnification ×200 (d–f)
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chromosome 18q was distinctive for LCNEC component
“A”. Similarly, losses at 5q (APC) were solely found in the
LCNEC component “B” while multiple losses at chromo-
some 11q were an exclusive hallmark of SCLC.

Discussion

Cellular heterogeneity is a well-known phenomenon in lung
cancer [7, 16], almost 50% of primary tumors showing
more than one of the major histologic types [21]. Combined
SCLC is the only subtype of SCLC recognized in WHO
classification [21]. It is a relatively rare neoplasm, and in
older studies based on small biopsies, accounted for 1–
3.2% of all SCLC [8, 14]. In a recent large surgical series of
1,158 cases, the prevalence of combined neuroendocrine–
nonneuroendocrine tumors was 1.8% (21/1,158) [17].
However, the real prevalence of combined neuroendo-
crine–nonneuroendocrine lung tumors may well be under-
estimated. In fact, in a series of 100 resected SCLC, the
combined subtype was as high as 28% of cases [14].
Patients with diagnosis of SCLC made on needle biopsy in
fact receive surgical treatment in selected cases only [3].
Moreover, needle biopsy may miss a minor nonneuroendo-
crine component [18].

In the case presented here, the neoplasm was charac-
terized by two distinct components, the main one consisting
of an ADC, the minor one belonging to the spectrum of
aggressive neuroendocrine neoplasms. This lesion may
represent a collision between two independent neoplasms
or a true combined tumor of the lung. Both morphological
and immunohistochemical data favor the latter hypothesis.
The pulmonary origin of both components is confirmed by
the total negativity for CDX-2 and by the TTF-1 nuclear
staining. Interestingly, TTF1 expression was restricted to
transition areas and the SCLC component, while negative
in the LCNEC component. This latter finding fits the
expected 50% frequency reported for LCNEC [19–21].
Moreover, the neoplasm consisted of a single well-demarked
nodular lesion, showing a transition zone between the ADC
and the neuroendocrine carcinoma, apparently taking origin
from malignant glandular structures.

The above features suggest a common origin for both the
neuroendocrine and exocrine components, as already

Fig. 3 From top to bottom; fractional allelic loss index of the different
components of the combined lung cancer (top panel). Electrophoretic
profiles for the microsatellite D10S1765, showing loss of the same
allele (arrow) in all components, with reduction of peak height
progressively more extensive from ADC to SCLC. X axis, size of the
PCR fragments in base pairs (bp); Y axis, intensity of fluorescence
(peak heights). NORM: normal tissue, ADC: adenocarcinoma,
LCNEC: large cell neuroendocrine carcinoma, SCLC: small cell lung
carcinoma

�
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proposed for combined neoplasms of the lung [7, 10, 16]
and in others sites [11, 12]. This hypothesis is supported by
the close genetic relationship we observed between tumor
components. LOH was found for 24 out of 30 informative
microsatellite markers, 13 involving the same allele in at
least two tumor components and nine involving all four
components regardless of their histological type and grade.
The latter losses involved 3p21–3p14, 10q23–10q26,
16q22–16q24, and 17p13; chromosomal regions known to
harbor tumor suppressor genes such as FHIT, PTEN, P/E-
cadherin, H-cadherin, and P53 play a critical role in lung
cancerogenesis [4, 13, 22]. Since shared, these losses may
represent an early event during tumorigenesis, likely occur-
ring in a pluripotent epithelial precursor (bronchial or
alveolar) cell differentiating toward two divergent neoplas-
tic phenotypes. Huang et al. [12] proposed that this
differentiation could be driven through the influence of
different host–environmental factors affecting progeny cells
derived from this common precursor. Conversely, this
common precursor could retain the ability to differentiate
into cells with either exocrine or endocrine phenotype [12].
Given the large number of common genetic alterations
observed here in both the endocrine and the exocrine
component, we favor the latter hypothesis. The incremental
FAL index trend from ADC to LCNEC and SCLC,
although statistically not significant, may suggest that
additional genetic damages account for the increased
histological grade in the neuroendocrine component.

The LCNEC part displayed heterogeneity, with the
LCNEC component “A” being characterized by absence
of necrosis, small islets, and pseudoglandular pattern. 18q
LOH was specifically observed in this component only,
suggesting some difference from the more classic LCNEC
component “B”. We speculate that LCNEC component “A”
may represents a more differentiated stage of the high-grade
neuroendocrine carcinomas.

The absence of a low–intermediate-grade lesion (TC and
AC) in the present case is in line with the exceedingly rare
occurrence of TC or AC lesions in combined lung carci-
nomas reported in the literature [2, 18, 22]. This finding
supports the hypothesis that TC, AC, and high-grade neuro-
endocrine neoplasms (LCNEC and SCLC) may follow
different tumorigenic pathways [21]. Moreover, this may
suggest that, at least in combined SCLC–ADC lung
cancers, ADC shares histogenetic and pathogenetic mech-
anisms with high-grade neuroendocrine neoplasms, similar
to what was suggested for mixed endocrine–exocrine
tumors in the gut [24].

In conclusion, our data suggest a monoclonal origin
from a pluripotential epithelial stem cell for the combined
neuroendocrine–exocrine carcinoma of the lung presented
here. We speculate that the same genetic background may
determine both the neuroendocrine and nonneuroendocrine

carcinoma of the lung, the histological type depending on
yet unknown host or environmental factors. Further studies
on larger number of cases are necessary to confirm this
hypothesis.
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Dear Sir,
One of the central points of molecular medicine research is
the need to check the results of basic research in human
clinical case studies. For this reason, human tissues like
blood and tissues from surgical specimens are often used.
These studies are usually performed before direct clinical
trials to give more information for future clinical research.
The goal performed in human tissue research is usually a
preclinical or clinical validation of specific molecular
biomarkers. Bioethics rules can directly modify the possi-
bility and the time period in which this type of studies can
be conducted.

Globally, the vast majority of medical research does not
involve very sensitive ethical issues. Within this research
area, we would like to point out the difference between
research investigating genetic aspects, which could serious-
ly harm privacy, and more strictly pathological research, the

kind of medical research that is most commonly carried out.
In this case, delicate genetic aspects are often completely
marginal or absent. The first kind of research could be
defined as “molecular genetics” and the second one as
“molecular pathology”. The difference between those two
kinds of research is that in molecular genetics research is
carried out mostly by studying DNA in normal cells of our
body (such as blood circulating cells), which could give
information not only about the patients themselves, but also
about their relatives. Research in molecular pathology
focuses rather on cells, which are altered with respect to
normal cells and which, in many cases (such as in tumor
cells), are not really suitable to provide correct information
of genetic nature, because their DNA is altered compared to
the DNA in the same patient's normal cells. In this research,
other biological macromolecules, like RNA and proteins,
are mostly analyzed and such molecules are little suitable
for recognition of genetic information.

In clinical research, there are colliding interests, which
should be correctly estimated and weighed with care: from a
general point of view, research toward more effective and
safer medicine is in the interest of our health, but on the other
hand, we should respect the right to personal information
confidentiality and grant a “right of property” to our tissues.
The ethical arguing involving a good balance of interests
doesn't always lead to a satisfying conclusion. Anyway, the
researcher has to point out that too restrictive bioethics norms
could slow down research in an unjustified way and cause
many yearlong delays with evident damage for a very large
number of future patients. The matter is a rational and not an
emotional mediation between those important interests.

Objectives of the research. As already mentioned,
nowadays the central goal is to find a kind of medicine
based on the knowledge of molecular mechanisms lying at
the origin of diseases and on the understanding of an
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effective and safe therapy, maybe even personalized for
each patient. The reductionism imposed by the knowledge
gained in traditional medicine so far, with systematic
classification of diseases in large groups, should be
overcome by a more personalized approach. That does not
mean that diseases are different from what we used to
know, but to treat them in an effective way they should be
divided into increasingly homogeneous subgroups. For this
reason, the need is to study “molecular biomarkers”, which
will be possible only with access to human tissues. Everyone
could agree with the goals of this kind of research, as their
ethical value is high (therefore they are not subject to a
cautionary bioethical evaluation). Anyway, we are guaran-
teed that the goals of a research involving humans are well
oriented and ethical because in Europe the research projects
are first presented for evaluation to ethical committees, by
which they have to be examined and approved.

Methods used in research. The methods which should be
used in research at this level are well defined and refer in
particular to those used by “molecular biology” and
“proteomics”. These are powerful and sophisticated meth-
ods, which are freely utilized by thousands of medical-
biological research laboratories in the world and, if they are
employed for lawful purposes, they do not need to be
subject to ethical concerns.

Biological material. The biological material on which this
research is developed is human tissues, the use of which is
crucial to achieve the goals. Therefore, this kind of research
needs huge case studies of human tissues. The origin and the
kind of collection of those tissues could largely vary. Tissues
could be collected specifically for research (from blood, for
example, to perform genetic research), in this case the
patients or the volunteers providing their blood samples are
directly informed to obtain their consent. However, in most
cases tissues are collected for other purposes: for example,
for biopsies of small tissue fragments or for ablation of
tissues during a surgical treatment and then used for a
histological diagnosis. In such cases, the patients give their
informed consent to diagnostic or therapeutic procedure. The
remaining tissues can be stored in archives for different
periods of time, according to the country’s law, and then they
are discarded. From large surgical specimens, small pieces of
tissue are collected for histological examination, while most
tissues are discarded immediately. In this way, we dispose of
a huge amount of tissues with a very relative value for the
patients. Such tissues can be used for medical research
instead of being wasted.

Type of research. Concerning the typology of studies, we
need to differentiate retrospective research, in which the
examined clinical cases are old closed cases recovered from
hospital archives, from prospective research, in which cases
are selected from patients who are currently being treated. In
the study on biomarkers, retrospective research on archive

human tissues is the first to be performed. The retrospective
phase of the research is important because it allows shifting
to a prospective clinical phase with more chances of success.
This retrospective phase is the one that is most able to reduce
the research time, giving important information to orient the
following prospective studies. On the other hand, prospective
research has well codified times and ways, which are difficult
to be modified. In those two different research typologies,
ethical evaluation could raise different considerations.

As for research on patients in prospective clinical trials,
consent is needed and the ethical approach to be followed
and the tools to be used are clearly defined. In such cases,
prospective research is planned, with a selection of subjects
carrying a certain disease at the moment the examination is
performed. Before starting the study of experimental
diagnosis/therapy, the patient has to be informed about what
is going to be done and cannot take part to this study before
having obtained an “informed consent”. In these trials, a still
experimental therapy, for example, is suggested. However,
this therapy is perfectly oriented to gain the cure or the
control of the disease, and all the already performed
preliminary studies should point it as probably more
effective than the treatments used so far. Also in this case,
a high level of well-defined information is given; in this way
the patients can provide their consent because they have been
well informed and are in a position to make a decision.

For many reasons, the retrospective research in human
tissues is often quite different from prospective clinical
research also from a bioethical point of view [3, 5]. These
types of studies are performed on tissues related to closed
clinical cases stored in hospital archives. Tissues derived
from diagnostic procedures or from surgical left-over are in
any case to be wasted. Depending on the local country
rules, they can be eliminated directly or stored for 10–
20 years. It should also be considered that many patients
could be deceased in the meantime. Tracing old patients is a
very long and demanding job that can delay the research for
a very long time, even years.

In this retrospective phase of medical research, the
expected results are mostly hypothetical and ill defined
because the research is oriented to reach or to confirm new
knowledge. For this reason, scientists are not able to give
detailed information to the patients. The hypotheses are not
confirmed, and any explanation needs to take into consid-
eration very complex molecular pathway considerations. It
is easy to imagine that patients are not able to understand
and evaluate correctly a complex molecular hypothesis and
that the scientists themselves are not completely aware of
the possible results of the research. Moreover, there is very
little or no information deriving from previous experiences
at the moment these studies are conducted. In such a way,
any informed consent should not be valid and could be
persecuted in any court of any European country. The
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reason is that no really detailed information was delivered
to the patients, so they are unable to give an informed
consent. In this situation, a better solution could be a
generic “presumed consent” to any possible research
performed on the stored tissues [2]. If the patients do not
deny the possible use of their stored archive tissues in a
clear way, these can be included in any research program
with ethically approved finalities and important opportuni-
ties for the welfare of mankind. In this way, patients would
be always free to express their personal choice to deny their
permission to tissues utilization.

The UNESCO Universal Declaration on Bioethics and
Human Rights mentions the consent in article 6 and states
the possibility to avoid the informed consent, in relation-
ship with country standards about bioethical rules [6]. As a
matter of fact, these tissues are not related to an actual
patient's direct interest because in any way they are
discarded. Even more as a further guarantee, according to
European directories, no economical interests are allowed
in the use of these tissues [1].

Likewise, the possibility of privacy breach in this kind of
study is very low because of the professional secret the
hospital personnel has to keep. The Helsinki Declaration of
the World Medical Association (WMA) correlates the
human tissue research in identifiable patients to the same
directories used in prospective clinical trials [7]. To avoid
this, it is mandatory to codify or anonymize the cases [4].
One of the chances is to give the responsibility of
“guarantor” for that specific research to a suitable person.
This guarantor could be the coordinator of the research,
who will respond for any breach to data confidentiality. A
doctor who is already bound by the professional secret
could be the guarantor of anonymization and of coding of
personal data. In this case, further important data (such as
data concerning complications or relapses that will take
place later in time, or the survival of patients), which are
not available in the early stage of the research, could be
added because the guarantor can repeatedly take such
extremely important information into consideration and
anonymously complete it.

Conclusions

In retrospective research, if the goals are lawful or even
highly desirable, the problem to be faced involves the

biological material used in the study. For human tissues, if
the above-mentioned precautions are taken, we should be
able to guarantee the rights of the single patient and
extremely fast medical progress at the same time. We
should consider indeed that the clinical advantages from
recognition and validation of clinical molecular biomarkers
for a more personalized therapy cannot be reached without
such studies. The benefits we gain are clearly higher than
the risks for an unlikely privacy breach or very small
damage to the right of property of the individual (all the
tissues are sooner or later wasted anyway), but at the same
time the personal choices to deny the use of these tissues
can be completely guaranteed. In this way, shorter research
times could allow these new discoveries to reach a higher
number of patients who are closer to us in time and who
would probably be excluded from the benefits.

Pathologists should discuss these or similar considera-
tions with public representatives and with bioethics experts
of any country to try to harmonize the ethical concern with
the research needs, to obtain the expected advantages for
patients as a very high ethical goal of medicine.
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Abstract Similarly to humans, canine mammary cancer
represents a heterogeneous group in terms of morphology
and biological behaviour. In the present study, we evaluated
a series of canine mammary carcinomas based on a new
human classification, initially based on gene expression
profiling analysis. Similarly to human breast cancer, by
using an immunohistochemistry surrogate panel based on
five molecular markers [estrogen receptor, human epidermal
growth factor receptor 2 (HER2), cytokeratin 5, p63 and
P-cadherin], we were able to classify canine mammary
carcinomas into four different subtypes: luminal A [estrogen
receptor (ER)+/HER2−; 44.8%], luminal B (ER+/HER2+;
13.5%), basal (ER−/HER2− and a basal marker positive;
29.2%) and HER2 overexpressing tumours (ER−/HER2+;
8.3%). Luminal A-type tumours were characterised by lower
grade and proliferation rate, whereas basal-type tumours
were mostly high grade, high proliferative and positive for
cytokeratin 5, p63 and P-cadherin. In addition, as in humans,
basal subtype was significantly associated with shorter
disease-free and overall survival rates, and we propose
canine mammary carcinomas as a suitable natural model for
the study of this particular subset of human carcinomas.

Keywords Canine .Mammary carcinoma .

Immunohistochemistry . Classification

Introduction

Mammary gland tumours are the most commonly occurring
neoplasm in the female dog and represent a remarkably
heterogeneous group in terms of morphology and biological
behaviour [32, 43]. About half of canine mammary tumours
are considered malignant, and the identification of reliable
prognostic factors is essential in order to estimate the
individual risk of unfavourable clinical outcome [29, 54].

Several studies have recognised some reliable prognostic
factors such as tumour size, histologic type, histologic
grade and lymph node status [19, 30, 31]. Moreover, in
recent literature, we found an increasing number of
investigations searching for suitable prognostic markers
for canine mammary cancer [54], including proliferation
markers [25], hormone receptors [23], p53 and human
epidermal growth factor receptor 2 (HER2) [21, 24] and
adhesion molecules [14, 26], among others. The clinical
experience is still limited, however, and reliable results of
prospective studies are not always available.

Human and canine mammary cancer studies based on
single molecular markers probably cannot accurately
account for the heterogeneity of this disease [39]. Given
the large number of cellular events involved in cell growth,
differentiation, proliferation, invasion and metastases [4],
the investigation of multiple molecular alterations in
concert has been assuming great importance due to the
introduction of high-throughput technologies [39]. In fact,
recent gene expression profiling studies on human breast
tumours have identified distinct molecular subtypes of
breast carcinomas, which differ in their pathobiology and
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clinical outcomes [36, 47, 48]. Sorlie et al. [48] analysed
the expression profiles of 115 sporadic breast tumour
samples and categorised them into five main groups: luminal
A, luminal B, HER2-overexpressing, basal like and normal
breast tissue like. Luminal A and B subtypes are based on the
expression of estrogen receptor (ER), usually with luminal
cytokeratin (CK) expression, whereas the basal-like subtype
is characterised by the absence of hormonal receptors and
expression of basal cell markers [5, 33].

Given that gene expression profiling is impractical as a
routine diagnostic tool, there are immunohistochemistry
surrogate panels proposed that can potentially distinguish
breast cancer subtypes [27, 33]. In the present study, we
sought to identify phenotypical subtypes in canine mammary
cancer with possible clinical implications. To accomplish
this goal, we have characterised by immunohistochemical
analysis 102 canine mammary carcinomas based on the
immunohistochemical panel proposed by Matos et al. [27],
which involved the evaluation of five molecular markers
(ER, HER2, CK5, p63 and P-cadherin).

Materials and methods

Tumour specimens

The present study is based on a series of 102 cases of
canine malignant mammary tumours (n=102) selected from
the histopathological files of the University of Trás-os-
Montes and Alto Douro, Vila Real and from the Institute of
Biomedical Science at the University of Porto, Portugal.
The material was fixed in 10% neutral formalin and
embedded in paraffin wax. Sections (3 μm) were cut and
stained with haematoxylin and eosin for histological
examination or used to perform immunohistochemistry.

Follow-up data

Sixty-nine cases (n=69) had available follow-up data, with a
median overall survival time of 15 months (range 5–74
months). Overall survival (OS) was defined as the period
between surgery and animal natural death or euthanasia due

to cancer. Disease-free survival (DFS) was defined as the
period of time between surgery and recurrent or metastatic
disease. During the follow-up period, according to the
referring surgeons, 35 animals died or were euthanized due
to metastatic disease and/or local recurrence.

Histological examination

Tumours were diagnosed according to the WHO criteria for
canine mammary neoplasms [30]. Clinicopathological
variables included in the present study were age, ovar-
iohysterectomy status, contraceptive administration, tumour
size, tumour location, tumour histological type and grade,
presence of intra-tumoral necrosis, presence of vascular
invasion and presence of lymph node metastasis.

Tumours were evaluated for grade in accordance with
the Nottingham method for human breast tumours [11]
based on the assessment of three morphological features:
tubule formation, nuclear pleomorphism and mitotic counts.
Each of these features was scored on a scale of 1 to 3 to
indicate whether it was present in slight, moderate or
marked degree, giving a putative total of three to nine
points. Grade was allocated by an arbitrary division of
the total points as follows: grade I (well differentiated),
3, 4 or 5 points; grade II (moderately differentiated), 6
or 7 points; and grade III (poorly differentiated), 8 or
9 points.

Immunohistochemistry

Tissue sections were incubated with primary monoclonal
antibodies against ER, HER2, CK5, p63, P-cadherin and
Ki67. Table 1 summarises the antibodies used and the
staining procedures adopted for each antibody. Antigen
retrieval was carried out by microwave treatment in a
10 mM citrate buffer, pH 6.0, with the exception of
P-cadherin, which was performed with an EDTA buffer,
pH 8.0 (Lab Vision, USA) in a boiling bath, during 20 min.
For Ki-67, slides were previously incubated with 0.2 mg/mL
trypsin (Merck) in phosphate-buffered saline (PBS) for
10 min at 37°C. After cooling (20 min at room temperature),
the sections were immersed in 3% hydrogen peroxide

Table 1 Primary monoclonal antibodies and immunostaining protocols used

Antibody Origin Clone Dilution Pretreatment Incubation

ER Novocastra, UK NCL-LH2 1:40 Microwave 2 h
HER2 Novocastra, UK NCL-CB11 1:40 Microwave Overnight
CK5 Neomarkers, USA XM26 1:25 Microwave Overnight
P63 Neomarkers, USA 4A4 1:150 Microwave Overnight
PCAD BD Transduction, USA 56 1:50 Water bath, 98°C Overnight
Ki67 Dako, Denmark Mib1 1:50 Trypsin+microwave Overnight
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(H2O2) and distillated water during 30 min to block
endogenous peroxidase activity. All slides were then
incubated with a blocking serum (Lab Vision) for 10 min
and then incubated with the specific antibody. After
incubation, slides sections were incubated with biotinylated
secondary antibody, followed by streptavidin-conjugated
peroxidase (Lab Vision), except for ER and HER2. For
these antibodies, a polymeric labelling methodology was
used as a detection system (Novolink Polymer Detection
System, Novocastra, Newcastle, United Kingdom), follow-
ing the manufacturer’s instructions. Subsequently, the
colour was developed with 3,3-diaminobenzidine tetrahy-
drochloride, and slides were counterstained with Gill’s
haematoxylin, dehydrated and mounted for evaluation by
light microscopy.

Adjacent normal mammary tissues were used as internal
positive controls for CK5, p63, P-cadherin (basal and
myoepithelial cells) and Ki67. As positive controls, we
also used canine uterus sections for ER and a human breast
carcinoma with proved amplification (by FISH) and over-
expression for HER2. Negative controls were carried out by
replacing the primary antibody with PBS.

Evaluation of the immunohistochemical data

Nuclear ER immunoreactivity was considered positive when
more than 10% of the neoplastic cells expressed this marker.
To evaluate HER2 expression, Herceptest scoring system was
applied (0=no membrane staining or <10% of cells stained;
1+=incomplete membrane staining in >10% of cells;
2+=>10% of cells with weak to moderate complete
membrane staining; and 3+=strong and complete membrane
staining in >10% of cells), with 2+ and 3+ cases considered
positive. As for CK5 and p63, a semi-quantitative analysis
was performed as follows: 0, <10% positive cells; 1, 10–50%
positive cells; and 2, >50% positive cells, with a cytoplasmic
(CK5) or nuclear (p63) pattern of cellular distribution. Ki-67
and P-cadherin immunostainings were evaluated as previ-
ously described in canine tissues [13, 14]. CK5, p63 and
P-cadherin were considered positive when more than 50% of
the neoplastic cells expressed each marker.

Statistical analysis

For statistical analysis, association between subtype tumour
groups and continuous variables (mitotic and Ki-67 indices)
was assessed with non-parametric Kruskal–Wallis test.
Associations between groups and categorical variables such
as tumour size, histological type, histological grade and
invasion were performed using the chi-square test. Survival
curves were generated by the Kaplan–Meier method, and
the survival rates were compared using the log-rank test.
All statistical analysis was performed using SPSS 11.5

statistical software. A P value <0.05 was considered
statistically significant.

Results

Patients and tumour characteristics

The mean age of dogs at the time of surgical removal of
tumours was 9.7±2.5 years (range 4–16 years of age). The
mean maximum tumour diameter was 4.21±3.4 cm (range
0.5–18 cm), with tumours more frequently located in caudal
mammary glands (n=36; 59%). In ten (15.2%) out of the
66 female dogs with available clinical information, ovar-
iohysterectomy was performed prior to the removal of
mammary tumours. Contraceptive administration was con-
firmed in eight (13.8%) cases. Histological evaluation
yielded 39 (42.4%) simple carcinoma, 41 (44.6%) complex
carcinoma and 12 (13%) carcinosarcoma subtypes. Accord-
ing to the Nottingham method, tumours were classified as
grade I (n=14, 15.2%), grade II (n=33, 35.9%) and grade
III (n=45, 48.9%). Necrosis was present in 87 (94.6%)
cases, and vascular invasion was present in 51 (55.4%)
cases. Lymph nodes were available in 49 cases, with
confirmed metastasis in 26 cases (53.1%).

Immunohistochemistry profiles in canine tumours

The results of the immunohistochemical analysis performed
for ER, HER2, CK5, p63 and P-cadherin are shown in
Table 2 and Fig. 1. The immunohistochemical detection of
ER was reliable in 96 cases: The remaining tumours have
lost ER antigenicity (adjacent mammary gland was nega-
tive) and were excluded. Immunohistochemical evaluation
of HER2 and P-cadherin was available in 100 and 96 cases,
respectively.

ER and p63 positive cases showed the characteristic
nuclear staining, whereas CK5-positive ones showed a
cytoplasmic pattern of expression. HER2 positive tumours
showed a membranous staining, and P-cadherin positive
tumours showed a cytoplasmic and/or membranous immu-

Table 2 Immunohistochemical results in the present study

Molecular
marker

Positive staining
[n (%)]

Negative staining
[n (%)]

ERa 56 (58.3) 40 (41.7)
HER2a 21 (21) 79 (79)
CK5 33 (32.4) 69 (67.6)
P63 33 (32.4) 69 (67.6)
PCADa 42 (42.8) 54 (56.3)

a Immunohistochemical evaluation of ER and P-cadherin was avail-
able in 96 cases, and HER2 was available in 100 cases.
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Fig. 1 Immunohistochemical expression of the different proteins studied
by IHC in canine mammary carcinomas. a–d ER staining, e–h HER2
staining, i–l CK5 staining, m–p p63 staining, q–t P-cadherin staining.

Each column represents a distinct molecular subtype. From left to right,
each column represents luminal A, luminal B, basal and HER2
overexpressing subtypes. (Original magnification ×400)

126 Virchows Arch (2008) 453:123–132



nostaining. We observed that 58.3% of canine mammary
carcinomas in our series were ER positive, whereas 21%
were HER2 positive (2+ and 3+). A positive basal cell
marker expression was present in 32.4% tumours for both
CK5 and p63 and in 42.8% tumours for P-cadherin.

According to Nielsen et al. [33], we classified each
tumour based on its ER and HER2 expression. A total of
96 cases were immunohistochemically interpretable to
allow sample characterisation into one of five categories
(Table 3). If a tumour was ER positive, it was classified as

Table 3 Frequencies of immunohistochemically defined subtypes of canine mammary carcinomas (n=96)

Subtype ER HER2 P-CD and/or p63 and/or CK5 Frequency [n (%)]

Luminal A Positive Negative Positive/negative 43 (44.8%)
Luminal B Positive Positive Positive/negative 13 (13.5%)
Basal Negative Negative Positive 28 (29.2%)
HER2-overexpressing Negative Positive Positive/negative 8 (8.3%)
Negative/null phenotype Negative Negative Negative 4 (4.2%)

Table 4 Association between tumour subtypes and clinicopathological characteristics

Luminal A [n (%)] Luminal B [n (%)] Basal [n (%)] HER2 overexpressing [n (%)] P

Age
≤9 years old 18 (43.9%) 6 (14.6%) 13 (31.7%) 4 (9.8%) 0.90
>9 years old 24 (51.1%) 6 (12.8%) 14 (29.8%) 3 (6.4%)
Tumour size
<3 cm 17 (53.1%) 6 (18.8%) 8 (25%) 1 (3.1%) 0.37
3–5 cm 14 (46.7%) 4 (13.3%) 8 (26.7%) 4 (13.3%)
>5 cm 9 (39.1%) 1 (4.3%) 10 (43.5%) 3 (13%)
Tumour location
Cranial glands 2 (50%) 0 (0%) 1 (25%) 1 (25%) 0.09
Medial gland 6 (60%) 2 (20%) 1 (10%) 1 (10%)
Caudal glands 12 (33.3%) 4 (11.1%) 10 (50%) 2 (5.6%)
Multiple 8 (72.7%) 2 (18.2%) 0 (0%) 1 (20%)
Ovariohysterectomy
No 18 (39.1%) 7 (15.2%) 17 (37%) 4 (8.7%) 0.057
Yes, prior to tumour development 9 (90%) 0 (0%) 0 (0%) 1 (10%)
Yes, performed with mastectomy 6 (60%) 0 (0%) 4 (40%) 0 (0%)
Contraception
No 22 (44%) 6 (12%) 17 (34%) 5 (10%) 0.36
Yes 6 (75%) 0 (0%) 2 (25%) 0 (0%)
Histological type
Simple carcinoma 9 (23.1%) 8 (20.5%) 17 (43.6%) 5 (12.8%) <0.0001
Complex carcinoma 32 (78%) 5 (12.2%) 3 (7.3%) 1 (2.4%)
Carcinosarcoma 2 (16.7%) 0 (0%) 8 (66.7%) 2 (16.7%)
Histological grade
Grade I 14 (100%) 0 (0%) 0 (0%) 0 (0%) <0.0001
Grade II 23 (69.7%) 5 (15.2%) 3 (9.1%) 2 (6.1%)
Grade III 6 (13.3%) 8 (17.8%) 25 (55.6%) 6 (13.3%)
Necrosis
Absent 4 (80%) 1 (20%) 0 (0%) 0 (0%) 0.29
Present 39 (44.8%) 12 (13.8%) 28 (32.3%) 8 (9.2%)
Lymphovascular invasion
Absent 29 (70.7%) 6 (14.6%) 4 (9.8%) 2 (4.9%) <0.0001
Present 14 (27.5%) 7 (13.7%) 24 (47.1%) 6 (11.8%)
Lymph node metastasisa

Absent 13 (56.5%) 6 (26.1%) 3 (13%) 1 (4.3%) 0.1
Present 8 (30.8%) 5 (19.2%) 11 (42.3%) 2 (7.7%)

a Lymph nodes were available in 49 cases.
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luminal; moreover, we distinguish luminal A and B on the
basis of HER2 overexpression. If a tumour was ER positive
and HER2 negative (0 or 1+), it would be classified as
luminal A (ER+/HER2−); however, if it was ER and HER2
positive, it would be classified as luminal B (ER+/HER2+).
If a tumour was ER negative and HER2 positive (ER−/
HER2+), it would be classified as HER2-overexpressing,
and if it was both ER− and HER2− negative but positive for
at least one basal marker (CK5 and/or p63 and/or
P-cadherin), it would be classified as basal (ER−/HER2−).
If a tumour did not show expression for any of these
markers, it would be classified as negative (null phenotype)
and would not be considered in the remaining analyses.

Using this definition, we observed that luminal A and B
subtypes comprised 44.8% and 13.5% of all tumours,
respectively; basal subtype comprised 29.2%; HER2 over-
expressing subtype represented 8.3%, and negative/null
phenotype accounted for 4.2% in this tumour series (Table 3).

Statistically strong significant differences between the
four groups were observed in this study when related with
some relevant clinicopathological parameters (Table 4).
Basal and HER2 overexpressing subtypes were associated
with simple or carcinosarcoma histological types, whereas
complex carcinomas were mostly of luminal A subtype (P<
0.0001). In addition, basal subtype tumours presented
higher histological grade, representing 55.6% of grade III
tumours (P<0.0001) and were also significantly associated
with the presence of vascular invasion (P<0.0001).

Basal marker expression clearly differed across distinct
molecular subtypes (Table 5). Basal and HER2-overexpressing
tumours demonstrated a higher frequency of the basal cell
markers p63 and P-cadherin (P<0.0001 and P=0.001), and

CK5-positive tumours were frequently basal subtype tumours
(P=0.001). In contrast, luminal pattern was associated with a
lower expression of basal markers. In fact, when analysing
basal marker expression simultaneously, we found that the
majority of luminal tumours were simultaneously negative to
CK5, p63 and P-cadherin. All HER2-overexpressing tumours
expressed at least one basal marker, and the basal subtype
tumours showed frequently the expression of two or all basal
markers (P<0.0001).

With regard to proliferation indices, luminal A tumours
showed lower median mitotic and Ki67 labelling indices
(P=0.001 and P<0.0001, respectively), whereas all other
groups were characterised by higher proliferation rates,
with basal subtype showing the highest Ki67 index.

Follow-up data revealed that basal subtype was signif-
icantly associated with lower overall (P=0.002, Fig. 2a)
and disease-free (P=0.01, Fig. 2b) survival rates, whereas
the other groups showed higher survival rates, including the
HER2-overexpressing group.

Discussion

Recently, gene expression profiling has redefined breast cancer
taxonomy and identified five distinct subtypes of carcinomas:
luminal A, luminal B, normal breast like, HER2 overexpress-
ing and basal like [36, 47, 48, 53]. These molecular subtypes
not only reflect the heterogeneity of breast carcinomas and
the possible different cell lineage pathways in breast
carcinogenesis but also demonstrate the difference in clinical
outcome, with basal-like subtype associated with a more
aggressive behaviour [1, 47, 48, 52, 53].

Table 5 Association between different subtypes versus basal marker expression and proliferation indices

Luminal A [n (%)] Luminal B [n (%)] Basal [n (%)] HER2 overexpressing [n (%)] P

CK5
Negative 36 (60%) 8 (13.3%) 11 (18.3%) 5 (8.3%) 0.001
Positive 7 (21.9%) 5 (15.6%) 17 (53.1%) 3 (9.4%)
P63
Negative 32 (53.3%) 13 (21.7%) 11 (18.3%) 4 (6.7%) <0.0001
Positive 11 (34.4%) 0 (0%) 17 (53.1%) 4 (12.5%)
P-cadherin
Negative 26 (56.5%) 10 (21.7%) 9 (19.6%) 1 (2.2%) 0.001
Positive 13 (31.7%) 3 (7.3%) 18 (43.9%) 7 (17.1%)
Basal markers
All negative 21 (77.8%) 6 (22.2%) 0 (0%) 0 (0%) <0.0001
One positive 11 (39.3%) 6 (21.4%) 8 (28.6%) 3 (10.7%)
Two positive 5 (20%) 1 (4%) 15 (60%) 4 (16%)
All positive 2 (25%) 0 (0%) 5 (62.5%) 1 (12.5%)
Median mitotic indexa (Min–Max) 0.44 (0–1.59) 1.0 (0.1–2.99) 0.94 (0.1–2.09) 0.7 (0.3–1.9) 0.001
Median Ki67 indexa (Min–Max) 17.89 (5.39–56.36) 26.7 (15–44.8) 28.14 (12.10–49.2) 26.4 (22.5–35.86) <0.0001

a Proliferative indices were available in 86 cases.
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Although gene expression profiling is still considered the
“gold standard” for the identification of breast carcinoma
subtypes, this technology requires highly sophisticated
technical equipment and is not readily available for clinical
application or for retrospective studies using formalin-
fixed, paraffin-embedded samples [39]. For this reason,
immunohistochemistry has been used in several studies,
and the evaluation of a limited panel of immunohistochemical
cell markers have shown that breast carcinomas can be
subdivided into subgroups remarkably similar to the ones
defined by gene expression profiling [1, 3, 22, 27, 33, 38, 52].

In the present study, we found in a series of canine
mammary tumours similar findings observed in human
breast cancer. We have also identified distinct phenotypical
subtypes in a series of canine mammary carcinomas by
using an immunohistochemical panel, which included five
molecular markers (ER, HER2, CK5, p63 and P-cadherin).
Based on ER/HER2 molecular classification, we defined
four main subgroups: luminal A (ER+/HER2−, 44.8%),
luminal B (ER+/HER2+, 13.5%), basal-like (ER−/HER2−,
29.2%) and HER2 overexpressing (ER−/HER2+, 8.3%). In
contrast, Sarli et al. [44] have only identified luminal A and
B subtypes when studying a series of 39 canine mammary
carcinomas. Although using a similar terminology, they
used a distinct panel of molecular markers, and the adopted
classification was not identical, with luminal subtype
defined as CK19 positive tumours, regardless of hormonal
status (luminal A, HER2− and luminal B, HER2+), and
HER2 overexpressing and basal-like subtypes defined as
CK19 negative tumours, HER2+ and HER2−, respectively.

In the current study, we found statistically strong
significant differences between the four groups, with ER
positive luminal A tumours more frequently associated with
complex tumour type, low histological grade, less invasive
and low proliferative tumours, whereas basal-like and
HER2 overexpressing subtypes were associated with simple
and carcinosarcoma tumour types, high histological grade,
lymphovascular invasion and high proliferation, features
that are in accordance to the ones described in recent
human literature for basal-like cancers [20, 22, 27, 40].

CK5, p63 and P-cadherin are proteins that are expressed
early in epithelial differentiation and may contribute to a
committed stem cell and/or progenitor phenotype [6, 7, 9,
35]. In this study, we demonstrate that these markers are
upregulated in the basal subtype, similarly to the previous
results of Matos et al. [27]. In fact, the basal subtype rarely
expressed just one basal marker but frequently expressed
them simultaneously, which suggests a more undifferentiated
profile. HER2-overexpressing subtype was also characterised
by an up-regulation of basal markers, confirming some human
breast studies, which suggested that HER2-overexpressing
tumours should be included in a bona fide basal-like subclass
[5, 27]. In contrast, the majority of luminal tumours in our
series were simultaneously negative for basal cell markers,
with some cases showing basal marker expression, which
was also described by some authors who reported tumours
co-expressing basal CK and hormone receptors or HER2
[40, 50].

Similarly to human breast cancers, in this study, we
further demonstrate the molecular heterogeneity of canine
mammary cancer. A “hierarchy or stem cell” model of
breast cancer oncogenesis has been proposed to elucidate
the observed functional heterogeneity of tumours. In this
model, transformation occurs in a stem cell or in a

Fig. 2 Kaplan–Meier overall survival (a) and disease-free survival (b)
curves of the different subtype groups
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progenitor “highly proliferating” cell, and expansion pro-
ceeds until various maturation stages, depending on the
genomic alterations. Specific genetic alterations would lead
to distinct cellular transcriptomic programmes, including
the change of hormonal receptors and CK expression
pattern, characterising distinct subgroups of breast carcino-
mas [5, 8, 39].

Survival analysis revealed that distinct subtypes were
associated with different clinical outcomes, with basal
subtype associated with lower survival rates, similarly to
human breast cancer studies [36, 47, 48]. These results also
corroborate a previous study in canine mammary cancer
performed by Griffey et al. [16], which firstly described
basal carcinomas as having poor prognostic features.
Despite many different studies associating basal-like
tumours with a more aggressive clinical history and shorter
survival [3, 33, 37, 47–49, 52], others did not find such a
prognostic significance [12, 18]. These variations are
probably related to differences between studies in patient
cohorts, analytic methods and, most importantly, the
immunohistochemical definitions of basal-like breast cancer
[39]. Recently, Tang et al. [51], comparing several
classifications with similar terminology but different defi-
nitions (such as ER/HER and triple negative classification),
concluded that these classifications are related but not
interchangeable.

In contrast to basal subgroup, luminal and HER2
overexpressing subtypes showed increased survival rates.
The fact that luminal tumours were associated with a better
prognosis is not surprising since ER positive human breast
carcinomas are usually associated with a more favourable
clinical outcome. In veterinary pathology, however, the
prognostic value of ER in canine mammary cancer is still a
matter of debate. Previous studies using biochemical [45]
and immunohistochemical [34] methodologies have dem-
onstrated the prognostic value of ER, but others have failed
this confirmation [23, 28]. The observed discrepancies
between different studies are probably related with sample
selection, differences in antibodies, staining procedure and
evaluation or sensitivity of the detection system. In our
series, luminal tumours were mostly of complex type,
which comes in accordance to previous canine studies
reporting complex carcinomas as being more likely ER
positive [15, 23, 28]. Given that this tumour type is
generally associated with a better clinical outcome, its high
proportion in luminal subtype groups is probably in part
responsible for their favourable prognosis.

Despite HER2 recognition as a prognostic factor in
human breast cancer [41, 46], the significance of HER2
overexpression in dogs with mammary carcinoma is still
unclear. Some studies have shown that either HER2
amplification or protein overexpression are present in
canine mammary carcinomas [2, 42], while others found

no gene amplification [24]. Similarly to previous studies
[10, 24], HER-2 overexpressing tumours were found
usually associated with established indicators of poor
prognosis such as large tumour size, high histologic grade,
invasion, simple histologic type and high proliferative
indices. However, Kaplan–Meier analysis revealed that this
subtype was related with a more favourable clinical
outcome, findings that are in contrast with human studies,
which describe similar survival rates for HER2 over-
expressing and basal-like subtypes [36, 47, 48] and are
probably related to the small number of cases that comprise
the HER2 overexpressing subtype. However, a recent study
performed by Hsu et al. [17] revealed that HER2 over-
expression in canine malignant mammary tumours is
associated with higher survival rates. Additional large-scale
studies are warranted to further explore the value of HER2
in canine mammary carcinomas.

In conclusion, as in humans, our study defined distinct
molecular phenotypes in canine mammary carcinomas
based on immunohistochemical analysis. Moreover, we
have identified a basal-like subtype representing almost
30% of our series, which was associated with a more
aggressive clinical behaviour. We believe that canine
mammary carcinomas would be suitable natural models
for the study of this particular subset of carcinomas.
However, more studies are needed regarding the prognostic
value of these immunohistochemically determined subtypes
in canine mammary cancer.
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Abstract PIK3CA mutations at 9 and 20 exons were
studied in a series of 56 selected aggressive breast
carcinomas (BC): 27 with Her-2 over-expression and
negativity for estrogen receptors (ER) and progesterone
receptors (PR), and 29 “triple negative” BC (negative for
ER, PR and Her-2). Also, immunohistochemical studies of
p53, ki-67, Her-1 (EGFR), pIGF-1R, PTEN, p110α, and
pAkt were performed. Six mutations in exon 20 PIK3CA
were identified among the 27 Her-2 positive BC, whereas
only one exon 9 PIK3CA mutation was detected in a triple
negative tumor (p=0.035). Furthermore, PIK3CA muta-
tions were associated with p110α over-expression (p=
0.001). Overall survival was shorter in cases with PIK3CA
mutations (p=0.015 in all series; and p=0.041 for Her-2+
tumors), although multivariate analyses did not show
statistical differences. No statistical significance was related
with disease-free survival. Exon 20 PIK3CA mutations are

relatively frequent in Her-2+ tumors and shorten survival,
whereas neither exons 9 and 20 mutations seem related
with “triple negative” breast carcinomas.

Keywords Breast carcinoma . Her2-neu . p110 .

PIK3CAmutations

Introduction

Although breast cancer (BC) survival is improving due to
more effective treatment and early detection, the incidence
of the disease has steadily increased throughout the world
over the past few decades [6]. Approximately two thirds of
BCs are hormone-dependent and a good response to endo-
crine therapy is achieved in a large proportion of tumors.
Hormone-independent tumors are usually more aggressive
and grow by activation of membrane growth factor receptors
or by unknown mechanisms. Nevertheless, membrane growth
factor receptors could interfere with estrogen-signaling path-
ways and thus play a role in endocrine therapy resistance in
hormone-dependent tumors [28].

The phosphatidylinositol 3′-kinase (PIK3)/AKT signal-
ing pathway is frequently activated in multiple human
epithelial cancers, including breast carcinomas [5, 8, 12, 14,
15]. PIK3 (p110α) phosphorylates PIP2 (phosphatidylino-
sitol 4,5-biphosphate) to generate the second messenger
PIP3 (phosphatidylinositol 3,4,5-triphosphate), in response
to diverse stimuli. These PtdIns(3,4,5)P3 signals are
localized in the inner leaflet of the plasma membrane, and
activate AKT counteracting PTEN activity. After AKT
activation, various downstream target genes inhibit apopto-
sis and promote cell proliferation [8, 27]. Besides PTEN,
there are several tumor suppresser genes in the PIK3
signaling pathway, such as TSC1, TSC2, LKB 1, Foxo1a,
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Foxo3a and possibly PHLPP. Most of these genes could
render cancers insensitive to PIK3 inhibitors [25].

PIK3CA (phosphoinositide-3-kinase, catalytic, alpha
polypeptide) mutations may be an important event in
progression to the aggressive phenotype in low-grade
colorectal and lung tumors [18] while in gastric and liver
cancers they have a key role in earlier stage [12]. They may
also be seen in glioblastomas, medulloblastomas, ovarian
neoplasms, and acute leukemia [8].

Several works have studied PIK3CA mutations in BC [1,
4, 5, 14, 15, 17, 19, 21, 22, 27, 30] and in cell lines from
BC [1, 10, 29, 30]. According to one recent review [8],
these mutations may be present in ≈26% of BC, ≈85% of
which are located in the helical domain mutants E542K and
E545K and in the catalytic domain mutant H1047R. Their
significance however, is controversial. In the present paper,
we studied the mutations in these two exons to determine
their possible role in aggressive hormone-independent BC
with Her-2 over-expression or “Triple negative” tumors.

Material and methods

Material and histopathological analysis

A total of 56 breast carcinoma with negativity for estrogen
receptors (ER) and progesterone receptors (PR) were
collected retrospectively from two hospitals, 45 from the
Department of Pathology at Hospital de la Santa Creu i
Sant Pau, Autonomous University, Barcelona, Spain, and
11 from the Department of Pathology at the General
Hospital, Alicante, Spain. Tumors were fixed in 4%
formalin for 18–24 h. Most patients underwent a tumor-
ectomy or a modified radical mastectomy, with dissection
of axillary lymph nodes. Patients were staged according to
the WHO system and tumors were histologically graded.
After pathological diagnosis, adjuvant chemo or radiother-
apy was done according to standard protocols. Five patients
with Her-2+ tumors were also treated with Trastuzumab®.
Mean follow-up was 75 months (range, 9–180). Clinico-
pathological data were revised for the present study and the
patients were subclassified into two groups: one of 27
tumors with marked Her-2/neu over-expression (+++), and
another of 29 tumors with Her-2/neu negative (triple
negative, TN). None of these 29 tumors showed myoepi-
thelial differentiation as actin and S-100 were negative [13].

This work was approved by the ethical committees of
both institutions

Immunohistochemistry

Tissue micro-arrays (TMA) were prepared from paraffin-
embedded tissue taken from three representative areas of

each tumor. Serial, 5-μm thick sections were stained using
the Envision method (DAKO). Antibodies, dilutions, anti-
gen retrieval methods, and suppliers are listed in Table 1.
ER, PR and Her-2 (Ab A-0485, Herceptest®) were repeated
to confirm initial results, other membrane receptors such
as Her-1 (EGFR) and pIGF-IR were studied, as well as
p53 and Ki-67. Investigation of the PIK3/PTEN/Akt
pathway included analysis of PTEN, pAkt, and PIK3CA
(p110α). Previous BC with positivity for the Ab were
used as positive controls, and consecutive tissue section
from the TMA’s incubated without primary Ab were the
negative controls.

Distinct membrane staining in >10% of tumor cells for
EGFR, pIGF-IR was counted as positive for expression.
The percentage of stained nuclei was evaluated, indepen-
dently of intensity, for ki67 and p53. Immunostaining
cytoplasmic scores for PTEN, pAkt, and p110α were
calculated by multiplying the percentage of labeled cells
by the intensity of the staining (range 0–300). Loss of
PTEN were considered for Scores <150, whereas p110α
and pAkt over-expression for Scores >150. Three pathol-
ogists (EL, GP, and AG) separately evaluated the immuno-
histochemical staining, and discordant results were
reviewed to achieve agreement. These evaluations were
done before the statistical and survival analyses.

Mutational analysis of PIK3CA

Genomic DNAwas extracted by proteinase K digestion and
QUIAamp DNA Mini Kit (Quiagen, GmbH, Hilden,
Germany), following the manufacturer’s instructions, from
frozen tumor tissue. PIK3CA mutations were assessed on

Table 1 List of primary Ab for the immunohistochemical study

Antibody Clone Dilution Ag retrieval Supplier

ER 6F11 1:40 1 Novocastra
PR 16 1:200 1 Novocastra
Her-2 A-0485 1:1 Dako
S-100 Polyclonal 1:3000 4 Dako
Alpha-actin 1A4 1:100 1 Dako
EGFR 2–18C9 1:1 5 Dako
pIGF-IR Polyclonal 1:50 3 Cell Signaling
Ki-67 MIB-1 1:1 1 Dako
p53 BP53-12-1 1:150 1 Biogenex
PTEN 6H2.1 1:50 2 Cascade

Biosciences
p110α Polyclonal 1:50 3 Cell Signaling
pAKT Polyclonal 1:100 3 Cell Signaling

1 Citrate buffer pH 6, autoclave 8 min, 2 citrate buffer pH 6, waterbath
95°C 30 min, 3 EDTA buffer pH 8, autoclave 8 min, 4 pepsin 0.1%
30 min, 5 proteinase K 0.1% 5 min
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tumor DNA by PCR amplification and subsequent se-
quencing analysis, using previously reported PCR condi-
tions and primers for exons 9 and 20 of PIK3CA [23]. The
thermal cycling conditions included an initial cycle of
12 min at 94°C, followed by 40 cycles of 45 s at 94°C, 45 s at
specific annealing primer temperature of 52–62°C, 1 min
at 72°C, and a final extension of 10 min at 72°C. The
PCR conditions for exon 9 of PIK3CA were optimized to
avoid mispriming with the PIK3CA pseudogene spanning
exons 9 to 13 on chromosome 22. The PCR products
were purified using the exoSAP-IT (USB, Cleveland, OH)
and subjected to direct sequencing using ABI PRISMTM
Big Dye terminator v1.1 cycle sequencing Kit (Applied
Biosystems, Foster City, CA). Sequencing fragments were
detected by capillary electrophoresis using an automated
ABI Prism 310 Genetic Analyzer (Applied Biosystems).
Mutational analyses were done before knowing follow-up
and statistics.

Follow-up and statistical analyses

Statistical analyses were performed with the SPSS/win 15.0
statistical software package (SPSS, Chicago, IL, USA).

Continuous and ordinal variables between the two groups
were compared using the Student’s T test. Dichotomous
variables were compared with the Fisher exact test. The
overall survival analysis was estimated using the Kaplan–
Meier method and compared using the log-rank test. The
univariate and multivariate Cox regression analyses were
used to identify the independent predictive factors that
significantly influenced the overall survival. A p-value of
0.05 was considered significant.

Results

Both groups of tumors will be described separately and the
main clinico-pathological features are comparatively pre-
sented in Table 2.

Clinico-pathological characteristics of Her-2 positive
carcinomas

Twenty-seven patients were included in this group. The
mean age was 60 years and 9 months (range, 42–101
years). Axillary lymph node dissection at levels I and II was

Table 2 Pathological, immu-
nohistochemical and genetic
characteristics of both subtypes
of aggressive breast
carcinomas

Her-2 (n=27) TNC (n=29) Statistics
(comparison)

Size <2 cm 5 (18.5%) 0 Ns
2–5 cm 19 (70.4%) 22 (75.9%)
>5 cm 3 (11.1%) 7 (24.1%)

Stage I 2 (7.5%) 4 (13.8%) Ns
II 17 (63%) 15 (51.7%)
III 6 (22.2%) 6 (20.7%)
IV 2 (7.5%) 4 (13.8%)

Histol. grade II 8 (29.6%) 4 (13.8%) Ns
III 19 (70.3%) 25 (86.2%)

Ductal in
situ carc.

>10% 16 (59.3%) 10 (34.5%) Ns
>25% 8 (29.6%) 2 (6.9%)

Necrosis >10% 7 (25.9%) 19 (65.6%) 0.08
Vascular
invasion

Present 9 (33.3%) 8 (27.6%) Ns

EGFR
overexpr

>10% 4 (14.8%) 11 (38%) Ns

pIGF-IR >10% 6 (22.2%) 8 (27.6%)
Ki 67 Median 12 50 0.007
Ki 67 <20% 15 (55.5%) 4 (13.8%)

20–50% 9 (33.3%) 10 (34.5%)
>50% 3 (11.1%) 15 (51.7%)

P53 >10% nuclei 12 (44.4%) 16 (55.2%) Ns
PTEN loss <150 4 (14.8%) 3 (10.3%) 0.16
p110α Overexpres. 4 (14.8%) 0 0.23
pAKT >150 4 (14.8%) 1 (3.4%) 0.14
PIK3CA
mutations

Exon 9 G1633A 4 E545K 0 1 (3.4%) Ns
Exon 20 A3140G H1047R 6 (22.2%) 0 0.008
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performed in 15 patients with a mean of 14 nodes examined
per patient (median, 15; range 8–27)

Mean tumor size was 3 cm (range from 1.5 to 6 cm).
Five tumors (18.5%) measured less than 2 cm, 19 (70.4%)
between 2–5 cm and three (11.1%) were >5 cm. The
pathological stage at diagnosis was determined in all
patients: two patients were stage I (7.5%), ten were stage
IIA (37%), seven were IIB (25.9%), six were III (22.2%),
and two were IV (7.5%).

Most carcinomas were of the ductal type (NOS),
although two had mixed ductal–lobular differentiation.
Histological grading was II in eight (29.6%) tumors and
III in 19 (70.3%). A ductal “in situ” (DCIS) component
>10% was present in 16 (59.3%) tumors, and >25% in eight
(29.6%). Tumor necrosis was evident in seven (25.9%) and
vascular invasion was detected in nine (33.3%).

Exon 20 PIK3CA mutations in Her-2 positive carcinomas
are associated with poor prognosis and p110 over-expression

Considering the total series, seven out of 56 aggressive
BC had PIK3CA mutations (12.5%), but most of them
were related with Her-2+ carcinomas. Effectively, six
PIK3CA somatic missense mutations were identified
among the 27 Her-2 BC (22.2%). All occurred in the
kinase domain (exon 20, nucleotide A3140G, aminoacid
H1047R; Fig. 1), and none in the helical domain (exon 9).
These mutations were more frequent in Her-2 than in TN-
BC (p=0.035).

Among the Her-2+ tumors, other immunohistochemical
studies showed over-expression of EGFR in four (14.8%)
cases and of pIGF-IR in six (22.2%). The mean percentage
of Ki67 positive nuclei was 19.3% (range 10–80%) and the
median was 12; 15 cases had less than 20%, nine between
20–50% and only three tumors had a Ki67>50%. Aberrant
p53 expression (>10% of nuclei) was present in 12 (44.4%)
cases. Loss of PTEN expression was found in four cases.
p110α over-expression (Fig. 2) was found only in four
(14.8%) and pAKT in four (14.8%).

Kaplan Meyer’s survival analysis for all cases (Fig. 3),
as for patients with Her-2+ tumors (Fig. 4) showed shorter
mean survival in cases with PIK3CA mutations (mean
survival of 46 vs. 65 months in all cases, p=0.015; mean
survival of Her-2+ patients 42 vs. 87 months p=0.03, p=
0.041). Disease-free survival was unrelated with mutations,
because a significant number of patients were in advanced
stage at diagnosis. Response to transtuzumab was not
analyzed due to the scanty number of cases with this
treatment and these patients were excluded from survival
analyses. Furthermore, PIK3CA mutations were associated
with p110α over-expression (p=0.001), and some correla-
tion was also detected with p53 over-expression (0.068),
and EGFR over-expression (p=0.14).

Conventional clinico-pathological features or other im-
munohistochemical studied molecules were statistically
unrelated with PIK3CA mutations.

Clinico-pathological characteristics of triple negative
carcinomas

This group included 29 patients. Mean age was 53 years,
(range, 25–86 years). Tumorectomy or mastectomy was
done in all cases and axillary lymph node dissection at
levels I and II was performed in 27 patients, with a mean of
18 nodes per patient (median: 15; range 5–33). Mean tumor
size was 6 cm (range from 2.3 to 20 cm). No tumors
measured less than 2 cm, 22 (75.9%) were between 2–5 cm
and seven (24.1%) were >5 cm. The pathological stage at
diagnosis was determined in all patients: four were stage I
(13.8% %), nine were IIA (31%), six were IIB (20.7%), six
were III (20.7%), and four were IV (13.8%).

Most carcinomas were of the ductal type (NOS),
although four were of the medullar histological type.

Fig. 1 Exon 20 PIK3CA mutation (nucleotide A3140G, aminoacid
H1047R). Partial representative nucleotide sequence of sense strand
around codon 1047. Sequence analysis of PCR products of tumor
DNA (T) compared with normal DNA (N) revealed a missense
mutation (arrow)
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Histological grading was II in four (13.8%) tumors and III
in 25 (86.2%). A ductal “in situ” (DCIS) component >10%
was present in ten (34.5%) tumors, and >25% in two
(6.9%) of them. Necrosis >10% was detected in 19 (65.6%)
tumors and vascular invasion was detected in eight
(27.6%).

PIK3CA mutations are very uncommon in TN carcinomas,
and unrelated with other immunohistochemical
or clinico-pathological features

Only one PIK3CA somatic missense mutation was identi-
fied among the 29 triple negative breast neoplasms. This

occurred in the helical domain (exon 9, nucleotide
G1633A, aminoacid E545K). Over-expression of EGFR
was detected in 11 (38%) cases and pIGF-IR in eight
(27.6%). The mean percentage of Ki67 positive nuclei was
41.3% (range 13–90%) and the median was of 50; four
(13.8%) cases had less than 20%, ten (34.5%) between 20–
50% and 15 (51.7%) tumors had a Ki67 >50%. Figure 5
shows that triple negative tumors had a much higher Ki67
index than Her-2 tumors (p=0.007). Aberrant p53 expres-
sion (>10% of nuclei) was present in 16 (55.2%) cases.
Loss of PTEN expression was found in three (10.3%) cases.
p110α over-expression was not observed and pAKT was
detected in one case (3.4%). Conventional clinical varia-
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bles, pathological and immunohistochemical data did not
show relationship with PIK3CA mutations in these tumors.

Discussion

The c-DNA microchip analysis allow the identification of
three major subgroups of BC: a luminal one, equivalent to the
hormone-dependent tumors that is the most common variety,
and two more aggressive subgroups characterized either by
Her-2/neu over-expression or the denominated basal-like or
triple negative (TN) carcinomas (ER, PR, and Her-2 neg-
atives) with less defined growth stimulus [20, 24, 26]. In the
present work, we studied the significance of PIK3CA
mutations in these two subgroups of aggressive BC.

PIK3CA mutations were described in 20%–40% of BC
[1, 4, 5, 14, 15, 17, 19, 21, 22, 27, 30], and a recent review
[8] estimated that a mean of 26% breast cancers harbor
missense mutations. Approximately, 85% of these appear in
three hot spots: H1047R, located in the kinase domain and
coded by exon 20; E542K and E545K located in the helical
domain and coded by the exon 9. Mutations are distributed in
both exons with the same frequency (≈12%) [3, 4, 8, 17], and
the protein resulting from these mutations (p110α) has capa-
city to induce oncogenic transformation in chicken embryo
fibroblasts [7]. Relationship between PIK3CA mutations
with other BC prognostic features was not found in initial
studies [1, 5, 12]. Nevertheless, others associated these
mutations with nodal metastases, Her2 receptor over-expres-
sion /amplification [22], and good prognosis [4, 17, 19].

In our series, PIK3CA mutations were present in only
≈12% of cases. However, a significant (22.2%) proportion
of BC with Her-2 over-expression had exon 20 mutations.
This was higher than expected and in concordance with a
previous study by Saal et al. [22]. Furthermore, exon 20
mutations were associated with higher carcinogenic poten-
tial, aggressiveness [2] and, recently, with poor survival in
multivariate analyses of 152 patients with BC [11] as also
suggests the present study. Nevertheless, PIK3CA muta-
tions were exceptionally uncommon in TN-BC. The
aggressiveness of these tumors as well as the Ki67 index
higher than in Her-2 BC could be related with alteration of
other pathologic pathways, i.e., RAS mutations [10].
Indeed, TN-BC are not equivalent to “basal-like”, because
there are some differences in the histopathological pattern
and in the immunohistochemical expression of basal
cytokeratins or EGFR. These tumors do not constitute a
homogeneous group [13].

Exon 9 mutations have been associated with lobular
carcinomas [3, 4, 17], although most of these tumors are
ERα positive, with good prognosis. Nevertheless, these
mutations were recently related with aggressiveness [3] and
we found one mutation in a TN-BC.

p110α overproduction was clearly associated with
PIK3CA mutations in our series (p=0.001). Nevertheless,
the relationship between PIK3CA mutations or p110 over-
expression and loss of PTEN or Akt activation [9, 17, 22]
could not be demonstrated in our cases, as in other series
[4, 15, 19, 21]. It has recently been found that PIK3CA
mutations and PTEN loss are not mutually exclusive [19] as
was initially suggested [22]. Indeed, PIK3CA mutations
and PTEN loss should be associated with similar pathologic
factors [19] and both could have a relationship with Akt
activation, ER-α positivity [9, 17, 19, 22], low histologic
grades [17], and lobular histologic type [29].

Activation of the PIK3/PTEN/Akt pathway may also
play an important role to therapy resistance in BC [9].
PIK3CA mutations has been related with radiosensitivity
[19] and chemosensitivity [16], and a variety of molecules
that inhibit PIK3 [25] or Akt [29] are new potential tools
for the BC treatment.

In summary, TN breast carcinomas were very rarely
related with exon 9 and 20 PIK3CA mutations. Exon 20
mutations, however, are more frequent than previously
suspected and shorten survival of patients with Her-2 BC. It
could potentially open new ways for their treatment, but
further investigations with larger number of patients and
prospective studies are needed.
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Abstract Epithelioid sarcoma (ES) is an uncommon
sarcoma. Lately, its variants, including proximal-type ES,
have been recognized. The present study highlights
clinicopathological features of 26 (65%) conventional and
14 (35%) cases of proximal-type ES. Thirty-eight percent
of cases were seen in 21–30-year age group, including
77.5% cases in men. Extremities were the commonest
sites in both the subtypes. Histologically, conventional-
type ES displayed nodular tumor aggregates with necrosis,
while proximal-type showed solid arrangement of large,
“rhabdoid-like” cells. More cases (64.2%) of the proximal
type were of grade 3. A range of differential diagnoses
was considered. Most important immunohistochemical
markers were vimentin, epithelial membrane antigen,
cytokeratin, CD34, and desmin. Maximum (72.5%) cases
were treated surgically. Recurrences and metastasis were
observed more in the proximal type. The 7-year disease-
free survival was 19.4% in the conventional and nil in the
proximal subtype (p=0.06). The overall survival rate was
also lower in the proximal (31.3%) than conventional type
(90.2%; p<0.001). Other unfavorable parameters were
deeper location, larger size, and higher tumor stage. This
unusual sarcoma, with characteristic growth patterns, merits
a proper histological evaluation, as it has many mimics.
Proximal-type ES is rather a morphological subtype,
associated with an aggressive course.

Keywords Epithelioid sarcoma . Proximal-type epithelioid
sarcoma . Uncommon sarcomas

Introduction

Epithelioid sarcoma (ES), first described by Franz Enzinger
[7], is an uncommon malignant soft tissue neoplasm, with
an uncertain histogenesis, and is predominantly seen in the
distal extremities. It is a slow-growing tumor and mainly
occurs in young adult men, predominantly affecting the
subcutaneous tissues, fascia, or tendon sheaths of the
extremities, with a predilection for the hands and forearms
[4, 8, 21]. Unusual primary sites include the vulva, penis,
and perineum [12, 14, 27]. It involves the viscera only
secondarily [4].

Histologically, a conventional ES shows an admixture
of epithelioid cells and spindle cells that are often arranged
in nodular aggregates around central necrosis, creating a
superficial resemblance to a necrobiotic granuloma [2, 4, 8,
21]. Lately, variants of an ES have been identified namely, a
“fibroma-like” variant that shows a collagen-rich storiform
pattern, reminiscent of a fibroma or a fibrous histiocytoma,
an angiomatoid variant, revealing a pseudovascular growth
pattern due abundant intralesional hemorrhage, and a
proximal-type ES [10, 17, 18, 26]. A proximal-type ES,
first described by Guillou et al. [10], with a distinct clinical
profile, is characterized by a solid growth pattern of large,
“rhabdoid-like” tumor cells. Immunohistochemically, an ES
shows epithelial and mesenchymal differentiation.

The present study was carried out to study the clinico-
pathological spectrum, including prognostic parameters,
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immunophenotypic profile, and outcomes of 40 cases of
conventional and proximal-type ESs identified over a 10-
year duration.

Materials and methods

A retrospective study of 40 cases of ESs, diagnosed in the
surgical pathology department of a tertiary cancer referral
hospital, from July 1996 to June 2006, was undertaken.

Clinical charts of the patients and the hospital data
information system were assessed for various clinicopath-
ological parameters, including chief complaints. Documen-
tation of treatment details, tumor recurrence, and metastasis
was made. Radiological findings were accessed from the
picture-archiving and communication system at Centricity.

The diagnostic material included “in-house” operative
specimens, as well as from peripheral hospitals, in the form
of paraffin blocks and slides or specimens.

All the widely excised, amputated, or disarticulated
specimens were processed routinely.

Details regarding tumor location, gross examination,
tumor size in the largest dimension, circumscription, degree
of hemorrhage, and necrosis were noted.

Conventional hematoxylin and eosin (H&E)-stained
sections were available in all cases.

On microscopic examination, various histomorphological
parameters were analyzed including tumor circumscription,
cellularity, growth pattern, in terms of morphological types,
number of mitoses per ten high-power fields (hpf), areas of
hemorrhage, necrosis, presence of lymphovascular emboli,
perineural invasion, and calcification. In addition, marginal
status, wherever possible, was documented.

Surgical excisions were categorized as Rx R0, R1, and
R2. While Rx was an excision lacking a marginal status, R0
was a resection with gross and microscopically free
margins, R1 was with grossly free and microscopically
positive margins, and R2 was an excision with gross and
microscopic positive margins.

Diagnostic criteria for ES, including the proximal type,
were as documented earlier [4, 10]. Even though, according
to the World Health Organization guidelines, tumor grading
has not been recommended for an ES, we, like Casanova
et al. [3], attempted grading in our cases by using French
Federation of Cancer Centers (FNCLCC) three-tier grading
system [9]. This included parameters like differentiation
score, mitotic counts, and percentage tumor necrosis.
Staging was done using the American Joint Committee
on Cancer/ International Union Against Cancer staging
system [6, 22].

Immunohistochemistry (IHC) staining was carried out on
formalin-fixed, paraffin-embedded tissue, using a avidin–
biotin peroxidase complex system. A wide panel of anti-
body markers was performed to substantiate the diagnosis
(Table 1). Appropriate positive and negative controls were
used.

Statistical analysis

Statistical analysis was carried out using SPSS (version 14)
software. In order to compare the differences between
proximal- and conventional-type ES for variables like age,
location, gender, and tumor size, grade, and stage, Chi-
square test was employed. A p value less than 0.05 was
considered as statistically significant (S).

Table 1 List of various
primary antibodies used in
cases of ESs

CK Cytokeratin, EMA
epithelial membrane antigen,
SMA smooth muscle actin,
CEA carcinoembryogenic
antigen, LCA leukocyte
common antigen

Antigen Type Dilution Antigen retrieval Source

Vimentin Monoclonal 1:50 Microwave Dako, Produkionsveg,
Glostrup, Denmark

CK Monoclonal 1:100 Pronase (enzymatic) Dako
CK 7 Monoclonal 1:50 Microwave Dako
EMA Monoclonal 1:100 Pepsin (enzymatic) Dako
Desmin Monoclonal 1:50 Microwave Dako
CD34 Monoclonal 1:100 Microwave Dako
SMA Monoclonal 1:200 Pepsin (Enzymatic) Dako
CK20 Monoclonal 1:100 Microwave Dako
CEA Polyclonal 1:400 Pepsin (enzymatic) Dako
S-100 Polyclonal 1:300 Pepsin (enzymatic) Dako
Myo D-1 Monoclonal 1:20 Pressure cooker and EDTA Dako
HMB-45 Monoclonal 1:50 Microwave Dako
LCA Monoclonal 1:100 Microwave Dako
C-KIT Polyclonal 1:100 Microwave Dako
CD31 Monoclonal 1:40 Microwave Dako
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Survival proportions were estimated using the Kaplan–
Meir method. For each subject, the starting date of follow-
up was defined as the date of first presentation. The end of
follow-up was set to 30th March 2008 or date of death if
this event occurred earlier. The log rank test was used to
test the equality of survival functions across the groups.
Patients were followed up for a maximum of 7 years, with
an average follow up of 71 months.

Progression of the disease was defined in terms of local
recurrence and distant metastasis. Disease-free survival
(DFS) and overall survival (OAS) were obtained from the
follow-up data. Follow-up details with outcomes were
available in 33 cases, while details pertaining to recurrences
and metastatic status in individual cases were available in
37 cases. Analysis were done separately, considering
recurrence or metastasis as the event of interest (DFS) and
death due to any cause (most likely ES) as the event of
interest (OAS).

Cox proportion hazard model was used to estimate
hazard ratios (HR) and its 95% confidence interval (CI) for
the DFS from ES, according to age, location, size, grade,
stage, and the two morphological subtypes.

Results

A total of 40 cases were identified as ESs and substantiated
with IHC results.

Clinical parameters

A wide age range was noted, with the youngest patient
being 6 years old and oldest of 70 years age. Maximum
cases were seen in the age group of 21–30 years, i.e., 15
(37.5%) cases, with men outnumbering women (M/F ratio=
3.44:1). Mean age was 32 years, and median age was
27 years.

Clinically, 30 (75%) patients presented with a painless
swelling/mass, eight cases had skin ulceration, followed by
swelling, and the remaining two cases complained of
painful swellings. The duration of symptoms ranged from
3 months to 10 years, with a mean of 17 months.

In maximum cases, i.e., 33 (82.5%), the tumor was
found to be superficially located, while in seven (17.5%)
cases, it was deep seated within the muscles. The most
common site of involvement was the upper extremity, i.e.,
in 18 (45%) cases, followed by the lower extremity in 12
(30%) cases, gluteal region in two (5%) cases, and groin
region in five (12.5%) cases. Out of 18 cases in the upper
extremity, ten were seen involving the wrist and forearm
and four, each, in the hand and the arm, respectively. Out of
the 12 cases in the lower extremities, eight were located in

the thigh, three in the foot, and one in the calf region. The
remaining one case, each, was seen in the chest wall,
perineum, and the scalp, respectively.

Gross features

The primary tumor size varied from 2 to 15 cm in the
largest dimension (mean=6 cm). It was less than or equal to
3 cm in 12 (30%) cases and greater than 3 cm in 28 (70%)
cases. Twelve (85.4%) out of 14 cases of proximal-type ES
had tumor size greater than 3 cm, and 16 (61.5%) of 26
cases of conventional ES had tumor size greater than 3 cm.
Overall, 12 (30%) cases had a tumor size less than or equal
to 3 cm, and 20 (50%) cases had a tumor size less than or
equal to 5 cm. Grossly, most of the cases showed presence
of a lobulated mass, which, on the cut surface, was fleshy
with areas of hemorrhage and necrosis. Eight (20%) cases
were associated with overlying skin ulceration. In three
cases, the tumor was seen involving the underlying bones
(Table 2).

Microscopic features

In 26 (65%) cases, the tumor displayed the classic
“granuloma-like” appearance. The predominant cells were
oval to polygonal shaped with large vesicular nuclei,
prominent nucleoli, and abundant eosinophilic cytoplasm.
Admixed were spindle cells, predominantly in the periphery
of the nodules. These cases were labeled as conventional-
type ES. Two such cases showed focal dystrophic calcifi-
cation. In few cases, tumor infiltration was seen along the
muscle fibers, as an isolated nodule or as single cell
infiltration.

Fourteen cases (35%) showed a diffuse, sheet-like
arrangement of large polygonal cells with vesicular,
pleomorphic nuclei, prominent nucleoli, and moderate to
abundant eosinophilic cytoplasm. Out of these, two cases
displayed focal tumor cell disintegration like a pseudo-
angiosarcomatous pattern. Noteworthy, all these cases
showed varying number of cells with distinct intracyto-
plasmic eosinophilic inclusions, reminiscent of “rhabdoid”
morphology. Four such cases showed tumor giant cells.
These cases were labeled as proximal-type ES (Fig. 1).

Mitotic activity was assessed in all cases. Maximum
cases (25; 62.5%) had mitoses less than nine per ten hpf.
Thirteen cases (32.5%) had mitoses ranging from 10 to 19
per ten hpf, and the remaining two cases had mitoses
greater than 20 per ten hpf.

As per FNCLCC grading system, all cases revealed a
differentiation score of 3. Further, 26 (65%) cases were of
grade 2, and 14 (35%) cases were of grade 3.
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Table 2 Clinicopathological features of 40 cases conventional and proximal-type of ES

Sr.
no.

Age Sex Site Tumor
size (cm)

Morphological
subtype

Treatment given Local
recurrence
(number)

Metastasis (site) Outcomes

Type (Resection) Adjuvant
CT/RT

1 18 M Elbow 15.0 Proximal Above elbow
amputation (R0)

CT+RT 1 B/L Multiple Lung DOD

2 52 F Thigh 10.0 Proximal WE (R1) CT+RT 2 Nil Lost to FU
3 26 M Thigh 13.0 Proximal Palliative CT RT – Nil B/L Lung, Pleural

effusion, Ascitis.
DOD

4 29 M Hand 3.0 Proximal Below elbow
Amputation (R0)

CT+RT Nil Nil FOD

5 43 F Gluteal region 11.0 Proximal WE (R2) – 1 Nil AWD
6 35 M Gluteal region 13.5 Proximal WE+GND (R0) RT 1 Nil DOD
7 30 M Scalp 5.5 Proximal WE (R0) – 1 NK Lost to FU
8 28 F Thigh 4.0 Proximal WE (RX) – NK NK Lost to FU
9 60 M Thigh 6.5 Proximal WE+GND (R0) CT+RT 1 Lymph nodes Groin DOD
10 46 M Thigh 8.5 Proximal WE (Rx) NK NK NK Lost to FU
11 15 M Forearm 6.0 Proximal Above elbow

amputation (R1)
CT+RT 1 B/L lung DOD

12 26 M Calf 6.2 Proximal WE (R0) CT+RT 1 Lymph nodes Groin AWD
13 70 M Groin 2.5 Proximal WE (R0) – 1 Nil AWD
14 47 M Perineum 4.6 Proximal WE (R0) – 1 Nil AWD
15 45 M Groin 3.5 Conventional WE (R0) CT+RT Nil Nil FOD
16 16 M Foot 12.0 Conventional Below knee

amputation (R0)
– Nil Finger FOD

17 27 M Forearm 10.0 Conventional Forequarter
amputation (R0)

CT+RT Nil Nil FOD

18 21 M Forearm 8.0 Conventional Above elbow
Amputation (R0)

CT+RT 2 Nil FOD

19 36 M Foot 4.5 Conventional WE+GND (R0) CT+RT Nil Lung, Lymph nodes
Groin

DOD

20 39 M Groin 7.0 Conventional WE (R0) CT+RT 1 Lymph nodes Groin AWD
21 32 M Groin 9.0 Conventional WE+ND (R0) CT+RT Nil Lymph nodes

Infrapancreatic
DOD

22 16 M Forearm 3.0 Conventional WE (R0) CT+RT 1 Nil FOD
23 19 F Arm 4.7 Conventional WE (R0) – 1 Nil FOD
24 18 M Thigh 3.0 Conventional WE (R0) CT+RT Nil Nil FOD
25 48 F Hand 2.0 Conventional Middle finger

amputation (R0)
– Nil Nil FOD

26 24 M Thigh 10.0 Conventional WE (R0) CT+RT Nil Nil FOD
27 35 M Arm 2.2 Conventional WE (RX) CT+RT NK Lymph nodes Axilla Lost to FU
28 58 M Chest wall 4.0 Conventional WE (R0) CT+RT NK NK Lost to FU
29 48 F Groin 6.5 Conventional WE(R0) RT 1 Nil FOD
30 25 M Foot 5.5 Conventional WE (R0) – 1 NK Lost to FU
31 17 F Hand 3.0 Conventional WE (R0) CT+RT 3 Nil FOD
32 25 M Elbow 2.8 Conventional WE (R0) CT+RT 1 Nil FOD
33 27 F Arm 2.7 Conventional WE (R0) – 1 Nil FOD
34 21 M Forearm 5.4 Conventional WE (R0) – Nil Lymph nodes Axilla FOD
35 37 M Forearm 3.0 Conventional WE (R0) CT+RT 1 Nil FOD
36 21 M Forearm 7.0 Conventional Above elbow

amputation (R0)
CT+RT 2 Nil FOD

37 6 F Hand 2.0 Conventional WE (R0) – 1 Nil FOD
38 47 M Thigh 2.5 Conventional WE (R0) – 1 Nil FOD
39 21 M Hand 3.8 Conventional WE (R0) CT+RT Nil Nil FOD
40 29 M Forearm 4.5 Conventional Above elbow

amputation (R0)
CT+RT 2 Finger FOD

M Male, F female, mean age=32 years, median age=27 years, WE wide excision, ND node dissection, GND groin node dissection, AND axillary
node dissection, R resection, CT chemotherapy, RT radiotherapy, B/L bilateral, AWD alive with residual disease, FOD free of disease, DOD died of
disease, FU follow-up, NK not known
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Among the various IHC markers performed, diffuse,
strong, cytoplasmic vimentin positivity was seen in all the
cases, followed by cytoplasmic or membranous epithelial
membrane antigen (EMA) positivity in 37 (92.5%) cases.
Cytoplasmic cytokeratin (CK) positivity was seen in 30
(75%) cases. Most of the cases showed its widespread
expression. It was focal but discrete in the remaining. CK7,
employed in case, was diffusely positive. CD34 positivity
was cytoplasmic membranous, in 25 (62.5%) cases, within
most of the tumor cells. CD31 was not found positive in
any of the cases it was used. Focal desmin positivity was
seen in eight (20%) cases of proximal-type ES. S-100
showed focal intranuclear and cytoplasmic positivity in
four cases. While focal S-100 expression was identified
in more cases of the proximal-type ES, CD34 was seen in
more cases of conventional ES. (Fig. 2; Table 3).

Further comparisons between the two subtypes with
other clinical parameters showed a similar age and gender
distribution, with no statistically significant difference.
However, in terms of location, more cases of conventional
ES were seen in upper extremities, while the lower
extremity formed the commonest site of occurrence in the
proximal type. Moreover, the cases of proximal-type were
significantly more commonly associated with a deeper
location (p=0.000). In terms of tumor size, maximum cases
of conventional ES were less than or equal to 5 cm in size,
in contrast to the proximal type, wherein maximum cases
(71.4%) had tumor size greater than 5 cm (p=0.04, S).
Seventeen (65.3%) cases of conventional ES were of stage
III, and nine (34.6%) cases were of stage IV. Eight (57.4%)
cases of the proximal type were in stage III, and six
(42.6%) were in stage IV. The statistical correlation was not

Fig. 1 a Conventional-type epithelioid sarcoma. Nodular aggre-
gates of tumor cells around areas of necrosis. H&E ×100. Inset,
showing polygonal and spindly cells forming tumor aggregates.
H&E ×400. b Proximal-type epithelioid sarcoma. Solid sheet-like
pattern of large, eosinophilic cells. H&E ×200. Inset, showing large,
polygonal cells with abundant, eosinophilic cytoplasm. H&E ×400.

c Areas of hemorrhage reminiscent of pseudoangiosarcomatous
pattern. H&E ×100. Inset, showing large cells in juxtaposition with
areas of hemorrhage. H&E ×100. d Higher magnification showing
large, rhabdoid cells with intracytoplasmic inclusions indenting
nucleus, showing prominent nucleoli. H&E ×400. Inset, showing a
binucleate cell with a conspicuous intracytoplasmic inclusion. H&E ×1,000
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significant (p=0.61). Although more cases of proximal ES
were associated with recurrences and metastasis, as com-
pared to the conventional type, the differences were
statistically insignificant (Table 4).

Management

Maximum patients (30; 75%) were treated with a wide
excision. Nine (22.5%) patients underwent amputation. One
patient had metastasis at the time of presentation and was
offered palliative treatment. Marginal evaluation was
possible in 37 cases. Of these, 35 cases underwent R0
resections with free margins, while one case, each, of the
proximal subtype had either miscroscopically positive (R1)
or both grossly and microscopically positive (R2) margins.
Four cases underwent nodal dissection. Based on oncolo-

gists’ preference, adjuvant radiotherapy (RT) was offered in
two (5%) cases, while, both RT and chemotherapy (CT)
were offered in 23 (57.5%) cases. One case was offered
palliative CT at the upfront, in view of bilateral lung

Fig. 2 Immunohistochemical p Immunohistochemical profile of epithe-
lioid sarcoma. a Tumor cells showing diffuse cytokeratin positivity.
DAB ×100. b Strong, diffuse vimentin positivity. DAB ×400. c

Membranous positivity with CD34. DAB ×400. d Tumor cells showing
desmin expression in one of the few cases. DAB ×400

Table 3 Immunohistochemical marker expression in various cases
of ES

IHC
marker

Conventional-type
ES (N=26)

Proximal-type
ES (N=14)

Total (N) Percentage

Vimentin 26 (100%) 14 (100%) 40 100
EMA 23 (88.5%) 14 (100%) 37 92.5
CK 19 (73%) 11 (78%) 30 75
CD34 17 (65%) 8 (57%) 25 62.5
Desmin 0 8 (57%) 8 20
S-100 1 (3.8%) 3 (21.4%) 4 10

N Total number of cases
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deposits with pleural and peritonel effusion along with large
tumor size. The drug regimes for adjuvant CT included
three cycles of ifosamide (intravenous [i.v.] infusion,
1,500 mg/m2, days 1–4) and adriamycin (i.v. continuous
infusion, 20 mg/m2 per day, days 1–3) with growth factor
support, in cases of large-sized, high-grade tumors with or
without incomplete resection and/or in cases of metastasis.
Similarly, adjuvant RT was also offered in large-sized
tumors and/or in cases showing recurrences or metastasis.
The dosages were 30 fractions of 60 Gy in cases or Ro

(complete) resection, 66 Gy in R1 (incomplete), and 70 Gy
in cases of residual disease.

Local recurrences were noted in 24 (60%) cases. Out of
these, 19 (47.5%) cases had a single local recurrence, four
had two recurrences, and one case had three local
recurrences. Fourteen (30%) cases had no evidence of
disease at the last follow-up. Twelve (30%) cases developed
distant metastasis, including nodal metastases in seven
(17.5%) cases, lung metastases in four cases, and multifocal
spread in three cases.

Table 4 Various clinicopatho-
logical variables in cases
of conventional and
proximal-type ES

T Tumor, (C) conventional,
(P) proximal, S significant,
HS highly significant, NS not
significant
a p values obtained by chi
square test. NE p value could
not be estimated
b =Status known in 36 cases
c =Status known in 33 cases

Variable Conventional-type:
number of cases (%)

Proximal-type:
number of cases (%)

p valuea

Age (years) p=0.67 (NS)
≤35 18 (69.2%) 8 (57.1%)
>35 8 (30.8%) 6 (42.9%)
Mean=29.1(C) 37.5 (P)
Median=26 (C) 32 (P)
Location p=0.000 (HS)
Superficial 26 (100%) 7 (50%)
Deep 0 7 (50%)
Gender p=1.0 (NS)
Male 20 (76.9%) 11 (78.5%)
Female 6 (23.0%) 3 (21.4%)
T size (cm)
≤3 10 (38.5%) 2 (14.2%) p=0.22 (NS)
>3 16 (61.5%) 12 (85.8%)
≤5 16 (61.5%) 4 (28.5%) p=0.04 (S)
>5 10 (38.5%) 10 (71. 4%)
Largest=12 (C) 15 (P)
Mean=5 (C) 7.8 (P)
Grade
1 0 0
2 21 (80.7%) 5 (35.8%) p=0.012 (S)
3 5 (19.3%) 9 (64.2%)
Stage p=0.61 (NS)
I 0 0
II 0 0
III 17 (65.5%) 8 (57.0%)
V 9 (35.0%) 6 (64.2%)
Resections NE
Rx 1 (3.8%) 2 (14.3%)
Ro 25 (96.2%) 10 (71.4%)
R1 0 1 (7.1%)
R2 0 1 (7.1%)
Adjuvant CT/RT NE
CT+RT 17 (65.4%) 6 (42.9%)
RT 1 (3.8%) 1 (7.1%)
Not offered 8 (30.8%) 5 (35.7%)
Not known 0 1 (7.1%)
Palliative 0 1 (7.1%)
Recurrencesb 14/24 (58.3%) 10/12 (83.3%) p=0.13 (NS)
Metastasisb 7/24 (29.1%) 5/12 (41.6%) p=0.45 (NS)
Alive with diseasec 1/23 (4.3%) 4/10 (40%) p=0.008 (HS)
Free of diseasec 20/23 (86.9%) 1/10(10%) p=0.0001 (HS)
Died of diseasec 2/23 (8.6%) 5/10 (50%) p=0.007 (HS)
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Outcomes

Out of 33 cases with available outcomes, 21 (52.5%) cases
were free of disease, while seven (12.5%) died of disease,
including one case where palliative CT was offered. Five
patients were alive with residual disease. Seven patients
were lost to follow-up (Table 3).

DFS at the end of 3, 5, and 7 years was 29.2%, 20.8%,
and 13.9%, respectively.

Seven patients succumbed to the disease within 16–
80 months (mean=36 months). Seven patients were alive
with residual disease, and the remaining 21 patients were
free of disease at the last follow-up.

A statistically insignificant decrease in the 7-year DFS
was found in cases of grade 3 tumors (16.7%), as compared
to grade 2 tumors (17.2%; p=0. 11). Deep-seated tumors
showed a significantly lower DFS of median 6 months vs.
superficially located tumors that showed a median DFS of
15 months (p=0.02). A decrease in DFS was also observed
with proximal-type ES (0), in contrast to conventional-
type ES (19.4%), with median DFS values of 9 months in
the former and 16 months in the latter type. Adjuvant
treatment reduced the DFS but was statistically insig-
nificant (p=0.74).

The OAS at the end of 3, 5, and 7 years was 83.6%,
79.6%, and 74.6%, respectively. Over 7 years, it was reduced
in men (65.7%), as compared to that in women (100%; p=
0.09). The significant difference in OAS was observed with
initial tumor size. It was 93.3% in cases with tumor size
less than or equal to 5 cm, compared to 52.7% in patients
with tumor size greater than 5 cm (p=0.020). It was
significantly more for the patients in stage III, i.e., 100%, as
compared to the 24.8% for the patients in stage IV (p<
0.001). It was significantly lesser in cases of the proximal
type (31.3%), compared to those of the conventional type
(90.2%; p<0.001; Table 5). (Figs. 3 and 4). More
percentage cases of proximal-type ES showed recurrences
and metastasis, i.e., 83.3% and 41.6%, respectively, in
contrast to the conventional type. The percentage of
patients who died of disease was more in the proximal
type (50%), whereas increased percentage of patients, free
of disease, were of conventional-type ES (86.9%). Adju-
vant treatments did not improve OAS (Tables 4 and 5)

On univariate analysis of DFS, according to selected
variables, increased risk of recurrences, or metastasis was
noted in cases of proximal-type ES vs. the conventional
type (HR=1.98, 95% CI=0.91–4.31). Tumor location was
identified as a significant prognostic factor, both for DFS
and OAS. Tumor stage could not be included for multi-
variate analysis due to high colinearity with grade (Table 6).
The OAS was significantly reduced in the proximal vs.
conventional type on univariate (HR=10.8, CI=2.08–56.34)
and multivariate (HR=22.9, CI=0.95–553.79) analysis.

Discussion

The present study attempts to describe the various clinico-
morphologic features, including outcomes of 26 cases of
conventional-type and 14 cases of proximal-type ES.

Age range and symptomatology in the present study was
comparable to earlier studies [2–4, 8, 21, 24].

In cases of conventional-type ES, upper extremity was
the commonest site of involvement, whereas thigh was the
commonest site in cases of proximal-type ES. Similar
gender predisposition was noted in both the subtypes. Even
though a differing clinical profile, especially in terms of a
specific site of location, has been noted for a proximal-type
ES vs. the conventional type, we did not find this as a
significant difference [10, 13]. Nonetheless, a single case,
each in the perineum and scalp region, was of the proximal
type, whereas one case in the chest wall was of the
conventional type. A significant percentage (45.5. %) of
cases of proximal-type ES have been noted at nonproximal
sites by Casanova et al. [3].

Maximum cases in our series were superficially located,
as noted earlier [2–4, 21]. However, Bose et al. [2]
identified most of these tumors in deep location. While all
cases of conventional-type ES, in our study, were superfi-
cially located, all the deep-seated tumors were of proximal-
type, as noted by Guillou et al. [10].

A wide size range was observed. The tumors that were
more proximally located had a larger tumor size than the
tumors located more distally. In their premier study, Chase
and Enzinger [4] observed tumor sizes ranging from 1.5 to
15 cm, with a mean of 3.6 cm. We noted a similar variation
in our series. However, the mean tumor size was 6 cm as
most of our cases presented at a locally advanced stage.
Moreover, a higher percentage (85.5%) of our cases of the
proximal-type ES had a size greater than 3 cm, in contrast
to the conventional type where 61.5% cases had a tumor
size greater than 3 cm. Tumors in the thigh and groin region
were larger than those seen in the upper extremity. Similar
findings were observed in all other studies [2, 8, 13].

As sarcomas exhibit a wide range of clinical behavior, in
order to determine accurate prognosis and guidance for
therapeutic decisions, their grading becomes vital. How-
ever, tumors like ES, alveolar soft part sarcoma, and clear
cell sarcomas of tendon sheath have, lately, been included
in the category of “ungradable” sarcomas [5]. This might be
due to the rarity of substantial studies on these sarcomas and
possibility of interplay of other clinical factors influencing
their biological outcome. Nevertheless, we, like Casanova et
al. [3], graded our cases and observed a similarity with
results that included 65% cases with grade 2 and 35% cases
of grade 3. In addition, they observed a higher number of
cases of grade 3 of the proximal-type ES (66.6%), a feature
similar to our study, wherein 64.2% cases of grade 3 were of
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the proximal type, further supporting a significant asso-
ciation of proximal-type ES with a higher tumor grade (p=
0.003). However, grade was not found to be significant in
terms of survival in these cases.

As we are a tertiary cancer referral center, a substantial
number of cases in our study were in high tumor stage, in
contrast to findings of Spillane et al. [24].

Histomorphologically, we identified 26 (65%) cases
of conventional subtype and 14 of proximal-type ES.

Hasegawa et al. [13] described 20 cases of proximal-type
ES. Miettinen et al. [17] and Laskin et al. [16] identified 9
of 112 (8%) cases and 7 of 95 (7.3%) cases, respectively,
of the proximal subtype. A relatively higher number of
such cases in our study, compared to the latter two, were
due to the fact that even though some of our cases
displayed focal “pseudoangiosarcoma-like” pattern, these
were labeled as proximal type, rather than a distinct
angiomatoid variant or other variants that were identified

Table 5 Seven years survival for ES according to selected prognostic factors

Variable Number
of cases

Disease-free survival Overall survival

Number
of events

Mean (M) Median (M) Percent p value Number
of events

Mean (M) Median (M) Percent p value

Age
≤35 years 26 21 33.82 12 15.6 0.69 5 NE 187.85 73.3 0.98
>35 years 14 9 28.4 7 18 13.9 2 NE 144.97 77.1
Gender
Male 31 24 34.05 12 19.4 0.39 7 132.22 NE 65.7 0.09
Female 09 6 40.90 48 12.5 0 - NE 100
Morphology
Conventional 26 19 42.60 16 19.4 0.06 2 220.36 NE 90.2 <0.001
Proximal 14 11 15.25 9 0 5 55.12 36 31.3
T size (cm)
≤3 12 10 25.25 9 0 0.79 0 NE NE 100 0.017
>3 28 20 35.61 12 15.8 7 113 NE 56.6
≤5 20 14 27.14 12 0 0..90 1 226.13 NE 93.3 0.020
>5 20 16 35.68 13 15.8 6 107.94 NE 52.7
Location
Superficial 33 24 39.60 15 17.5 0.02 4 205.64 NE 82 0.002
Deep 07 6 13 6 0 3 43 20 25
Grade
2 26 20 40.77 16 17.2 0.11 5 195.78 NE 79.2 0.54
3 14 10 11.50 8 16.7 2 75.20 80 40
Stage
3 25 16 31.87 18 13.7 0.26 0 NE NE 100 <0.001
4 15 14 23.26 12 10.8 7 77.01 48 24.8
Resection
Rx 3 1 NE NE NE NE 0 NE NE NE NE
Ro 35 27 36.18 12 15.9 6 192.16 NE 77.2
R1 1 1 13 NE NE 1 80 NE 0
R2 1 1 48 NE NE 0 NE NE NE
Adjuvant CT/RT
(CT+RT)/RT 25 18 26.34 12 18.5 0.74 6 135.40 NE 67.5 0.09
Not offered 13 11 35.39 15 12.8 0 NE NE 100
Not known 1 0 NE NE NE 0 NE NE NE
Palliative 1 1 NE NE NE 1 20.10 20 0
Recurrence
Yes – 27 NA NA NA NE 7 179.37 NE 69.8 0.21
No 06 NA NA NA 0 NE NE 100
Metastasis
Yes – 12 NA NA NA NE 5 94.20 80 38.8 <0.016
No 21 NA NA NA 2 217.90 NE 84.6

p values were obtained by log rank test. Significant values have been written in italics.
T Tumor, M months, NA not applicable, NE values could not be estimated
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in these studies. Moreover, in view of ours being a
tertiary cancer center, more numbers of our cases are
of higher grades with unfavorable histological patterns.
A “pseudoangiosarcomatous” morphological feature in
proximal-type ES was also noted by Guillou et al. [10].
In our series, the cases displaying a pseudoangiosarco-
matous pattern invariably showed presence of rhabdoid
cells, which correlated with an unfavorable outcome,
thereby suggesting that the angiomatoid variant might
actually represent a form of a proximal subtype of ES. In
two cases, an increase in the population of rhabdoid cells
was noted in the recurrent lesions, further suggesting the
associated aggressiveness of the tumor with “rhabdoid”
cells. Prat et al. [21] noticed an increase in the pleomor-
phic cells in recurrent lesions and in metastatic deposits.
Similar findings were noted in one of our cases that

showed metastatic lymph nodes. The presence of multi-
nucleated giant cells, without significant nuclear pleomor-
phism, was seen in four cases. Chase and Enzinger [4] also
noted multinucleate giant cells in 5% cases. As described
in the literature [2, 4, 8, 21], variable amounts of necrosis
ranging from scanty foci to large areas of geographic
necrosis were noted in 80% of our cases. Mitotic rates
were variable. The cases of the proximal subtype revealed
an increased mitotic rate, as also noted by others [2–4, 12,
20]. Tumors greater than 5 cm in size and deeply seated
had a high mitotic activity.

Microscopically, a wide range of differential diagnoses
were entertained, including a melanoma/clear cell sarcoma
of tendon sheath, an alveolar rhabdomyosarcoma, an
epithelioid monophasic synovial sarcoma (SS), along with
other sarcomas revealing epithelioid traits, and a poorly

Fig. 3 Comparison between
disease-free survival and mor-
phological pattern. Difference in
disease free survival in conven-
tional (19.4%) vs. proximal-type
ES (0) over a period of 7 years
(p=0.06)

Fig. 4 Comparison between
overall survival and morpholog-
ical types. The significant
decrease in disease-free survival
was observed with proximal-
type ES (31.3%), in contrast to
its conventional type (90.2%)
over an average period of
7 years (p<0.001)
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differentiated carcinoma [9, 13, 17]. In few cases of the
conventional subtype, exhibiting superficial ulceration, the
cells had bland morphology and showed nodular arrange-
ments with areas of necrosis, raising a possibility of a
necrotizing granuloma [4, 7, 17]. A long-standing history of
a nonhealing ulcer was noted in some of our referral cases.

Melanoma was the commonest differential diagnosis,
especially in cases of the proximal subtype. CD34 and
EMA positivity helped in ruling out this diagnosis.
Epithelioid monophasic SS was another differential diag-
nosis in view of its similar clinical profile and dual
immunoreactivity for epithelial and mesenchymal markers
[13]. However, the presence of the superficial location, lack
of nodular pattern, and CD34 immunoreactivity were
helpful in substantiating an ES over a SS. An epithelioid
hemangioendothelioma and an epithelioid angiosarcoma
were ruled out with CD31 negativity [1]. A rhabdomyo-
sarcoma was excluded in view of negative MyoD1 and
myogenin expression. A metastatic carcinoma was ruled
out based upon clinicoradiological findings and CD34
reactivity. This was also helpful in excluding an epithelioid
malignant peripheral nerve sheath tumor. CD30 negativity
ruled out an anaplastic large cell lymphoma.

In this way, the morphological diagnosis was sub-
stantiated with IHC in all cases. All our cases showed
vimentin positivity (100%). EMA positivity was noted

in 92.5% cases, as noted by others [10, 13, 17]. This
confirmed a dual immunoexpession of this tumor for
epithelial and mesenchymal markers. Similar to the findings
of Chase and Enzinger [4], CK immunoreactivity was
observed in 75% cases. However, it was seen in a lesser
number of cases, in contrast to other studies [10, 13, 17].
Lately, specific cytokeratins viz. CK8 and CK18, although
not performed in our study, have also been found to show
varying immunoreactivity in cases of ES [20]. CD34
immunoreactivity in 62.5% of our cases indicates its value
in differentiating an ES from other differential diagnoses
[25]. It was seen in a higher proportion of our cases than
described earlier [10, 13, 17]. This reinforces its value in
ascertaining a diagnosis of an ES. Eight (57.1%) out of 14
of our cases of proximal-type ES showed focal desmin
expression. Gulliuo et al. [10] identified desmin positivity
in 62.5% cases of their cases of proximal-type ES. This was
in contrast to the study of Miettinen et al. [17], who did not
find this expression. Focal S-100 positivity was seen in four
(10%) cases, as observed by others, suggesting possibility
of perineural differentiation in some cases [13, 16, 23].
Other markers were performed to rule out various other
differential diagnoses. Based on our findings, an optimal
panel of immunomarkers for an objective confirmation of
an ES is constituted by Vimentin, EMA, CK, CD34, and
desmin, the latter reinforcing a possibility of myogenic
differentiation in certain cases.

Ultrastructural analysis of a proximal-type ES has
unraveled the presence of well-defined filamentous aggre-
gates, indenting the nucleus eccentrically to form intra-
cytoplasmic inclusions, reminiscent of rhabdoid cells,
seen with this tumor [10]. However, we did not perform
ultrastructural analysis. Further, mutations simulating
an extrarenal rhabdoid tumor (ETRT), characterized by
inactivation/deletion of both the alleles of tumor suppres-
sor gene hsNF5/INI11 on chromosome 22q11.2 have been
noted, raising a possibility that a proximal-type ES could
possibly represent a complex rhabdoid tumor [19]. The
aggressive course of the disease has been attributed to the
presence of “rhabdoid-like” cells. In fact, the presence of
rhabdoid features in malignant tumors have been noted
to be correlating with aggressive behavior, multimodal
resistance, and a rapidly “down-hill” course, as noted in
some of our cases [11, 15, 20].

Therapeutically, maximum cases in our series were
treated with a wide excision with clear resection margins
(R0 resection). Adjuvant CT/RT were offered in individual
cases, mostly related to larger tumor size. Certain cases,
despite large size, were spared in view of poor general
condition of those patients. Local recurrence following
initial treatment was noted in 60% cases, a feature
commonly seen with this sarcoma [3, 4, 8, 21, 24]. Distant
metastasis was seen in 30% cases, most commonly in the

Table 6 Hazard ratio (HR) of DFS according to selected risk factors
in cases of ES

Variable Number
of events

HRa 95% CI HRb 95% CI

Agec

≤35 years 21 1.0 1.0 –
>35 years 9 0.85 038–1.92 0.72 0.30–1.71
Locationc

Superficial 24 1.0 – 1.0 –
Deep 6 2.56 1.01–6.48 3.01 0.80–11.34
T sizec

≤5 cm 14 1.0 – 1.0 –
>5 cm 16 0.96 0.46–1.99 0.59 0.25–1.39
Gradec

2 20 1.0 – 1.0 –
3 10 1.6 0.32–8.69 1.74 0.64–4.75
Stage
3 16 1.0 –
4 14 1.49 0.70–3.18 NE NE
Morphological typec

Conventional 19 1.0 – 1.0 –
Proximal 11 1.98 0.91–4.31 1.26 0.37–4.31

CI Confidence interval, NE not estimated due to high colinearity with
grade
a HR by univariate analysis
b HR by multivariate analysis
c Reference category
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lymph nodes. The recurrences were noted proximal to
initial sites in some of our cases as noted earlier [4]. Prat et
al. [21] observed 63% cases with local recurrences after
initial treatment and 58% cases with metastasis on a longer
follow-up. Spillane et al. [24] observed a low recurrence
rate. In our study, maximum cases with recurrences and
metastasis were of the proximal type.

The DFS in our study was slightly higher than that
observed by Spillane et al. [24]. The most important
variables associated with a lower DFS were deeper location
and proximal type. The DFS was significantly lower in
deep-seated tumors. There was an almost statistically
significant difference in DFS between conventional and
proximal subtypes with a median of 19.4 months in the
former and nil in the latter type (p=0.06). An increased risk
of recurrences and metastasis was noted with proximal-type
ES on univariate analysis (HR=1.98, CI=091–4.31). Deep-
seated tumors also showed a significantly higher risk for
recurrences and metastasis.

OAS over a period of 7 years was 75%, falling within
the range of established literature [18]. The important
prognostic factors affecting the OAS were location,
morphological subtype, tumor size, metastasis, and tumor
stage. In terms of gender, we observed a higher but
statistically insignificant OAS in women (100%) than in
men (67.5%). Chase and Enzinger [4] observed an OAS of
78% in female and 64% in male patients. However,
Spillane et al. [24] observed a lower OAS in the women
(55%), as compared to men (75%). Noteworthy among
morphological subtypes was a higher OAS in cases of
conventional-type vs. proximal-type ES (p<0.001). A lower
OAS was noted with proximal-type vs. conventional-type
ES, on univariate (HR=10.98, CI=2.08–56.34) and multi-
variate (HR=22.9, CI=0.95–553.79) analysis. However,
the CI was wide due to a lesser number of cases in our
study. Casanova et al. [3] did not observe a statistical
significance between the two subtypes.

Regarding tumor size, the tumors sized greater than 5 cm
behaved badly, in contrast to the tumors sized less than or
equal to 5 cm (p=0.02). Evans and Baer [8] made similar
observations. When we classified tumors as less than or
equal to and greater than 3 cm, we found that cases with
less than or equal to 3 cm size showed a significant survival
vs. tumors sized greater than 3 cm (p=0.017). However, on
adjustment with other variables, size could not retain its
statistical significance. This might be due to limited number
of cases in our study. Casanova et al. [3] described tumor
size as less important in predicting outcome when the cutoff
value was 5 cm, in contrast to the same becoming
significant if the 3-cm value was considered. Similar to
the findings of Bos et al. [2], we observed that deep-seated
tumors had significantly shorter survivals than those in
superficial locations (p=0.003). In terms of tumor stage,

stage III cases had higher survival rate than of stage IV
cases (p<0.001). Tumor stage could not be included in
multivariate analysis due to colinearity with grade since
most of our cases are referred ones and present with high
grade and stage. Spillane et al. [24] found that there was no
significance of stage in predicting the survival of the
patients. This again might be due to the fact that most of
our patients presented with an advanced disease, while
maximum patients in their study were in stage II.
Histological grade was found to be insignificant in terms
of DFS (p=0.11) and OAS (p=0.54). Metastasis was a
detrimental factor in our series as noted by Prat et al. [21].
The survival was significantly lower in patients with metas-
tasis than those without (p=0.001). The most common site
of metastasis in the patients who died of the disease was
lung (57.1%).

Unlike Bos et al. [2], we did not observe an association
of tumor necrosis with poor survival rate. Adjuvant CT/RT
increased the DFS in our series, though statistically in-
significant. However, OAS was not increased, rather
seemingly reduced, since most of the cases for adjuvant
treatments were of high grade, large size, and at a
higher tumor stage. Other reason included an influence
on follow-up.

In conclusion, an ES is an unusual sarcoma with a very
characteristic growth pattern and merits a proper histolog-
ical evaluation as it has many mimics. The proximal-type
ES is rather a morphological subtype, characterized by
large, rhabdoid-like cells and is associated with an
aggressive course, with its lower OAS and possibility for
increased risk of recurrence and metastasis. These tumors
are best treated with a wide excision with optional adjuvant
CT/RT in individual cases. Further, substantial studies,
including those with molecular analysis, would contribute
to the existing literature, especially in terms of outcomes
and would be helpful in providing newer insights for
management of this tumor and its aggressive subtype.
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Abstract Fulminant Epstein–Barr virus (EBV+) T-cell
lymphoma in immunocompetent elderly patients is rare
and its character has not been well defined. This study
analyzed the clinicopathological features of five elderly
patients (group A: 50–84 years) and compared them with
those of eight children and young adult patients with
systemic T-cell lymphomas (group B: 10–34 years). Group
A more commonly presented with generalized lymphade-
nopathy (n=3) than did group B (n=1). Chronic active
EBV infection (n=3) and hydroa vacciniforme-like erup-
tions (n=1) were seen in group B, while group A showed
no evidence of chronic EBV infection, but did show
chronic hepatitis B or C virus infections (n=3). The

histological and immunophenotypical findings were similar.
All patients died within 1 to 14 months of diagnosis. These
findings suggest that EBV+ T-cell lymphoma in elderly
patients is a unique disease with an underlying derangement
of T-cell immunity and failure to eradicate infected virus.
Additional factors related to senility may play a role in the
disruption of homeostasis between the virus and the host’s
immune system.

Keywords Epstein–Barr virus . Lymphoma . T-cell

Introduction

Primary infection with Epstein–Barr virus (EBV) is usually
asymptomatic, and EBV has been shown to be latent in B cells
for life in normal hosts after primary infection; however, some
children and more often, adolescents and young adults,
develop infectious mononucleosis (IM) [26]. IM is charac-
terized by fever, hepatosplenomegaly, lymphadenopathy, and
an increase in activated CD8+ T lymphocytes in the
peripheral blood [1, 26]. Although IM usually follows a
self-limited course without severe complications, uncom-
monly, acute EBV infections with fulminant manifestations
such as persistent fever, severe hepatosplenomegaly, severe
cytopenia, coagulopathy, central nervous system abnormal-
ities, and vascular dysfunction have been demonstrated, and
histiocytic erythrophagocytosis has been found in the bone
marrow and secondary lymphoid organs of most of these
patients [15, 28]. Those fulminant cases have been reported
mainly in Asian countries, including Taiwan and Japan, and
have been described under a variety of terms including
fulminant EBV+ T-cell lymphoproliferative disease(LPD) of
childhood, and sporadic fatal infectious mononucleosis.
These diseases occur shortly after primary EBV infection
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or are associated with a long prodromal syndrome referred to
as chronic active EBV (CAEBV) infection.

CAEBV infection is characterized by chronic or recur-
rent infectious mononucleosis-like symptoms persisting for
at least 6 months and by an unusual pattern of anti-EBV
antibodies [24]. Severe CAEBV infection is a more severe
form of the disease, with a high mortality and high
morbidity and life-threatening complications such as vi-
rus-associated hemophagocytic syndrome, interstitial pneu-
monia, lymphoma, coronary aneurysms, and central
nervous system involvement [10, 16, 21, 22, 25]. Many
studies have reported that clonal expansion of EBV-infected
T or natural killer (NK) cells might be associated with
CAEBV infection [7, 8, 10, 11, 14, 16, 17, 23, 31].

A new World Health Organization classification for
fulminant EBV+ T-cell lymphoproliferative disorders,
which will appear in 2008, establishes a new disease
category of systemic EBV+ T-cell lymphoma. The disease
is defined as a life-threatening illness of children and young
adults characterized by a clonal proliferation of EBV-
infected T cells with an activated cytotoxic phenotype.

Whereas systemic EBV+ T-cell lymphomas most com-
monly occur in children and young adults, the similar entity
of fulminant EBV+ T-cell lymphoma can occur in immu-
nocompetent adult patients. In our institution, we have
noted several cases of fulminant EBV+ systemic T-cell
lymphomas in elderly patients with no known immunode-
ficiency. Those cases have clinicopathological features
similar to those of the systemic T-cell lymphoma of
children and young adults, but some differences were also
observed. Herein, we describe the clinicopathological
features and molecular and immunohistochemical findings
of 14 cases of fulminant EBV+ T-cell lymphoma to define
the characteristics of systemic EBV+ T-cell lymphoma in
elderly patients and to elucidate the relationship of these
tumors to those in children and young adult patients.

Materials and methods

Patients

The criteria for the inclusion of case were as follows: (1) an
aggressive clinical presentation with or without hemopha-
gocytic syndrome; (2) EBER positivity in a majority of
infiltrated lymphocytes; (3) clonal T-cell proliferation, as
supported by either T-cell receptor gene rearrangement
studies, or marked cytological atypia of CD3-positive cells;
and (4) available paraffin block(s) for additional studies.
This study was approved by the Institutional Review Board
in accordance with the Declaration of Helsinki.

The surgical pathology files of the Department of
Pathology, Samsung Medical Center from 1995 to 2007 were

searched. Of the 20 cases that showed EBV+ T-cell
lymphoproliferation, 13 cases were selected. Of the seven
cases excluded, the clinical history was unavailable for two,
one case had a history of rheumatoid arthritis, two cases were
of indolent cutaneous lymphoproliferative disorders, one case
was a typical hemophagocytic lymphohistiocytosis (HLH)
according to the definition of Henter et al. [6], and one case
showed polyclonal T-cell receptor gene rearrangements.

All patients were previously healthy, with no opportu-
nistic infections or other indications of congenital immu-
nodeficiency, nor had they received immunosuppressive
medications. We segregated our 13 cases into two groups:
elderly patients more than 50 years old, and children and
young adults.

Formalin-fixed, paraffin-embedded tissue blocks of liver,
bone marrow, lymph node, pharynx, tonsil, larynx, stom-
ach, duodenum, colon, retroperitoneum, and skin biopsies
were used for evaluation. All slides were reviewed by two
pathologists.

Immunophenotype studies

Immunohistochemical analysis was performed on paraffin
sections using monoclonal and polyclonal antibodies for the
detection of lineage-specific or lineage characteristic anti-
gens including CD3 (Dakopatts, Copenhagen, Denmark),
CD20 (Dakopatts), CD56 (Monosan, Uden, The Nether-
lands), CD4 (Novocastra, Newcastle upon Tyne, UK), CD8
(Novocastra), βF1 (Endogen, Rockford, IL, USA), and
granzyme B (Zymed, South San Francisco, CA, USA).

EBV studies

Serological studies of EBV infection were performed,
including the detection of antiviral capsid antigen IgG and
IgM (EBV-VCA IgG and IgM) and antiearly antigen IgG
(EBV-EA IgG) using indirect immunofluorescence meth-
ods, and antinuclear antigen (EBNA) using an anticomple-
ment immunofluorescence method.

EBV RNA was detected by an in situ hybridization
technique. Paraffin-embedded sections (5 μm) were dew-
axed with xylene, followed by treatment with proteinase K,
and hybridized with FITC-conjugated EBER-1 and EBER-2
oligonucleotide probes (Novocastra). Following incubation
with anti-FITC antibody tagged with alkaline phosphatase,
slides were covered with nitrobluetetrazolium, 5-bromo-4-
chloro-3-indolyl phosphate, and 1 M levamisole. We used
EBV-negative lymphoid tissues and the hybridization mix-
ture without EBVoligonucleotides as negative controls.

Real-time quantitative polymerase chain reaction (PCR)
assays for EBV DNA were performed using instruments
from Roche Molecular Diagnostics (Mannheim, Germany)
and the LightCycler EBV quantification kit as described
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[5]. The amount of EBV DNA was calculated as the
number of virus copies per 5 μl whole blood. The EBV
detection limit of this assay is approximately ten copies per
reaction for whole blood and the linear measuring range of
the assay is 102 to 106 per reaction.

Molecular studies

For PCR amplification of the TCR-γ locus, DNA was
prepared by standard proteinase K digestion and phenol/
chloroform extraction. PCR followed by single-stranded
conformational polymorphism analysis was performed as
previously described [18].

Detection of chromosomal abnormalities

Unstimulated isolated bone marrow cells were cultured for
24 h and G-banded according to standard procedures.
Metaphases were analyzed and karyotyped according to the
nomenclature system proposed by the International System
for Human Cytogenetic Nomenclature, 1995.

Results

Clinical findings

The clinical characteristics of the patients are summarized
in Tables 1 and 2. All patients were Korean, with eight male
and five female patients, ranging in age from 10 to 84 years
(mean 35.4 years). The elderly group consisted of five
patients (four males and one female), ranging from 50 to
84 years (mean 62 years), and the children and young adult
group consisted of eight patients (four males and four
females), ranging in age from 10 to 34 years (mean
16.7 years).

The clinical presentations of the children and young
adult group and the elderly group were similar, but with
some differences. In the elderly patients, three of the five
patients presented with generalized lymphadenopathy as
well as fever, cytopenia, and liver dysfunction (cases 1, 2,
and 5). One patient had fever, liver dysfunction, pancyto-
penia, and gastrointestinal symptoms (case 3). Biopsies
from the duodenum and colon revealed atypical cells. One
patient presented with abdominal pain and a retroperitoneal
mass (case 4). Anemia and thrombocytopenia were ob-
served in all patients. Bone marrow biopsy revealed
hemophagocytosis in one patient (case 3). A history of
hypersensitivity to mosquito bite or CAEBV infection was
not observed.

Among the children and young adults, four of eight
patients presented with acute onset of fever, general
malaise, and hepatosplenomegaly (cases 7–9 and 11).

Laboratory testing showed pancytopenia and liver function
abnormalities. Among the other four patients, three had a
history compatible with chronic EBV infection. One of
them had a history of liver dysfunction and enlarged
cervical lymph nodes for 2 years (case 6). Other two
patients had intermittent fever of unknown origin for
6 months and 1 year respectively (cases 12 and 13). One
patient presented with hydroa vacciniforme-like skin
lesions on the light-exposed areas such as the face and
arms occurring over several years, along with IgA
nephropathy (case 10). At admission, the larynx was
involved by EBV+ T-cell lymphoma. Generalized lymph-
adenopathy was identified in only one case (case 6). Bone
marrow was initially infiltrated by hemophagocytic histio-
cytes or atypical tumor cells in the majority of cases.

All patients were treated with steroids or chemotherapy,
with various regimens depending on the patient’s general
condition; however, the clinical course was fulminant or
aggressive, with all patients dying within 10 days to
14 months of diagnosis. Causes of death for the elderly
patients were septic shock (four patients) and systemic
mucormycosis (one patient). The children and young adults
died of sepsis with disseminated intravascular coagulation
(two patients), pneumocystis pneumonia with disseminated
intravascular coagulation (one patient), multi-organ failure
(one patients), liver failure and tumor lysis syndrome (one
patient), and renal failure(one patient). Cause of death was
not known in one children.

Histological findings

Four out of five patients with lymphadenopathy had lymph
node biopsies. The lymph nodes in three patients (cases 1,
2, and 5) showed diffuse effacement of the normal nodal
architecture by infiltration of relatively monotonous small,
medium, or large lymphocytes with hyperchromatic nuclei
and irregular nuclear contours. Inflammatory cells such as
eosinophils and plasma cells were frequently found. The
lymph nodes from case 6 showed preserved but partially
effaced lymph node architecture and intact capsules and
sinuses. The interfollicular T zone was widened and
infiltrated by small lymphocytes lacking significant cyto-
logical atypia. Some of the lymphocytes were large.
Epithelioid histiocytes or small granulomas were scattered.

The bone marrow was involved in three patients. Tumor
cells massively infiltrated the bone marrow in case 11,
whereas case 7 and case 9 showed scattered pleomorphic
atypical cells with or without hemophagocytosis. Five
patients showed an infiltration of hemophagocytic histio-
cytes and increased small T lymphocytes without cytolog-
ical atypia.

Skin biopsies were performed in three cases (cases 1, 3,
and 10). Erythematous papules with or without ulceration
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were documented clinically and showed perivascular and
periappendageal lymphocytic infiltration in the upper
dermis, with or without necrosis. One case showed a
subcutaneous infiltration of lymphocytes (case 3). The
patient with the hydroa vacciniforme-like eruption (case 10)
showed characteristic skin lesions. A biopsy of necrotic
vesicles demonstrated necrosis of the epidermis and
subjacent dermis. Perivascular and periappendageal lym-
phocytic infiltration of small lymphocytes with angioinva-
sion and mild atypia was observed.

Endoscopic biopsies from the stomach, duodenum, and
colon were performed for suspicious lesions from elderly
patients (cases 2 and 3). One patient showed mucosal
erosion with many T cells showing mild atypia and villous
atrophy (case 3) and no obvious atypical infiltrates were
observed in the other patient.

To compare the degree of histological change between
the elderly group and the children and young adult group,
we classified the 13 cases into three grades according to
histology (Figs. 1, 2 and 3). We defined grade 1 as cases
with polymorphic infiltrates including plasma cells, histio-
cytes, and small lymphocytes without significant atypia;
grade 2 as cases with monomorphic infiltrates with
predominantly small to medium lymphocytes showing mild
atypia; grade 3 as cases with overt lymphoma showing
monomorphic infiltrates with medium to large lymphocytes
showing marked atypia. The cytological atypia of grade 1
cases was minimal or equivocal, so if EBER in situ
hybridization is not performed, the lesion can be easily
overlooked as chronic inflammation. The elderly group and
the children and young adult group showed no significant
difference in the histological changes. The elderly group
showed one grade 1, two grade 2, and two grade 3 cases,

and the children and young adult group showed two grade
1, four grade 2, and two grade 3 cases.

Immunophenotypic findings

Immunophenotypic features are summarized in Table 1.
The infiltrate in all cases was composed of CD3+ T cells.
The CD4/8 phenotype was evaluated in four cases from the
elderly group and six cases from the children and young

Table 2 Comparison of clinical features between five elderly patients and eight children and young adult patients at presentation

Symptoms and signs Elderly patient Percent Children and young adults Percent

Fever 3/5 60 8/8 100
Anemia 5/5 100 7/8 87.5
Thrombocytopenia 5/5 100 7/8 87.5
Pancytopenia 4/5 80 6/8 75
Liver dysfunction 4/5 80 5/8 62.5
Hepatosplenomegaly 2/5 40 7/8 87.5
Lymphadenopathy 3/5 60 2/8 25
Skin rash 0/5 0 1/8 12.5
G-I symptoms 2/5 40 2/8 25
Pleural effusion/ascites 4/5 80 3/8 37.5
Bone marrow involvement 0/5 0 3/8 37.5
Hemophagocytosis in bone marrow 1/5 20 4/8 50
Associated disease
Hepatitis B or C virus infection 3/5 60 0/8 0
Hydroa vacciniforme 0/5 0 1/8 12.5
Chronic active EBV infection 0/5 0 4/8 50

Fig. 1 Microscopic finding of grade 1. There are polymorphic
infiltrates of plasma cells, histiocytes, and small lymphocytes without
significant atypia (case 6)
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adults group. Nine cases were evaluated by immunohisto-
chemistry and one case by flow cytometry. The infiltrate
was predominantly cytotoxic CD8+ αβ T cells in eight
cases (3/4 in the elderly group and 5/6 in the children and
young adults group). CD4+ and CD8+ T cells were

admixed with slight CD4 predominance in one case (1/6
in the children and young adult group). One elderly patient
was regarded of γ/δ phenotype due to the lack of staining
with the βF1 antibody in the proper reactivity with internal
control. Three cases did not have specimens available for
CD4 and CD8 study. All cases were negative for CD56 and
positive for granzyme B.

EBV analysis

EBV serology was available in eight patients. The EBV-
related antibody of each patient was detected, as shown in
Table 1. In all the cases examined, EBV-VCA IgG was
positive in the absence of EBV-VCA IgM. EBV-EA was
positive in two of five cases in the children and young adult
patients, but was consistently negative in the elderly
patients.

In situ hybridization (EBER-1) showed the presence of
EBV-infected cells in the tissues. All cases showed
numerous EBER-1 positive cells (Fig. 4).

Peripheral blood was obtained from five patients and the
viral load was determined by quantitative real-time PCR. In
four patients, the viral loads were measured serially over
observation periods ranging from 5 to 9 months (mean,
6.5 months). The highest results were shown in Table 1.

Gene rearrangement study

Analysis by PCR of paraffin-embedded tissue was per-
formed in nine cases—four from the elderly patient group
and five from the children and young adult patient group—
and showed clonal rearrangements of TCR-γ genes in all
cases.

Fig. 3 Microscopic finding of grade 3. Overt lymphoma showing
monomorphic infiltrates of large lymphocytes with marked atypia
(case 11)

Fig. 4 EBER in situ hybridization showing numerous positive cells
(case 7)

Fig. 2 Microscopic finding of grade 2. Monotonous infiltrates with
predominantly small to medium lymphocytes showing mild atypia
(case 4)
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Chromosomal study

Cytogenetic studies were successfully performed using
isolated bone marrow cells from six patients (five children
and young adult cases and one elderly patient case). Only
two patients from the children and young adults group
showed chromosomal abnormalities. The karyotypes of
those cases were 46XY, inv(14)(q11.2q32)[7]/46,XY[13]
(case 7) and 47,Y,-X,+19,+mar[1]/47,idem,add(12)(p12)[2]
(case 9).

Discussion

EBV-positive systemic T-cell lymphoma has been clinically
recognized as EBV-associated hemophagocytic lymphohis-
tiocytosis or EBV-associated hemophagocytic syndrome,
severe CAEBV infection, and fatal IM. Even though this
disease entity is rare, there have been many sporadic reports
describing fulminant T-cell LPD following acute EBV
infection and CAEBV infection in Asian countries espe-
cially Japan and Taiwan [15, 28]. The patients were mainly
children or young adults, with cases occurring in elderly
patients hard to find in the literature.

In this study, we compared the clinicopathological
features and immunohistochemical and molecular findings
of five elderly patients and eight children or young adult
patients. Although the study has limitations because of the
small number of elderly patients, the data suggested some
differences in the clinicopathological features. The cases in
the children and young adult group usually presented with
chronic intermittent or acute onset of fever, general malaise,
and hepatosplenomegaly. The bone marrow or liver was the
initial site of involvement and generalized lymphadenopa-
thy was unusual. Laboratory tests showed pancytopenia and
liver function abnormalities. The elderly patients more
commonly presented with generalized lymphadenopathy.
Hemophagocytosis or the involvement of bone marrow by
tumor cells was not common at initial presentation.

Regarding the underlying disease, a hydroa vaccini-
forme-like skin lesion was seen in one patient and chronic
active EBV infection in three patients in the children and
young adults group. Therefore, about 50% of the systemic
T-cell lymphomas in the children and young adult group
seem to develop through a prodromal period of chronic
EBV infection. This incidence of preceding chronic EBV
infection is higher than those reported previously by
Quintanilla-Martinez et al. [23]. Our five elderly patients
had no history of either CAEBV infection or hydroa
vacciniforme-like eruptions. Instead, three of five patients
were hepatitis B virus carriers or had chronic hepatitis C
virus infection. Although the patients had no proven
immune defects, the common association with hepatitis

virus in these patients suggests an apparently ineffective
antiviral T-cell response.

It is intriguing that IgA nephropathy was present in the
girl with the hydroa vacciniforme-like skin lesions and
subsequent development of T-cell lymphoma. A previous
study demonstrated the EBV genome in seven of 12
patients with IgA nephropathy (58%) and suggested that
EBV contributes to glomerular mesangial injury [9].

The histological features of 13 cases showed broad
cytological appearances ranging from a reactive appearance
to overt lymphoma, and there were no significant differ-
ences between the children and the elderly patients. Grade 1
histology was identified in two cases that revealed mono-
clonality according to TCR gene rearrangement and
numerous EBV-positive cells by in situ hybridization. The
differential diagnosis between reactive change and lympho-
ma was difficult on morphologic grounds alone. EBER in
situ hybridization is essential to avoid misdiagnosis.

We analyzed EBV-related antibodies in eight patients. In
primary EBV infection in healthy hosts, IgM antibodies to
VCA rise first, followed by VCA IgG and EBV-EA. EBV
IgM and EBV-EA will eventually disappear, and lastly, an
antibody to EBNA arises at least 1 month after the onset of
symptoms [30]. EBV IgG and EBNA will remain for life.
In many people, detection of antibody to the early antigen
is a sign of active infection. In the absence of EBNA, EBV-
EA indicates primary infection. Considering this principle,
the serologic profiles of the members of the children and
young adult group were more compatible with primary and
active EBV infection while those of the elderly patients
were compatible with past infection. However, high viral
loads and acute onset of disease in cases 1 and 3 in the
elderly group indicate active EBV infection. A recent study
demonstrated low frequencies of EBV-specific CD8+ T
cells in patients with chronic active EBV infection [29].
Failure to produce an antibody against EBV in elderly
patients seems to be associated with underlying antiviral T-
cell dysfunction.

The immunophenotype of the proliferating cells in the
children and young adults group in our study were
predominantly CD8-positive cytotoxic αβ T cells. Only
one case developed from a CAEBV infection and consisted
of mixed CD4+ and CD8+ cells with a predominance of
CD4+ cells. The elderly group showed similar results, with
a case with a γδ T-cell phenotype. Sporadic reports of
fulminant EBV+ T-cell LPD showed a predominantly
CD8+ phenotype with a few mixed CD4 and CD8
phenotype cells [2–4, 13, 19, 20, 27, 32]. However, other
studies could not find any subset predominance in EBV-
infected cells. Quintanilla-Martinez et al. [23] reported six
cases of fulminant EBV-positive clonal T-cell LPD after
acute or chronic EBV infection. The cells in two cases were
CD4+, two CD8+, and two had admixed CD4+ and CD8+
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cells. All were CD56-negative. In a recent retrospective
study of 43 children and young adult patients with EBV-
associated T/NK-cell lymphoproliferative disorders (severe
chronic active EBV infection), eight cases were compatible
with fulminant or subacute EBV+ T-cell LPD following
CAEBV infection, one case with a CD8+ phenotype, two
with a CD4+ phenotype, three with an admixture of CD8+
and CD4+ cells, and two showed a CD4−/CD8− pheno-
type. Six cases had αβ T cells and two γδ T cells [16].
Kasahara et al. analyzed the frequency of EBV-infected
cells in circulating lymphocyte subpopulations from four
patients with acute EBV-HLH and four with CAEBV
infection [12], and they showed that EBV-infected cells in
the acute phase of EBV-HLH were mainly an activated
CD8+ T-cell population, whereas the EBV-infected pop-
ulations in CAEBV infection were heterogeneous, includ-
ing CD4, CD8, B, and NK cells.

In conclusion, fulminant EBV+ systemic T-cell lympho-
ma of elderly patients is a rare disease that shares similar
clinical and pathologic findings with those seen in children
and young adults, but which has some differences in
clinical features. Although those elderly patients showed
no obvious immune defect, a common association with
chronic hepatitis virus infection suggests an underlying
derangement of T-cell immunity and failure to eradicate
infected virus. In these patients, additional factors related to
senility may play a role in the disruption of homeostasis
between the virus and the host’s immune system, eventually
leading to neoplastic transformation of EBV-infected T
lymphocytes.
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Abstract Alpha-methylacyl-CoA racemase (AMACR,
p504S), an enzyme involved in cellular energy metabolism
by the oxidation of branched-chain fatty acids, is a
biomarker that is known to be overexpressed in prostatic
and colorectal carcinoma as well as in papillary renal cell
carcinoma. We aimed to correlate its immunohistochemi-
cally detected expression with histopathological grading in
noninvasive bladder cancer in order to hint at a so far
unknown role of AMACR in the pathobiology of this tumor
entity. Therefore, a cohort of 163 patients (mean age
65.3 years) diagnosed with noninvasive bladder cancer
was immunohistochemically investigated in terms of
AMACR expression. There was variable positive AMACR

staining in 52 (31.9%) of the cases investigated. All tumors
were graded by three independent clinical histopathologists
according to the 1973 World Health Organization (WHO)
and the 1998 WHO/International Society of Urological
Pathology (ISUP) system. We found a significant positive
correlation between AMACR expression and higher tumor
grades using both histopathologic grading schemes. These
novel findings clearly allow including high-grade noninva-
sive bladder carcinomas in the group of AMACR-positive
neoplasms and might reflect a so far unknown role of
AMACR racemase in the pathobiology and tumor cell
energy metabolism of the latter tumor entity.

Keywords Pathobiology of noninvasive bladder cancer .

Histopathologic grading schemes . Alpha-methylacyl-CoA
racemase

Introduction

Noninvasive bladder cancer is a common neoplasm with a
male preponderance frequently encountered in histopatho-
logical practice. For 2008, 68,810 new cases of bladder
cancer (noninvasive and invasive) are expected in the USA
alone [4]. Typically, noninvasive bladder cancer is fre-
quently seen to recur after surgical resection [17] and can
progress to invasive neoplasms, which have a comparatively
worse prognosis. Since it is difficult at present to reliably
predict the individual course of the disease, several studies
have recently addressed the issue of identifying new
prognostic biomarkers.

Alpha-methyl-CoA racemase (AMACR, p504s), a bio-
marker with diagnostic potential in various solid tumors, is
a peroxisomal and mitochondrial enzyme involved in the
oxidation of branched-chain fatty acids and cholesterol
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metabolites [1]. AMACR is widely used as a positive
marker of prostate cancer and has additionally been shown
to bear prognostic significance in prostatic and in colorectal
cancer [7, 10]. Lately, AMACR immunostaining has also
been proposed as a diagnostically useful marker in terms of
discriminating dysplastic from reactive epithelium in
Barrett’s esophagus [2, 8].

So far, little is known about AMACR expression in
noninvasive bladder cancer. This is the first comprehensive
study aiming to correlate the immunohistochemically
detected AMACR expression with both histopathologic
grading schemes established in noninvasive bladder cancer
(1973 World Health Organization and the 1998 WHO/
International Society of Urological Pathology (ISUP)
system) in order to shed light on the so far neglected role
of AMACR in the pathobiology of noninvasive bladder
cancer.

In order to compare AMACR staining results with other
classic but not entirely validated markers, serial sections
from all samples were additionally stained with monoclonal
antibodies directed against p53 and Ki67. No attempt was
made to correlate marker expression with the risk of tumor
progression and/or recurrence during postsurgical follow-up.

Materials and methods

Selection of tumor samples

Retrospective computerized database analysis was per-
formed in order to identify all patients with newly
diagnosed noninvasive bladder cancer who underwent
transurethral surgical resection (TUR) at the Carl-Thiem
Klinikum Cottbus, Germany, between 1997 and 2004. This
analysis yielded a total of 147 individuals with the
following distribution: 102 tumors were graded as G1, 42
tumors were graded as G2, and only three tumors were
graded as G3, respectively. In order to expand the latter
“critical” group, a thorough retrospective medical chart
review was performed at the archives of the HELIOS
Klinikum Bad Saarow (the former HUMAINE Klinikum),
Germany. Surveying the period of time between 1977 and
2007, another 27 archived wax-embedded noninvasive
tumors graded as G3 were subsequently retrieved from the
Department of Pathology, HELIOS Klinikum Bad Saarow
to be also investigated in this study. Therefore, wax-
embedded archived tissues sampled from a total of 174
patients diagnosed with noninvasive bladder cancer (102
G1, 42 G2, and 30 G3 tumors; 144 low-grade and 30
high-grade tumors according to WHO/ISUP 1998) were
retrieved for this study. Notably, papillary urothelial neo-
plasms of low malignant potential (PUNLMP) and invasive
bladder cancer were not assessed.

Central review of histology

Hematoxylin and eosin (H&E)-stained tissue sections were
reviewed for histopathologic stage and grade by three
independent clinical histopathologists (S.G., G.K., and S.S.).
The tumors, all pTa according to the latest TNM classification
[11], were graded by the 1973 World Health Organization
(WHO) and by the 1998 WHO/International Society of
Urological Pathology (ISUP) systems. In equivocal cases,
final judgement of grading to be used for statistical analyses
was consistently performed by the reference histopathologist
of this study (S.S.).

Tissue microarray construction

Formalin-fixed wax-embedded surgically resected tissues
were retrieved from the surgical pathology archives at
Carl-Thiem Klinikum Cottbus, Germany and from the
HELIOS Klinikum Bad Saarow, Germany. Suitable areas
for tissue retrieval were marked on H&E-stained sections,
punched out of the paraffin block (1.5 mm punch
diameter), and one punch from each tumor investigated
was subsequently inserted into a recipient block as
described elsewhere [6]. The tissue arrayer was purchased
from Beecher Instruments (Woodland, USA). The tissue
array was cut into 4 μm sections without any sectioning
aids like tapes or additionally coated slides. Eleven
samples (6.3%) were lost during tissue arraying and
sectioning. Therefore, this study was finally conducted
upon a total of 163 individuals (Table 1).

Immunohistochemistry

Immunohistochemical staining for AMACR was performed
on the tissue microarray (TMA) slides using the standard
streptavidin–biotin–peroxidase procedure. Freshly cut
(4 μm) sections were mounted on superfrost slides
(Menzel-Gläser, Germany), dewaxed with xylene, and
gradually hydrated. The primary antibody was a rabbit
monoclonal AMACR antibody (Biologo, Kronshagen,
Germany; clone 13H4), which was diluted 1:200 using a
background reducing dilution buffer from Zytomed Sys-
tems (Berlin, Germany). No other blocking agents were
employed. The primary antibody was incubated at room
temperature for 1 h, following IVIEW detection on the
Ventana Benchmark XT (pretreatment “CC1 mild”).

In order to investigate the distribution pattern of
AMACR expression within the tumor tissue (diffuse versus
patchy/focal cytoplasmic expression), a total of 60 random-
ly selected tumor samples were stained prior to TMA
generation. These selected samples also contained adjacent
nonneoplastic urothelial mucosa for comparative assess-
ment of AMACR expression.
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Semiquantification of AMACR immunostaining was
performed at high power (×40 objective) according to the
approach recently published by Lin et al. [7] with minor
modifications. Briefly, positive staining was defined as to
having more than 5% of tumor cells showing diffuse
cytoplasmic staining. This cut-off was chosen in order to
exclude possible nonspecific and/or artificial staining. The
staining intensity was graded as negative (0), weak (1+),
moderate (2+), or strong (3+). Examples are illustrated in
Fig. 1. Since the distribution of AMACR immunoreactivity
in the tumors was fairly homogeneous, evaluation of the
staining intensity was straightforward, allowing for omit-
tance to incorporate the percentage of positive tumor cells.

Using serial sections, all samples were additionally
stained with monoclonal antibodies directed against p53
(DAKO; clone DO-7; dilution 1:50) and against Ki67
(DAKO; clone MiB-1; dilution 1:100), respectively. The
latter two markers were semiquantified by recording the

percentage of positively stained tumor cell nuclei consid-
ering all tumor cells depicted by means of each punch
investigated.

In each experiment, a negative control was included in
which the primary antibody was replaced by nonhuman
reactive rabbit IgG (DAKO). Positive controls used in this
study were sections from a prostate that contained both
adenocarcinoma and benign prostatic glands. The slides
were independently read by three clinical histopathologists
(S.G., G.K., and K.S.) blinded with respect to the speci-
mens. In order to assess reproducibility of the data, the
slides were reassessed some weeks later.

Statistical analysis

The Spearman correlation was used to determine the
magnitude and direction of the association between marker
expression and histopathological tumor grade according to

Fig. 1 Noninvasive bladder
cancer with lacking (a), weak
(b), moderate (c), and strong
(d) cytoplasmic AMACR
expression. Anti-AMACR
(×40 objective)

Table 1 AMACR expression
in the tumor samples
investigated

AMACR staining
intensity

Tissue loss during
tissue arraying

Total number
of cases

0 1 2 3

Grading by WHO 1973
G1 85 8 4 – 5 102
G2 24 6 2 4 6 42
G3 2 9 10 9 – 30
Grading by WHO/ISUP 1998
Low grade 86 9 4 2 6 107
High grade 25 14 12 11 5 67
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the 1973 World Health Organization (WHO) and the 1998
WHO/International Society of Urological Pathology (ISUP)
systems. All differences were considered statistically
significant if p<0.05; p values are two-tailed. All calcu-
lations were performed using the statistical software
package SPSS version 13.0.

Results

Reproducibility of staining evaluation

Intraobserver and interobserver variability of staining
evaluation was found to be less than 2%. The rare
equivocal cases were critically discussed among the clinical
histopathologists involved in this study in order to establish
consensus.

AMACR expression in tumor samples and in nonneoplastic
urothelium

In all 60 randomly selected tumor samples immunohisto-
chemically investigated prior to TMA construction, cyto-
plasmic expression of AMACR was found to be evenly
distributed throughout the entire tumor tissue in a fairly
homogeneous pattern. There was no focal and/or patchy
staining pattern. The adjacent nonneoplastic urothelium
either failed to show any AMACR expression at all or
showed only patchy weak expression (Table 2). AMACR
expression did not appear to be related to foci of mucosal
inflammation.

Correlation between AMACR expression
and histopathologic grading

Among the 163 tumor samples included in the final
analysis, positive staining was detected in 52 (31.9%)
carcinomas. Twenty-three cases (14.1%) showed weak, 16
cases (9.8%) showed moderate, and 13 cases (7.9%)

showed strong immunostaining. The remaining 111 sam-
ples (68.1%) showed no immunoreactivity at all (Table 1).

There was a significant positive correlation between
AMACR expression and grading by WHO 1973 (correlation
coefficient ρ=0.62; p<0.01) and also between AMACR
expression and grading by the WHO/ISUP system (correla-
tion coefficient ρ=0.48; p<0.01).

Correlation of p53 and Ki67 with histopathologic grading

There was no significant correlation between p53 expression
and grading byWHO 1973 (correlation coefficient ρ=0.19; p=
0.35) or between p53 expression and grading by the WHO/
ISUP system (correlation coefficient ρ=0.13; p=0.16).

Ki67 expression showed a significant positive correla-
tion with tumor grading by WHO 1973 (correlation
coefficient ρ=0.25; p=0.02) but failed to show any
significant correlation with tumor grading by the WHO/
ISUP system (correlation coefficient ρ=0.06; p=0.54),
respectively.

Discussion

Among the limited number of studies reporting on
AMACR expression in bladder cancer [12, 13], this is the
first comprehensive study that correlates the immunohis-
tochemically detected AMACR (racemase) expression with
both established histopathologic grading schemes in a
larger cohort of noninvasive urothelial carcinomas. So far,
the rates of AMACR expression and its role in the
pathobiology of noninvasive bladder cancer are essentially
unknown.

Alpha-methylacyl-CoA racemase (AMACR, p504s), a
peroxisomal and mitochondrial enzyme involved in the
oxidation of branched-chain fatty acids and cholesterol
metabolites, has recently emerged as a novel tumor
biomarker [1]. Since AMACR is not tissue-specific, its
diagnostic utility is restricted to specific clearly defined

Table 2 AMACR expression
in nonneoplastic urothelium
adjacent to noninvasive bladder
cancer (n=60)

Cytoplasmic AMACR staining
intensity in nonneoplastic
urothelium adjacent to
noninvasive bladder cancer

Total number
of cases (n=60)

0 1 2 3

Grading of the adjacent tumor by WHO 1973
G1 17 3 0 0 20
G2 19 1 0 0 20
G3 18 2 0 0 20
Grading of the adjacent tumor by WHO/ISUP 1998
Low grade 37 3 0 0 40
High grade 18 2 0 0 20
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areas [14]. AMACR expression proved to be a sensitive
and specific biomarker for the diagnosis of prostate cancer
except for a few uncommon variants (e.g., atrophic, foamy
gland, and pseudohyperplastic variants) [3] and was also
suggested to bear clinical significance in colorectal carci-
noma [7]. Our findings are in keeping with previous studies
reporting on the insignificant association between p53
expression and both grading schemes [15, 16].

Evaluating a total of 20 specimens, Krüger et al. found
Ki67 to be correlated with tumor grade in noninvasive
bladder cancer [17]. Surveying a much larger cohort, our
data support this notion in terms of tumor grading by WHO
1973 but failed to establish a significant correlation
between Ki67 and tumor grading by the WHO/ISUP
system. This discrepancy might be explained by the
strikingly different total number of specimens assessed.

Compared with the latter classic but not entirely
validated markers, our immunostaining data suggest
AMACR to be implicated in the pathobiology of noninva-
sive bladder cancer. One reasonable interpretation of this
novel observation is based on the notion that endogenous
fatty acids represent an exploitable storage of energy for
human bladder cancer [18]. Fatty acid synthase (FAS), a
key lipogenic enzyme, is involved in the biological
activities of bladder cancer in which it has been reported
to be overexpressed [19]. Since both established histopath-
ological grading systems of noninvasive bladder cancer
conventionally reflect cellular differentiation, one might
suggest cellular dedifferentiation occurring in the latter
tumor entity to be accompanied by a possible change in
tumor cell energy metabolism characterized by increased
oxidation of branched-chain fatty acids which might be
brought about by AMACR [20]. The observation that
AMACR expression appears to be evenly distributed
throughout the entire tumor tissue while being absent or
only weakly expressed in the adjacent urothelium strongly
supports the concept of intrinsic genetic alterations rather
than aberrant epiphenomenon. The lacking association
between AMACR expression and foci of mucosal inflam-
mation also supports this hypothesis. However, it should be
kept in mind that immunohistochemically detected
AMACR expression at the cellular protein level does not
necessarily reflect enzymatic activity. Therefore, further in
vitro studies are clearly needed. The elucidation of a so far
unknown possible implication of AMACR racemase in the
pathobiology of invasive bladder cancer might also be an
interesting focus to be targeted in the future.

Our observations contrast with the inverse correlation
which has been reported between AMACR expression and
histopathologic grading in colorectal cancer [5]. This
discrepancy might be attributable to a completely different
pivotal biological role of AMACR which might be
involved in the tumorigenesis of colon cancer by bringing

about the oxidation of branched-chain fatty acids from red
meat and certain dairy products, the consumption of which
increases the risk of colorectal cancer [5, 9]. With respect to
noninvasive bladder cancer, there is currently no scientific
data that might suggest any link between AMACR and the
carcinogenesis behind the development of the latter tumor
entity. However, our findings might hint at a so far neglected
role of AMACR in the pathobiology of noninvasive bladder
cancer, and—according to our immunostaining data—might
suggest a possible implication in tumor cellular energy
metabolism. Thus, further studies are clearly needed to back
this up and to clarify whether this observation might provide
the basis for novel targeted therapy strategies applicable in a
subset of noninvasive bladder cancer.

However, given the relatively low rate of its expression
in low-grade tumors observed in our study, it appears
unlikely that AMACR might become a diagnostic biomarker
in low-grade bladder cancer contrasting with its possible role
as a diagnostic marker in high-grade noninvasive tumors.
Further studies including detailed follow-up data in terms of
tumor progression and recurrence are needed to address the
issue of a possible prognostic value of AMACR in bladder
cancer which might be suggested by its positive correlation
to higher tumor grades.
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Abstract To assess the histological bases of lymphadeno-
megaly, which has been reported as a frequent radiological
finding in pulmonary veno-occlusive disease (PVOD), we
have reviewed pulmonary and mediastinal lymph nodes
resected during lung transplantations in 19 patients suffering
from PVOD and related pulmonary capillary haemangioma-
tosis (PCH). Lymphatic congestion was common and was
often obvious in subsegmental and segmental lymph nodes.
Vascular transformation of the sinuses, intra-sinusal haemor-
rhage with erythrophagocytosis and lymphoid follicular
hyperplasia were frequent especially in lobar, hilar and
mediastinal lymph nodes. These lesions were very signifi-
cantly less frequent in 33 cases of pulmonary hypertension
unrelated to PVOD. Due to their thoracic location, these non-
specific lesions could simulate other diagnoses such as
Castleman disease or lymphangioleiomyomatosis. However,
in the setting of pulmonary hypertension, they should
suggest PVOD and PCH. They are probably secondary to
venous congestion, veno-lymphatic shunts and angiogenetic
factors associated with these diseases.

Keywords Pulmonary veno-occlusive disease . Pulmonary
capillary haemangiomatosis . Lymph nodes . Vascular
transformation of sinuses . Erythrophagocytosis

Introduction

Pulmonary veno-occlusive disease (PVOD) is a rare and
generally idiopathic cause of pulmonary arterial hypertension
[10]. This disease is characterised by obstruction of small
intrapulmonary veins. Pulmonary capillary haemangiomato-
sis (PCH) has been sometimes considered a separate entity,
but is more likely a secondary process of the same disease
occurring in smaller veins [5, 8]. The prognosis is poor and
pulmonary transplantation is usually the only effective
treatment. PVOD and PCH may be suspected in patients
with clinically primary pulmonary hypertension showing
radiographic evidence of pulmonary venous congestion [5].
Mediastinal and hilar lymphadenomegaly has also been
recognised as frequent (three in nine cases) [6] and even as a
very suggestive radiological feature (12/15 cases) of PVOD
[13]. Oedema and sinus histiocytosis [14], congestion and
capillary-sized blood vessels [7], capillary proliferation [3]
and vascular transformation of sinuses [4] have only been
reported in single cases, but no study has specifically dealt
with lymph nodes pathology in PVOD and PCH. Therefore,
we undertook a review of a series of pulmonary and
mediastinal lymph nodes resected with native lungs during
transplantation for PVOD and PCH in our institution.

Materials and methods

Between October 2000 and September 2006, 113 patients
underwent pulmonary transplantation in our institution. The
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main clinicopathologic diagnosis was pulmonary hyperten-
sion in 52 cases. The 33 cases with plexogenic primary
hypertension (n=29), chronic thromboembolic disease
(n=3) and hypertension secondary to interventricular
communication (n=1) were used as control cases. The 19
cases with PVOD or PCH, which form the basis of the
study, occurred in nine female and ten male patients aged
14 to 60 years (mean=37±14). One patient suffered from
dyspnea for 12 years, and others had symptoms for 3 to 48
months (mean=22±11) before transplantation. Mean pulmo-
nary artery pressure ranged from 34 to 90 mmHg (mean=68±
11, 10<N<20), and cardiac index ranged from 1.60 to 4.08
l min−1 m−2 (mean=2.46±0.76, N=3.5±0.7). One patient
suffered from CREST syndrome. One patient had had a
mediastinoscopy for suspicion of sarcoidosis 2 years before

transplantation. There were seven bipulmonary and 12
cardiopulmonary transplantations.

Slides stained with haematein and eosin were reviewed.
Sampled lymph nodes sections were counted and their
short-axis diameter measured. Lymph nodes with a long-
axis diameter under 2 mm were not considered. When the
exact location had not been specified, peribronchial lymph
nodes were classified as hilar/lobar when sampled with no
other structure or with bronchial or vascular sections, or as
segmental/subsegmental when sampled with lung paren-
chyma. Each lesion was scored on a semi-quantitative
scale: (0) absent, (1) discreet or focal, (2) moderate or
multifocal and (3) prominent or diffuse.

Sections of lymph nodes were stained with Perls’ iron
stain and Gomori silver stain for reticulin fibres. Immunohis-

Table 1 Frequency of main lymph nodes lesions in PVOD and PCH compared with other forms of pulmonary hypertension

PVOD and PCH (n=19) Control cases (n=33) p value (Fisher’s exact test)

Increased size and number (see text for criteria) 7 (37%) 1 (3%) 0.00231
Lymphatic congestion (score 2–3) 15 (79%) 5 (15%) 0.0001217
Vascular transformation of sinuses (score 2–3) 8 (42%) 2 (6%) 0.002721
Sinusal haemorrhage and haemophagocytosis (score 1–3) 14 (74%) 8 (24%) 0.00105

Fig. 1 Congestive lymph nodes
in PVOD and PCH: association
with ectasic peribronchial lym-
phatic vessels (A), congestion in
a small intra-pulmonary lymph
node (B), ectasic empty-looking
sinuses in a large lymph node
(C), association with lymphoid
follicular hyperplasia and vas-
cular transformation of sinuses
(D) and ectasic sinuses with
lymphangiomatous appearance
(E)
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tochemical study was performed with antigen retrieval by way
of microwave and with HRP/AEC Kit (Microm, Francheville,
France). The primary antibodies were directed against the
following antigens: smooth muscle actin (Microm, MS113P),
CD34 (Microm, MS363P) and factor VIII related antigen
(DAKO, Trappes, France, A08202). For statistical analysis,
p value was established with Fisher’s exact test.

Results

The review of pulmonary parenchyma showed that diag-
nostic lesions of PVOD were constant in the 19 cases. PCH
was absent or minimal in six cases but was the predominant
feature in two others. There was no arterial plexiform
lesion.

Fig. 2 Vascular transformation
of lymph node sinuses in PVOD
and PCH: diffuse parenchymal
involvement associated with
nodular lymphoid hyperplasia
(A), broad sub capsular sinuses
with multiple vascular channels
(B), high magnification showing
spindle cells in intrasinusal vas-
cular walls (C), localised sub-
capsular lesion with spindle
cells and vascular lumens (D)

Fig. 3 Immunohistochemistry:
endothelial cells expressing
CD34 in dilated sinuses (A),
factor VIII related antigen ex-
pression restricted to rare small
vessels and mostly negative
dilated sinuses (B), smooth
muscle actin expression in a
subcapsular localised form of
vascular transformation of
sinuses (C) and in a diffuse form
associated with lymphoid
hyperplasia (D)
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Subcarinal lymph nodes with a short-axis measuring 1.1,
1.4 and 1.4 cm had been resected in three cases. In each of
the 19 cases, two to 15 (mean =8.3±3.6) sections of hilar
or lobar lymph nodes were present, and the largest had a
short axis ranging from 0.8 to 1.8 cm (mean =1.1±0.3).
There were 0 to 16 (mean=6.9±4.5) segmental or sub-
segmental lymph nodes per case. Lastly, subpleural or
intrapulmonary lymph nodes have been sampled in four
cases. In total, seven of the 19 patients (27%) had both
more than 16 lymph nodes routinely sampled and hilar/lobar
lymph nodes with short axis measuring at least 1.2 cm. Only
one of the 33 control cases (3%) fulfilled both these criteria
(Table 1).

Central (subcarinal, hilar and lobar) and peripheral
(segmental, subsegmental and pulmonary) lymph nodes
formed two groups showing similar histology. Nodal
lymphatic congestion (Fig. 1) was characterised by ectasic
sinuses appearing almost empty on histological sections.
This lymphatic congestion was prominent (n=4, 21%),
moderate (n=11, 58%), discreet (n=3, including the two
with predominant PCH) or absent (n=1). In each case, this
congestion was often more obvious in peripheral lymph
nodes where it was the main lesion, but it was equally
present in central lymph nodes. Such congestion was
prominent and moderate in only 3% and 12% of the control
cases, respectively.

Vascular transformation of sinuses (Fig. 2) was charac-
terised by replacement of subcapsular, interfollicular or
medullary sinuses by vascular channels with spindle cells
and sometimes fibrosis. Involvement of central lymph nodes
was diffuse or multifocal (n=8), discreet or focal (n=8) or
absent (n=3). Peripheral lymph nodes were involved only in
nine cases and mostly discreetly (n=7). In total, lesions were
present in 16 of the 19 cases (84%). Immunohistochemistry
(Fig. 3) showed that vascular channels were lined by
endothelial cells expressing factor VIII related antigen and
rarely CD34. Associated spindle cells often expressed
smooth muscle actin. For comparison, vascular transforma-
tion of sinuses was diffuse or multifocal in 6%, discreet or
focal in 36% and absent in 58% of control cases.

Intrasinusal haemorrhage with erythrophagocytosis and
often haemosiderosis (Fig. 4) was prominent (n=2),
moderate (n=4), discreet (n=8) or absent (n=5) in central
lymph nodes. Peripheral lymph nodes were moderately
(n=5) or discreetly (n=4) involved. This lesion was present
but always discreet in only 24% of control cases.

In the case associated with CREST syndrome, follicular
hyperplasia was prominent in central lymph nodes. Nine
other cases, all associated with prominent or moderate
pulmonary capillary haemangiomatosis, showed moderate
follicular hyperplasia in hilar and lobar lymph nodes.
Follicular hyperplasia was only discreet in segmental and
subsegmental lymph nodes.

Moderate or prominent histiocytosis with anthracosis was
present in peribronchial lymph nodes in eight patients. This
appeared age-related, with the eight patients’ age ranging
from 37 to 60 years (mean 49) and seven of them being
among the nine patients older than 38 years (p=0.005477).

A combination of lesions was often observed. Diffuse or
multifocal vascular transformation of sinuses was associated
with prominent or moderate follicular hyperplasia in six
cases. In each case, lesions also had a rather heterogeneous
distribution, with some lymph nodes showing no significant
abnormality. One only case, with three sampled lymph nodes,
showed no other lesion than histiocytosis and anthracosis.

Fig. 4 Erythrophagocytosis in lymph node sinuses in PVOD and
PCH: numerous histiocytes with large eosinophilic cytoplasmic
containing red cells in a lymph node sinus (A), high magnification
showing cytoplasms of histiocytes crammed with red cells (B),
histiocytes containing phagocytosed red cells (left) and haemosiderin
(right) in a sinus (C)
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Discussion

Our study demonstrates that lymph nodes histological
abnormalities are common in PVOD and PCH as compared
with other forms of pulmonary hypertension. Lesions occurred
not only in enlarged lymph nodes but also in small peripheral
ones. Lymph nodes also appeared abnormally numerous.

Nodal lymphatic congestion with sinusal dilatations was
an expected lesion, since lymphatic vessel congestion in
pulmonary interlobular oedematous septae is a characteristic
feature of PVOD [10]. It was indeed often an obvious
feature in peripheral peribronchial lymph nodes and also in
subpleural and intrapulmonary lymph nodes. However, it
was not the only lesion especially in central and mediastinal
lymph nodes.

Vascular transformation of lymph node sinuses was a
frequent finding in our series. This lesion is characterised
by conversion of nodal sinuses into capillary-like channels,
often accompanied by fibrosis [1]. This lesion has been
described in various anatomic sites, often in association
with lymphatic or venous occlusion and with malignant
neoplasms [2]. Few mediastinal cases have been reported in
association with congestive heart failure or constrictive
pericarditis [1] and with chronic thromboembolic pulmo-
nary hypertension [12]. A single case has been previously
described in PCH [4], and capillaries seen in hilar and
mediastinal lymph nodes in two other cases of PCH [3, 7]
could in fact represent vascular transformation of sinuses.
This histological lesion is known to simulate Kaposi’s
sarcoma [1, 2], and this diagnosis might indeed be
suspected in a case of pulmonary hypertension associated
with HIV infection. However, when examining pulmonary
or mediastinal lymph nodes in the setting of pulmonary
disease, one could rather consider lymphangioleiomyoma-
tosis in the differential diagnosis. Lymph node involvement
is frequent in lymphangioleiomyomatosis. It results in
spindle cells nodules with vascular channels [11], which
may resemble the nodular spindle-cell form of vascular
transformation of sinuses made up of smooth muscle actin-
positive myoid cells surrounding vessels [2]. Analysis of
pulmonary histological lesions and immunostaining with
HMB45 could be helpful in doubtful cases.

Vascular transformation of sinuses usually occurs in lymph
nodes showing lymphoid depletion [1]. On the contrary,
lymphoid hyperplasia often with germinal centres was
present in many of our cases. This could be related to the
interstitial lymphocytic infiltrate commonly seen in pulmo-
nary capillary haemangiomatosis [8]. The association of
germinal centre hyperplasia and diffuse vascular transforma-
tion of sinuses could, at low magnification, simulate an
angio-follicular lymphoid hyperplasia or Castleman disease.

Angiogenic factors have been suspected to play a role in
the occurrence of vascular transformation of sinuses in

association with cancer [2]. Such factors are also likely in
PVOD and especially in cases with PCH.

Erythrophagocytosis by histiocytes in the sinuses of
lymph nodes has especially been described in axillary
lymph nodes associated with breast carcinoma [9]. As in
our cases, haemosiderosis and free red cells were also
present. These lesions were presumably caused by trauma
(breast biopsy), allowing large numbers of erythrocytes to
enter the lymphatic channels and become phagocytosed in
lymph node sinuses. In PVOD/PCH, this lesion probably
indicates an important flow through shunts between
obliterated blood vessels and lymphatic channels. Such
erythrophagocytosis is supposed to be a reactive process
with no clinical significance in absence of systemic
haemophagocytic syndrome [9].

In conclusion, pathologists who may have to examine
lymph node biopsy from patients with pulmonary
arterial hypertension and lymphadenomegaly should
suggest diagnoses of PVOD or PCH in the presence
of the non-specific but suggestive lesions that we have
observed.

Acknowledgements The authors thank Miss Dominique Gimont,
Mrs Magalie Guerini and Miss Sylvie Planté for their technical
assistance and Mrs Marylaure Legentil and Mrs Angélique Roggia for
their secretarial work.

Conflict of interest statement We declare that we have no conflict
of interest.

References

1. Chan JK, Warnke RA, Dorfman R (1991) Vascular transformation
of sinuses in lymph nodes. A study of its morphological spectrum
and distinction from Kaposi's sarcoma. Am J Surg Pathol 15:732–
743

2. Cook PD, Czerniak B, Chan JK et al (1995) Nodular spindle-cell
vascular transformation of lymph nodes. A benign process
occurring predominantly in retroperitoneal lymph nodes draining
carcinomas that can simulate Kaposi's sarcoma or metastatic
tumor. Am J Surg Pathol 19:1010–1020

3. Domingo C, Encabo B, Roig J, López D, Morera J (1992)
Pulmonary capillary hemangiomatosis: report of a case and review
of the literature. Respiration 59:178–180

4. Dufour B, Maître S, Humbert M, Capron F, Simonneau G, Musset
D (1998) High-resolution CT of the chest in four patients with
pulmonary capillary hemangiomatosis or pulmonary venoocclusive
disease. Am J Roentgenol 171:1321–1324

5. Frazier AA, Franks TJ, Mohammed TL, Ozbudak IH, Galvin JR
(2007) From the archives of the AFIP: pulmonary veno-occlusive
disease and pulmonary capillary hemangiomatosis. Radiographics
27:867–882

6. Holcomb BW, Loyd JE, Ely EW, Johnson J, Robbins IM (2000)
Pulmonary veno-occlusive disease. A case series and new
observations. Chest 118:1671–1679

7. Ishii H, Iwabuchi K, Kameya T, Koshino H (1996) Pulmonary
capillary haemangiomatosis. Histopathology 29:275–278

Virchows Arch (2008) 453:171–176 175



8. Lantuéjoul S, Sheppard MN, Corrin B, Burke MM, Nicholson AG
(2006) Pulmonary veno-occlusive disease and pulmonary capil-
lary hemangiomatosis: a clinicopathologic study of 35 cases. Am
J Surg Pathol 30:850–857

9. Listinsky CM (1988) Common reactive erythrophagocytosis in
axillary lymph nodes. Am J Clin Pathol 90:189–192

10. Mandel J, Mark EJ, Hales CA (2000) Pulmonary veno-oclusive
disease. Am J Respir Crit Care Med 162:1964–1973

11. Matsui K, Tatsuguchi A, Valencia J et al (2000) Extrapulmonary
lymphangioleiomyomatosis (LAM): clinicopathologic features in
22 cases. Hum Pathol 31:1242–1248

12. Meysman M, Diltoer M, Raeve HD, Monsieur I, Huyghens L (1997)
Chronic thromboembolic pulmonary hypertension and vascular
transformation of the lymph node sinuses. Eur Respir J 10:1191–1193

13. Resten A, Maitre S, Humbert M et al (2004) Pulmonary
hypertension: CT of the chest in pulmonary venoocclusive
disease. Am J Roentgenol 183:65–70

14. Scully RE, Mark EJ, McNeely WF, McNeely BU (1993) Case
records of the Massachusetts General Hospital. Weekly clinico-
pathological exercises. Case 48-1993. A 27-year-old woman with
mediastinal lymphadenopathy and relentless cor pulmonale. N
Engl J Med 329:1720–1728

176 Virchows Arch (2008) 453:171–176



ORIGINAL ARTICLE

Ultrastructure of myoepithelial cells as a target cell
in sialoadenitis of submandibular glands of lupus-prone
female NZBxNZWF1 mice

Toshiharu Hayashi & Hideyuki Hayashi & Taeko Fujii &
Chie Adachi & Keiko Hasegawa

Received: 6 February 2008 /Revised: 14 April 2008 /Accepted: 6 May 2008 / Published online: 19 June 2008
# Springer-Verlag 2008

Abstract The changes of myoepithelial cells of sialoadenitis
in submandibular glands in lupus-prone female NZB×
NZWF1 (B/WF1) mice, a model for human secondary
Sjögren’s syndrome (sSS), were examined ultrastructurally.
Inflammatory foci consisting of mainly lymphoid cells
(lymphocytes and plasma cells) in the interlobular inter-
stitium began to develop from 18 weeks of ages, and those
were found within acini from the age of 25 weeks. These
were paralleled with the production of anti-double-stranded
deoxyribonucleic acid and anti-Ro/SS-A antibodies with age.
Infiltrated lymphoid cells consisted of CD4+ T cells and Ig+

(or IgG2a+) cells. Electron microscopy revealed destruction
of myoepithelial cells with lysis of basement membranes
contacted with either lymphocytes or plasma cells. These led
to the destruction (degeneration and necrosis) of the
epithelium in striated and intercalated ducts and acinar
epithelium. Further destruction of those cells occurred by
the invasion of lymphocytes into the epithelial layers. Small
numbers of apoptotic myoepithelium and duct epithelium
from the age of 25 to 36 weeks and an increase of those cells
in survived mice at 44 weeks of age were observed. The
present study suggests that the myoepithelium may be one of
the target cells and that the destruction of myoepithelial cells
by infiltrated lymphoid cells may precede the destruction of
acinar ducts and epithelium in sialoadenitis in sSS.

Keywords Sjögren’s syndrome .Myoepithelial cell .

Target . Sialoadenitis . B/WF1 mouse

Introduction

Human Sjögren’s syndrome (SS) is a chronic autoimmune
disorder of unknown etiology including the potential roles
of endogenous retroviruses as triggers [16, 30] and multiple
factors (e.g., environmental stress, genetic factors, and
hormonal imbalance) may be involved in the development
of SS [29]. There are two types of SS, such as primary SS
(pSS) and secondary SS (sSS) accompanying with other
autoimmune diseases especially systemic lupus erythema-
tosus (SLE) and rheumatoid arthritis [7, 32]. Most patients
with SS complain of dry mouth and eyes with significant
functional impairments of the salivary and lacrimal glands
[28]. This autoimmune exocrinopathy is characterized by
the mononuclear cell infiltration, which consisted of CD4+

cells and B cells [24], in these glands associated with the
production of several autoantibodies against autoantigens
such as Ro/SS-A and La/SS-B [8, 24, 37], α-fodrin [10,
42], double-stranded deoxyribonucleic acid (dsDNA) [20],
and nuclei and ductal epithelia in salivary and lacrimal
glands [2].

In patients with SLE, the development of immune
complex-mediated glomerulonephritis leads to death [5,
26] without treatment of corticosteroids, dialysis, or
transplant. Female NZB×NZW(B/W)F1 mice, one of
animal models for human SLE [19], are also known to
develop lesions in salivary and lacrimal glands from
approximately 4 months of age similar to those in human
sSS [3, 4, 41]. Recently, Mitsias et al. [24] have proposed
the expression “autoimmune epithelitis” as an alternative
for SS based on data pointing out the central role of the
epithelial cell (e.g., antigen presentation in the initiation and
perpetuation of the autoimmune lesion) in the pathogenesis
of the syndrome, and the epithelial components of the other
organs such as kidneys, liver, lungs, or thyroids are
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commonly affected, resulting in various extraglandular
manifestations. However, lesions of salivary and lacrimal
glands develop not only in salivary and lacrimal ducts of
interlobular interstitial tissues but also in acini. In addition,
myoepithelial cells are present in salivary and lacrimal
glands [36, 44], and the activation of ductal epithelial cells
but also myoepithelial cells in the salivary glands of
patients with SS has been reported [27]. Moreover,
autoantibodies against myoepithelial cells appeared in
autoimmune sialoadenitis model mice [34]. These raise
questions that myoepithelial cells may play a role in the
development of acinar tissues of SS. Thus, the present
study focused on the changes of myoepithelial cells of
striated and intercalated ducts and acinar epithelium in
sialoadenitis of submandibular glands by electron micros-
copy in lupus-prone female B/WF1 mice.

Materials and methods

Animals

Specific pathogen-free 8-week-old female BWF1 mice
were obtained (SLC Japan, Shizuoka, Japan). The number
of mice used in each set of experiment is given in
parenthesis. They were kept in metal cages and given
autoclaved pellets (CE-2, Clea Japan, Tokyo, Japan) and
water freely. They were kept at 25±2°C room temperature,
55±10% humidity, and a 12-h light/dark cycle (lighting
time 08:00–20:00). The animal experiments were approved
by the Animal Research Ethics Board of Faculty of
Agriculture, Yamaguchi University.

Sampling

Samples for histopathology, immunohistochemistry, apoptotic
assays, and electron microscopy (left and right sides of
submandibular glands and blood) at the age of 8, 10,12, 16,
20, 22, 23, and 25weeks (n=5 in each time point) before mice
begin to die at the age of approximately 30 weeks [14] were
obtained. Among salivary and lacrimal glands, submandibu-
lar glands were selected, because the development of
inflammation in submandibular glands was the same degree
as that in lacrimal glands with age and inflammatory lesions
appearing earlier compared to parotid and sublingual salivary
glands in B/WF1 mice [15]. Furthermore, at the age of 36 and
44 weeks, submandibular glands from some survived mice
were examined histologically (n=5, respectively). Tissues
from 25-, 36- and 44-week-old mice were provided for the
apoptotic assay, and those of histopathology at 25 weeks of
age also were examined by immunohistochemistry (n=5).
For electron microscopy, a part of tissues from mice at 8, 20,
25, and 36 weeks old (n=3, respectively) were examined.

Histology, apoptotic assays, and immunohistochemistry

For histology, immunohistochemistry and apoptotic assays,
submandibular glands were fixed in 10% neutral buffered
formalin (pH 7.4), and 4-μm-thick sections were prepared
from paraffin wax-embedded tissues and stained with
hematoxylin and eosin (H&E), periodic acid methenamin-
silver for basement membrane and methyl green pironin for
plasma cells.

Apoptotic cells were detected by the terminal deoxy-
nucleotidyl transferase (TdT)-mediated deoxyuridine
triphosphate nick end labeling (TUNEL) method in
paraffin-embedded sections using the in situ TUNEL kit
(Roche Diagnostics, Penzberg, Germany) according to
manufacturer’s instruction. In brief, deparaffinized sec-
tions were incubated with proteinase K working solution
(20 μg/ml in 10 mM Tris/HCl, pH 7.6) for 30 min at
37°C. These sections were presoaked in TdT buffer for
2 h. Then, they were incubated with 0.3% H2O2 in methanol
to block endogenous peroxidase and incubated with
converter peroxidase for 30 min at 37°C and reacted with
peroxidase buffer containing diaminobenzidine (DAB) for
5 min at 37°C. Nuclei was counterstained with hematoxylin
for 1 min.

The presence of B and CD4+ T cells was detected by
immunohistochemistry. In brief, deparaffinized submandib-
ular sections were treated with 5% bovine serum albumin
(Sigma-Aldrich, St. Louis, MO, USA) to block nonspecific
binding of antibody and those were treated with 0.3% H2O2

methanol to eliminate endogenous peroxidase activity for
10 min at 37°C, respectively. Then, sections were reacted
with horseradish peroxidase (HRP)-conjugated goat anti-
mouse IgG2a (Bethyl, Montgomery, TX, USA) or goat
anti-mouse Ig (ICN Biomedicals, Aurora, OH, USA) for
24 h at 4°C. In addition, to detect CD4+ T cells, firstly,
samples were reacted with rat monoclonal antibody against
mouse CD4+ T cells (clone: RM4-5, BD, Biosciences, CA,
USA) for 24 h at 4°C and, secondly, reacted with HRP-
conjugated antibody to rat IgG (Cappel, Ohio, USA) for
10 min at 37°C. Thereafter, samples were reacted with
peroxidase buffer containing DAB (Roche Diagnostics) for
10 min at 37°C. Nuclei were counterstained slightly with
methyl green.

For the direct immunoperoxidase assay, blocking tests
were performed as follows. Sections were reacted either
with nonlabeled goat anti-mouse IgG2a (Bethyl) or non-
labeled goat anti-mouse Ig (Bethyl). The reaction without
the primary antibody served as a negative control.

Electron microscopy

A part of the submandibular glands was immersed in
glutaraldehyde at 4°C for 2 h. The tissues were then
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postfixed in 2% osmium at 4°C for 2 h, dehydrated in
graded ethanols at 4°C, and embedded in araldite. The
orientation of the blocks was achieved by examining 1-μm
sections stained with toluidin blue. Ultrathin sections were
made and stained with uranyl acetate and lead nitrate and
observed using electron microscopy (JEM-100CX II,
Tokyo, Japan).

Scoring

The presence or absence of focal inflammatory cell
infiltration was graded on a 0–3 scale by a modification
of the method described by Greenspan et al. [9]. This
grading system has four steps, with grade 0 representing a
salivary gland free of lymphoid cell infiltration and grades
1 to 3 denoting the presence of focal lymphoid cell
infiltration, as follows: grade 1, 25 cells; grade 2, 25–50
cells; grade 3, greater than 50 cells. The grade of cell
infiltration in a mouse was expressed as the average score
calculated by the following equation: score index=total
score/number of foci.

Detection of anti-dsDNA and anti-Ro/SS-A antibodies

Concentrations of IgG anti-dsDNA and anti -Ro/SS-A
antibodies in the serum were examined by enzyme-linked
immunosorbent assay (ELISA). ELISA kits for mouse IgG
anti-dsDNA and anti-Ro/SS-A(60 kDa) antibodies were
purchased from Alpha Diagnostic International (Texas,
USA). Each concentration of sera was assayed according
to the manufacturer’s instructions.

Results

Development of anti-dsDNA and anti-Ro/SS-A antibodies
and inflammatory lesions (score index) in submandibular
glands

Anti-dsDNA antibodies were found at 10 weeks of age and
increased gradually until the age of 25 weeks (Fig. 1a). On
the other hand, anti-Ro/SS-A antibodies were found at
18 weeks of age and increased lineally until 25 weeks of
age (Fig. 1b). The development of the score index (severity
of inflammation) in salivary glands was found 18 weeks of
age and increased lineally until 25 weeks of age (Fig. 1c).

Light microscopy in submandibular glands

Until the age of 16 weeks, there were no lesions in
submandibular glands. At the age of 18 weeks, initial
lesions were observed at the site of excretory ducts.
Lymphocytes were detected in the lumen of lymphatic

and filled the lumen, and thereafter, lymphoid cells
(lymphocytes and plasma cells; dominance of each type
of cells varies) infiltrated around arterioles, ducts, and
venules. These changes were mainly found in the interlob-
ular interstitum. In mice at the age of 25 weeks and some
survived mice at the age of 36 weeks, inflammatory foci
often extended to acinar tissues (Fig. 2a–f), and small
lymphoid cell accumulation with degeneration of epithelial
cells in acini was found (Fig. 2a–f). Involved ducts,
arterioles, and veins and acinar epithelium showed degen-
erative changes. At the age of 44 weeks, some survived
mice showed severe atrophy of acini with intense infiltra-
tion of lymphoid cells, and these cells occupied most parts
of submandibular glands (Fig. 3a). In these lesions, there
were swelling, degeneration, destruction, and loss of ductal
epithelial and acinar cells (Fig. 3b–g) of ducts and
degeneration of small blood vessel walls. In addition, some
arterioles showed hyaline degeneration (Fig. 3b) and/or

Fig. 1 Production of anti-dsDNA (a) and anti-Ro/SS-A (b) antibodies
and score index (severity of lesions) (c) with age in BWF1 mice. Each
point represents of the mean±standard error
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fibrinoid necrosis with (Fig. 3d) or without endothelial cell
proliferation, and an accumulation of secretory fluids and a
leak of them from destroyed epithelium were sometimes
found (Fig. 3d).

At the age of 25 and 36 weeks, a few TUNEL+ apoptotic
cells were detected in some duct epithelial and myoepithe-
lial cells (Fig. 4a,b) including some infiltrating lymphoid
cells. In addition, there were no evidences in apoptotic duct
epithelial cells contacted with lymphocytes. At the age of
44 weeks in some survived mice, there were many
TUNEL+ apoptotic epithelial cells in excretory (Fig. 4c),
striated, and intercalated ducts including the acinar epithe-
lium, myoepithelium, and infiltrated lymphoid cells.

At the age of 25 weeks, many CD4+ (5A), Ig+ (5B), and
IgG2a+ cells in infiltrated lymphoid cells in the interlobular
interstitium and acini were observed. In addition, in
basement membranes around ducts, acini, and capillaries,
the binding of Ig and IgG2a was also observed at the part
with or without inflammatory cell infiltration (Fig. 5c).

Electron microscopy

Striated and intercalated duct changes in acini

Myoepithelial cells were located at intercalated and striated
ducts, being interposed between the base of epithelial cells
in those areas and the basement membranes, and there were
no degenerative changes of epithelial cells without lym-
phoid cell infiltration at the age of 8 weeks (Fig. 6a). From
the age of 20 weeks, there was infiltration of different-sized
lymphocytes (e.g., small lymphocytes, medium sized and
large lymphocytes) with scanty cytoplasm and organelles
and plasma cells having a well-developed rough endoplas-
mic reticulum. Myoepithelial cells in contact with lymphoid
cells via basement membranes showed increased myofila-
ments with pyknotic nuclei and degeneration of organelles
of the cytoplasm (Fig. 6b,e). In such areas, duct epithelial
cells showed relatively intact cells (Fig. 6b,c) or degener-
ation and/or escape from intercalated ducts (Fig. 6d,e).

Fig. 2 Infiltration of lymphoid cells (lymphocytes and plasma cells)
is seen (a) around excretory ducts (Lu), acinar tissues, and blood
vessels (b, c higher magnification of rectangles of a). Arrows indicate
plasma cells, and circles indicate lymphocytes in d (higher magnifi-

cation of a rectangle of b). Degeneration of an arterioles (Ao; e) and a
vein (V; f; arrows indicate destruction of wall) is shown (higher
magnification of b). a ×20, b and c ×40, d ×800, and e and f ×400
(original magnification). 25 weeks of age. H&E
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In addition, hypertrophic myoepithelial cells with
swelled nuclei and increased cytoplasm in contact with
lymphoid cells were observed, and they lost connection
with the epithelium (Fig. 7a,b). At this site, thickness,
discontinuity, irregularity, or lysis of basement membranes
(Fig. 7a–d) and destruction of myoepithelium with

(Figs. 7a,b,d) or without (Fig. 7c) the degeneration of duct
epithelium were observed.

In addition, epithelial cells showing prominent vacuolar
degeneration or clear cytoplasm by invaded lymphocytes
but not plasma cells into epithelial layers were observed
(Fig. 8a,b).

Fig. 4 Arrows in a indicate apoptotic epithelial cells in the excretory
ducts (Lu), and arrows of b indicate apoptotic myoepithelial cells
around acinar epithelium (Ae). Arrows indicate many apoptotic
excretory duct epithelium (Lu), and circles indicate infiltrated

apoptotic lymphoid cells (c). a, b 25 weeks of age and c 44 weeks
of age. a, b ×350 and c ×250 (original magnification). Tunnel assays.
Nuclei are stained slightly with hematoxylin

Fig. 3 Numerous lymphoid
cells around excretory
(Lu, a–d) and intercalated
ducts (Lu, e, g) are shown. b and
c are higher magnification of
a and degenerated vein (V) and
arteriole (Ao) in b and d, and
destructed (an arrow in d)
and desquamated (a star mark in
c) ductal epithelium in the
lumen are seen. A star mark in e
and f (higher magnification of e)
indicates hyperplasia of epithe-
lial cells, and degenerated duct
epithelium in e and g (higher
magnification of e) are seen.
a ×20, b ×40, c, d, and e ×250,
and f and d ×800 (original
magnification). 44 weeks of age.
H&E
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Hyperplasia of duct epithelium

Other than destructive changes of duct epithelium, there
was epithelial cell hyperplasia of intercalated, striated, and
excretory ducts with intraepithelially infiltrated lympho-
cytes at 36 weeks of age (Fig. 8c,d). In these lesions, duct
epithelium with or without degeneration were observed. In
addition, destruction and/or thickening of the basement
membrane around ducts and capillaries were observed
(Fig. 8d).

Acinar epithelium changes

Myoepithelial cells around the acinar epithelium without cell
infiltration showed relatively normal appearance at the age of
8 weeks (Fig. 9a). From the age of 20 weeks, myoepithelial
cells showed degeneration by the attachment of lymphoid
cells (Fig. 9b–d). Degeneration of the acinar epithelium by
infiltration of lymphocytes in and around the acini (Fig. 9c)
and that by infiltration of plasma cells around the acini
(Fig. 9d) were observed. Severely affected acini showed
atrophy (Fig. 9e,f) and destruction of basement membranes
and the myoepithelium with infiltration of lymphoid cells,
and some macrophages were recognized.

Discussion

The present study demonstrated that sialoadenitis in
submandibular glands developed with age in B/WF1 mice.
This was associated with the production of anti-dsDNA and
anti-Ro/SS-A antibodies in B/WF1 mice. The ultrastructure
revealed the destruction of myoepithelial cells in interca-
lated and striated ducts and acini. Thereafter, epithelium
destruction progressed. In addition, there was no destruc-
tion of myoepithelial cells and epithelium in case of the
lacking infiltration of lymphoid cells. These suggest that
myoepithelial cells may be one of important target cells in
acinar tissues.

There may be, at least, two types of pathogenetic
(nonimmune or immune-mediated) mechanisms working
in damages of intercalated and striated ductal epithelia and
acinar epithelium. Firstly, lymphoid cells (lymphocytes
and/or plasma cells) attached to myoepithelial cells may
induce the destruction of myoepithelial cells. Through this
process, epithelial cell damage may occur mechanically. It
is possible, since myoepithelial cells are located between
the basement membranes and the acinar and duct epithelial
cells, and myeoepithelial cells may have a complex role,
such as a part of a contractile apparatus that supports the

Fig. 5 Infiltration of many CD4+ T cells (dots: arrows) around the
excretory duct (Lu) in a, and insert shows higher magnification of a
white rectangle (arrows indicate CD4+ T cells). Infiltration of many
Ig+ cells (dots: arrows) around excretory ducts (Lu) in b, and an insert
shows higher magnification of a black rectangle (arrows indicate Ig+

cells). Arrows of c indicate binding of Ig to basement membranes
showing thin and discontinuous meshwork around intercalated ducts
(Lu), capillaries (En), and acinar tissues (Ae). 25 weeks of age. a–c
×100 and inserts, ×750 (original magnification). Nuclei are stained
slightly with methyl green. Immunoperoxidase
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expulsion of saliva [36] but also the preservation of
structural integrity of the modulation of glandular secretory
function [44]. Secondly, epithelial damages may be induced
by the migrated and penetrated lymphocytes into the
intraepithelial layer (epitheliotropism), which is known to
be the key process in autoimmune reaction [31], and also
epitheliotropism is related to a specific and efficient
function of lymphocytes in the target tissue being respon-
sible for epithelial cell damage [43]. The present study
demonstrated the infiltration of CD4+ cells in interlobular

and intralobular ducts and acinar tissues. There are a lot of
reports that CD4+ T cells including autoreactive T cells
expressing CD4+Vβ8+ [12] infiltrate in SS. Thus, the
presence of CD4+ T cells strongly suggests the involvement
of cellular immunity in the damage of the myoepithelium,
and duct and acinar epithelia [34].

At first, the infiltration and trap of lymphoid cells into
the duct and acinar tissues may occur, and these may be due
to the interaction of adhesion molecules between basement
membranes and lymphoid cells. The components of the

Fig. 6 Arrows (insert: higher
magnification of a rectangle of
a) indicate cross-sectioned
myoepithelial cells with myofi-
laments in a striated duct (De),
and a white circle indicates
lumen. A rectangle of b shows
close contact of one lymphocyte
(L) to one degenerated myoepi-
thelial cell showing shrinkage
nucleus, and arrows indicate
bundles of myofilaments with
relatively intact duct epithelium
(De). A rectangle of c (enlarge-
ment of rectangle of b) indicates
thick basement membrane, and
arrows indicate disappearance
of basement membranes.
In addition, at this part, pyknotic
nucleus of myoepithelial cell
can be seen (a circle). A
rectangle of d indicates close
contact of two lymphocyte (L)
to basement membranes, and at
this part myoepithelial cell (Me:
arrows indicate myofilaments)
showing degenerative change
with shrunken nucleus (a white
rectangle of e; enlargement of
rectangle of d) and discontinua-
tion or disappearance of base-
ment membranes (arrows in a
circle) are visible. In addition,
escape of degenerated duct
epithelial cells (De) from the
intercalated duct is seen.
a 8 weeks of age, b–e 36 weeks
of age. a, d ×750, b, e ×1,200,
and c ×2,400 (original
magnification)
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basement membrane are mainly collagen type IV, proteo-
glycan, fibronectin, and laminin; of these, laminin is the
most abundant glycoprotein molecule in salivary and
lacrimal glands [6]. Upregulated expression of very late
antigen-6, which is a ligand for laminin [40], on infiltrating
lymphoid cells may facilitate the interaction of lymphoid
cells with laminin of basement membranes of duct and
acinar epithelia [12, 23, 25]. These may lead to destruction,
disorganization, or lysis of basement membranes [27].
Thereafter, the interaction of lymphoid cells and myoepi-
thelial cells may occur. In addition, an in vitro study
demonstrated that activated myoepithelial cells expressed
adhesion molecules such as intercellular adhesion molecule
(ICAM)-1[21], which is the receptor of lymphocyte
function-associated antigen-1 on lymphoid cells [40]. These
may be responsible for the attachment of lymphoid cells to
myoepithelial cells. As demonstrated here, hypertrophic
myoepithelial cells may reflect the morphologic expression
of cell activation. In addition, we have reported previously

intense ICAM-1 expression on capillary endothelium in the
dermis, which was associated with the systemic production
of interleukin-1, tumor necrosis factor-α, and interferon-γ,
in B/WF1 mice [13, 14, 40], suggesting those cytokines
may induce ICAM-1 expression on myoepithelium. More-
over, it has been suggested that chemokines are key
regulators in these process [24]. For example, CXCL13
(or B cell attractant, BCA1) attracts naïve B cells and
certain T cells through the receptor CXCR5 (or BLR1), and
epithelial cells as well as capillary endothelial cells are
implicated in the production of CXCL13 [1, 38], resulting
in the allowance of invasion of lymphoid cells into the
epithelial lining layer. On the other hand, the mechanisms
of how to access of circulating cytokines, which activate
the myoepithelial cells, are unknown. As demonstrated
here, veins or venules in the interlobular interstitum were
damaged by infiltrated lymphoid cells. Thus, one possibil-
ity is a leak from damaged blood vessels, and leaked
cytokines and chemokines may activate myoepithelial cells

Fig. 7 A rectangle of a indicates
the adherence of a large lympho-
cyte (L) to a hypertrophic
myoepithelial cell (Me) with
degenerated duct epithelium (De).
Arrows of b (enlargement of
rectangle of a) indicate bundles
of myofilaments, and lysis of
basement membrane is seen (a
white circle). A white rectangle
shows detach of a myoepithelial
cell (Me) from a duct epithelial
cell (De). c shows infiltration of
plasma cells (P) around striated
ducts and plasma cells closely
contacted with basement mem-
branes (a rectangle). An arrow of
a black circle indicates thick
basement membranes, and
arrows of white circles indicate
lysis of basement membranes
where degenerated and
disorganized myoepithelial cells
(Me) can be seen, whereas duct
epithelium (De) are relatively
intact. In d, myoepithelial cells
(Me; arrows indicate myofila-
ments) and duct epithelium (De)
show severe degeneration with
infiltration of plasma cells (P)
around striated ducts, and
discontinuity of basement
membrane are seen (an arrow in
a white circle). 36 weeks of
age. a ×750, and b–d ×1,200
(original magnification)
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adjacent to inflammatory foci. It seems likely, since we
have reported previously a leak of macromolecules from
damaged vessels in the dermis in B/WF1 [13]. The
activation of myoepithelial cells in acinar areas apart from
interlobular interstitial tissues [36] may also occur by
increased permeability of capillaries other than the destruc-
tion of them. It seems likely, since thick basement
membranes around capillaries are observed. This will lead
to dysfunction of capillaries. Further studies are needed to
clarify this point including vascular changes (e.g., hyaline
or fibrinoid degeneration and lymphocytic perivasculitis in
arterioles).

The present study demonstrated the binding of IgG2a to
basement membranes of ducts, acini, and capillaries.
IgG2a-type autoantibodies, which is a nephritogenic IgG
subclass composing immune complexes deposited in
glomeruli and class switched by the presence of helper T
cytokines (e.g., interferon-γ [11, 14]), may be derived from
the blood stream and also produced locally by infiltrated
plasma cells. These autoantibodies may play a role in the
destruction of basement membranes, since it has been
reported that autoantibodies reacting in salivary glands, and
IgG and C3 were detected in the basement membranes [34].
However, at present, we cannot conclude their roles in the

Fig. 8 a shows intraepithelial
invasion of one lymphocyte (L)
with degenerated striated ductal
epithelial cells (De), and thick
(an arrow of a black circle) and
lytic (a white circle) basement
membranes are visible. A
rectangle of b shows one
lymphocyte (L) infiltrated into
epithelial layer and degenerated
duct epithelial cells (De) with
many lymphocytes (L) around
duct. c shows degenerated
ductal epithelial cells (white De)
and relatively normal ductal
epithelium (black De) of
intercalated ducts, and prolifer-
ating epithelial cells (star
marks) with lymphocytes infil-
trated into epithelial layer (L)
are seen. In addition, arrows in
black circle indicate myofila-
ments, and an arrow in white
circle indicates lytic basement
membranes. In d, proliferation
of duct epithelium (star marks)
without degeneration of epithe-
lium and intraepithelial infiltra-
tion of lymphocytes (L) are
seen. Arrows in white circles
indicate lytic basement mem-
branes, and an arrow in a black
circle indicate destructed
myoepithelium. Furthermore,
swelled capillary endothelium
(En) with thick basement
membranes (arrows in black
circles) are seen. a–d 36 weeks
of age. a ×1,000 and b–d
×1,500 (original magnification)
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destruction of epithelium, since destructive changes of
those cells were observed mainly at the sites of lymphoid
cell infiltration.

The present study demonstrated hyperplasia of the
epithelium of excretory, striated, and intercalated ducts.
This suggests that basal cells in those ducts may be intact,
since they are reserve cells for physiological regeneration of
luminal columnar cells and for a pluridirectional differen-
tiation into several types of reactive epithelial metaplasia
[17]. However, intercalated ducts, which lack basal cells,
also showed reactive epithelial hyperplasia. It is possible,
since Ihrler et al. have reported that mature intercalated
ducts may have a capacity to proliferate [17]. In addition,
hyperplastic duct epithelium accompanies intraepithelial

infiltration of lymphocytes. This suggests that intraepithe-
lial infiltration of lymphocytes may contribute not only the
destruction of epithelial cells but also the regeneration of
duct epithelium. Further study is needed to clarify this
point.

In the present study, degenerative and necrotic changes
rather than apoptosis of duct and acinar epithelium and
myoepothelial cells were mainly observed from the age of 18
to 36 weeks. Then, apoptotic changes of those cells increased
at the age of 44 weeks. It has been reported that apoptosis
associated with Fas expression play a role in developing of
sialoadenitis in human SS and animal models [18, 35, 39].
Contradictorily, some study has showed that Fas-induced
apoptosis of epithelium was a rare event in human patients

Fig. 9 Arrows of a indicate
longitudinal myofilaments
around acinar epithelium (Ae).
Attachment of two lymphocytes
(L) to myoepithelial cell (a
white arrow in rectangle) and
infiltration of plasma cells
between acini (Ae) and prolifer-
ating intercalated ductal
epithelium (star marks) are
visible in b. c shows infiltration
of lymphocytes (L) into acinar
epithelium (rectangle) and dark
atrophic acinar epithelium (Ae)
with degeneration. Arrows in
circles indicate basement
membranes, and arrows indicate
myofilaments, and infiltration of
lymphocytes (L) and plasma
cells (P) with some macro-
phages (Mϕ) having many
phagozomes and lysosomes
around atrophic acini is seen.
d–f shows severely degenerated
acinar epithelium (Ae) with
infiltration of plasma cells (P),
lymphocytes (L), and some
macrophages (M8). In d, there is
infiltration of many plasma
cells, and arrows in d, e, and f
indicate myofilaments.
a 8 weeks of age, b–f 36 weeks
of age. a ×700, b, c ×1,500,
and d–e ×1,000 (original
magnification)
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with pSS or sSS [33]. In addition, small numbers of
apotoses were seen in acinar and intercalated duct cells in
chronic sialoadenitis in humans [17]. Alternatively, the Fas
antigen was strongly expressed on duct epithelial cells from
patients with severe sialoadenitis but not from patients with
mild sialoadenitis [22]. At present, the reasons for these
controversial reports are unknown. On the other hand, it has
been suggested that the expression of FAS and FASL did
not increase the incidence of apoptosis [33], and they have
suggested that the expression of CD40, CD154, Bax, and
Bcl-2 in the salivary gland may contribute to inhibit
apoptosis. If that is the case, the balance (increased or
decreased expression of those proteins) may be determined
to induce apoptosis or necrosis.

In conclusion, the present study stresses the significance
of myoepithelial cells as one of the target cells during the
development of sialoadenitis in sSS.

Conflict of interest statement We declare that we have no conflict
of interest.
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Abstract The nuage, an ultrastructural marker of normal
human germ cells (spermatogonia type A and primary
spermatocytes), may be found associated with mitochondria
(intermitochondrial cement) and/or free in the cytoplasm.
Eight specimens from germ cell-related tumours were
reviewed to assess whether the nuage could have diagnostic
significance in testicular neoplasms. The nuage of neoplas-
tic cells from seven classical seminomas and one sperma-
tocytic seminoma was compared with that from two normal
testes. The ultrastructural study demonstrated that only
spermatocytic seminoma cells contained both types of
nuage and that significantly fewer spermatocytic seminoma
cells (28%) contained intermitochondrial cement compared

with control spermatogonia type A (81.1%) and primary
spermatocytes (47.6%). The data indicate that (1) the
detection of the nuage confirms that the phenotype of
spermatocytic seminoma is more differentiated than that of
classical seminoma; (2) the intermitochondrial cement is an
additional example of how a distinctive organelle of a
normal cell is preserved in its neoplastic counterpart and (3)
if the intermitochondrial cement were found in other cases
of spermatocytic seminoma, this organelle of the normal
germ cell lineage could be considered as a new ultrastruc-
tural marker of the neoplasm.

Keywords Nuage . Spermatocytic seminoma .

Classical seminoma . Normal germ cells .

Transmission electron microscopy

Introduction

In a wide variety of animals, germ cells exhibit particular
structures called nuage [15], the French word for cloud. The
nuage is a discrete, dense fibrous cytoplasmic organelle
lacking a surrounding membrane. It is often associated with
the mitochondrial cluster (intermitochondrial cement/mate-
rial/bar or nuage–mitochondrial complex) or is closely
adjacent to the germ cell nuclear envelope. It has been
interpreted as a cytoplasmic marker of the germplasm or as
the earliest stage of differentiation of the mammalian germ
cell lineage [13, 16, 28, 58, 61] and could be related to the
germ granules described in many lower animals [52].

Despite its wide diffusion in the animal kingdom, the
molecular properties and function of the mammalian nuage
remain largely unknown. Ultrastructural cytochemical stud-
ies have described basic proteins and ribonucleoproteins in

Virchows Arch (2008) 453:189–196
DOI 10.1007/s00428-008-0610-0

M. Morroni (*) :D. Marzioni
Institute of Normal Human Morphology, School of Medicine,
Polytechnic University of Marche,
Ancona, Italy
e-mail: m.morroni@univpm.it

M. Morroni :A. M. Cangiotti
Electron Microscopy Unit, University Hospital,
Ancona, Italy

A. D’Angelo
Department of Pathological Anatomy and Histopathology,
General Hospital,
Ascoli Piceno, Italy

R. Gesuita
Center of Epidemiology and Biostatistics, School of Medicine,
Polytechnic University of Marche,
Ancona, Italy

M. De Nictolis
Department of Pathological Anatomy and Histopathology,
School of Medicine, Polytechnic University of Marche,
Ancona, Italy



nuage material from human spermatogonia and spermato-
cytes [40]. Vasa protein, a class of proteins believed to act
as RNA chaperones [55], has been detected in the nuage of
animals ranging from nematodes to vertebrates [43]. More
recently, tudor-related proteins [5, 6, 25] and a moonlight-
ing protein, phospholipid hydroperoxide glutathione perox-
idase [22], have been described in the germline nuage.

The human adult testis is affected by three epidemio-
logically, clinically and histologically diverse groups of
testicular germ cell tumours: teratomas and yolk sac
tumours of infants and children, seminomas and non-
seminomatous germ cell tumours of postpubertal patients
and spermatocytic seminoma. We examined a spermato-
cytic seminoma where nuage-like material was both free in
the cytoplasm and in close association with the mitochon-
drial cluster of neoplastic cells, as seen in normal human
germ cells (spermatogonia type A and primary spermato-
cytes) [23]: this ultrastructural finding has not been
previously described in testicular germ cell tumours.

In this study, the ultrastructural features of seven
classical seminomas and a spermatocytic seminoma were
reviewed to assess whether nuage-like material may have
diagnostic value in these germ cell-derived tumours.

Materials and methods

Patients

We reviewed material from eight germ cell-derived tu-
mours, seven classical seminomas (patient age 31–43 years;
mean 39 years) and one spermatocytic seminoma (63-year-
old man). One of the seven classical seminoma specimens
was a metastasis to the colon. Control tissue came from
the otherwise normal testes of a 26-year-old man with
bilateral varicocele. All biopsies were performed with
fully informed patient consent as part of routine histologi-
cal investigations.

Light and transmission electron microscopy

Specimens were processed for light and electron microsco-
py. For light microscopy, the specimens were fixed in 10%
buffered formalin, processed according to standard proto-
cols and embedded in paraffin. Sections 4 μm in thickness
were stained with haematoxylin and eosin (H and E).

For electron microscopy, the material was fixed in 2%
glutaraldeyde/2% paraformaldehyde in 0.1 M phosphate
buffer for 3 h at 4°C, postfixed in 1% osmium tetroxide in
the same buffer solution, dehydrated in graded alcohols and
embedded in an Epon–Araldite mixture. Semithin sections
(2 μm) were obtained with a MICROM HM 355 microtome
(Zeiss, Oberkochen, Germany) and stained with toluidine

blue. Thin sections were obtained with an MTX ultrami-
crotome (RMC, Tucson, AZ, USA), stained with lead
citrate and examined with a CM10 transmission electron
microscope (Philips, Eindhoven, The Netherlands).

Immunohistochemistry

For the immunohistochemical study, we used the avidin–
biotin complex method with antibodies directed against the
following antigens: cytokeratin CAM 5.2 (prediluted; Becton
Dickinson, Milan, Italy), vimentin (1:1,000), CD117 (1:50),
α-inhibin (1:25), CD30 (1:25), EMA (1:100), leucocyte
common antigen (LCA; 1:20), α-fetoprotein (prediluted),
human chorionic gonadotropin (hCG; prediluted), carcinoem-
bryonic antigen (1:50), S-100 protein (1:500), calretinin
(1:200), actin (1:400), desmin (1:75), neuron-specific enolase
(1:1,000) and placental-like alkaline phosphatase (PLAP;
1:250); all from Dako Cytomation A/S, Glostrup, Denmark.

Statistical analysis

The cell was considered as the unit of observation. The
proportions of cells containing intermitochondrial cement
and 95% confidence intervals (95%CI) were estimated in
the eight specimens and in germ cells (spermatogonia type
A and primary spermatocytes) from the control testes,
whose ultrastructural appearance was normal [23] despite
the varicocele. The percentage of spermatocytic seminoma
and control germ cells containing intermitochondrial ce-
ment was compared using the Z test; differences were
estimated by means of CI. A level of 5% was considered
significant.

Results

Classical seminomas

Histologically, the seven classical seminoma specimens
contained uniformly round or polyhedral cells with the
nucleus in central position, one or two prominent nucleoli
and clear cytoplasm. Neoplastic cells had a distinct cell
membrane and were arranged into lobules or cords
separated by thin fibrovascular septa containing infiltrates
of small lymphocytes and plasma cells. Mitotic figures
were rare. The immunohistochemical pattern was charac-
teristic of classical seminoma: the PLAP reaction was
positive, whereas CD30, cytokeratin CAM 5.2, hCG and
carcinoembryonic antigen were all negative.

All specimens had fairly typical ultrastructural features
[10, 11, 17, 24, 35, 50]. In brief, they displayed round or
oval nuclei containing finely dispersed chromatin, promi-
nent and multiple nucleoli with open nucleolonema and
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scarce cytoplasmic organelles that contained large amounts
of glycogen. Free ribosomes, polyribosomes and lipid
droplets were always evident. Annulate lamellae were
found in six of the seven cases. Small primitive junctions
were often observed between neoplastic cells. Neither free
nuage nor intermitochondrial cement was detected in any of
the specimens.

Spermatocytic seminoma

The tumour consisted of sheets of round cells that were
grouped into clusters due to extensive oedema. Cells varied
in size and were composed of three cell types: small,
intermediate and large (Fig. 1). Intermediate cells predomi-
nated. In all three cell populations, the nuclei were
spherical. In the smaller cells, chromatin was dense and
amorphous, whilst in intermediate cells, it had a filamen-

tous appearance. Sometimes large cells had multiple nuclei
and filamentous chromatin. Large nucleoli were common,
particularly in larger cells. Mitotic figures were also
abundant. Neoplastic cells were frequently detected in
seminiferous tubules and were identical to those in the
tumour.

On immunohistochemistry, tumour cells showed dot-like
positivity for cytokeratin CAM 5.2 (Fig. 2) and were
negative for PLAP, vimentin, CD117, α-inhibin, CD30,

Fig. 1 Histological appearance of spermatocytic seminoma. M mitosis.
Scale bar=50 μm

Fig. 3 Spermatocytic seminoma. Neoplastic cells show a simplified
nuclear and cytoplasmic morphology. Note the characteristic promi-
nent nucleolus with open nucleolonema. Inset enlargement of boxed
area showing intermitochondrial cement between two mitochondria.
Scale bar=1 μm; inset scale bar=0.15 μm

Fig. 2 Immunohistochemical expression of cytokeratin CAM 5.2 in
spermatocytic seminoma. Neoplastic cells show dot-like staining.
Scale bar=15 μm

Fig. 4 Spermatocytic seminoma. Nuage-like material (arrow) free in
the cytoplasm. N nucleus. Scale bar=0.18 μm
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EMA, LCA, hCG, α-fetoprotein, carcinoembryonic anti-
gen, S-100 protein, calretinin, actin, desmin and neuron-
specific enolase.

At the ultrastructural level, neoplastic cells (Fig. 3) had
round or oval nuclei. Chromatin was homogeneously
distributed. Nuclei contained a large nucleolus with open
nucleolonema; some cells had multiple nucleoli. The
amount of cytoplasm varied from cell to cell. Rough
endoplasmic reticulum was scarce and characterised by
short cisternae. Numerous free ribosomes were uniformly
distributed throughout the cytoplasm. A developed Golgi
apparatus was detected in rare neoplastic elements and was
arranged in the vicinity of the nucleus. Mitochondria were
numerous, round and dispersed in the cytoplasm or
arranged in clusters. Glycogen and lipid droplets were

scarce or absent. Some cells contained annulate lamellae. In
some elements, cytoplasmic organelles were clustered on
one side of the cytoplasm. Intermediate junctions were
observed between cells. Rarely, pairs of cells containing
nuclei in the resting phase displayed intercellular commu-
nications, suggesting incomplete cytoplasmic division.

A peculiar ultrastructural feature in the cytoplasm of the
neoplastic spermatocytic seminoma cells was a dense
fibrous material consistent with nuage that was found in
two forms: (1) free in the cytoplasm and (2) between
mitochondria (nuage–mitochondrial complexes). The for-
mer (Fig. 4), measuring 0.55 to 1.25 μm in diameter, was
rarer (approximately 5% of cells). Nuage–mitochondrial
complexes lay between two (Fig. 3, inset) or a maximum of
three mitochondria (Fig. 5) and were more frequent
(approximately 28% of cells, 95%CI=20.4–38.9; Table 1).
With the exception of rare cells containing two or three
complexes (Fig. 5), the majority contained a single complex
per cell. These complexes were identical to those observed
in normal human spermatogenetic cells.

Control testes

In spermatogonia type A (Fig. 6), mitochondria usually
formed clusters (one to six per cell) that were generally
constituted of two to three mitochondria (range=2–8).
Nuage-like material was seen between neighbouring mito-
chondria in 81.1% (95%CI=64.8–92.0) of cells (Table 1).
The nuage was always found between two mitochondria
(Fig. 6, inset); cells contained on average one or two
nuage–mitochondrial complexes, up to maximum of five.

Primary spermatocytes (Fig. 7), particularly from the
zygotene stage onwards, also contained mitochondrial
clusters; however, they were less numerous than in
spermatogonia type A and were usually made up of two
to three mitochondria. Altogether, 47.6% (95%CI=32.0–
63.6; Table 1) of these cells contained nuage–mitochondrial
complexes (Fig. 7, inset). As in spermatogonia type A,
nuage-like material was found between two or three
mitochondria and cells contained on average one or two
nuage–mitochondrial complexes.

Fig. 5 Spermatocytic seminoma. Portion of the cytoplasm of a
neoplastic cell showing three nuage–mitochondrial complexes
(arrows) in a mitochondrial cluster. Scale bar=0.18 μm

Table 1 Proportion of cells containing intermitochondrial cement and 95%CI in spermatocytic seminoma, spermatogonia type A and primary
spermatocytes

Cells

Total Intermitochondrial cement Percentage 95%CI p valuesa

Spermatocytic seminoma 100 28 28.0 20.4–38.9
Spermatogonia type A 37 30 81.1 64.8–92.0 <0.001
Primary spermatocytes 42 20 47.6 32.0–63.6 0.012

a Spermatocytic seminomatous cells vs spermatogonia type A vs primary spermatocytes
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Statistical results

Free nuage was detected in <5% of spermatogonia type A
and primary spermatocytes. Significantly fewer spermato-
cytic seminoma cells contained intermitochondrial cement
compared with normal spermatogonia type A (p<0.001)
and primary spermatocytes (p=0.012; Table 1). The
percentage difference between spermatocytic seminomatous
cells and primary spermatocytes containing intermitochon-
drial cement (19.6%, 95%CI=2.1–37.1) was significantly
lower than the difference between spermatocytic semi-
nomatous cells and spermatogonia type A (53.1%, 95%CI=
37.7–68.5; Table 2).

Discussion

This is the first ultrastructural study describing intermito-
chondrial cement in spermatocytic seminoma. Such a
feature has never been detected in classical seminoma.

The nuage, also called nucleolus-like body due to its
morphological resemblance to the nucleolus [21], mainly
differs from it in location, as the latter is found in the
nucleus, whilst the nuage occurs in the cytoplasm matrix or
is associated with mitochondria [21]. There is substantial
evidence that the nuage contains RNA [40, 48] and that
nucleolar material is sometimes extruded from the nucleus

into the cytoplasm [21]. Nuage constituents might also arise
from mitochondria [44].

In humans, nuage has been detected in normal and
pathological conditions. In normal conditions, it has been
described in placental cytotrophoblasts [27, 32] and in both
male (spermatogonia type A and primary spermatocytes)
and female germ cells [23, 36, 39, 40]. In germ cells, it has
been described not only free in the cytoplasm but also in
close association with mitochondria, forming the so-called
intermitochondrial cement. According to some authors, the
nuage of spermatogonia and spermatocytes develops into
the spermatid chromatoid body, whose function seems to be
to form the spermatozoon tail annulus [18, 23, 40, 41].

Nuage-like material has also been demonstrated in a
variety of tumour cells. Albrechtsen et al. [2] detected
membraneless granular structures, which they denominated
nuages, in a carcinoma in situ of the testis. Carlson and
Sibley [4] identified nuage-like structures in unspecified (as
to type) seminomas. Erlandson [17] described cytoplasmic
nuage-like structures in cells from a presumed atypical
retroperitoneal seminoma. In a seminoma, Ghadially [21]
noted features suggesting nucleolar material escaping from
the nucleolus, but found no nuage in the cell cytoplasm; he

Fig. 7 Control testis. One of the three primary spermatocytes displays
a nuage–mitochondrial complex (boxed area) enlarged in the inset. Sc
Sertoli cells. Scale bar=1.9 μm; inset scale bar=0.3 μm

Fig. 6 Control testis. A spermatogonium type A containing some
mitochondrial clusters. Inset enlargement of boxed area showing
intermitochondrial cement between two mitochondria. bm basal
membrane. Scale bar=1.1 μm; inset scale bar=0.16 μm

Table 2 Percentages of cells containing intermitochondrial cement
and 95%CI: difference between spermatocytic seminoma and sper-
matogonia type A and between spermatocytic seminoma and primary
spermatocytes

Spermatocytic seminoma minus D 95%CI

Spermatogonia type A 53.1 37.7–68.5
Primary spermatocytes 19.6 2.1–37.1
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concluded that the escaped material dispersed rapidly once
outside the nucleus. Nuage-like material has also been
found in other non-germinal cancers such as hepatocellular
carcinoma [49], metastatic carcinoid tumour of the colon
[12] and rhabdomyosarcoma [21]. It has also been
described in a non-neoplastic condition, i.e. striated muscle
cells of reducing body myopathy [3, 26, 38].

In all such neoplastic and non-neoplastic diseases, the
nuage-like material was always free in the cytoplasm and
was never associated with mitochondria as in normal germ
cells (spermatogonia type A and primary spermatocytes)
[23, 36, 39, 40] or in the spermatocytic seminoma described
in this paper. In line with previous reports [10, 11, 17, 24,
35, 50], none of our seven seminoma specimens contained
intermitochondrial cement or free nuage. Similarly, inter-
mitochondrial cement has not been encountered in the
neoplastic counterpart of primitive germ cells of the ovary
(dysgerminoma) [19].

Few spermatocytic seminomas have been studied at the
ultrastructural level [1, 34, 46, 54, 60]. The general
ultrastructural features of the neoplastic cells of the
specimen described in this paper confirm previous reports,
except for the presence in the cytoplasm of both intermi-
tochondrial cement and free nuage. Significantly fewer
neoplastic cells contained intermitochondrial cement com-
pared with normal germ cells (spermatogonia type A and
primary spermatocytes). Nevertheless, it is interesting to
note that the percentage difference between spermatocytic
seminomatous cells and primary spermatocytes containing
intermitochondrial cement was significantly smaller than
the difference between spermatocytic seminomatous cells
and spermatogonia type A. Intermitochondrial cement has
never been described in spermatocytic seminoma; although
in the paper by Rosai et al. (Fig. 8, upper panel [46]), two
mitochondria appear to be connected by material similar to
nuage, and in the report by Talerman et al. [54], the same
feature seems to be depicted in some mitochondrial clusters
(Fig. 4). In both cases, however, magnification is too low
for a positive identification.

Spermatocytic seminoma is a specific and unique germ
cell neoplasm. It is the only testicular germ cell tumour to
lack a homologous counterpart in the ovary and to be found
at none of the extragonadal locations where germ cell
tumours are known to arise. It is also the sole germ cell
tumour that always occurs in pure form and is not admixed
with other neoplastic germ cell elements, including semi-
noma. Spermatocytic seminoma may be confused with
classical seminoma; the distinction is important from the
clinical standpoint because spermatocytic seminoma virtu-
ally never metastasises [20, 29, 56] and requires no
treatment besides orchiectomy [7, 14, 33, 45, 47, 53, 57].
Recent immunohistochemical and molecular studies [42,
51, 59] have demonstrated a different origin for seminoma/

dysgerminoma and spermatocytic seminoma. Seminoma/
dysgerminoma originates from an embryonic germ cell,
whilst the cell of origin of spermatocytic seminoma is at
least capable of maturing to the stage of spermatogonia-
pachytene spermatocyte. Genome-wide analyses of ge-
nomic changes and expression profiling confirm the origin
of spermatocytic seminoma from primary spermatocytes
that have at least initiated prophase meiosis [30, 31]. In this
respect, it is interesting to note that the percentage of
spermatocytic seminoma cells containing intermitochon-
drial cement was nearer that of primary spermatocytes than
that of spermatogonia type A.

We interpreted the intermitochondrial cement observed
in our specimen as reflecting a more differentiated
phenotype than seminoma.

In conclusion, review of our cases of germ cell-derived
tumours demonstrated that (1) detection of intermitochon-
drial cement in spermatocytic seminoma confirms a more
differentiated phenotype compared with seminoma; (2)
intermitochondrial cement assumes a role of some impor-
tance in ultrastructural biology as a further example of how
a distinctive organelle of normal human cells is preserved
in their neoplastic counterparts [8 9, 37] and (3) finally, if
intermitochondrial cement were found in other cases of
spermatocytic seminoma, this organelle of the normal germ
cell lineage could be considered as a new ultrastructural
marker of the neoplasm.
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Mixed-type liposarcoma: clinicopathological,
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Abstract A rare case of mixed-type liposarcoma arising in
deep soft tissue of the right thigh of a 45-year-old female
patient is reported. The neoplasm was completely excised
and was composed of an irregular admixture of areas of
atypical lipomatous tumor/well-differentiated liposarcoma
of the lipoma-like subtype with areas of myxoid/round cell
liposarcoma. An amplification of the MDM2 and CDK4
genes respectively in the atypical lipomatous tumor/well-
differentiated liposarcoma areas was detected by fluorescence
in situ hybridization (FISH) analysis, and translocations of
the CHOP and FUS genes were detected by FISH analysis in
the myxoid/round cell liposarcoma areas.

Keywords Liposarcoma .Mixed-type liposarcoma .

MDM2 . CDK4 . CHOP. FUS . Immunohistochemistry .

Cytogenetics

Introduction

Liposarcoma represents the most common soft tissue
sarcoma in adults, accounting for approximately 20% of

all sarcomas. Liposarcoma is currently subclassified into
four main subtypes, including atypical lipomatous tumor/
well-differentiated liposarcoma (lipoma-like, sclerosing,
inflammatory, and spindle-cell variants), dedifferentiated
liposarcoma, which represents the morphological form of
progression of atypical lipomatous tumor/well-differentiated
liposarcoma, myxoid liposarcoma, which forms a continu-
ous spectrum with round cell liposarcoma, and rare
pleomorphic liposarcoma. Cytogenetic and molecular ge-
netic studies contributed substantially to this classification,
and specific chromosomal abnormalities have been detected
for all types of liposarcoma. Atypical lipomatous tumors/
well-differentiated liposarcomas are characterized by super-
numery ring and/or giant marker chromosomes containing
amplified material of the q13–15 regions of chromosome
12, myxoid liposarcomas show a specific reciprocal
chromosome translocation t(12;16)(q13.3;p11.2) with fusion
of the CHOP and FUS genes as the primary chromosomal
aberration, and pleomorphic liposarcomas often have multi-
ple, complex structural rearrangements without consistent
and specific abnormalities. Very rare cases show a combina-
tion of morphological types (mixed-type liposaroma), and
we present such a case arising in deep soft tissues of an adult
patient.

Materials and methods

The tissue was fixed in 4% buffered formalin, routinely
processed and embedded in paraffin; 4-μm-thick sections
were stained with hematoxylin and eosin. In addition,
representative sections were stained immunohistochemically
by the labeled streptavidin biotin technique using commer-
cially available antibodies; antigen retrieval was used for all
antibodies. Stainings for CD68 (clone=PG-M1; dilution=
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1:200; DAKO, Glostrup, Denmark), MDM2 (IF2; 1:200;
Invitrogen, Carlsbad, CA, USA), CDK4 (DC9-31; 1:400;
Biosource, Nivelles, Belgium), and S-100 protein (polyclon-
al, 1:4,000; DAKO, Glostrup, Denmark) were available.
Appropriate positive and negative controls were used. For
the detection of a translocation of the FUS and CHOP genes,
a directly labeled spectrum orange/spectrum green dual
color break-apart probe (Abbott, Wiesbaden, Germany) was
used for hybridization to a region distal and proximal to the
FUS and CHOP genes, respectively. Amplification of the
CDK4 and MDM2 genes was detected by hybridization of
DIG-labeled bacterial artificial chromosomes (BACs) fol-
lowed by binding to fluorescein isothiocyanate (FITC) anti-
DIG. Fluorescence in situ hybridization was performed on
3-μM sections of formalin-fixed, paraffin-embedded tissue
after baking at 65°C for 16 h, deparaffinization with xylene,
and dehydration with ethanol. All tissue sections were
pretreated with a 30% solution of pretreatment solution and
digested with Proteinase K following the instructions of the
suppliers (Q-Biogene, Heidelberg, Germany). Digestion

times were optimized on a case-by-case basis. After a
second dehydration step, the probes were applied to the
sections and the covered slides were sealed with rubber
cement, heat-denatured, and hybridized at 37°C for 16 h.
After stringent washing with 50% formamide in 2× SSC
and treating with FITC anti-DIG in the case of indirectly
labeled probes, the sections were counterstained with DAPI
II in mounting medium (125 ng/ml, Vysis Bergisch
Gladbach, Germany) and visualized under a Zeiss Axioplan
2 microscope using a HBO103 lamp and the appropriate
filters for the three fluorescence dyes.

Results

A 45-year-old female patient complained about an increas-
ing soft tissue swelling in the upper third of the anterior part

Fig. 1 Grossly, a nodular neo-
plasm with myxoid, gelatinous
as well as yellow, lipomatous
areas is seen

Fig. 2 Low-power view shows lipogenic (left) and myxoid tumor
areas (right)

Fig. 3 Lipogenic tumor areas are composed of atypical lipogenic cells
showing variations in size and shape. In addition, scattered enlarged
tumor cells with enlarged and hyperchromatic nuclei and multi-
vacuolated lipoblasts are seen. The stroma shows focal myxoid
changes
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of the right thigh within 3 months. Ultrasound investiga-
tions showed an intramuscular, lobular, and relatively
homogenous lipogenic lesion, and an atypical lipoma was
suspected. Intraoperatively, an intramuscular neoplasm
measuring 8 cm in largest diameter was found and
marginally excised, and after the diagnosis was established
a wide tumor excision with tumor-free margins was
performed. Grossly, a heterogeneous neoplasm with myxoid,
gelatinous areas irregularly associated with lipomatous
areas was seen (Fig. 1); no areas of tumor necrosis were
evident.

Histologically, two irregularly admixed components
were found (Fig. 2). Lipomatous tumor areas did not show
lobulation and were composed of mature appearing
adipocytic cells showing considerable variations in size
and shape. In addition, cells with slightly enlarged and
hyperchromatic nuclei as well as scattered lipoblasts in
perivascular location were found (Fig. 3). The tumor stroma
contained numerous dilated vessels with slightly fibrosed
walls and revealed focal myxoid changes. Immunohisto-
chemically, no clear nuclear expression of MDM2 and
CDK4, respectively and no increased number of CD68

Fig. 4 In myxoid tumor areas,
small undifferentiated cells
admixed with scattered atypical
lipogenic cells and lipoblasts are
set in a prominent myxoid stro-
ma with thin-walled and
branching blood vessels (a).
Note focal transition to more
cellular tumor areas containing
enlarged tumor cells with en-
larged, round nuclei (b)

Fig. 5 Amplification of CDK4
(a) and MDM2 (b) detected by
hybridization of two FITC-
labeled BACs. Translocations of
the CHOP (c) and FUS (d)
genes. Split-apart signals were
detected by two break-apart
probes
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positive histiocytes were present. Molecular analysis by
FISH technique showed a MDM2 amplification in 21 out of
53 analyzed nuclei and a CDK4 amplification in 14 out of
61 analyzed nuclei (Fig. 5). No CHOP and FUS gene
translocations have been detected in this tumor area by
FISH analysis. These findings were consistent with atypical
lipomatous tumor/well-differentiated liposarcoma of the
lipoma-like subtype.

The myxoid tumor component was composed of small,
undifferentiated mesenchymal cells associated with uni-
and multivacuolated lipoblasts set in a prominent myxoid
stroma with mucin pools and a prominent network of thin-
walled and branching capillaries. Focally, more cellular areas
containing round to oval tumor cells with enlarged round and
hyperchromatic nuclei were noted (Fig. 4). No nuclear
expression of MDM2 or CDK4 was detected in this tumor
component immunohistochemically. Molecular analysis by
FISH technique showed a translocation of the CHOP gene
in 21 out of 53 analyzed nuclei and a translocation of the
FUS gene in 23 out of 62 analyzed nuclei (Fig. 5). No
MDM2 and CDK4 amplifications have been detected by
FISH analysis. These findings were consistent with myxoid/
round cell liposarcoma, and the final diagnosis of mixed-type
liposarcoma, composed of atypical lipomatous tumor/well-
differentiated liposarcoma and myxoid/round cell liposar-
coma, was made.

Discussion

Mixed-type liposarcoma represents the rarest subtype of
liposarcoma with only a few cases reported in the English
literature. Mixed-type liposarcoma is defined as a lip-
osarcoma showing either features of combined myxoid/
round cell liposarcoma and atypical lipomatous tumor/well-
differentiated liposarcoma/dedifferentiated liposarcoma or
of myxoid/round cell liposarcoma and pleomorphic lip-
osarcoma. The few reported cases arose predominantly in
elderly patients and were seen in retroperitoneal or intra-
abdominal locations; more rarely, cases arising in the
mediastinum and deep soft tissues of the extremities have
been documented [3, 7–9, 12]. The few karyotyped cases
showed the presence of ring or giant marker chromosomes
as the sole chromosomal abnormality or in association with
complex rearrangements [1, 2, 11]. There is only one case
of true mixed-type liposarcoma arising in subcutaneous
tissue of the thigh in a 29-year-old male patient that
metastasized to the supraclavicular region, in which a
mixed genotype corresponding to atypical lipomatous
tumor/well-differentiated liposarcoma and myxoid liposar-
coma has been illustrated in the primary neoplasm as well
as in the metastasis [9].

The reported case represents an exceedingly rare
example of true mixed-type liposarcoma arising in deep
soft tissue of the lower extremity in an adult patient, in
which both tumor components were irregularly admixed.
The atypical lipomatous tumor/well-differentiated liposar-
coma component did not show tumor progression into
dedifferentiated liposarcoma, whereas in the myxoid areas,
foci of round cell differentiation were found, consistent
with progression to grade two of malignancy. The charac-
teristic molecular changes of both tumor components were
found and emphasize the presence of polyclonal neoplastic
development in rare instances. Interestingly, no nuclear
expression of MDM2 and CDK4 was detected immunohis-
tochemically, whereas clear amplification of both genes was
seen by FISH technique. This phenomenon most likely
reflects a well-differentiated atypical lipomatous tumor with
low copy numbers of the amplified genes.

There are a number of cases of so-called mixed-type
liposarcoma in the literature, in which no molecular
evidence of the two tumor components was given [3–8,
13, 14]. However, at least some of these cases most likely
represent examples of atypical lipomatous tumor/well-
differentiated liposarcoma or of dedifferentiated liposarcoma
with focal prominent myxoid changes, what represents a
well-recognized phenomenon especially in long-standing
lipogenic neoplasms in retroperitoneal and intraabdominal
locations. Very rarely, dedifferentiation has been reported in
myxoid liposarcoma, and a close relationship between
atypical lipomatous tumor/well-differentiated liposarcoma
and myxoid liposarcoma was proposed [10]. Unfortunately,
it was impossible to prove true dedifferentiation in myxoid
liposarcoma cytogenetically in these three cases, and it can
be speculated that these neoplasms represent probably
examples of mixed-type liposarcoma showing a combina-
tion of myxoid/round cell liposarcoma and dedifferentiated
liposarcoma as a form of progressive atypical lipomatous
tumor/well-differentiated liposarcoma.

In summary, a rare case of true mixed-type liposarcoma
has been reported, emphasizing the broad spectrum of
malignant lipogenic neoplasms and the need for careful
sampling of large mesenchymal neoplasms.
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Visceral manifestations of hypochondrogenesis
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Abstract Autopsy of a stillborn neonate with hypochondro-
genesis revealed severe cardiac abnormalities and extensive
diverticulosis of the proximal region of the small intestine.
Visceral ramifications are unusual in hypochondrogenesis;
they may reflect heterogeneity of the intramolecular defect in
the COL2A1 gene that codes for the achondrogenesis type
II–hypochondrogenesis spectrum of disorders.

Keywords Bone dysplasia . Cardiac defects .

Diverticulosis . Genetics

Introduction

Hypochondrogenesis (OMIM 200610) is a potentially
lethal genetic skeletal dysplasia that presents in the neonate
with limb shortening. Micrognathia and palatal clefts are
inconsistent features [8]. The diagnosis is made by
recognition of the characteristic radiographic manifestations
[3] and confirmed by demonstration of typical histological
changes in the zones of endochondrial ossification. Still-
birth or early death from cardiorespiratory failure is usual.

Although hypochondrogenesis is rare, autopsy findings
have been featured in several published reports. The only

significant visceral ramification that has been documented
is cardiac septal defects [9].

Autopsy in a South African neonate with hypochondro-
genesis revealed a complex cardiac malformation and
extensive diverticulae of the proximal region of the small
intestine. This latter abnormality has not previously been
reported in the condition. Our observations are described,
depicted, and discussed in this article.

Clinical history

A stillborn female infant of European stock was delivered
in Cape Town on 19th November 1998 after the ultrasonic
recognition of symmetrical shortening of the limb bones
and induction at the 21st week of pregnancy. The mother
was aged 30 years; no other family history was available.
The neonate was hydropic, with a post-nuchal cyst, a flat
dysmorphic facies, and short straight limbs (Fig. 1). In the
feet, toes 2–5 were very hypoplastic or absent (Fig. 2).

Radiographs of the deceased baby revealed a broad chest
and short straight tubular bones that lacked ossification
centers (Fig. 3). The vertebral bodies were ovoid, and
ossification was deficient in the cervical and sacral regions.
The ilia were rounded, the pubis was unossified, and the
scapulae were small. The fibulae were hypoplastic.

Materials, methods, and results

Autopsy revealed the following cardiac malformations:

– Persistent left superior vena cava that drained into the
right auricle via the coronary sinus

– Hypoplastic pulmonary trunk
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– Aberrant origin of the right pulmonary artery from the
aorta

– Right-sided aortic arch
– Left-sided ductus arteriosus to the left subclavian artery
– Separate origin of the right subclavian artery from the

aorta

The duodenum and proximal 190 mm of small intestine
contained more than 26 small outpouchings on the
antimesenteric serosal surface (Fig. 4). The diverticulae
measured 1 mm in length. The distal 220 mm of small
intestine had a smooth uninvolved serosal surface. The
colon measured 150 mm in length and appeared normal.

Microscopy revealed abnormal crypts embedded in stroma
with lymphoid hyperplasia and small vessels (Fig. 5). The
overlying muscularis propria was markedly atrophic, and it
was not possible to identify two separate layers.

The only other visceral abnormality was right hemi-uterus,
with two ovaries. The right umbilical artery was absent.

In the skeleton, histological studies of the chondro-
osseous junction in the vertebral bodies and long bones
revealed matrix deficiency and ballooned chondrocyte
lacunae (Fig. 6). Cytoplasmic inclusions were evident in
the chondrocytes (Fig. 4). These observations were consis-
tent with the diagnosis of hypochondrogenesis.

For logistical reasons, it was not possible to undertake
cytogenetic and molecular investigations.

Discussion

Hypochondrogenesis is a member of the type II collagen
group of bone dysplasias [11]. The condition is allelic with

Fig. 1 The neonate; whole-body external view showing hydrops, a
flat dysmorphic facies and short straight limbs

Fig. 2 The feet are dysplastic,
with hypoplasia or absence of
toes 2–5
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achondrogenesis type II and results from heterozygosity for
a new mutation of the COL2A1 gene situated at the
chromosomal locus 12q13.1. Hypochondrogenesis–achon-
drogenesis type II is regarded as a continuum [2], but in
view of the disparity in severity at the ends of the
phenotypic range, these conditions are recognized as
separate entities at the phenotypical level. Either way, the
phenotypic spectrum reflects intramolecular heterogeneity
[6]. The clinical, radiographical and histological features of
the stillborn infant whom we have documented were
consistent with the diagnosis of hypochondroplasia, and
this designation has been used in this article.

The diagnosis of hypochondrogenesis was made on a basis
of the characteristic radiological features, notably short limb
bones with hypoplastic fibulae, a broad thorax, ovoid
vertebral bodies with coronal clefts, delayed ossification in
the cervical and sacral regions, small ilia and scapulae, and
lack of ossification of the pubis [7]. As with other lethal
infantile bone dysplasias, diagnosis of this spectrum can
usually be made by radiography alone in the clinical setting,
and an expensive molecular confirmation is of little value
[5]. At the histological level, the diagnosis is supported by
the demonstration of chondrocytes containing ballooned
lacunae in the zones of endochondrial ossification [12].

There are very few reports of visceral involvement in
hypochondrogenesis, possibly because of the paucity of
documented autopsies (Table 1). For instance, there was no
mention of visceral abnormalities in a review of 23 infants
with the achondrogenesis–hypochondrogenesis spectrum of
disorders [12]. Nevertheless, the presence of cardiac
malformations appears to be genuine if very inconsistent
with the feature of hypochondrogenesis. Maroteaux et al.
[8] documented a heart murmur in an affected infant, and

Fig. 4 Proximal 190 mm of
small intestine with multiple
small diverticulae on the serosal
surface

�Fig. 3 Antero-posterior radiograph, stillbirth at 21 weeks gestation.
The limb bones are short, and the fibulae are hypoplastic. The thorax
is broad, the ilia and scapulae are small, and the pubis is unossified.
Ossification in the cervical and sacral regions is delayed
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Potocki et al. [9] described an affected neonate with a
complete arterio-venous canal defect and another with a
secundum type of atrial septal defect. These latter authors
commented that type II collagen was not present in the
myocardium and suggested that the determinant COL2A1
gene may have an indirect effect on embryogenesis. In this
context, it may be relevant that teratogenic drugs such as
dimethadione in pregnant rats have produced both heart and
skeletal malformations. Similarly, several genes that are
involved in both heart development and formation of the
axial skeleton have been demonstrated in genetically
modified mice [13].

The detection of extensive diverticulae in the proximal
small intestine of the affected neonate was unforeseen.
Diverticulosis at this site is unusual, and it seems likely that
this anomaly is a syndromic component rather than a
chance concomitant. The pathogenesis of the diverticulae is
uncertain, but it may be relevant that similar abnormalities

have been reported in a family with immunological
incompetence [1] and in the Ehlers–Danlos syndrome type
IV, in which type III collagen is involved. Diverticulae of
the bowel have also been documented in another connec-
tive tissue disorder, the Marfan syndrome [4]. It is possible
that mechanical factors are involved, but it is unlikely that
the diverticulae in the infant with hypochondrogenesis were
the consequence of this process. As with the cardiac
abnormalities, defective embryogenesis may be responsible.
Another alternative would be a contiguous gene effect in
which a chromosomal microdeletion has involved adjacent
genes; this remains unproven.

The significance of the absent toes in the affected baby is
uncertain; postaxial polydactyly has been reported in
achondrogenesis type II [10], and these abnormalities may
be another reflection of intragenic heterogeneity in the
phenotypic spectrum of this disorder.

Further documentation of non-skeletal abnormalities in
hypochondrogenesis will facilitate genotype–phenotype
correlations and advance understanding of the pathogenesis
of this disorder.
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Abstract The sudden, unexpected, and unexplained death
of both members of a set of healthy twins (simultaneous
sudden infant death syndrome (SSIDS)) is defined as a case
in which both infants meet the definition of sudden infant
death syndrome individually. A search of the world medical
literature resulted in only 42 reported cases of SSIDS. We
report the case of a pair of identical, male, monozygotic
twins, 138 days old, who suddenly died, meeting the full
criteria of SSIDS and where a genetic screen was
performed, resulting in a heterozygous nonsense SCN5A
mutation (W822X) in both twins. Immunohistochemistry
was performed on cardiac tissue samples utilizing poly-
clonal antibodies anti-Na+ CP type Vα (C-20) and a
terminal deoxynucleotidyl transferase deoxyuridine triphos-
phate nick end labeling assay. The cellular localization of
the Na+ CP type Vα (C-20) demonstrated by confocal
microscopy on staining pattern of myocytes was concen-
trated in the intercalated disks of ventricular myocytes.
These findings suggest that defective ion channels represent
viable candidates for the pathogenesis of SIDS and,

obviously, of SSIDS, supporting a link between sudden
infant death syndrome and cardiac channelopathies.

Keywords Simultaneous sudden infant death syndrome .

SCN5A gene mutation .W822Xmutation .

Na+ channel function . Nav1.5 protein function

Introduction

Sudden infant death syndrome (SIDS) is defined as the
sudden unexpected death of an infant <1 year of age, with
onset of the fatal episode apparently occurring during sleep,
that remains unexplained after a thorough investigation,
including performance of a complete autopsy and review of
the circumstances of death and the clinical history [3]. SIDS
may occur in singleton or in one member of a twin pair.
The sudden unexpected and unexplained death of both
members of a set of healthy twins (simultaneous sudden
infant death syndrome—SSIDS) is defined as a case in
which both infants meet the definition of SIDS individual-
ly; infants must be either monozygotic or dizygotic pairs;
death must occur within 24 h of each other [9]. SSIDS
occurs very rarely; a search of the world medical literature
resulted in only 42 reported cases of SSIDS [4, 9].

We have analyzed a pair of identical, male, monozygotic
twins, 138 days old, who suddenly died, meeting the full
criteria of SSIDS and in which the molecular postmortem
analysis showed a mutation of SCN5A gene described as
W822X [8]. Cellular localization of the Na+ CP type Vα (C-
20) visualized by confocal laser microscopy on staining
pattern of myocytes demonstrated reduction in Na+ channels
expression in ventricular myocytes in respect to control cases.
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Clinical history

A pair of identical, white Caucasian male, monozygotic
twins, 138 days old, who were thriving and in good health,
were found cyanotic and breathless by their mother in the
crib. She brought them into the living room and placed
them on a sofa to attempt resuscitation, which was
unsuccessful. Circumstantial data revealed that the night
the deaths occurred, the infants coslept in prone position
with a blanket in the same crib; in the early morning, at
7 AM, they were fed by the mother herself. When the
mother woke up about at 8.30 AM, she found the babies in
the prone position and unresponsive. The medical history
showed that the infants had mild respiratory symptoms
(cough, mucus production, respiratory difficulties) a few
days before their death. Mother’s medical history during
pregnancy was negative for alcohol consumption, and
therapeutic drugs and drugs of abuse; it was positive for
cigarette abuse. No history of SIDS was present in extended
family.

Materials and methods

A complete autopsy was performed according to the
autopsy protocol usually followed at our Institute of
Forensic Pathology in case of sudden infant death,
including careful examination of the cardiac conduction
system and of the central and peripheral autonomic nervous
structures involved in cardiorespiratory reflexogenesis [15].
Each internal organ was sectioned, and slides were stained
with hematoxylin and eosin, Bielschowsky, and Klüver–
Barrera stains. After excluding the presence of gross
cardiac malformations, the origin of the coronary arteries
was carefully inspected. The heart chambers were regularly
examined for pathologic changes in the atria, septa,
ventricles, pericardium, endocardium, and coronary arter-
ies. Samples of the myocardium and the major coronary
arteries were stained with hematoxylin–eosin and trichro-
mic Heidenhain (Azan). The cardiac conduction system
was removed in two blocks: The first included the sinoatrial
node and the crista terminalis, while the second contained
the atrioventricular node, from the His bundle down to the
bifurcation and bundle branches. These two blocks were
serially cut at intervals of 40 μm (levels) and stained
alternately with hematoxylin–eosin and Azan [15]. Parents
declined the genetic screening. On twins, a genetic screen
was performed on cardiac sections from formalin-fixed and
paraffin-embedded samples. Each sample was constituted
by three 30-μm sections.

DNA extraction After paraffin removal, DNA extraction
was carried out using Nucleon HT Hard Tissues Extraction

Kit (Amersham Biosciences), following manufacturers’
instructions. The kit is designed specifically for difficult
samples like formalin-fixed paraffin-embedded tissues.
After the extraction procedure, extracted DNA was resus-
pended in DNAse free water and quantified spectrophoto-
metrically (A260/A280).

Double PCR Since polymerase chain reaction (PCR)
starting from formalin-fixed paraffin-embedded tissues is a
complex task due to the extensive modification induced on
dsDNA by formalin itself; a double PCR protocol has been
carried out, with some modification with respect to
published protocols [5–7, 12, 23]. Two microgram of DNA
extracted for each sample has been used to carry out PCR
reactions, which were accomplished using Phusion High-
Fidelity PCR Kit (Finnzymes), following manufacturer’s
instructions. The reactions were performed in a MyCycler
Thermal Cycler (Bio-Rad) with an initial step of denaturation
(98°C, 30 s), followed by 35 cycles of denaturation (98°C,
10 s), annealing (47–52°C, depending from the primers used,
30 s), and extension (72°C, 1 min), with a subsequent final
extension step (72°C, 10 min). Primers used for this study are
indicated below. In particular, SCN5A exons have been
amplified using published intron primers [32, 33]. After first
PCR, 5 μl of the first amplified reaction were used to carry
out a second PCR protocol, using the same primers and the
same cycle steps. After the second PCR reactions, the PCR
products were evaluated by electrophoresis on 2.5% high-
resolution agarose gel. In order to better estimate the
molecular weight of the PCR products, two types of
molecular weight ladders were used, a 100 bp (Amersham
Biosciences) and a 50 bp one (Sigma).

DNA purification from agarose gels The PCR products of
the expected molecular weight were cut from the gel and
purified using GFX PCR DNA And Gel Band Purification
Kit (Amersham Biosciences), following manufacturers’
instructions. The DNA obtained was eluted in diethylpyr-
ocarbonate-treated water and used for incubation with
appropriate restriction enzymes.

Beta actin forward AAACTGGAACGGTGAAGGTG
Beta actin reverse TCAAGTTGGGGGACAAAAAG
Exon 9 forward GGGAGACAAGTCCAGCCCAGCAA
Exon 9 reverse AGCCCACACTTGCTGTCCCTTG
Exon 12 forward GCCAGTGGCTCAAAAGACAGGCT
Exon 12 reverse CCTGGGCACTGGTCCGGCGCA
Exon 16 forward GAGCCAGAGACCTTCACAAGGTCCCCT
Exon 16 reverse CCCTTGCCACTTACCACAAG
Exon 21 forward TCCAGGCTTCATGTCCACCTGTCT
Exon 21 reverse TCTCCCGCACCGGCAATGGT
Exon 22 forward AGTGGGGAGCTGTTCCCATCCT
Exon 22 reverse GGACCGCCTCCCACTCC
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RFLP analysis Each amplified fragment, cut and purified
from the gel, was incubated with appropriate restriction
enzyme in order to verify the presence of a mutation
resulting in the loss or in the gain of a restriction site in its
sequence. The enzymes used in this work were: Van 91I
(Roche), Hae II (Promega), MspA1I (Promega), RCA I
(Roche), and BstOI (Promega; Table 1). Restriction
reactions were carried out following manufacturers’ instruc-
tions. Proper control experiments were performed in order
to ensure enzyme specificity and to avoid overdigestion of
the bands. Control experiments comprised also DNA
extracted from healthy volunteers and from human cell
lines not bearing mutations on the gene of interest.

Electrophoresis on agarose gel The restriction products
were electrophoresed on 2.5% agarose gel. The molecular
weight of the cutting products has been compared to the
molecular weight of the uncut DNA fragment and to
negative controls.

Immunohistochemistry was performed on cardiac tissue
samples utilising polyclonal antibodies anti-Na+ CP type
Vα (C-20; Santa Cruz, CA, USA) and a terminal
deoxynucleotidyl transferase deoxyuridine triphosphate
nick end labeling (TUNEL) assay (Chemicon, Temecula,
CA, USA). We used 4-μm-thick paraffin sections mounted
on slides covered with 3, amminopropyl-triethoxysilane
(Fluka, Buchs, Switzerland). A pretreatment was necessary
to facilitate antigen retrieval and to increase membrane
permeability to antibodies boiling slides in 0.1-M citric acid
buffer for 14 min. The primary antibody was applied in a
1:500 ratio for 120 min at 20°C. The detection system
utilized was the LSAB+ kit (Dako, Copenhagen, Denmark),
a refined avidin–biotin technique in which a biotinylated
secondary antibody reacts with several peroxidase-conju-
gated streptavidin molecules. The sections were covered
with the TdT enzyme, diluted in a ratio of 30% in reaction
buffer (Apotag Plus Peroxidase In Situ Apoptosis Detection
Kit, Chemicon) and incubated for 60 min at 38°C. The
positive reaction was visualized by 3.3 diaminobenzidine
(DAB) peroxidation, according to standard methods. The
sections were counterstained with Mayer’s hematoxylin,

dehydrated, coverslipped, and observed in a Leica
DM5000B optical microscope (Leica, Cambridge, UK).

In order to obtain the determination of the fraction of
myocyte nuclei labeled by TUNEL, the number of myocyte
nuclei per unit area of tissue was determined by counting an
average of ten fields, 1.4 mm2 each, at a magnification of
×10 in each area of myocardium sampled. The percentage
of apoptotic myocyte nuclei was determined. Cardiac
myocytes were viewed using a confocal imaging system
(CLSM SPE Leica) equipped with a krypton–argon laser
beam and mounted on a Leica DM5000B microscope. A
×60 oil immersion objective with a 1.4 numerical aperture
was used. Confocal laser scanning microscopy is able to
produce thin and unblurred optical sections, offering the
prospect of three-dimensional spatial reconstruction of the
parameters of interest. We used a 506-nm beam of an
argon-ion laser and the fluorescence was acquired at
wavelengths of >531 nm in the line scan mode of the
confocal system at rate of 5 ms per scan. A sequence of
these sections collected along the z-axis can be used to
render and quantitatively analyze the structure three-
dimensionally.

Results

A thorough death scene investigation was conducted,
showing a normal ambient air temperature; a very low
carbon monoxide level was detected in the apartment.
Complete autopsies were performed 24 h after death.
External examination was unremarkable: no signs of
traumatic injuries neither of compression of the nose or
mouth or upper airway obstruction were detected. Intense
cyanosis on lips and nails were observed. The results of the
autopsies (body measurements, biological features, and
organs’ weight) are summarized in Table 2.

Internal examination failed to show congenital abnor-
malities and revealed epicardial petechiae and heavy lungs
presenting abundant white foam on the main bronchi.
Complete microscopic examinations were also conducted.
Histological examination revealed polivisceral hemostasis
and mild cerebral edema. Acute pulmonary edema mixed

Table 1 List of the exon mutations investigated in this study, with indication of the restriction enzymes used in RFLP analysis and restriction
sites for wild-type and mutated exons

Exon
number

Investigated
mutation

Restriction
enzyme

Restriction pattern for
wild-type exon

Restriction pattern for
mutated exon

Reference

9 R376H HaeII One site Restriction site lost Rossenbacker et al. 2004
12 A551T MspA1I Two sites One site lost Lai et al. 2005
16 W822X Van91I One site Restriction site lost Keller et al. 2005
21 G1319V RcaI No restriction site One site inserted Smits et al. 2002
22 V1405L BstOI Two sites One site inserted Smits et al. 2002
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with areas of acute pulmonary emphysema were recorded.
Histological examination of the cardiac conduction system
was unremarkable.

Toxicological analyses conducted on blood and urine
samples were negative for drugs of abuse. Microbiologic
studies, including bacterial and viral cultures of blood,
heart, and lungs, were negative. Radiology, vitreous
chemistry, and metabolic screening were negative.

In conclusion, death scene investigation, macroscopic
and microscopic findings, toxicological and microbiologic
analyses, radiology, vitreous chemistry, and metabolic
screening did not yield any specific cause of death.

The results of our genetic analyses showed that between
the exons investigated, the mutated genotype was assessed
in exon 16. Figure 1 shows the restriction pattern of exon
16 amplified from the investigated patients and subjected to
restriction fragment length polymorphism analysis. The
PCR product of exon 16 is a 400-bp band, which was
successfully amplified in the investigated subjects and in
the control genome coming from cultured human cells,
negative for this mutation. As visible, while the PCR
product coming from control DNA (Fig. 1b) was cut from
the restriction enzyme (Van 91I), showing the band of
400 bp and the 350-bp band indicative of the cut at position
26 of the exon sequence. The DNA fragment coming from
the investigated subjects resulted unrestricted from the
restriction enzyme (Fig. 1a), therefore lacking the restric-
tion product of 350 bp. Lack of this restriction site is a
feature introduced by the mutation described as W822X [8]
which results in a nonsense mutation generating a truncated
form of the channel protein. The mutation is due to a point
substitution of a guanine with an adenine residue,
(G2466A). As a control, an overnight digestion reaction,
as well as an overdigest with modified enzyme substrate
was performed (not shown), resulting in the absence of
restriction products indicative of enzyme cutting.

The immunohistochemical study revealed an intensive
positive result to TUNEL assay (Fig. 2a) approximately 38±

Fig. 1 Restriction pattern of
exon 16 of SCN5A gene in
investigated patients and in
control DNA from cultured hu-
man cells. a Restriction pattern
of exon 16 in the investigated
subject; M1 50-bp ladder; M2
100-bp ladder; GAL restriction
product of exon 16, revealing
only the unrestricted fragment. b
Restriction pattern of exon 16
amplified from control DNA of
a human cell line; M 100-bp
ladder; C restriction products of
exon 16, showing the presence
of both the unrestricted band
(400 bp) and the cleavage prod-
uct at about 350 bp

Table 2 Body measurements and organs’ weight

Twin A Twin B

Birth weight (g) 1,760 1,550
APGAR
1 min 7 7
5 min 8 8
Body measurement (cm)
Crown-heel 59 61
Crown rump 35 35
Head circumference 37 37
Chest circumference 35 35
Abdominal circumference 33 32.5
Organ weight (g)
Thymus (10 normal value) 28 18
Thyroid 5 4
Heart (27 normal value) 25 25
Lungs (37 normal value) 55 55
Liver (160 normal value) 138 157
Spleen (16 normal value) 15 29
Kidneys (22 normal value) 16 16
Brain (540 normal value) 530 530
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18% apoptotic cells were observed compared to 3±1% in
control hearts. This result is questionable because its low
specificity questions the diagnostic value of this method in
autopsy pathology practice; apoptosis is also present as the
effect of nonspecific triggers, such as the increase in wall
stress. The cellular localization of the Na+ CP type Vα
(C-20) demonstrated by confocal laser microscopy on
staining pattern of myocytes was concentrated in the
intercalated disks of ventricular myocytes (Fig. 2b–c). Our
results confirm the specific localization of this subtype of
sodium channels to the intercalated disk (Fig. 2d). Hetero-
zygote expression in twins hearts showed a nearly 50%
reduction in Na+ channels expression in ventricular myo-
cytes in respect to control cases (Fig. 3).

Discussion

In both twins, the molecular analysis showed a heterozy-
gous nonsense SCN5A mutation (W822X) generating a
truncated form of the cardiac channel protein (SCN5A gene
mutation associated with Brugada syndrome (BS) pheno-
type). The mutation was firstly reported by Keller et al. [8]
in a family with BS and was present in the index patient
diagnosed with BS after surviving a sudden cardiac arrest,
in his brother who had a typical BS phenotype and in their
father who transmitted the mutation and was a silent
mutation carrier without the BS phenotype. This mutation
generates a truncated form of the channel protein and a loss

of Nav1.5 protein function. The W822X mutation was
predicted to cause premature Na+ channel protein trunca-
tion, with parts of domains II, III, and IV missing. Although
the truncated protein was localized at the membrane
surface, it was functionally an inactive channel [8]. This
mutation results in a loss of Na+ channel function.
Alterations in sodium channel expression and function are
known to have severe effects on excitability. In the heart,
mutations in the gene encoding Nav1.5 cause inherited
hyperexcitability syndromes, including long QT syndrome

Fig. 2 a Determination of apo-
ptotic cardiomyocytes nuclei by
TUNEL assay: intensive posi-
tive result (brown nuclei) com-
pared to normal bleu nuclei
(insert: negative control) ×60. b
Immunolocalization of Na+ CP
type Vα (C-20) in ventricular
myocytes (brown reaction) ×40.
c Confocal laser scanning mi-
croscope: staining for Na+ CP
type Vα (C-20) shows punctate
positiveness (orange) along the
z-lines (insert in d). d High
magnification of a portion of a
ventricular myocyte labeled for
Na+ CP type Vα (C-20; brown),
demonstrating localization of
Na+ CP type Vα (C-20) at an
intercalated disk

Fig. 3 Confocal laser scanning microscope: heterozygote expression
in twin’s heart shows a nearly 50% reduction in Na+ channels
expression (orange punctate positiveness) in ventricular myocytes in
respect to control case
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type III and Brugada syndrome, which can lead to sudden
cardiac death. Differential expression and localization of
sodium channel subunits are likely to be important
determinants of electric excitability of cardiac myocytes
[11, 13, 19, 25]. Cardiac ion channel genes, particularly
SCN5A, have been hypothesized as candidate gene(s) for
SIDS [29].

SIDS deaths among twins have received a little attention
in the medical community and very limited information was
provided in the literature. As referred by Koehler et al. [9],
in the first worldwide review of cases, the medical literature
has mainly focused in the deaths of single infants while the
topic of SSIDS has been directly assessed in only a few
articles [6, 10, 18, 26]. The study found that only 12 pairs
of twins met all the three criteria (29.2%), nine pairs met
two criteria (21.9%), alternative cause of death was offered
in five pairs of twins (121%), and in the remaining 15 pairs
(36.6%) only limited information was available. In 2007, a
case of simultaneous infant death syndrome [4] was
described in which both infants were healthy and did not
have any serious medical history, except for the fact that
2 days prior to deaths the twins had received the second
dose of oral polio, DPT, and the first dose of hepatitis B
vaccines. Death scene investigation, judicial investigation,
parental assessment, macroscopic and microscopic autopsy
findings, and toxicological analysis were consistent for
SIDS.

The statement that forensic investigation of SSIDS
involves a thorough death scene investigation, detailed
review of clinical history, and complete autopsy, toxicology,
radiology, pathology, and microbiology studies to determine
the cause and manner of death and the contributory factors is
no more adequate. Clinical, epidemiological, and/or neuro-
pathological observations have strongly supported a genetic
basis for SIDS [27], with subsequent pursuit of candidate
genes in five categories: (a) genes for ion channel proteins
based on electrocardiographic evidence of prolonged QT
intervals in SIDS victims, (b) gene for serotonin transporter
based on decreased serotonergic receptor binding in
brainstems of SIDS victims, (c) genes pertinent to the early
embryology of the autonomic nervous system (ANS; and
with a link to the 5-HT system) based on reports of ANS
dysregulation in SIDS victims [15], (d) genes for nicotine-
metabolizing enzymes based on evidence of cigarette
smoking as a modifiable risk factor for SIDS [14], and (e)
genes regulating inflammation, energy production, hypo-
glycemia, and thermal regulation based on reports of
postnatal infection, low birth weight, and/or overheating
in SIDS victims [36]. Cardiac ion channel genes, particu-
larly SCN5A, have been hypothesized as candidate gene(s)
for SIDS [29]. Heterozygous mutations in the cardiac
voltage-gated sodium channel α-subunit gene (SCN5A)
have been implicated in rare, familial types of cardiac

arrhythmogenic disorders, involving long QT syndrome
variant type 3 (LQT3), Brugada syndrome, and progressive
cardiac conduction defect (PCCD) or Lev–Lenegre disease
syndrome [16]. The SCN5A gene encodes the α-subunit of
human cardiac voltage-dependent sodium channel, hNav
1.5. This channel produces a depolarizing inward sodium
current INa and subsequently inactivates within millisec-
onds. The mechanisms of how SCN5A mutations lead to
different cardiac electrical diseases are still under investi-
gation. In general, SCN5A mutations leading to the BS
phenotype are associated with a loss of channel function
with a reduction of the Na+ current. Maier et al. [13]
proposed that the Nav1.5 channels in intercalated disks are
involved primarily in initiation and propagation of the
cardiac action potential from cell to cell.

Each channelopathy is capable of causing sudden
unexpected death during infancy [28]. Data from the
literature evidence that molecular aberrations in cardiac
ion channels implicated in these heritable arrhythmia
syndromes account for a significant proportion (10–15%)
of SIDS [30]. Since 1998, Schwartz et al. [20] provided
evidence to support the QT hypothesis in the pathogenesis
of SIDS; several report of the literature provide strong
evidence of a link between mutations in sodium-channel-
interacting protein gene and SIDS. In 2000, Schwartz et al.
[21] reported a spontaneous mutation on the SCN5A in an
infant who nearly died of SIDS. Several reports identified
mutation in the SCN5A gene in infants with aborted or
experienced SIDS [17, 21, 22, 35]. Defects in the SCN5A
gene were discovered in 2% of infants from a 2-year
population-based cohort of SIDS by Ackerman [1] in the
first systematic survey of autopsied SIDS or unexplained
infant death cases. SCN5A mutations were identified in
cases of sudden unexplained nocturnal death syndrome, a
disease allelic to Brugada syndrome [31]. A near-miss case
of SIDS due to Brugada syndrome has been reported in
2005 by Skinner et al. [24] who discovered a heterozygous
mutation in position 3578 of the SCN5A coding sequence
in a 19-day-old male who experienced a ventricular
fibrillation successfully treated with DC cardioversion. In
a recent study, Wang et al. [34] greatly expanded the
spectrum of functionally characterized SCN5A variants
associated with SIDS. Arnestad et al. [2] reported data
which provide strong evidence that overt or latent func-
tional LQTS gene variants are associated with 9.5% of
SIDS cases. The case for cardiac channelopathies in SIDS
has been extended recently to cardiac potassium channels
as Schwartz et al. [22] presented a case involving a de novo
mutation in KVLQT1, the gene most frequently associated
with LQT syndrome. In 2007, Van Norstrand et al. [30]
reported a novel mutation in the glycerol-3-phosphate
dehydrogenase-1-like gene (GPD1-L), a gene associated
with Brugada (BrS2), in three victims of SIDS.
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Conclusions

Taken together, all these findings suggest that defective ion
channels represent viable candidates for the pathogenesis of
SIDS and, obviously, of SSIDS, supporting a link between
sudden infant death syndrome and cardiac channelopathies.
Heterozygous nonsense SCN5A mutation W822X
explained this simultaneous sudden infant death syndrome:
does it make mandatory the genetic screening for channe-
lopathies in such cases? Given the diversity of results to
date, genetic studies support the clinical impression that
SSIDS is heterogeneous with more than one entity and with
more than one possible genetic etiology. Future studies
should consider expanded phenotypic features that might
help clarify the heterogeneity and improve the predictive
value of the identified genetic factors [3, 36].
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Sir,
Angiosarcomas are rare malignant soft tissue tumors that
show differentiation toward endothelial cells occurring in
various clinical settings, including lymphedema-associated
angiosarcoma, idiopathic angiosarcoma on the head and neck
in elderly people, angiosarcoma arising on chronically sun-
damaged skin and post-irradiation angiosarcoma [4]. Chronic
lymphedema secondary to mastectomy and axillary lympha-
denectomy for breast cancer, and more rarely to infectious
disease, congenital disease and traumatism, is a known
predisposing condition for cutaneous and superficial soft
tissue angiosarcoma. We report a new case of high-grade
abdominal wall angiosarcoma in a chronically lymphedem-
atous abdominal panniculus due to morbid obesity.

A 44-year-old morbidly obese man presented with a skin
lesion in the periumbilical region. Clinical examination

revealed a 10-cm papular lesion on a post-operative
abdominal wall hernia. There was a clinical history of
Crohn's disease diagnosed 34 years previously. Treatment
included many abdominal operations. A contrast-enhanced
computed tomography scan of the abdomen revealed
extensive heterogeneous thickening of the skin and subcu-
taneous fat, with infiltration of the abdominal musculature
(Fig. 1). In October 2006, a dermolipectomy was per-
formed. Histologically, the tumor involved the whole
dermis, subcutaneous fat with an infiltrative pattern and
margins. Beside the tumor, many ectatic vessels lined by a
normal appearing endothelium were noted (Fig. 2a). Cell
proliferation consisted of solid sheets of fusiform cells with
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Fig. 1 Contrast-enhanced computed tomography scan of abdomen:
extensive heterogeneous thickening of the skin and subcutaneous fat,
with infiltration of the abdominal musculature



branching irregular vascular channels infiltrating between
collagen bundles and adipocytes (Fig. 2b). These structures
were lined by a neoplastic endothelium with an irregular,
round-to-oval, hyperchromatic nucleus and prominent
nucleolus. Anisocaryosis was discrete and pleomorphic
cells were not seen (Fig. 2c). Mitotic count was 19 per 10
high-power fields. Immunohistochemistry showed a diffuse
and strong positivity of tumor cells for CD34, CD31 and
D2–40 (Fig. 2d). The patient had microscopically incom-
plete tumor resection. From November 2006 to February
2007, he received four cycles of MAID (Mesna 2,500 mg/
m2/day, days 1 to 4; Doxorubicin 20 mg/m2/day, days 1 to
3; Ifosfamide 2,500 mg/m2/day, days 1 to 3; and Dacarba-
zine 300 mg/m2/day days 1 to 3, every 3 weeks) owing to
the aggressiveness and the metastatic potential of the tumor.
Despite three surgical re-excisions, it was not possible to

obtain microscopically complete tumor resection. Post-
operative radiotherapy could not be performed because of
his Crohn's disease history and the voluminous abdominal
wall hernia. In June 2007, an early multifocal recurrence
was observed so he was treated with paclitaxel. Disease
progression occurred after eight cycles and he died
11 months after the diagnosis.

Since 1984, 90 angiosarcomas have been collected in the
French Sarcoma Group clinical database, including three
located in the abdominal wall. Only one patient presented
morbid obesity. The two others had a previous history of
abdominal radiotherapy. Since 1986, only four cases of
abdominal angiosarcoma in morbidly obese patients have
been reported in the literature, usually with rapid disease
progression [1–3, 5]. Our case is the first demonstration of
histological lymphedema in this rare setting. In all the

Fig. 2 Histological features of the angiosarcoma. a Chronic lymphe-
dema of the abdominal wall with ectatic lymphatic vessels in the dermis
at the periphery of the tumor (Hematoxylin eosin safran (HES), ×40).
b Angiosarcoma with spindle cells infiltrating the whole dermis and

subcutis and dissociating collagen bundles (HES, ×40). c Irregular
vascular channels lined by atypical cells with irregular and hyper-
chromatic nuclei (HES, ×200). d Strong cytoplasmic staining of
neoplastic cells by anti-CD31 antibody (×400)
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cases, morbid obesity and subsequent chronic lymphedema
of the abdominal wall were postulated to be the etiological
factors implicated in the development of angiosarcoma.
Only one other case had a previous history of abdominal
surgery [1]. Thus, we postulate that the combination of
surgical treatment and morbid obesity, which both impair
lymphatic flow, may be the cause of abdominal wall
angiosarcoma. Angiosarcoma in this location has a very
aggressive clinical course, even after complete ablation.
Although the reports vary, as a whole the prognosis of
angiosarcomas associated with chronic lymphedema is
dismal, with an overall expected survival of 1 to 2 years.
Abdominal wall angiosarcomas in morbidly obese patients
are extremely rare, despite the increasing prevalence of
obesity in the general population. However, any suspicious
cutaneous lesion should be biopsied in order to establish a
prompt diagnosis.
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Dear Editor,
In a recently published article in Virchows Archiv, Barzon et
al. thoroughly examined the expression of estrogen receptors
in human adrenocortical tumors [1]. Given the lack of
systematic evidence in the literature, we had independently
hypothesized that estrogen receptor alpha-to-beta ratio might
be an important counterpart in adrenal cortical neoplasia [2].

Following our initial hypothesis, we have immunohisto-
chemically evaluated the expression of ER-alpha and ER-
beta in 38 adrenal adenomas, 7 adrenal cortical carcinomas
(ACCs), and 23 normal adrenal tissue samples from unrelated
patients. Among the 38 adenomas, 20 were nonfunctioning
adenomas (NFA), 9 were cortisol-producing adenomas
(CPAs), and 9 were aldosterone-producing adenomas (APAs).
For ER-alpha and ER-beta immunohistochemical assessment,
the monoclonal mouse anti-human ER-alpha clone1D5
(DakoCytomation, Glostrup, Denmark) and the AR385-5R
anti ER-beta antibody (Biogenex, San Ramon, CA, USA)
were respectively used.

Statistical analysis was performed with STATA 8.0
statistical software (Stata Corp, College Station, TX,
USA). To avoid multiple comparison adjustments versus
the control (normal tissue) group, which would diminish
the study power given the small sample size, the analysis is

principally oriented within the adenoma subpopulation,
which is at any case the main focus of this Letter. We
believe that the results below come to complement those
reported by Barzon et al., as the latter have not performed
immunohistochemistry upon the adrenocortical adenoma
subpopulation, proceeding directly to reverse transcriptase-
polymerase chain reaction (RT-PCR) assessment therein.

Regarding ER-alpha expression within the adenoma
subpopulations, 10 out of 20 NFA exhibited occasional
positivity (defined as <1% cells), whereas the occasional
positivity rate was 4 out of 9 in CPA, decreasing to 0%
(0 out of 9) in APA. The documented variability in the
occasional positivity rate was statistically significant (p=
0.032, Fisher’s exact test). Noticeably, the occasional
positivity rate in normal adrenal tissue was 2 out of 23.

By means of quantitative RT-PCR, Barzon et al.
demonstrated that there is significant heterogeneity in ER-
alpha mRNA content, pointing to lesser expression in
NFAs. On the one hand, our finding confirms that there is
considerable variability in ER-alpha expression between the
different adenoma subtypes. On the other hand, however,
our results are suggestive of lower expression in APAs.
Surprisingly enough, the absolute immunohistochemical
negativity in APAs is in line with physiological data:
estrogen attenuates the angiotensin–aldosterone pathway
acting on the adrenal zona glomerulosa [3]; consequently,
diminished estrogen receptor protein expression may be in
favor of excessive aldosterone production.

Regarding ER-beta immunohistochemical evaluation,
the occasional positivity rate did not exhibit statistically
significant heterogeneity, as it was equal to 10 out of 19 in
NFAs (in one case 20% of cells were ER-beta positive, far
beyond the occasional threshold; as a result, the case was
thus not included in the calculation), 3 out of 9 in CPAs,
and seven out of nine in APAs (p=0.385, Fisher’s exact
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test). This is indirectly in agreement with the results by
Barzon et al., who reported no significant deviation from
the control group. In our control group, ER-beta were
positive in 6 out of 23 samples (2–5% of cells stained),
occasionally positive in 11 out of 23 samples and negative
in 6 out of 23 samples.

Concerning ACC, the ER-alpha occasional positivity
rate was two out of seven, comparable to that reported by
Barzon et al. (1 out of 16; p=0.209, Fisher’s exact test).
With respect to ER-beta, a rather fainter profile arose
(Barzon et al. reported 12 out of 16 percentage of
immunoreactivity); we detected 1 out of 7 cases exhibiting
10% positivity, 4 out of 7 cases exhibiting occasional
positivity, and 2 out of 7 cases being negative. With respect
to the control-versus-ACC comparison in our study,
statistically significant differences emerged neither for
ER-alpha (2 out of 23 vs. 2 out of 7 occasional positivity
rate; p=0.225, Fisher’s exact test) nor for ER-beta (6 out of
23 vs. 1 out of 7 positivity rate; p=0.653, Fisher’s exact
test). Nevertheless, because of the limited power of the
present study, the emergence of differences in larger studies
cannot be excluded.

In conclusion, further studies on larger samples are
needed, focusing on the different adenoma subtypes. The
present letter is of suggestive nature, given that: (1) the

expression of estrogen receptors was in general minimal
and (2) immunohistochemistry has to be complemented and
verified by quantitative methods. Indeed, in this letter, the
discrepancies were noted principally at the level of
occasional immunohistochemical positivity; the precise
quantitative aspects and implications of such discrepancies
remain to be assessed on large adenoma series. Intra-
subtype and inter-subtype variability in ER expression are
issues that should ideally be addressed.

Slight though, differences in estrogen receptor expres-
sion may reveal discrepancies in the physiological behavior
of adrenal adenomas, which remain to be clarified in the
future.
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Abstract The proliferating lesions in the endometrium form a
morphological continuum extending from benign to malig-
nant, through a transitional pre-invasive stage. Within this
spectrum, several classifications of endometrial hyperplasia
have been developed over the years in which the precancerous
lesions gained a substantial distinction, although not without
inconsistencies in definitions and terminology. The revised
WHO 1994 classification explicitly recognizes cytological
atypia as the defining feature for distinguishing genuine
hyperplastic lesions (simple and complex endometrial hyper-
plasia) from those that are potentially precancerous (simple
and complex atypical endometrial hyperplasia) and puts an
end to the verbal anarchy by adopting a common language of
communication. This taxonomy, however, was criticized for
complexity and low level of reproducibility. Thus, in the name
of improved reproducibility a new classification was recently
proposed which (a) combines simple and complex endome-
trial hyperplasia within one diagnostic category known as
endometrial hyperplasia and (b) defines new criteria for
recognising the precancerous lesions: a monoclonal growth,
known as endometrial intraepithelial neoplasia (EIN), com-
prising clusters of crowded glands, greater than 1 mm in
diameter, having a cytologically altered epithelium. The EIN
concept was challenged of not being independently tested and
received with great enthusiasm by some scholars and relative
skepticism by others.

Keywords Endometrial hyperplasia . Precancerous lesions .

WHO . EIN

Introduction

Hyperplasia is, in general terms, an increase in the size of
an organ or tissue as a result of an increase in the number of
its constituent cells per unit volume. In the endometrium,
there are several forms of hyperplasia, some of which
progress to carcinoma. Indeed, the most common type of
endometrial carcinoma, endometrioid adenocarcinoma,
frequently develops from pre-existing areas of hyperplasia—
a concept originally described by Thomas Cullen in 1900 [1].
In addition, the morphological continuum endometrial hyper-
plasia/endometrioid adenocarcinoma shares in common many
genotypic alterations, including microsatellite instability,
PTEN and K-ras gene mutations [2–8]. As a consequence,
the form of hyperplasia which is related to endometrial
adenocarcinoma (EA) with unusual frequency is considered
precancerous and should be treated accordingly. It is manda-
tory, therefore, to distinguish the endometrial hyperplasias into
those that progress into malignancy and those that do not.

Classification schemes of endometrial hyperplasia:
from anarchy to WHO

Several classification schemes of endometrial hyperplasia
have been introduced over the years. These were essentially
biased by inadequate long-term follow up data and
inconsistency in definitions and terminology. As Gore
(1973) characteristically stated, “not only are different
names applied to the same lesion, but the same name is
applied to different lesions, presumably of different
malignant potential” [9].

Thus, many scholars in the field employed the term
“atypical” hyperplasia for all hyperplastic lesions of the
endometrium with a presumed malignant potential [10–12].
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Others used the designation “adenomatous” hyperplasia in
a similar way [13–19], and still others used the two terms
interchangeably [20, 21]. Interestingly, morphological
distinction between “atypical” and “adenomatous” hyper-
plasia was exercised by a number of investigators [22–26],
but they did not all use the same criteria. Beutler et al.
recognized two distinct forms of hyperplasia with some
malignant potential: one with atypical glandular prolifera-
tion, the other with atypical epithelial proliferation [27].
Scully and Blaustein (1980) applied the term “complex”
hyperplasia [28, 29] and Hall “irregular” hyperplasia to
include every form of non-invasive proliferating lesion of
the endometrium other than “simple” endometrial hyper-
plasia [30]. Earlier workers made no attempt to differentiate
endometrial hyperplasia into any form [31–33].

This era of communication failure was succeeded by the
1975 WHO (World Health Organization) classification
which recognized three main forms of endometrial hyper-
plasia: the cystic, the adenomatous and the atypical
hyperplasia [34]. In this taxonomy, cystic endometrial
hyperplasia corresponds to diffuse proliferation of both
glands and stroma, most commonly with cystically dilated
glands. Adenomatous hyperplasia represents focal glandular
proliferation with crowding and complexity. Atypical endo-
metrial hyperplasia reflects conspicuous proliferation of
glands with apparent cytological atypia.

Kurman and associates found progression to carcinoma
in fewer than 3% of cases of hyperplasia without atypia
(cystic and adenomatous), compared with 22% of patients
with atypia (atypical hyperplasia) [35]. Comparable results
reported by Ferenczy and Gelfand with progression to
carcinoma was 0% versus 25% for endometrial hyper-
plasias lacking cytological atypia and those having this
feature, respectively [36].

The aforementioned classical studies demonstrated quite
clearly that the absolute criterion for differentiating the
genuine hyperplastic endometrial lesions from those that
are potentially precancerous is the presence of cytological
atypia. In view of this development, the revised WHO94
classification provided a scheme primarily dividing hyper-
plasias into those with and those without cytological atypia,
while the degree of glandular crowding (simple versus
complex) received secondary importance (Table 1) [37]. The
ambiguous term “adenomatous” was abolished since a lesion
cannot be neoplastic and hyperplastic at the same time.

In the new classification, simple endometrial hyperplasia
indicates lesions formerly designated as cystic hyperplasia;
complex endometrial hyperplasia refers to lesions with
marked glandular complexity, usually with glandular
crowding [38]. Cytological atypia is characterized by
nuclear changes (see under “The WHO94 criteria”).

Lacey et al., classifying endometrial hyperplasia according
to nuclear atypia and the severity of glandular crowding,

predicted the subsequent relative risk for developing endo-
metrial adenocarcinoma [39]. They reported progression
risks RR=2.0 for simple endometrial hyperplasia, RR=2.8
for complex endometrial hyperplasia and RR=14 to 48 for
atypical hyperplasia. The study included 138 cases initially
diagnosed as endometrial hyperplasia and subsequently
evolved to carcinoma (1970–2003). Using the same classi-
fication scheme, Horn et al. found that 2% of the cases with
complex endometrial hyperplasia (eight of 390) progressed
into carcinoma as compared to 52% of the atypical
hyperplasia cases (58 of 112) [40]. There were also a
percentage of cases (10.5%) which from complex endome-
trial hyperplasia transformed into atypical hyperplasia.

The WHO94 classification: criticism and simplification

The WHO94 classification scheme, however, based on
Kurman and Norris’ earlier suggestions [35, 41], was
criticized for complexity and low level of reproducibility
[42–44]. There were indeed several challenging reports.
Thus, Skov et al. found considerable intra- and inter-
observer variation using both the WHO1975 and the
WHO1994 classifications of endometrial hyperplasia [42].
Bergeron et al. centered on the revised WHO94 taxonomy
and reported comparable results [43]. There is also the
recent report of the Gynecologic Oncology Group on 306
women who were diagnosed with atypical endometrial
hyperplasia (AEH) and referred for further treatment (the
study was initiated to assess the efficacy of hormonal
therapy); however, after re-examination of the slides by a
panel of three gynecologic pathologists who used WHO
criteria, significant discrepancies were identified between
review and original diagnoses in 62% of the cases [44].

Skov et al. improved reproducibility of the WHO
classifications by reducing the four categories to two with
clinical importance: atypical endometrial hyperplasia versus
others—1975 classification, and atypical endometrial hy-
perplasia (complex) versus others—1994 classification
[42]. Bergeron et al. succeeded in increasing the reproduc-
ibility of the WHO94 classification by introducing a
combined category for simple and complex hyperplasia,

Table 1 The WHO75 and WHO94 classifications

WHO 1975 classification WHO 1994 classification

Cystic glandular hyperplasia Endometrial hyperplasia
Adenomatous hyperplasia Simple
Atypical endometrial hyperplasia Complex

Atypical endometrial hyperplasia
Simple
Complex
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called “hyperplasia”, and a combined category for atypical
hyperplasia and well-differentiated adenocarcinoma, called
“endometrioid neoplasia” (EN) [43]. Mutter and the
Endometrial Collaborative Group (ECG) in a series of
articles argued for the simplification of the WHO classifica-
tion by entertaining two, rather than four, categories—“benign
endometrial hyperplasia” (replacing simple and complex
hyperplasia) and “endometrial intraepithelial neoplasia”
(EIN), representing the immediate precursor of endometrioid
adenocarcinoma with a 45-fold increased cancer risk [45–50].

The EIN classification

The EIN criteria

According to Mutter’s group [46], an EIN lesion, presumed
to be distinct from atypical endometrial hyperplasia, should
only be diagnosed if it fulfils the following molecular,
morphometric and morphological criteria: (a) monoclonal
growth; (b) size greater than 1 mm in diameter or more than
ten glands; (c) closely packed glands with a gland area
(combined epithelium and lumens) greater than stroma area
(volume percentage stroma <55%); (d) cytological change
that is always different from that of the adjacent normal
endometrium. There should be exclusion of cancer and a
variety of benign conditions with overlapping features,
including basal, secretory and menstrual endometrium,
polyps and cystic endometrial atrophy [45, 47, 50–52].
The above diagnostic criteria should be met in their entirety.

Some pathologists subscribed enthusiastically to these
views [53]. However, before a new classification system is
adopted into clinical practice, it is expected to satisfy two
basic requirements: reliability and reproducibility. In this
context, it is worth investigating whether or not these
conditions are fulfilled in the EIN taxonomy.

Reliability of EIN

Monoclonality and neoplastic growth How strong is such
an association in the endometrium? Yilmaz et al. have
shown that six out of 17 (35.3%) simple endometrial
hyperplasias and four out of six (66.6%) complex endome-
trial hyperplasias were monoclonal in the absence of
cytological atypia [54]. In contrast, three of 12 (25.0%)
atypical hyperplasias (complex) were polyclonal. Similarly,
Sun et al. have demonstrated monoclonality in 17 of 31
(55%) complex endometrial hyperplasias without atypia,
whereas two of 15 (13%) cases of endometrial hyperplasia
with atypia were polyclonal [55]. In the small sample of the
study by Mutter et al., another troublesome matter emerged;
only two of the four atypical endometrial hyperplasias were
positive, whilst the remaining two were inconclusive [56].

In the study by Jovanovic et al., a polyclonal process was
noted in two of nine (22.2%) atypical hyperplasias but also
in seven of 22 (31.8%) endometrial adenocarcinomas [2].
These data indicate that clonality, a major feature of the
EIN lesion [2, 45], is suggestive but not conclusive of
endometrial neoplasia. It is of some interest that mono-
clonality has also been recorded in endometrial polyps [2]
and endometriotic cysts [57, 58].

Lesion size and volume percentage stroma Clusters of
crowded glands confined to an area of less than 1 mm2 in
diameter (fewer than ten glands) are not suitable for
evaluation. Yet, such lesions of only microscopic size may
well represent the earliest stage of endometrial carcinogenesis.

If, however, the lesion is greater than 1 mm in size, as
indeed most are, the gland area should exceed that of stroma
(volume percentage stroma <55%) in order to qualify as a
precancerous endometrial lesion. There has been an overrid-
ing importance attached to this criterion, for as Prat [59],
quoting the classical paper by Kurman et al. [35], pointed
out that complex non-atypical endometrial hyperplasias often
contain greater than 45% glandular component, despite their
proven benign nature. Besides, many well-differentiated
endometrial adenocarcinomas do not conform to this
criterion and display an exceedingly high volume percentage
stroma without being detracted from the diagnosis of
malignancy [60].

The altered epithelium This is an important criterion which
is expected from any precancerous lesion. It is vaguely
defined by the Endometrial Collaborative Group as an
epithelium “different from that of the adjacent normal
endometrium”. Such a definition does not preclude a
morphological similarity of the EIN epithelium with that
of atypical hyperplasia (WHO94). Cytological atypia is, of
course, not peculiar to WHO94 classification and may be
found in any EIN lesion. According to ECG [61], 78% of
the endometrial biopsies which were originally diagnosed
as atypical hyperplasia were reclassified as EIN.

Exclusion of conditions with overlapping features This is
self evident and should be always exercised in any
classification system.

Reproducibility of EIN

Within the last few years, a considerable number of studies
have been reported on the subject of endometrial hyperplasia
describing an “apparent” advantage of the EIN taxonomy
over the WHO94 classification (these are listed in the
references). However, it should be noted that many reviews
and reproducibility studies that can be cited in support of the
EIN concept were designed and performed by collaborating
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and not independent research groups [44, 47, 50, 51, 61–
63]. No exception to that is the absence of an independent
assessment of the gland-to-stroma ratio by routine light
microscopy [59]. Furthermore, by advocating a computer-
ized morphometric analysis, the so-called D-score, rigidity
was introduced into the EIN system. The D-score (volume
percentage stroma, standard deviation of the shortest
nuclear axis and gland outer surface density) needs special
equipment and specifically trained personnel [63], and it is
not, at present, applicable to everyday laboratory practice.
Equally impractical for routine clinical work is the
application of molecular assays for clonal analysis [47].

At present, there are no adequate follow up data to
indicate whether the presence of clonality or the quantitative
evaluation of the gland–stroma ratio is associated with short-
or long-term development of invasive carcinoma [59].

Reliability of the study of Bergeron et al.

It is worth mentioning here that the study of Bergeron et al.
[43], while criticizing the WHO94 classification for low
level of reproducibility, suffered itself from a number of flaws
[59, 64]. In particular, the study was based on 16 cases of
well-differentiated endometrioid adenocarcinoma and only
six cases of atypical hyperplasia. An inadequately docu-
mented methodology was preferred [59] with omissions in
regard to the cases used; were they consecutive or cases with
perceived diagnostic difficulties [64]? There were no photo-
micrographs or adequate histological descriptions.

The lack of any justification for combining the four
existing categories of endometrial hyperplasia into the
proposed two are presented in some detail under the “need
not” subtitles (“Simple endometrial hyperplasia need not be
combined with complex endometrial hyperplasia”; “AEH
need not be combined with EA”; see below).

The WHO94 classification at a second look

The WHO94 criteria

These are, in essence, two: atypia and complexity. The
former refers to cytology (hyperplasia with and without
cytological atypia), the latter refers to architectural abnor-
mality, that is, the degree of glandular crowding (simple
versus complex hyperplasia; Table 1) [35, 37]. These
features have been described in the preceding section
“Classification schemes of endometrial hyperplasia: from
anarchy to WHO”, and are discussed further under the
“need not” subtitles (see below: “Simple endometrial
hyperplasia need not be combined with complex endome-

trial hyperplasia” and “AEH need not be combined with
EA). Here it will suffice to comment on the criterion of
cytological atypia.

Cytological atypia In the WHO94 classification, the diag-
nosis of a precancerous endometrial lesion is resting
principally upon the presence of cytological atypia: round
and, often, enlarged nuclei, prominent nucleoli, chromatin
clearing or clumping, and a tendency for epithelial stratifi-
cation with a loss of nuclear polarity [38, 65–67]. Despite
claims to the contrary, these morphological features could
be recognized and reproduced with a fair degree of
precision by several independent groups of workers [35,
36, 39, 40, 68].

Reliability and reproducibility of WHO

Kendall et al., examining endometrial biopsy specimens,
found a satisfactory reproducibility for the diagnoses of
hyperplasia (both simple and complex), atypical hyperplasia
and well-differentiated adenocarcinoma [68]. Further sup-
port for this conclusion was obtained by Horn et al. [40]
who, after using the WHO94 classification, reached an
overall (interobserver) correlation of 90% which is far
better than the overall interobserver agreement of the study
of Bergeron et al. (70–82%) [40]. Kurman et al. [35],
Ferenczy and Gelfand [36] and Lacey et al. [39] reported
comparable results, as these have been analysed in
“Classification schemes of endometrial hyperplasia: from
anarchy to WHO”.

“Complexity” or is there a need for simplification?

Simple endometrial hyperplasia need not be combined
with complex endometrial hyperplasia

There is no apparent justification for amalgamating simple
and complex hyperplasia into a single diagnostic category,
as suggested by the EIN proponents [45–50], Skov et al.
[42] and Bergeron et al. [43]. For, indeed, simple
hyperplasia is unique among the endometrial hyperplasias
in involving diffusely both glands and stroma, with mitoses
in both endometrial components. These features, by
depriving pathologists of any morphological alternatives,
make the diagnosis of simple endometrial hyperplasia
straightforward.

Complex endometrial hyperplasia, on the other hand, as a
focal lesion affecting, exclusively, glands, shows glandular
complexity and glandular crowding. As a consequence,
complex endometrial hyperplasia should be differentiated
from a normal late proliferative endometrium, irregular
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proliferative endometrium or anovulatory endometrium [65,
69–71]. It could be also confused with atypical endometrial
hyperplasia if it was not for the presence of cytological
atypia, but definitely, complex endometrial hyperplasia can
not be mistaken with simple endometrial hyperplasia.

AEH need not be combined with EA

In contrast to Bergeron et al. views [43], Kendall and his
colleagues indicated that the major problem in the differ-
ential diagnosis of proliferating endometrial lesions was the
distinction between complex hyperplasia and atypical
hyperplasia and not between atypical hyperplasia and
well-differentiated adenocarcinoma [68]. It is true that the
two lesions often co-exist [72–74] and share common
genetic alterations, including microsatellite instability,
PTEN and K-ras mutations, beta-catenin and MLH1
changes [6, 75–78], which may offer an explanation for
the increased risk of progression from atypical hyperplasia
to endometrial adenocarcinoma [35, 36, 79–82]. Yet, the
two lesions should clearly be distinguished from each other
for a hypothetical acceptance of the endometrioid neoplasia
concept [43] will lead to overtreatment.

Atypical endometrial hyperplasia, very much like com-
plex endometrial hyperplasia, is restricted to the glandular
component of the endometrium, and it is usually focal
rather than multifocal or diffuse [38]. The lesion usually,
though not invariably, shows crowding and architectural
complexity of the glands, but above all, it shows the
features of nuclear and cytological atypia. These tend to be
exuberant in atypical hyperplasia and less so in endometrial
adenocarcinoma, whilst crowding and irregularity of glands is
the dominant feature in adenocarcinomas and not in precan-
cerous lesions [83, 84]. Furthermore, endometrial adenocar-
cinomas are commonly diffuse lesions and may show
stromal fibrosis (stromatogenesis), stromal necrosis or
stromal infiltration by polymorphonuclear leucocytes—
features which are indicative of stromal invasion [38, 83, 85]
and are particularly useful in curettage specimens [86, 87].

There has been one study which gives another dimension to
the issue. Jacques et al. [88] found that determination of
certain histopathological features of the endometrial adeno-
carcinoma, such as the histological type of the tumour and the
degree of tumour differentiation, was a greater problem than
differentiating adenocarcinoma from atypical hyperplasia.

Where do we stand?

The aforementioned studies, with all their discrepancies and
shortcomings, demonstrate quite clearly that the endome-
trial hyperplasias form a spectrum of proliferating diseases

ranging from benign (simple and complex hyperplasia) to
malignant (well-differentiated adenocarcinoma) through a
transitional pre-invasive stage. This has been designated as
simple and complex atypical endometrial hyperplasia or,
more recently, endometrial intraepithelial neoplasia without
necessarily having the same meaning.

Irrespective of nomenclature, these lesions can be
considered precancerous and should be definitely recog-
nized as such, for they progress to malignancy with an
unusual frequency and often coexist with well-differentiated
endometrial adenocarcinoma with which they share common
genetic abnormalities.

In the name of improved reproducibility, there is a
tendency for combining subcategories of endometrial
hyperplasia in generic groupings: the European Group
combined simple and complex hyperplasia into endometrial
hyperplasia, and atypical hyperplasia and well differentiated
adenocarcinoma into endometrioid neoplasia [43]; the
Endometrial Collaborative Group followed a similar ap-
proach with regard to simple and complex hyperplasia but
differentiated endometrial adenocarcinomas from the pre-
cancerous endometrial lesions, which they call EIN, as
distinct, though not convincingly so, from atypical hyper-
plasia [45, 46].

By combining diagnostic groups, the objective could be
reached to a certain extent, but it would compromise the
evolution of the scientific knowledge [64]. Such a contrac-
tion of the number of diagnostic choices seems simplistic
rather than simple and bring us back to the early 1930s
when no attempt was made to differentiate endometrial
hyperplasia into any form [31, 32]. Certainly, a combined
EH and EN category would improve reproducibility even
further at the expense of the patient care [59]. Equally, the
proposed EIN lesion, despite its molecular and morpho-
metric basis, is not adequately supported by reproducible
histological criteria, and the EIN concept, as a whole, has
not been independently tested. Besides, it would be
impracticable for everyday use in pathology labs.

There is no compelling evidence that the WHO94
classification is less reproducible than other classification
systems, although the occasional equivocal case may cause
difficulties; these should be faced by improving the young
pathologists’ diagnostic skills [64]. Thus, cytological
atypia, the histologic feature most commonly in diagnostic
dispute [89], should be endorsed when large epithelial cells
with large rounded nuclei, either dense or vacuolated, and
abundant cytoplasm, often with a tendency to stratification,
are seen in the context of disorganized endometrial glands.

Finally, if there was some phrasal complexity in the
WHO94 classification, this would ease by introducing the
descriptive terms “atypical hyperplasia with glandular
crowding” and “atypical hyperplasia without glandular
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crowding”, instead of complex and simple atypical hyper-
plasia, respectively, and retain the time-honoured terms
“simple” and “complex” for the genuine endometrial
hyperplasias.

Treatment

Several factors are taken into account in order to determine
the best course of treatment for the woman with endometrial
hyperplasia. The two most commonly considered are the
specific type of hyperplasia and the patient’s reproductive
status.

Simple and complex endometrial hyperplasia can safely
be treated with progestins [40, 90–92]. Lindahl and Willen
presented the 5-year follow-up of 82 patients with
endometrial hyperplasia without cytological atypia treated
with 500 mg medroxyprogesterone acetate (MPA) i.m.
twice weekly for 3 months [93]. No carcinoma developed,
although bleeding problems often led to surgery (13 cases).

Atypical endometrial hyperplasia is traditionally treated
by hysterectomy [40, 90, 92]. Yet, medical treatment (high-
dose MPA) may be offered to patients with a contraindica-
tion to surgery and to young women who wish to retain
fertility [92, 94, 95]. In this case, treatment should be
continued for no less than 6 months [96]. The main
obstacles to this object, of course, remain the lack of large
prospective randomized trials, the poor standardization of
dose and the frequent coexistence of an occult endometrial
adenocarcinoma. Jobo et al. reported the clinical outcome
of 53 women with atypical hyperplasia after receiving
different treatments [97]. Thirty of 53 patients with atypical
hyperplasia of the endometrium were treated by hysterec-
tomy, and 20 of 53 were treated with MPA alone as a
primary therapy: two of the 12 patients who were treated
with low-dose MPA progressed to endometrial adenocarci-
noma. Three of the eight patients treated with high-dose
MPA conceived after treatment, having three healthy
infants. The authors concluded that primary treatment with
high-dose MPA is a safe and effective therapy for women
with atypical hyperplasia who wish to preserve their
fertility [97]. This benefit would have been lost, resulting
in overtreatment, had Bergeron’s concept of endometrioid
neoplasia [43] been accepted.

Conclusions

Cytological atypia remains the defining feature in differen-
tiating precancerous from genuine hyperplastic endometrial
lesions. This, in a way, stands true not only for the WHO94
classification but also for the recently proposed EIN
classification which, among other criteria, requires a

“cytologically altered epithelium” for detecting precursors
to endometrial adenocarcinoma. It is, therefore, necessary
for the students of endometrial pathology to recognize
cellular atypia.

The endometrial hyperplasias have been the subject of
many proffered classifications over the years; the EIN
classification is the latest. After a critical review of the
literature on the topic, it appeared to us that the EIN
concept is impractical and not adequately supported by
reliable and reproducible criteria and that the WHO94
classification is reasonably good and has a considerable
merit in the everyday routine practice. This, of course,
should not discourage research on the various forms of
endometrial hyperplasia, particularly in relation to molec-
ular pathology, for as Scully [98], and Fox and Langley
[99] stated, “it is our belief that the greater our understand-
ing of the true nature of a lesion the greater, essentially, will
be the possibility of a rational therapy”.
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Abstract Endomyocardial fibrosis (EMF) is a restrictive
cardiomyopathy of unknown etiology prevalent in tropical
regions affecting the inflow tract and apex of one or both
ventricles, which show fibrous thickening of the endocar-
dium and adjacent myocardium. Surgical treatment is
recommended for patients in functional classes III or IV
(New York Heart Association). The gross and histological
features of the heart have been comprehensively studied in
autopsies, but studies in surgical samples are still lacking.
Histological and immunohistochemical features of EMF in
surgical samples collected from 32 patients were described
and correlated with clinical data. Polymerase chain reaction
(PCR) and reverse transcription-PCR, performed on forma-
lin fixed endomyocardial samples, were used retrospective-
ly to detect genomes of certain cardiotropic viruses and
Toxoplasma gondii. Ventricular endocardium was thickened
by superficial acellular hyaline collagen fibers type I and
III, with predominance of the former type. Besides fibrosis,
a chronic inflammatory process and an anomalous lymphatic

rich vascular pattern were observed in the deep endocardi-
um, connected to the terminal coronary circulation of the
myocardium, which might be an important pathological
finding concerning EMF pathogenesis. Molecular analysis of
the endomyocardium revealed high incidence of cardiotropic
infective agents (6/12, 50%); however, their role in the
disease pathogenesis is still controversial.

Keywords Endomyocardial fibrosis .

Immunohistochemistry . Lymphatic vessels .

Surgical pathology . Polymerase chain reaction

Introduction

Endomyocardial fibrosis (EMF) is a restrictive cardiomy-
opathy of unknown etiology, first described in Africa by
Jack N.P. Davies in 1948 [1]. It occurs almost exclusively
in tropical and subtropical countries, especially in Uganda,
Nigeria, Ivory Coast, India, and Brazil. EMF predominates
in children and young adults in Africa and India; however,
in Brazil the disease affects predominantly middle-aged
adults, particularly women. The disease involves the inflow
tract and apex of one or both ventricles, which show fibrous
thickening of the endocardium and granulation tissue at the
myocardial border. Superimposed thrombosis and calcifi-
cation are common at advanced stages of the disease [2].
Restriction of the ventricular filling always takes place and
may lead either to left- or right-sided cardiac failure.
Surgical resection of the fibrous and thickened endocardi-
um is recommended to patients with advanced heart disease
in functional class III or IV (New York Heart Association
(NYHA)) [3, 4]. Even though the standard gross and
histological features of the heart itself have been thoroughly
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studied at autopsy [2], detailed descriptions of the pathol-
ogy as seen in surgical samples are limited to endomyo-
cardial biopsies of a few cases [5, 6].

EMF etiology remains unknown although a relation with
systemic or heart infection or parasitism, previous blood
eosinophilia, or nutritional deprivation had been suggested
[7, 8]. Some data indicate an infectious cause such as high
prevalence in humid parts of tropical countries, association
with eosinophilia and markers of poverty, endocardial
inflammatory infiltrate, and so on [9]. Many authors,
Davies included, have sought a more direct connection
between EMF and infectious agents such as viruses,
protozoa, nematodes, and others [10–12] with no success.

The polymerase chain reaction (PCR) is a potent tool for
detecting infective agents, originally described in 1985
[13]. Since then, viral genomes have been detected in heart
samples of several cardiomyopathies, indicating viral
participation in their etiopathogenesis [14–19].

This study was conducted to: (1) evaluate the histomor-
phological changes in EMF observed in surgical samples,
using both routine and immunohistochemical methods, with
clinical correlation; (2) compare histological data from
surgical and autopsy samples as previously described in the
literature; and (3) evaluate the occurrence of certain
cardiotropic viruses and Toxoplasma gondii protozoa
genomes in heart samples of patients presenting EMF using
molecular analysis in formalin fixed paraffin-embedded
surgical samples.

Material and methods

Patients and sample selection

This retrospective study included 32 patients presenting
typical EMF (Fig. 1a and b) confirmed by clinical,
echocardiographic, and cineventriculographic findings. All
the patients were submitted to surgical resection of the
thickened endocardium at the Heart Institute (InCor),
University of São Paulo Medical School, between 1991
and 2005.

All available clinical and surgical reports were reviewed.
Gender, age, presence of blood eosinophilia (number of
eosinophils ≥450 μl−1), time between onset of symptoms
and surgery, presence of significant associated diseases,
NYHA functional class at time of surgery, cineangiocardio-
graphic data, ventricle affected by EMF, surgical proce-
dures, and postsurgical evolution were all recorded.

Histology and immunohistochemistry

After formalin fixation, representative samples of the
resected tissue were cut and submitted to routine procedure

for embedding in paraffin. When necessary, previous
decalcification treatment of the samples was performed. In
32 cases, 3–4 μm thickness sections were realized and
stained with hematoxylin–eosin (H & E), Masson’s
trichrome, reticulin (Wilder’s stain), Verhoeff’s elastic stain
or submitted to immunohistochemistry. All samples were
required to contain myocardial tissue for inclusion in the
study.

Immunohistochemical screening methods comprised
detection of collagen fibers types I, III, and IV, T- and B-
lymphocytes, macrophages, and lymphatic endothelium in
order to study the collagen of the thickened endocardium
and to characterize the inflammatory cells and the lym-
phatics in the EMF plaque. We used EnVision (Dako, USA)
and LSAB-based immunohistochemical methods and chro-
mogen 3.3′diaminobenzidin or alkaline phosphatase were
used to develop the reactions. All sections were lightly
counterstained with Harris’ hematoxylin. The source, clone,
and titer of the primary antibodies are summarized in
Table 1.

In 21 cases from patients presenting atypical chest pain
and/or with blush detected during coronary cineangiocar-
diography, the vessel number per unit of area of endocar-
dium (square millimeter) was counted under medium power
magnification (×200) using a computerized image analysis
system (Quantimet, Leica). The data were compared using
the t test, and differences were considered statistically
significant when p≤0.05.

Molecular analysis

Retrospective PCR and reverse transcription (RT)-PCR for
detection of certain cardiotropic viruses and T. gondii
genomes were performed in formalin fixed paraffin-
embedded samples of 16 cases. Samples previously
submitted to severe chemical decalcification were excluded
from the study. Additionally, the same procedures were
performed in myocardial samples of 20 patients (mean age—
53.3±5.6 years old, 12 males) presenting non-inflammatory
cardiac disease. Those patients did not come from geograph-
ical areas where EMF occurs and comprised the control
group of previous published work [16].

The dried tissue pellets obtained after deparaffinization
with xylene were resuspended in two different digestion
solutions for RNA [20] and DNA [21]. The oligonucleo-
tides used to ascertain the quality of extracted RNA or
DNAwere complementary to the mRNA glyceraldehyde-3-
phosphate dehydrogenase (3GPDH) [22] and β-globin
gene, respectively [13].

RT-PCR was used to evaluate the following RNA
viruses: enteroviruses (EV), influenza A, and influenza B
[17]. RT-PCR for the late gene of cytomegalovirus (CMV)
was used to detect not only the presence of CMV but also

234 Virchows Arch (2008) 453:233–241



Table 1 Immunohistochemical
protocols Antigen Code/clone Source Primary serum titer

Collagen I 2150–0020 policlonal Biogenesis 1/2200
Collagen III 2150–0100 policlonal Biogenesis 1/2200
Collagen IV M0785 monoclonal Dako 1/200
T Cell, CD3 A0452 policlonal Dako 1/30
B Cell, CD20 M75 monoclonal Dako 1/80
Macrophages CD68 M0814 monoclonal Dako 1/1000
Lymphatics D2–40 M3619 monoclonal Dako 1/100

Fig. 1 a, b gross appearance of EMF. a Arrow points to the right
border “notch”, a characteristic external feature when EMF involves
and contracts the right ventricle; b a patch of white fibrotic
endocardium at the apex of the left ventricle. c Fibrotic ventricular

endocardium showing a superficial layer of acellular fibrous tissue and
a deep zone of moderately cellular fibrous tissue with a rich vascular
net (H & E); d proliferated elastic fibers at the superficial layer of the
thickened endocardium (Verhoeff elastic stain)

Virchows Arch (2008) 453:233–241 235



its active infection [23]. PCR was used to evaluate T. gondii
protozoa and the following DNA viruses: adenovirus,
herpes simplex, Epstein–Barr [17], and parvovirus B19
[24]. Fifteen microliters of each reaction was analyzed on a
3% Nu-sieve agarose containing 0.03 μg/ml ethidium
bromide. The gels were placed under UV light for
visualization of the amplified products. Positive and
negative control reactions were performed simultaneously.
All the samples were analyzed without prior knowledge of
patient clinical data and all PCR-positive products were
repeated to eliminate false positives. The sensitivity of
exams performed in our laboratory has been previously
described and quoted at 1800 single RNA molecules/PFU
[16].

The specificity of the PCR or RT-PCR products was
confirmed by automated sequencing using BIG DYE
dideoxy-terminator chemistry (ABI PRISM 310, Applied
Biosystems). The sequence comparison was performed by
Basic Local Alignment Sequencing Tool search of Gene
Bank databases [17].

Results

Clinical data

Of the 32 patients included in the histopathological study,
26 were women and six men, aged between 27 and 72 years
old (mean—49.40±11.87). In 30 cases, the clinical records
were available for review.

Most patients showed initial symptoms between the age
of 30 and 50 years old, but two of them reported symptoms
of the disease before the age of 20. The predominant
clinical picture was an insidious and progressive heart
failure. In nine cases, the clinical picture was sudden (four
with atypical chest pain, three with arrhythmia, and two
with pulmonary embolism). Other symptoms during the
clinical follow-up were arrhythmia, paroxysmal dyspnea,
cerebral hemorrhage, and atypical chest pain. The last
symptom occurred in 15/30 patients (50%), showed no
relation to physical efforts, and was sometimes intense,
lasting for several minutes up to a few days. Relapsing
blood eosinophilia above 6% was observed in 15/30 (50%)
patients during the clinical follow-up and ranged from 564
to 1,932 cells/mm3. Conditions possibly associated with
blood eosinophilia included allergy to medications, asthma
or allergic rhinitis (2/15), multiple intestinal parasitism (3/15),
and hepatosplenic schistosomiasis (2/15). One patient was
previously treated for hypereosinophilic syndrome 4 years
before the cardiac symptoms.

All patients underwent coronary cineangiocardiography,
but only 16 were available for review. All of them
presented characteristic ventricular lesions. In 9/16 cases

(56%), vascular blush (or neovascularization) was ob-
served, five related to the right and four to the left coronary
artery (Fig. 3d).

The period between the onset of symptoms and surgery
ranged from 6 months to 31 years (mean—11.2±8.9). All
patients presented heart failure functional class III or IV
(NYHA) at the time of surgery and were submitted to
surgical treatment as described by Oliveira et al. [4]. EMF
involved the left ventricle in 15/32 (46.8%), the right ven-
tricle in 4/32 (12.5%), and both in 13/32 (40.6%) patients.
Mitral valve annuloplasty, mitral valve replacement, and
tricuspid valve annuloplasty were performed in 22, two,
and 21 patients, respectively.

Of the 26/32 patients (81%) who survived surgery,
postoperative follow-up occurred in 21, and ranged from
6 months to 11 years (mean—5.1±3.4). All patients
experienced clinical improvement and were CF I or II
(NYHA) 6 months after surgery. Severe deterioration of
cardiac function after 6 months to 4 years of follow-up was
detected in 6/21 patients (28.6%). Three of them died and
the others were resubmitted for surgery within 3 to 6 years
of the initial operation.

Histopathology and immunohistochemistry

Typical histological findings of EMF were present in all
cases. The fibrous layer in the endocardium was composed
of a dense hyaline tissue alternating with deep edematous
areas (Fig. 1c). Facing the ventricular cavity, the endocar-
dium showed dense packed hyaline collagen that was
poorly vascularized and on the myocardial side, an
edematous collagen was present, with a rich net of small-
and medium-sized blood vessels and mild inflammatory
infiltrate. Elastic fibers were present in considerable
numbers close to the myocardium and covering the inner
ventricular cavity. Usually, they were arranged disorderly
and presented variable thickness (Fig. 1d), but sometimes,
they appeared orderly with condensed parallel elastic fibers.
Masson’s trichrome showed intense blue stain corre-
sponding to dense collagen, but superficial orange stained
areas were detected in many cases (Fig. 2a,b). Recent
superficial deposits of fibrin with a few inflammatory cells
were frequently seen on the fibrous plaque. Calcification of
the fibrous layer occurred in 11/32 (34.4%) samples, with
bone metaplasia in three cases. Reticulin fibers were short
and immunohistochemistry showed interlaced fibers of
types I and III collagen, with predominance of type I
fibers. Fibers of type IV collagen were seen only around
blood vessels.

Deep within the endocardium, focal chronic inflamma-
tory infiltrate occurred, usually around blood vessels
(Fig. 2c), with predominance of T-lymphocytes and macro-
phages. Eosinophils were rarely seen in the endocardium,
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except in one case where a small and poorly defined
granuloma presenting numerous eosinophils and few
epithelioid cells was present at the endomyocardial inter-
face (Fig. 2d). Samples from 4/32 (12.5%) patients showed
granulation tissue with prominent inflammatory infiltrate in
the endomyocardium, characterized by linear, superficial
thrombosis, hemosiderin deposits, numerous proliferated
small blood vessels, and marked inflammatory infiltrate
with plasma cells and few eosinophils in an edematous
loose connective tissue.

Many irregular blood vessels were present under the
fibrous scar (Fig. 1c). Arterioles with thickened walls,
usually due to fibrous proliferation and mucus degeneration
of the intima, were observed close to vessels with delicate
walls. Proliferating vessels were occasionally observed per-
meating the adjacent myocardium in connection with the
local terminal coronary web (Fig. 3a). In some areas the
vascular pattern suggested arteriovenous shunts (Fig. 3b).
Immunohistochemistry showed that at least 30% of the
vessels were lymphatic, which predominate at the endomyo-

cardial interface (Fig. 3c). Recent thrombi were not found in
the proliferated vessels, but recanalized thrombi were
occasionally present.

No statistical difference in the number of endocardial
vessels occurred between patients with (n=9; mean—66.77±
24.60 vessels/mm2) or without coronary blush (n=7; mean—
58.67±27.78 vessels/mm2) and between patients with (n=
15; mean—68.43±23.80 vessels/mm2) or without atypical
chest pain (n=5; mean—53.56±20.58 vessels/mm2).

The subendocardial myocardium showed moderate hy-
pertrophy of isolated fibers. Both routine histology and
immunohistochemistry revealed few interstitial inflamma-
tory cells, with predominance of macrophages and T-
lymphocytes, without aggression to the myocardial fibers
(borderline myocarditis) [25].

Molecular findings

The presence of sufficient nucleic acids for PCR analysis
was confirmed by amplification of both β-globin for DNA

Fig. 2 a superficial dense collagen (H & E) and b orange areas of
dense collagen (Masson trichrome) were seen in the endocardium;
c prominent perivascular chronic inflammatory infiltrate (H & E);

d poorly defined granuloma with a few eosinophils in the endo-
myocardium interface (H & E)
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and 3GPDH for RNA in 12/16 (75%) samples. Infective
genomes were identified by PCR in 6/12 (50%) positive
extracted cardiac samples. Two patients were positive for
EV, two for CMV, one for both EV and CMV, and one for
T. gondii. The RT-PCR or PCR were always repeated to
confirm the initial positive amplification. Sequencing
analysis of the viral CMV PCR products showed the follow
homology: AF413626—human herpesvirus 5 strain 17A
putative glycoprotein (UL20a) gene (identity 99.8%),
X17403—human cytomegalovirus strain AD169 complete
genome (identity 95.7%), and AF413627—human herpes-
virus 5 strain 19A putative glycoprotein (UL20a) gene
(98.3% identity). The EV PCR products showed the
homology comprised between 85% and 90% for different
enteroviral serotypes (i.e., coxsackievirus, echovirus, polio-
virus, enterovirus). It was not possible to perform sequenc-
ing analysis on the T. gondii PCR products. None of the

control samples showed positive amplification for any of
the viruses investigated. No association occurred between
the clinicopathological characteristics and the presence of
infective genomes in the endomyocardium (Table 2).

Discussion

This study showed that surgical specimens are not only
representative but also diagnostic of EMF, since all the
histological criteria previously described in the literature
were present [2].

The thickened fibrous endocardium showed three zones
as previously described by Davies and Ball [11]. The su-
perficial zone, presenting elastic and reticulin fibers, showed
an arrangement reminiscent of endocardial reconstruction.
Surprisingly, Masson’s trichrome showed orange-stained

Fig. 3 Vascular aspects of EMF in endocardium. a dilated thin-walled
blood vessels in the deep vascular layer permeating the adjacent
myocardium seen at the top (Masson stain); b small vessel showing
delicate elastic wall on the right and an irregular muscular thick wall
on the left. This aspect may be interpreted either as a vessel division or
an arteriovenous shunt because the wall of the right-sided vessel looks

like a vein and the left-sided one appears to be a small artery (Verhoeff
stain); c lymphatics seen in the endomyocardium interface; the
myocardium is shown on the left (immunohistochemistry for
podoplanin/D2-40); d left coronary angiogram in right anterior
oblique: a vascular blush is shown in the region of septal branch
(arrow)
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areas among the intense blue-stain characteristic of dense
collagen, perhaps indicating collagen structural alterations.
The immunohistochemical data showed the predominance of
collagen type I over type III, in agreement with the gel
electrophoretic studies of Rhadakumary et al. [26]. Deep
within the endocardium, a second zone was observed
containing a nonspecific inflammatory infiltrate, with
predominance of macrophages and T-lymphocytes. It could
be speculated that cytokine liberation by these cells might
contribute both to fibrogenesis and to angiogenesis [27]. A
small and poorly defined epithelioid granuloma was
detected in only one case, with the presence of eosinophils,
suggesting a Th2 immunological response. Although
scarce, the presence of B-lymphocytes might be probably
related to neolymphangiogenesis [28].

Blood hypereosinophilia led some authors to associate
EMF with the Löeffler syndrome, in which hypereosino-
philia and endocardial fibrosis may be present [29].
Eosinophils are found in many different diseases where
collagen deposits are frequent, such as sclerosing cholangi-
tis and Hodgkin’s disease [30]. Although a large number of
intact eosinophils were not observed in the present cases,
degranulated eosinophils cannot be detected by routine
staining [31] and might have been present in the cellular
infiltrate.

It has been speculated that hypereosinophilia followed
by eosinophil degranulation in the ventricular myocardium
at early stages of EMF might promote local necrosis,
inflammation, and thrombosis that culminate in scar tissue
formation and endocardial thickening [32]. Hypereosino-
philic syndrome was diagnosed in only one patient from the
current series; however, relapsing blood eosinophilia during
the follow-up was present in almost half of the patients.
Other systemic manifestations are present in Löeffler

syndrome chiefly in the respiratory tract, which are not
observed in EMF. The current tendency is to consider EMF
and Löeffler syndrome as separate entities.

Next to the myocardium, a third zone of blood vessels
occurs, denominated “the granulation tissue layer” by
Davies and Ball [11]. In 1973, Andrade and Teixeira [33]
had already described intramyocardial coronary lesions in
EMF and suggested that they might be important for
disease progression. It is noteworthy that arterioles, small
veins, and capillaries may be seen side by side, sometimes
in an arrangement suggestive of arteriovenous shunt.
Evidence for communication between this endocardial
vascular net and the intramyocardial coronary circulation
was observed in this work. For the first time, immunohis-
tochemistry revealed a lymphatic net among the endocar-
dial vessels which also communicate with those of the
myocardium. Taken together, the lymphovascular pattern
might contribute to a relative local impairment of the blood
return circulation.

The vascular layer probably originates from the granu-
lation tissue at the base of the initial lesion and presents a
vascular morphology altered by different causes including
hemodynamic factors. The presence of an active circulation
beneath the fibrous plaque is probably important for the
maintenance of the lesion.

Atypical chest pain in EMF has been mentioned by some
authors and was linked to pathological alterations in the left
ventricle [34–36]. Chest pain was present in 50% of the
patients studied, sometimes during the follow-up, all of
them presenting left ventricular disease. Balakrishnan et al.
described “blush” (or neovascularization) in the terminal
coronary circulation in 54.2% of patients, using coronary
cineangiocardiography [37]. This image might correspond
to the vascular lesions described above since it is not
present in healthy individuals with preserved terminal
coronary circulation. In the present series, 9/16 (56%)
patients showed “blush” during the coronary cineangiocar-
diography, seven of them involving precordial pain not
related to physical effort. Although it was not possible to
identify any statistical association between chest pain,
“blush” and vascular lesions, the clinical impression is that
in EMF “blush” might be a manifestation of an altered
microcirculation, occasionally associated with chest pain.

EMF etiology remains obscure even 60 years after its
description [38]. Besides its association with hypereosino-
philic syndromes, EMF has been linked to nutritional
disturbances [9], geochemical factors [39], parasitism and
infections [10].

As initially suggested by Davies and Ball [11], cardio-
tropic viral agents could trigger local endomyocardial
inflammation evolving to scar tissue formation. In Nigeria,
one previous report investigating cardiotropic infective
agents (coxsackie B virus, arboviruses, and T gondii) in

Table 2 Clinicopathological characteristics of patients positive and
negative for infective genomes

Clinicopathological
characteristic

Patients positive
for infective
genomes

Patients negative
for infective
genomes

Female gender 4/6 (67%) 4/6 (67%)
Age (years) 48±10 49±12
Blood eosinophilia 4/6 (67%) 2/6 (33%)
Δt of disease (years) 9.5±6.8 10.9±9.5
Bilateral EMF 4/6 (67%) 3/6 (50%)
Sudden death after surgery 2/6 (33%) 0/6 (0%)
HF 1/4 (25%) 2/6 (33%)
Prominent inflammatory
infiltrate in the
endomyocardium

2/6 (33%) 1/6 (17%)

Δt Elapsed time between onset of symptoms and surgery, EMF
endomyocardial fibrosis, HF severe deterioration of cardiac function 3
to 4 years after surgery.
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patients presenting EMF reported higher positive blood
serology for T. gondii but not for viruses compared to con-
trols [12]. This study is the first one to investigate the oc-
currence of cardiotropic infective agents directly in the
endomyocardium of patients presenting EMF. Despite the
use of formalin-fixed paraffin-embedded samples which
can underestimate the positivity of molecular analysis [40],
half of the patients with EMF showed infective genomes in
the ventricular endomyocardium. Cardiotropic viruses (EV
and CMV) were present in 5/12 (42%) and T. gondii in 1/12
(8%) patients. Although that rate is exceedingly high
compared to the control group and also to the previously
published data concerning noninflammatory myocardium
[16, 41], we have to keep in mind that the control samples
were obtained of patients that did not come from geo-
graphical areas where EMF occurs.

Both experimental and human studies have already
detected viral persistence in several chronic heart diseases,
such as endocardial fibroelastosis and idiopathic dilated
cardiomyopathy [42, 43]. The persistence of this so-called
defective virus is often associated with slight cytolysis and
consequently with mild inflammatory infiltrate. In the
current small series, the lack of any association between
the clinicopathological characteristics of the patients and
the presence of infective genomes in the endomyocardium
suggests that they may not be primarily related to the
etiopathogenesis of EMF. However, the long-standing
disease of the patients could mask the pathogenetic role of
infective agents. Moreover, the injured endomyocardium
would be more prone to secondary infection with infective
agents, and their presence might contribute to aggravate the
injury.
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Abstract Alpha-methylacyl-CoA racemase (AMACR) is
an enzyme playing an important role in the β-oxidation of
branched-chain fatty acids and fatty acid derivatives.
Altered expression levels of AMACR have been described
in various cancers including colorectal cancer (CRC). To
determine the potential prognostic impact of AMACR
expression, we analyzed 1,315 CRC on a tissue microarray
(TMA) by immunohistochemistry (IHC). Clinical follow-
up data were available from all cancer patients. Positive
AMACR staining was observed in 1,074 (81.7%) of the
1,315 cases including 276 cancers with weak (21.0%) and
798 cancers with strong staining (60.7%). AMACR IHC
was significantly associated with tumor grade, stage, non-
mucinous phenotype, and left-sided tumor localization
(p<0.0001 each). AMACR positivity was observed in
65.8% of cancers from the right-sided colon, in 73.2% of
cancers from the colon transversum, in 81.1% of cancers
from the colon descendens, and in 88.9% of the distal left-
sided cancers (sigma and rectum; p<0.0001). However,
AMACR staining results were unrelated to clinical out-
come. It is concluded that AMACR cannot serve as a

prognostic marker in CRC. We hypothesize that the
association of AMACR expression with tumor localization
may be related to differences in the metabolism/exposure to
fatty acids occurring along the colon.

Keywords AMACR . Colorectal cancer

Introduction

Alpha-methylacyl-CoA racemase (AMACR) is a mitochon-
drial and peroxisomal enzyme playing an important role in
the β-oxidation of branched-chain fatty acids and fatty acid
derivatives. It catalyzes the conversion of 2R-fatty acids
into their S-stereoisomeres, which can further be metabo-
lized and degraded [4, 5, 9, 22, 23]. The frequent
overexpression in prostate cancer has first pointed to a role
of AMACR in cancer biology, and AMACR expression
analysis has soon become a routine tool in prostate cancer
diagnosis [6, 7, 10, 15, 17, 18, 21, 29]. Subsequent studies
have revealed that AMACR is also over-expressed in many
other tumor types [9, 14, 16, 20, 27, 28, 30]. The potential
utility of AMACR analysis in the diagnosis of dysplasia is
currently widely studied, especially in gastrointestinal tract
pathology [3].

Several studies have shown that increased AMACR
protein levels can be found in about 45–83% of colorectal
carcinomas [2, 8, 13, 20, 25, 27, 30]. It was recently
suggested that AMACR over-expression may be associated
with favorable histological grade and good prognosis in
colorectal cancer (CRC) [2, 13, 25, 30]. Chen et al. have
further suggested, that AMACR protein may serve as a tool
to distinguish CRC from cancers derived from the small
intestine [2]. These data are of potential interest; however,
the existing studies were done on relatively small numbers
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of cancers of fewer than 200 patients each. To further
expand our knowledge on the relevance of AMACR
expression in CRC, we analyzed a series of 1,315 cancers
with follow-up data on a set of tissue microarrays.

Materials and methods

Patients and tissue microarray construction Two different
tissue microarrays (TMA) with a total of 1,800 CRC
samples were included in this study. The first TMA was
manufactured from resection specimens of 1,420 CRC
patients at the Institute of Pathology of the University
Hospital of Basel. Raw survival data were obtained from
the responsible physicians for all of the 1,420 patients. The
median follow-up time was 38.4 months (range 1–
144 months).

The second TMA included samples from 380 CRC
patients, whose tumor resection specimens were examined
at the Institute of Pathology of the University Medical
Center Hamburg-Eppendorf. Also for this TMA, raw
survival data were available for all of the 380 patients with

a median follow-up period of 42.8 month (range 1–
180 month).

TMA construction was as described [26]. In brief,
hematoxylin and eosin-stained sections were made from
each block to define representative tumor regions. Tissue
cylinders with a diameter of 0.6 mm were then punched

Table 1 Clinical and pathological features of colorectal cancers

Clinical/pathological features n

Gender
Female 646
Male 669
Tumor grade
G1 16
G2 1,118
G3 181
Tumor stage
pT1 55
pT2 213
pT3 846
pT4 201
Nodal status
pN0 690
pN1 353
pN2 272
Tumor type
Tubular carcinoma 1,223
Mucinous carcinoma 89
Signet cell carcinoma 3
Localization
Cecum 164
Colon ascendens 155
Colon transversum 108
Colon descendens 53
Colon sigmoideum 266
Rectosigmoid 76
Rectum 493
Total number 1,315

Fig. 1 TMA samples of colorectal cancers show strong (a), weak (b),
or negative (c) immunostaining for AMACR
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from tumor areas of each “donor” tissue block using a
homemade semi-automated precision instrument and brought
into empty recipient paraffin blocks. Four-micrometer
sections of the resulting TMA blocks were transferred to
an adhesive coated slide system (Instrumedics Inc.,
Hackensack, NJ, USA). Patient information and clinical data
as age, sex, localization and type of the tumor, pTNM-stage,
and carcinoma grade were retrospectively retrieved from
clinical and pathological databases (Table 1). All tumors
were reclassified by two pathologists (LT, AM). Follow-up
data were obtained from local cancer register boards or
via attending physicians. For statistical analyses, tumor
localizations were grouped as follows: right-sided cancer
(cecum, ascendens), cancer from the colon transversum,
cancer from the colon descendens, and distal left-sided
cancer (sigma, rectum).

Immunohistochemistry After deparaffinization, the tissue
sections were pretreated for 25 min in a Sharp™ micro-
wave oven (approximately 98°C) for heat-induced epitope
retrieval at pH 9.0 [tris(hydroxymethyl)aminomethane–
ethylenediamine tetraacetic acid buffer]. Standard indirect
immunoperoxidase procedures were used for visualization
of bound antibody (Envision System, DAKO, Glostrup,

Denmark). The monoclonal rabbit anti-human p504s
antibody (clone 13H4; DAKO, Glostrup, Denmark) was
used at a dilution of 1:200 (61.3 mg/l). Diaminobenzidine
was used as the chromogen. Only cytoplasmatic staining
was considered. For tumor tissues, the percentage of
positive cells was estimated, and the staining intensity
was recorded as 1+, 2+, or 3+. For statistical analyses, the
staining results were categorized into three groups. Tumors
without any staining were considered AMACR “negative.”
Tumors showing at least weak AMACR staining were
considered “positive.” Tumors with 1+ or 2+ positivity in
up to 50% of cells or 3+ positivity in up to 20% of cells
were considered “weakly positive.” Tumors with 2+
staining in >50% or 3+ staining in >20% were considered
“strongly positive.”

Statistics Contingency tables and chi-square analyses
were used to analyze associations between immunohisto-
chemistry (IHC) results and entity subgroups with the aid
of the JMP software package (SAS Institute Inc, version
5.0.1a).

Overall survival was estimated by the Kaplan–Meier
method and evaluated by log-rank testing for univariate and
likelihood ratio testing for multivariate analysis.

Results

AMACR immunohistochemistry A total of 485 from 1,800
tissue samples (26.9%) were non-informative due to either
absence of unequivocal cancer tissue or complete loss of
tissue. AMACR immunostaining was seen in 1,074 of the
remaining 1,315 CRC (81.7%). Immunostaining was
typically cytoplasmatic with coarse granularity. Represen-
tative examples of AMACR-stained cancers are shown in

Table 2 AMACR IHC, clinical and pathological features

n AMACR IHC p valuea

Negative Weak Strong

% % %

Tumor grade
G1 16 18.75 31.25 50.00
G2 1,118 13.60 21.74 64.67
G3 181 47.51 15.47 37.02 <0.0001
Tumor stage
pT1 55 16.36 29.09 54.55
pT2 213 10.80 22.07 67.14
pT3 846 17.38 21.16 61.47
pT4 201 30.85 16.92 52.24 <0.0001
Nodal status
pN0 690 15.94 20.43 63.62
pN1 353 19.55 22.66 57.79
pN2 272 22.79 20.22 56.99 0.087
Tumor type
Tubular 1,223 16.11 21.01 62.88
Mucinous 89 46.07 21.35 32.58
Signet cell 3 100.00 0 0 <0.0001
Tumor localization
Cecum + ascendens 319 34.17 21.32 44.51
Transversum 108 26.85 25.00 48.15
Descendens 53 18.87 16.98 64.15
Sigmoid + rectum 835 11.14 20.60 68.26 <0.0001
Total 1,315

a Chi-square p value

Fig. 2 AMACR immunostaining of colorectal cancer depends on
tumor localization
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Fig. 1. AMACR staining was considered weak in 276
(21.0%) and strong in 798 cases (60.7%). The relationship
between AMACR staining, tumor phenotype, and clinical
parameters is shown in Table 2.

Decreased AMACR expression was significantly asso-
ciated with high tumor grade (p<0.0001) and high tumor
stage (p<0.0001), but there was no correlation to the nodal
status (p=0.087). AMACR staining was more frequent in
tubular carcinoma than in the less frequent histological
subtypes (mucinous, signet cell; p<0.0001). Moreover,
AMACR expression levels were significantly related to
the tumor localization. AMACR expression was lowest in
carcinomas from the right colon (65.8%), intermediate in
carcinomas from the colon transversum (73.2%) and colon
descendens (81.1%), and highest in carcinomas from the
distal left-sided colon (sigma and rectum; 88.9%); Table 2
and Fig. 2.

Survival analysis

As expected, high tumor grade and stage as well as
advanced nodal status were associated with poor patient
survival (Fig. 3a; p<0.0001), while histological tumor type
was unrelated to clinical outcome (Table 2). Left-sided
CRC (distal to the left colon flexur) were associated with a
better prognosis (p=0.0014). AMACR IHC status of all
CRC was unrelated to patient survival (p=0.1669; Fig. 3b).
These associations held true also in the subset of tubular
carcinomas only (data not shown). Also, the inclusion of
tumors with weak positivity into the AMACR negative
group (as in the study by Lin et al [13]) did not lead to
significant survival differences between AMACR positive
and negative tumors (data not shown).

Multivariate analysis Multivariate analysis including tumor
stage, tumor grade, tumor location, nodal status, and

AMACR expression did not also reveal any prognostic
impact of AMACR expression. In this analysis, only pT
(p<0.0001), grade (p=0.0019), and pN (p<0.0001) had
significance but not tumor localization (p=0.5252) or
AMACR expression (p=0.1857; Table 3).

Discussion

The frequency of immunohistochemical AMACR positivity
found in this study on 1,315 CRC patients (81.7%) was
comparable to previous results. Other investigators
described 45% to 83% AMACR positive CRC, but all of
these studies were performed on patient numbers smaller
than 200 [2, 8, 13, 20, 25, 27, 30]. The association found
with non-mucinous tumor type, tumor grade, and tumor
stage was also in line with the results of a previous study
[13]. Based on the high frequency of AMACR positivity
seen in this study and the concordance of our results with
previous data, it appears unlikely that the use of TMA
containing only limited amounts of tumor tissue per patient
(one spot of 0.6 mm diameter per patient) has led to a
significant number of false negative cases.

Fig. 3 Patient survival is related
to tumor stage (a) but not to
AMACR IHC (b). a Tumor
stage vs survival; red T1, green
T2, blue T3, orange T4;
p<0.0001. b AMACR IHC vs
survival; red negative, green
weak, blue strong AMACR
IHC; p=0.1669

Table 3 Multivariate analysis

Parameter Variable Risk
ratio

95%CI p value

Tumor stage pT1/2 vs 3/4 0.70 0.61–0.79 <0.0001
Grade G1/2 vs 3/4 0.83 0.74–0.93 0.0019
Nodal status N0 vs N1/2 0.66 0.61–0.72 <0.0001
Tumor localization Right- vs left-sided 1.03 0.94–1.12 0.5252
AMACR IHC Positive vs negative 0.93 0.84–1.03 0.1857
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Lin et al. have previously reported a striking independent
association between AMACR expression and patient
survival in their study on 163 CRC and discussed the
potential use of AMACR as a prognostic marker [13]. As
their study was also executed on a TMA, focal AMACR
expression cannot serve as an explanation for the discrep-
ancies as compared to our study. The biological signifi-
cance of focal AMACR expression, which we sometimes
observe on large sections, remains to be clarified.

Comparable to Shi et al., no significant association
between AMACR expression and prognosis could be found
in our study, despite other features such as tumor grade and
tumor stage which were highly significant for the outcome
in this patient cohort [25]. However, the differences in
AMACR expression between tumors of different grade and
stage were quite small in terms of absolute numbers. The
strong p value seems to be caused by the high number of
analyzed cases in our study (n=1,315) providing strong
statistical power. The strong association between classical
prognostic features such as tumor stage, tumor grade, and
nodal status and prognosis in our patient set provides
indirect proof for the validity of our clinical data. Therefore,
we believe that our findings strongly argue against a
clinical utility of AMACR immunostaining as a prognostic
biomarker in colorectal cancer patients.

The AMACR expression level was significantly higher
in the left-sided than in the right-sided CRC. The reason for
this observation is unclear. It could be hypothesized that
pathways leading to increased AMACR expression are less
often activated in patients with hereditary non-polyposis
colon cancer syndromes or sporadic colorectal cancers
exhibiting microsatellite instability (MSI), which are more
often localized in the right colon. This hypothesis obtains
support from a report by Chen et al. showing that colon
cancers with MSI have reduced AMACR expression [2].
This observation does not rule out other causes for the left
colon preference of AMACR over-expression. In fact, it is
expected that every alteration occurring more frequently in
the left colon than in the right colon should be statistically
associated with lower MSI frequency as MSI is known to
preferably occur in the right colon [2]. Given the known
function of AMACR as a fat metabolizer, it could also be
speculated that the localization-dependent expression could
be related to a different exposition to branched-chain fatty
acids and fatty acid derivatives in the distal colon as com-
pared to the more proximal intestine [19]. Branched-chain
fatty acids are, for example, found in meat products,
especially red meat [13, 15]. Epidemiological studies have
indicated that consumption of red meat is associated with a
higher risk of developing colon cancer, especially in the
distal portion of the large intestine [1, 11, 12, 24].

In summary, our data show that AMACR expression
occurs frequently in colorectal cancers with a clear prefer-

ence for left-sided tumors. The cause for this obvious
association is unclear. Despite a mild relationship between
AMACR expression and unfavorable tumor phenotype,
previous reports on a possible prognostic role of AMACR
in colon cancer could not be confirmed.
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IL-1B −31T>C promoter polymorphism is associated
with gastric stump cancer but not with early
onset or conventional gastric cancers
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Abstract It has been reported that interleukin-1beta (IL-1B)
genes play a crucial role in the genetic predisposition to
gastric cancer although there is no information about their role
in different subtypes of gastric cancer. We performed single
nucleotide polymorphism analysis of IL-1B in 241 gastric
cancers including early onset gastric cancers (EOGC), con-
ventional gastric cancers, and gastric stump cancers (GSCs) as
well as 100 control patients, using real-time polymerase chain
reaction and sequence analysis. The C allele was present in
60% of EOGCs, 59% of conventional gastric cancers, and
90% of GSCs, compared to 62% in the control group. Inter-
estingly, there was no difference between early onset and
conventional gastric cancer with respect to the IL-1B −31T>C
polymorphism distribution. A statistically significant differ-
ence in the presence of the C allele compared to the control

group was found in patients with gastric stump cancer ( p=
0.008) with the T allele conferring protection against gastric
stump cancer. In summary, we have shown that the IL-1B
−31C allele promoter polymorphism is significantly asso-
ciated with gastric stump cancer compared to the control
group. Although several molecular differences have been
identified between conventional gastric cancer and early
onset gastric cancer, the IL-1B −31 allele distribution is si-
milar between these two groups.

Keywords IL-1B 31T>C polymorphism .

Early onset gastric cancer . Gastric stump cancer .

Conventional gastric cancer

Introduction

Although gastric cancer incidence decreases worldwide, it is
still the second most common cause of cancer-related death in
the world [35]. According to the Lauren classification [24],
gastric cancer is divided into two main histological types,
diffuse and intestinal. Gastric cancer results from a combi-
nation of environmental factors and accumulation of specific
genetic alterations. In conventional gastric cancer (presenting
>45 years old), environmental factors play a more important
role, compared to early onset gastric cancer (EOGC, present-
ing at ≤45 years old) where it is postulated that genetic
factors may be more important [20]. We have previously
shown that molecular differences exist between conventional
gastric cancer and EOGC [4–6, 29–32]. Apart from cases of
hereditary gastric cancer, it remains unclear what predisposes
the young patients to gastric cancer at such an early age.

Helicobacter pylori, is a class I carcinogen [16] and is
the main environmental factor causing gastric cancer [11,
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36]. H. pylori infection has been shown to range from
approximately 60% in the general population to approxi-
mately 84% in patients with gastric cancer [36]. Only a few
papers about H. pylori infection in gastric cancer patients
younger than 40 years have been published, all showing an
association between gastric cancer and H. pylori infection
[21, 28, 37]. H. pylori is involved in both intestinal and
diffuse types of gastric cancer, the latter type being more
common in EOGC [37].

Interleukin-1beta (IL-1B) is a key pro-inflammatory
cytokine, which regulates the expression of several genes
involved in inflammation. IL-1B is an endogenous inhibitor
of gastric acid secretion and is important in initiating and
enhancing the inflammatory response to H. pylori infection
[34, 43]. Although the production of IL-1B depends on
several factors, there is increasing evidence that the genetic
background plays a major role. Therefore, single nucleotide
polymorphisms (SNPs) in the IL-1B gene may be of im-
portance in gene transcriptional activity.

Several single nucleotide polymorphisms in IL-1B have
been studied, but many of these seem to be functionally in-
significant and not associated with predisposition to cancer
[7]. There are two biallelic polymorphisms at positions −31
and −511 in the promoter region of IL-1B, of which the
−31C allele and the −511T allele are in positive linkage dis-
equilibrium and associated with gastric cancer risk. It has
been reported that carriers of the IL-1B −31C allele, showed
higher plasmatic concentrations of IL-1B than subjects with
wild-type IL-1B genotype [14]. Upregulation of IL-1B is
involved in tumor-promoting effects such as invasiveness
[40], angiogenesis [38], and metastasis [45] and has been
recognized as negative prognostic factor, mainly in meta-
static cancer [27]. Conversely, an association between peptic
ulcer and the IL-1B −31T polymorphism has been described
[8, 9]. Bearing this information in mind, the IL-1B status of
patients with EOGC is of great interest. Whether these pa-
tients have a genetic predisposition for the carcinogenic
pathway in response to H. pylori infection has never been
investigated.

Several independent groups have found an association
between partial gastrectomy (mostly after gastroduodenal
ulcers) and increased risk for development of gastric cancer
[33, 39]. These so-called gastric stump cancers (GSCs) are
carcinomas occurring in the gastric remnant at least 5 years
after surgery for a benign disease [42]. This represents a
novel group in terms of IL-1B polymorphisms in that they
are patients who have a predisposition for gastroduodenal
ulcers yet have also developed gastric cancer. The IL-1B
status of gastric stump cancers has never been studied to
date.

In this study, we examined the distribution of the IL-1B
−31T>C polymorphism in 241 gastric cancers including
EOGC, conventional gastric cancer and GSC using real-time
polymerase chain reaction (PCR) and sequence analysis and
we investigated the relationship of IL-1B status with
histology and location of the tumor.

Materials and methods

Patients

We used 96 conventional gastric cancers (>45 years old)
obtained from the Academic Medical Centre, Amsterdam
diagnosed between 1993 and 2003. One hundred and fifteen
early onset gastric cancers (≤45 years old) diagnosed between
1980 and 2002, were obtained from 24 different institutions
throughout The Netherlands through the nationwide database
system and from the Department of Pathology at the Jorvi
Hospital (Espoo, Finland) and 30 gastric stump cancers from
the Amsterdam post-gastrectomy cohort [41]. The control
group consisted of 100 DNA samples from the Department
of Endocrinology at the Academic Medical Center, Amster-
dam as published previously [44]. The tumors were
classified by an experienced gastrointestinal pathologist
(GJAO) according to the Lauren classification, as can be
seen in Table 1. H. pylori vacA s region genotype and the
presence of the cagA gene were known for 29 of the EOGC

Table 1 Patients’ characteristics

No. of patients Age (range) Histology Location

Early onset gastric cancer (EOGC) 115 ≤45 (21–45 years) Intestinal—25 (22%) Cardia—9 (8%)
Diffuse—80 (70%) Non-cardia—66 (57%)
Mixed—10 (9%) Unknown—40 (35%)

Conventional gastric cancer 96 >45 (47–86 years) Intestinal—49 (51%) Cardia—49 (51%)
Diffuse—36 (38%) Non-cardia—41 (43%)
Mixed—11 (11%) Unknown—6 (6%)

Gastric stump cancer (GSC) 30 (54–85 years) Intestinal—26 (87%) Unknown
Diffuse—2 (7%)
Mixed—2 (7%)

Control group 100 (22–52 years) None None
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cases as detected by PCR followed by agarose gel
electrophoresis and as published previously [6]. H. pylori
infection was detected in 11 of 29 (37.9%) of these cases, a
percentage which is in accordance with published data
concerning The Netherlands population [25].

DNA isolation

DNA was isolated from formalin-fixed tissue using the
QIAamp DNA mini kit (Qiagen, Venlo, The Netherlands)
or the Puregene DNA isolation kit (Gentra, Minneapolis,
USA) according to the manufacturer’s instructions. Normal
tissue was obtained from a tumor-free lymph node, or
where necessary, from tissue with a small component of
neoplastic cells. DNA concentrations were measured using
the NanoDrop spectrophotometer (Isogen Life Science,
IJsselstein, The Netherlands).

Real-time PCR

The polymorphism −31T>C in the promoter region of IL-
1B was detected using the LightCycler 2.0 (Roche,
Mannheim, Germany) with 5′-cccctttcctttaacttgattgtgaaatc-
3′ and 5′-aggtttggtatctgccagtttctc-3′ (Applied Biosystems,
Foster City, USA) as primers and the fluorescent probes 6-
FAM-5′-CTGTTTTTATAGCTTTCA-3-MBG′, and VIC-5′-
CTGTTTTTATGGCTTTCA-3′-MGB (Applied Biosystems)
in a 20-μl reaction mixture containing 10 μl QuantiTect Probe
PCR Kit (Qiagen, Leusden, The Netherlands), 10 pmol
forward and reverse primer, 2 pmol of each probe, and 50
ng genomic DNA. PCR conditions were as follows: 94°C for
15min followed by 45 cycles of 94°C for 15 s and 60°C for 30
s. In each run, three positive control samples (TT, TC, and CC
allele) as confirmed twice on sequencing were used together
with water as a negative control.

Sequencing

To confirm the results from the real-time PCR, 10% of the
samples were sequenced. The promoter region was amplified
using the primers (forward) 5′-cccctttcctttaacttgattgtgaaatc-3′
and (reverse) 5′-aggtttggtatctgccagtttctc-3′ (Applied Biosys-
tems). PCR products were purified using the QIAquick PCR
purification kit (Qiagen), according to the manufacturer’s
instructions. The sequences were analyzed on an ABI 3100
automated sequencer (Applied Biosystems) using the ABI
Big Dye Terminator Cycle Sequence Kit (Applied Biosys-
tems) and the Genescan 2.1 software.

Statistics

The SPSS 14.0 software package was used for statistical
analysis. A chi-squared test was applied to determine whether

there was a statistical difference between the presence of the C
and T allele (p<0.05). The Hardy–Weinberg equilibrium was
assessed using the chi-squared test. A multinominal logistic
regression model was used to calculate the odds ratio for
developing gastric cancer depending on SNP status, and also
for adjusting for histological type and location (proximal
versus distal only for EOGC and conventional gastric cancer).

Results

The identification of a genetic risk profile for gastric cancer
could help the populations most at risk. Therefore, we eval-
uated the role of IL-1B −31T>C promoter polymorphism in
different subtypes of gastric cancer. The distribution of the
IL-1B −31T>C polymorphism was examined by real-time
PCR (see Fig. 1) in 241 cases of gastric cancer, including 96
conventional gastric cancers, 115 EOGCs, and 30 GSCs as
well as in 100 healthy control cases, and these results can be
seen in Table 2, where the number of each specific genotype
can be seen for each subtype of gastric cancer. In terms of
carriage of the C allele, this was found in 60% of EOGCs,
59% of conventional gastric cancer, 90% of GSCs, and 62%
of controls, as seen in the bottom row of Table 2. The IL-1B
polymorphism status was confirmed in 10% of our study
populations, using sequence analysis, an example of which
can be seen in Fig. 1. All genotypic distributions were in
Hardy–Weinberg equilibrium (p≥0.05).

A logistic regression model was used to determine the
statistical likelihood of developing different subtypes of
gastric cancer depending on the IL-1B SNP status. In this
regression model, carriage of the C allele was compared
between the different types of gastric cancer, with adjust-
ments made for both histology and location of the tumor (for
the categories of EOGC and conventional gastric cancer) and
corrected for histology only in the case of stump cancers. In
patients with GSC, carriage of the C allele conferred a sig-
nificant increased risk of the development of gastric cancer
with respect to the controls (p=0.008, OR=5.52, 95% con-
fidence interval 1.57–19.43). Carriage of the C allele (geno-
types CT and CC) in both EOGC and conventional gastric
cancer did not confer an increased risk of gastric cancer with
respect to the control group (p=0.76, OR 0.92, 95% con-
fidence interval 0.53–1.59 and p=0.71, OR 0.9, 95% con-
fidence interval 0.51–1.59, respectively).

Using a logistic regression model, the genotype distribu-
tion was also compared between EOGC, conventional gastric
cancer, GSC, and the control group. In the gastric stump
cancer group, the CC and CT genotypes predisposed to gastric
cancer with an OR of 5.33 (p=0.022, 95% confidence
interval 1.27–22.44) and 5.6 (p=0.009, 95% confidence
interval 1.54–20.40), respectively. No difference was found
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in genotype distribution between EOGCs and conventional
gastric cancers and the control group.

In addition, the IL-1B −31T>C genotype or carriage of the
C allele did not predispose to a specific location of gastric
cancer (cardia versus non-cardia, applicable to EOGC and
conventional gastric cancers only) or to a histological type.

Discussion

Inflammation is a central component of several chronic
diseases. IL-1B is an inducible gene that plays an important
role in both inflammation and carcinogenesis. The expres-
sion of IL-1B depends on varying individual susceptibility,
geographical location, and genetic factors. Genetic polymor-
phisms that alter the levels of IL-1B may have substantial
influence on cancer activity. In the present study, we focused
on the distribution of the −31T>C promoter polymorphism
of the human IL-1B gene in conventional gastric cancer,
EOGC, and GSC.

The IL-1B −31C allele is reported to be associated with
higher risk of gastric cancer [8, 9]. Interestingly, we did not
find an association between the pro-inflammatory genotype
of IL-1B −31 and predisposition to conventional or early
onset gastric cancer. The role of IL-1B −31T>C polymor-
phism in gastric cancer has been variable and the literature is
inconclusive. Positive associations between pro-inflammato-
ry genotypes of IL-1B −31 and higher risk of gastric cancer
have been previously reported in populations from Poland,
Scotland, and Mexico [8, 9, 12]. This is in contrast to studies
in Finland [18] and Brazil [13], and our current findings are
also in line with two published meta-analyses about the
association of IL-1B polymorphisms with gastric cancer in a
Caucasian population [3, 19]. It does appear that not all
Asian or white populations have demonstrated a predisposi-
tion for gastric cancer in association with pro-inflammatory
IL-1 polymorphisms and in some instances, studies found
that there was a positive association, but with novel markers
of the IL-1B gene [1]. So far, there is no clear explanation for
these conflicting results although the relatively small number
of gastric cancer cases (211) included in this particular study
may provide an explanation for the negative association
between the IL-1B marker and risk of GC. Zeng et al. [46]
reported that the IL-1B-genotype-dependent risk of gastric
cancer was limited to specific areas where the prevalence of
gastric cancer was low. This hypothesis, however, conflicts
with data showing an association between the IL-1B −31C
allele and gastric cancer in Poland and Portugal, two
countries both with high prevalence rates of gastric cancer
[8, 9, 35]. The effect of differing genetic and environmental

Table 2 Prevalence of IL-1B −31T>C genotype

Genotype of IL-1B −31T>C Early onset gastric cancer Conventional gastric cancer Gastric stump cancer Controls

CC 17/115 (15%) 21/96 (22%) 8/30 (27%) 19 (19%)
TC 52/115 (45%) 36/96 (37%) 19/30 (63%) 43 (43%)
TT 46/115 (40%) 39/96 (41%) 3/30 (10%) 38 (38%)
Carriage of the C allele 60% 59% 90% 62%

All percentages rounded to the nearest digit.

Fig. 1 Result of sequencing and LightCycler analysis. a An example
of the sequence analysis of the CC, CT, and TT IL-1B polymorphism.
b LightCycler analysis of CC, CT, and TT SNP genotypes at the −31
position of the promoter region of IL-1B using MGB probes. Upper
panel shows the FAM-labeled probe, visualized at 530 nm for
detection of the T allele; lower panel shows the VIC-labeled probe,
visualized at 560 nm for detection of the C allele
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factors on different populations may provide an explanation
for these conflicting reports. The importance of haplotype
context has been highlighted in recent literature where poly-
morphisms in metabolic genes and in CDH1 have been
shown to act in combination with smoking, alcohol con-
sumption, and H. pylori infection in the development of
gastric cancer [2, 17].

EOGC is a separate entity within gastric cancer and may
result from different genetic alterations that accumulate more
rapidly compared to conventional gastric cancer [6]. This is
the first study that investigates the pro-carcinogenic back-
ground of EOGC by evaluating the role of the IL-1B
−31T>C polymorphism in predisposition to EOGC. We
demonstrated that the distribution of the IL-1B −31T>C
polymorphism is not different between EOGC and the control
group and that there is no difference between conventional
gastric cancer and EOGC for the IL-1B −31 polymorphism.
Thus, once infected by H. pylori (which appears to occur at
the same rate as in conventional gastric cancers [6]), the IL-
1B status does not explain the increased risk of gastric
cancer in these young patients.

An intriguing subtype of gastric cancer is gastric stump
cancer, due to its gastroduodenal ulcer and partial gastrectomy
history and subsequent gastric cancer development. It is
described that gastric cancer and duodenal peptic ulcer disease
are inversely associated, have distinct gastric acid secretion
[10], and possess a distinct IL-1B −31T>C genotype distri-
bution. It is believed that subjects who develop duodenal
ulcers are actually protected from developing gastric cancer,
suggesting that the two outcomes are mutually exclusive [15].

In the GSC patients, who developed peptic ulcer and
gastric cancer, we found a statistically significant difference in
IL-1B −31T>C polymorphism compared to the control
group, with the C allele being associated with cancer. These
findings are surprising as although the patients in this unique
subgroup have a strong history of gastroduodenal ulcer, they
do not have the polymorphism reportedly associated with
ulcers but rather have a predilection for the C allele, which
may explain the increased cancer risk in these patients. Al-
though our gastric stump cancer group is small (30 patients),
it seems that the IL-1B −31T>C polymorphism influences
the prognosis of patients after partial gastrectomy. Although
individuals with duodenal ulcers generally do not have the C
polymorphism, the minority does appear to be at risk of
developing gastric stump cancer. Surgery removes the in-
flamed and H. pylori-ridden antrum and induces acid sup-
pression, thus converting these from an antrum-predominant
into a corpus-predominant phenotype (to some extent com-
parable to the pharmacological acid suppression group) [22,
23]. In addition, these patients with the C genotype are known
to have an associated high IL-1B output which further in-
creases the acid suppression thus increasing their risk of
subsequent development of gastric cancer.

Researchers have reported significant associations between
IL-1B promoter region polymorphisms and the anatomic site
of the tumor and histology. Machado et al. reported that the
IL-1B −511T (−31C) genotype is associated with an in-
testinal type of gastric cancer in a Portuguese population [26]
and Garza-Gonzalez et al. described the association between
the IL-1B −31C genotype and the risk of distal gastric cancer
in a Hispanic population [12]. We examined the associations
between IL-1B −31T>C polymorphisms and location of the
tumor or the histology and found no relation. This dis-
crepancy is most likely due to study size, as in our study,
where we have assessed a total of 241 gastric cancers, in
contrast to the 152 and 63 used by Machado et al. and
Garza-Gonzalez et al., respectively, and thus, it is likely that
there is no correlation between histology and IL-1B genotype.
On the other hand, the high rate of H. pylori infection in
countries such as Portugal may result in the IL-1B poly-
morphism playing a more important role in the development
of intestinal gastric cancer in this particular population.

In summary, this is the first study describing the role of the
IL-1B −31T>C polymorphism in EOGC and GSC. Although
EOGC appears to have a different genetic background com-
pared to conventional gastric cancer, we did not find any
differences in the IL-1B −31T>C polymorphism distribution.
Interestingly, our study has shown that the IL-1B −31C
genotype can contribute significantly to the development of
GSC.
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Abstract Sentinel lymph node status is the most impor-
tant prognostic factor in primary melanoma. The number
of melanoma-associated lymphatic vessels has been
associated with sentinel lymph node status and survival.
Vascular endothelial growth factor-C (VEGF-C) is found
to promote tumour-associated lymphatic vessel growth. In
many human neoplasms, VEGF-C expression in neoplas-
tic cells or tumour-associated macrophages (TAMs) has
been linked to lymphatic dissemination of tumour cells.
Recent studies have suggested a correlation between
VEGF-C expression in primary melanoma and the
presence of lymph node metastasis. We performed
VEGF-C immunohistochemical staining on melanoma
tissues of 113 patients with known sentinel lymph node
status. We showed that both high VEGF-C expression in
melanoma cells and TAMs are positively associated with
the presence of a positive sentinel lymph node. No
correlation with Breslow thickness, Clark invasion level
or ulceration could be detected. VEGF-C expression in
melanoma cells was predictive of a shorter overall and
disease-free survival, without being an independent

predictor of survival. Our results confirm that VEGF-C
expression in primary cutaneous melanoma plays a role in
the lymphatic spread of the tumour.

Keywords Skin .Melanoma . Lymphangiogenesis .

Sentinel lymph node . VEGF-C . TAMs .

Immunohistochemistry

Introduction

Tumour thickness and ulceration are powerful prognos-
tic markers in localised melanoma [1, 2]. However,
sentinel lymph node status is the single most significant
independent clinicopathological determinant of patient
survival even when primary tumour thickness and
ulceration status are included in the analysis [12, 24,
52]. Since the identification of vascular endothelial
growth factor receptor-3 (VEGFR-3) or Flt4, podoplanin,
LYVE-1 and Prox1 as lymphatic markers [6, 49, 53], the
role of lymphangiogenesis has been investigated in
multiple tumours. Earlier studies presumed lymphatic
endothelium to play a passive role during tumour
metastasis and lymphatic invasion to occur via tumour
cells infiltrating pre-existing lymphatic vessels [5, 35].
However, recent experimental and clinical evidence
suggest that active lymphangiogenesis is induced by
primary cutaneous melanoma [43] and that the extent of
tumour-associated lymphangiogenesis can be used as a
powerful prognostic tool [7, 8, 29, 41, 46, 50].

Recently vascular endothelial growth factor-C (VEGF-
C) has been identified as an activator of lymphangiogenesis
by binding vascular endothelial growth factor receptor-3
expressed on lymphatic endothelium [21, 23]. VEGF-C
belongs to the PDGF/VEGF family. In 1996, the protein
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was purified and its cDNA cloned from human prostatic
carcinoma cells [19, 25]. VEGF-C is found to be secreted
not only by tumour cells, but also by macrophages,
dendritic cells, endothelial cells, platelets, basophilic gran-
ulocytes and lymphocytes [17]. The gene coding for
VEGF-C is located on chromosome 4q34 [4, 33]. VEGF-
C is synthesised as a prepropeptide and undergoes stepwise
proteolytic processing generating several VEGF-C isoforms
with varying affinities for VEGFR-3. The fully processed
VEGF-C can also activate VEGFR-2, which is expressed
both on the endothelial cells of blood vessels and lymphatic
vessels. However, VEGF-C has greater affinity for
VEGFR-3 than for VEGFR-2 [20, 30, 32, 36]. Upon
binding to its receptor, VEGF-C activates the extracellular
signal-regulated kinase 1/2, the phosphatidylinositol 3-
kinase/AKT and the c-Jun NH2-terminal kinase 1/2 path-
ways leading to proliferation, migration and survival of the
lymphatic endothelial cells [54]. VEGF-C and its receptor
VEGFR-3 play an important role in the development of the
lymphatic vascular system during embryogenesis and are
postulated to intervene in the maintenance of lymphatic
endothelial differentiation in adults [13, 21, 23, 27].
Overexpression of VEGF-C in the skin of transgenic mice
was shown to result in hyperplasia of the lymphatic
vasculature [18]. The lymphangiogenic capacity of VEGF-
C via VEGFR-3 binding has been confirmed in various
studies [9, 31, 51].

Research in animal tumour models has shown that
overexpression of VEGF-C promotes tumour lymphangio-
genesis and lymphatic spread to regional lymph nodes [22,
28, 44]. This effect can be suppressed by blocking VEGFR-
3 signalling [15, 26, 42]. VEGF-C expression has been
observed in several human melanoma cell lines in vitro [37,
38, 43]. A375 melanoma cells expressing VEGF-C were
found to induce lymphatic vessel growth and invasion of
lymphatic vessels in the avian chorioallantoic membrane
[34]. Skobe et al. demonstrated the occurrence of intra-
tumoral lymphangiogenesis in VEGF-C overexpressing
MeWo melanoma xenotransplants [43]. A number of
clinicopathological studies have shown a direct correlation
between VEGF-C expression and regional metastatic
tumour spread in human cancers [14, 45, 48]. Recent data
show that VEGF-C is not only expressed by tumour cells,
but also by a subfraction of TAMs and that the latter is also
related to lymphangiogenesis and lymph node metastasis
[39, 40].

In melanoma, the association between VEGF-C and
lymphatic metastasis has only been investigated in limited
series [8, 7, 29, 38, 41]. In the present study, we
investigated the correlation between VEGF-C expression
in primary melanoma cells/TAMs and the presence of
sentinel lymph node metastasis in a large series of patients
with known sentinel lymph node status and follow-up.

Materials and methods

Specimen selection

Patients were identified retrospectively from the melanoma
unit database, Department of Dermatology, Ghent Univer-
sity Hospital, Belgium. In total, 113 patients, who were
diagnosed with melanoma between January 1996 and
August 2005 and who were subjected to a sentinel lymph

Table 1 Clinicopathological characteristics

Number
(%)

Mean (95% CI)

Clinical characteristics
Sex (n=113)
Male 45 (39.8)
Female 68 (60.2)

Age at time of diagnosis
(years) (n=)

49.88 (46.89–52.88)

Location of primary melanoma
(n=113)
Head, neck 08 (7.1)
Trunk 39 (34.5)
Extremities 66 (58.5)
Disease progression during
follow-up (n=112)
Absent 93 (83)
Present 19 (17)
Mortality (n=113)
Alive 102 (90.3)
Dead 11 (9.7)

Disease-free survival (months)
(n=112)

31.19 (26.89–35.48)

Follow-up time (months)
(n=112)

33.88 (29.72–38.03)

Pathological characteristics
Breslow (n=113)
pT1 ≤1.00 mm 11 (9.7)
pT2 1.01–2.00 mm 57 (50.4)
pT3 2.01–4.00 mm 38 (33.6)
pT4 >4.00 mm 7 (6.2)

Clark (n=110)
Levels II, III 62 (56.4)
Levels IV, V 48 (43.6)
Ulceration (n=112)
Absent 81 (72.3)
Present 31 (27.7)

Sentinel lymph node (n=113)
Negative 88 (77.9)
Positive 25 (22.1)

Number of positive lymph
nodes at time of diagnosis
(n=113)
None 88 (77.9)
1 15 (13.3)
>1 10 (8.8)
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node biopsy, agreed upon participation. The collection of
skin biopsies was performed after written informed consent.
The study was approved by the Institutional Ethical
Committee (project number: 2004/041).

In total, 113 Caucasian patients treated for primary
cutaneous melanoma with known sentinel lymph node status
were included. One patient was lost during follow-up. The
database consisted of 45 (39.8%) males and 68 (60.2%)
females with a mean (95% confidence interval) age at time of
diagnosis of 49.88 (46.89–52.88) years. The location of the
primary cutaneous melanoma was variable and more often
seen at extremities (58.5%) than on the trunk (34.5%) or in the
head and neck region (7.1%). According to the TNM
classification [1], 11 (9.7%) melanomas presented as pT1
(Breslow <1 mm), 57 (50.4%) melanomas as pT2 (Breslow
1–2 mm), 38 (33.6%) melanomas as pT3 (Breslow 2–4 mm)
and seven (6.2%) melanomas as pT4 (Breslow >4 mm).
Ulceration of the cutaneous melanoma was present in 31
(27.7%) patients. Sentinel lymph node biopsy was per-
formed in all patients and revealed metastatic invasion in 25
(22.1%) patients. Subsequent radical lymphadenectomy
showed more than one lymph node to be invaded in ten of
25 (40%) of these patients. In three patients, in-transit
metastasis were noted at the time of diagnosis without the
presence of a metastatically invaded sentinel lymph node
(N2c). Disease progression was observed in 19 (17%)
patients with a mean (95% confidence interval) follow-up
time of 33.88 (29.72–38.03) months. At the end of the
follow-up period, 11 (9.7%) patients had died. Active
disease was present in eight of the 102 patients that were
still alive at the end of the study (Table 1).

Immunohistochemistry

Since VEGF-C is found to be expressed by tumour cells
and TAMs, we distinguished VEGF-C expression in
melanoma cells from that in TAMs. Therefore, three
consecutive sections were prepared per melanoma sample.
The first section was stained with an antibody directed
against MelanA, a melanosomal differentiation antigen
which is expressed in melanoma tissue and is routinely
used by the pathologist in the diagnostic approach of
melanoma. The second section was stained with an anti-
VEGF-C antibody. In the third section, we examined the
presence of TAMs by the use of an anti-CD68 antibody.
With the aid of the three consecutive sections, VEGF-C
positivity in melanoma cells or TAMs was estimated as a
percentage of the MelanA-positive melanoma cells or
CD68-positive TAMs within the primary tumour (Fig. 1).

Immunohistochemistry was carried out on 4-μm-thick
serial paraffin sections. Sections were dewaxed in toluene
and hydrated with a graded series of ethanol concentrations
and water. Subsequently, antigen retrieval was obtained by

Fig. 1 Three consecutive sections of a melanoma sample immunos-
tained with anti-VEGF-C (a), anti-MelanA (b) and anti-CD68 (c)
antibodies. MelanA is strongly expressed in melanoma cells (b),
whereas strong CD68 positivity is observed in TAMs (c). VEGF-C
expression in melanoma cells and TAMs (a) has been estimated as a
percentage of the MelanA-positive melanoma cells (b) or CD68-
positive TAMs (c) within the primary tumour
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using hot water bath incubation of sections in a pH 6 or 9
buffer for 30 min. Endogeneous peroxidase activity was
quenched by incubating the section for 10 min with 3%
hydrogen peroxide. Using a DAKO Autostainer device
(Dako, Heverlee, Belgium), separate subsequent sections
were incubated at room temperature with MelanA (NCL-
L-MelanA, Novocastra, Menarini Diagnostics, Zaventem,

Belgium), VEGF-C (sc-7133, Santa Cruz, TebuBio, Boech-
out, Belgium) and CD68 (M0814, Dako, Heverlee, Bel-
gium) primary antibodies, respectively (Table 2). Staining
was performed using a streptavidin–peroxidase complex
technique with a LSAB2 System-HRP kit (K0675, Dako,
Heverlee Belgium) and using 3-amino-9-ethylcarbazole or
AEC as chromogene. Finally, nuclei were counterstained

Table 2 Antibodies used for immunohistochemistry

Primary antibody Reference Type Conditions Secondary antibody Reference Conditions

VEGF-C Sc-7133, Santa Cruz Goat polyclonal
IgG

1/50, 1 h Rabbit anti-goat IgG E0466 Dako 1:400
Epitope location:
N-terminus

pH 6 30 min

MelanA NCL-L MelanA
NovoCastra

Mouse monoclonal
IgG

1/20, 30 min Link antibody
(goat anti-mouse IgG)

K0675 Dako –
pH 9 15 min

CD68 M0814 Dako Mouse monoclonal
IgG

1/300,
30 min

Link antibody
(goat anti-mouse IgG)

K0675 Dako –

pH 9 15 min

Fig. 2 VEGF-C staining in two different (a, b and c, d) melanoma
tissues at different magnifications (a, c: ×100 and b, d: ×200) shows a
diffuse, weak to moderate cytoplasmic pattern in intra- and subepi-

dermal melanoma cell nests (yellow asterisks) versus a strong
cytoplasmic pattern in TAMs (purple arrows)
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with hematoxylin. Negative controls were performed by
substituting the primary antibody with non-immune IgG.
VEGF-C staining of the hair follicle bulbs, sweat and
sebaceous glands were used as an internal positive control.

Immunostained sections were assessed by two indepen-
dent observers (WB and BB) who were blinded to the
clinicopathological information of the patient. With the aid
of the three consecutive sections, VEGF-C expression in
melanoma cells or TAMs was estimated as a percentage of
the MelanA-positive melanoma cells or CD68-positive
TAMs within the primary tumour. Staining intensity was
scored semiquantitatively as weak, moderate or strong.
There was a good agreement between the observations of
both investigators (WB and BB), and contrasting results
were discussed until an agreement was reached.

Statistical analysis

Possible associations between VEGF-C staining and
sentinel lymph node status or other clinicopathological
parameters were analysed using the Mann–Whitney U,
Kruskal–Wallis and Pearson’s chi-square tests. Kaplan–
Meier survival analysis was used to obtain overall and
disease-free survival curves that were compared using the
log rank test. Cox proportional hazards model was used to
identify variables with an independent effect on overall
and disease-free survival. Linear correlations between
continuous variables were analysed by the Spearman’s
rho test.

Results

Immunostaining

VEGF-C expression in primary cutaneous melanoma tissue
was observed in melanoma cells and TAMs, with a higher
staining intensity in the TAMs. VEGF-C was also
expressed in the hair follicle bulb, sweat and sebaceous
glands, which was used as an internal positive control.
Positive VEGF-C specimens demonstrated a cytoplasmic
staining pattern with sometimes a coarse granular distribu-
tion in melanoma cells (Figs. 2 and 3).

Positive staining in melanoma cells or TAMs was
observed in 93 (82.3%) sections. VEGF-C expression was
more frequently observed in TAMs (70.8%) than in
melanoma cells (60.2%). The median estimated percentage
of VEGF-C staining in melanoma cells was 5%, whereas in
TAMs it amounted up to 40% (Table 3). When comparing
the percentages of VEGF-C-positive melanoma cells with
the percentages of VEGF-C-positive TAMs within melano-
ma tissue, a positive correlation was found (Spearman’s
rho, r=0.485, p=0.000).

Prognostic significance

VEGF-C expression in melanoma cells was higher in the
sentinel lymph node-positive tumours compared to the
sentinel lymph node-negative tumours (median 30% versus
3.5%, Mann–Whitney U, p=0.018). In total, 80% (20/25)
of the sentinel lymph node-positive melanomas revealed
melanoma cells expressing VEGF-C compared to only 54%
(48/88) of the sentinel lymph node-negative melanomas
(Pearson’s chi-square, p=0.022). In addition, the presence
of VEGF-C expression in melanoma cells was predictive of
a shorter overall (log rank, p=0.035) and disease-free (log
rank, p=0.028) survival. However, Cox regression analysis
showed VEGF-C expression in melanoma cells not to be an
independent predictor of survival, but its effect on survival
could be explained by its correlation with the sentinel
lymph node status. VEGF-C expression in melanoma cells

Fig. 3 VEGF-C staining in the primary tumour of a sentinel lymph
node-positive patient demonstrates a pronounced positivity especially
in the deeper part of the dermal melanoma component. b Moderate
VEGF-C staining in the melanoma cells and intense staining in the
TAMs that are scattered within the tumour (purple arrows).
Magnification: ×25 (a), ×200 (b)
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was not associated with Breslow thickness, Clark level or
ulceration of the primary cutaneous melanoma.

Analogous to VEGF-C expression in melanoma cells,
VEGF-C expression in TAMs was strongly associated with
the sentinel lymph node status. The median percentage of
VEGF-C-positive TAMs was higher in the sentinel lymph
node-positive tumours compared to the sentinel lymph node-
negative tumours (median 80% versus 20%, Mann–Whitney
U, p=0.003). VEGF-C expression in TAMs was not
associated with pathological characteristics of the primary
tumour such as Breslow thickness, Clark level or ulceration,
nor with disease-free or overall survival (Table 4, Fig. 4).

Discussion

An increasing number of clinicopathological studies has
shown a direct correlation between tumour expression of

VEGF-C and lymphatic metastatic tumour spread in human
cancers [14, 45, 48]. In melanoma, the association between
immunohistochemical VEGF-C expression in the primary
tumour and lymphatic metastasis has been investigated in
limited series. Based on VEGF-C immunostaining on ten
primary melanoma tissues of patients with positive lymph
nodes, Schietroma and colleagues were the first to suggest
that VEGF-C expression in cutaneous melanoma may be
predictive of lymph node metastasis dissemination [38].
Dadras and colleagues further investigated this hypothesis.
In a first study, 19 patients with non-metastatic primary
melanoma and 18 patients who had documented early
lymph node metastasis were matched for gender, age at
diagnosis, tumour thickness, Clark’s level of invasion,
histological type and presence of ulceration. Focal cyto-
plasmic VEGF-C expression was found more frequently in
metastatic melanomas (50.0%) than in non-metastatic
melanomas (31.6%); however, these differences did not

Table 3 VEGF-C immunostaining

Immunostaining Positivity percentage Staining intensity

Melanoma cells Melanoma cells TAMs Melanoma cells TAMs

Absent Present

TAMs Median (P25–P75) 5% (0–40%) 40% (0–70%) Weak to moderate Strong
Absent 20 13 Categories 0% 45 samples (39.8%) 33 samples (29.2%)
Present 25 55 1–10% 24 samples (21.2%) 10 samples (8.8%)

11–20% 08 samples (7.1%) 12 samples (10.6%)
21–50% 12 samples (10.6%) 10 samples (8.8%)
>50% 24 samples (21.2%) 48 samples (42.5%)

Table 4 VEGF-C expression
and clinicopathological
parameters

a Kruskal–Wallis test, Sig
<0.05
bMann–Whitney U test, Sig
<0.05

VEGF-C expression in melanoma (%) VEGF-C expression in TAM (%)

Median P25–P75 P value Median P25–P75 P value

Breslow
e1.00 mm 10 0.0–70 60 10–80
1.01–2.00 mm 5 0.0–27 40 00–70
2.01–4.00 mm 5 0.0–30 25 00–80
>4.00 mm 60 0.5–70 80 00–90

0.362a 0.769a

Clark
II, III 5 0.0–26.25 20 00–70
IV, V 5 0.0–60 50 00–80

0.372b 0.567b

Ulceration
Absent 5 0.0–40 40 05–70
Present 5 0.0–30 20 00–80

0.694b 0.547b

Sentinel lymph node
Negative 3.5 0.0–28.75 20 00–67.5
Positive 30 3.5–60 80 10–90

0.018b 0.003b

262 Virchows Arch (2008) 453:257–265



reach statistically significant levels [8]. A small study on 21
melanoma samples revealed no qualitative differences in
the intensity of VEGF-C staining in metastatic (13 patients)
versus non-metastatic (eight patients) melanoma [41].
Dadras and colleagues performed a second study on 45

melanoma patients who underwent sentinel lymph node
biopsy. Eighteen patients were sentinel lymph node
positive. Sentinel lymph node-positive and -negative
patients were similar in terms of tumour histological type,
presence and degree of ulceration, anatomic sites, signs of
regression and peritumoral inflammation. In total, 88.2% of
the sentinel lymph node-positive melanomas revealed
moderate to high levels of cytoplasmic VEGF-C compared
to only 44.0% of sentinel lymph node-negative melanomas.
This difference was statistically significant (p=0.00818)
[7]. Recently, a case–control study was performed in 45
melanoma specimens of 15 sentinel lymph node-positive
and 30 sentinel lymph node-negative patients. VEGF-C
overexpression was more frequently observed in melano-
mas metastatic to the sentinel lymph node, but this did not
reach significance. No significant correlation was found
between VEGF-C expression and other clinicopathological
parameters [29]. Based upon these studies, VEGF-C
expression in primary cutaneous melanoma seems to be
associated with lymphatic spread. However, most studies
are not able to reach statistically significant results, which
can be due to the relatively small sample sizes.

We found VEGF-C expression in melanoma cells to be
significantly associated with the presence of a metastatical-
ly invaded sentinel lymph node. This study did not only
score VEGF-C expression in melanoma cells but also in
TAMs. It has been shown in human cervical cancer [39],
oral squamous cell carcinoma [11], pancreatic ductal
adenocarcinoma [10], breast cancer [40] and non-small cell
lung cancer [47] that a subfraction of TAMs is a major
source of VEGF-C production and that these macrophageal
expression levels correlate with regional lymphatic neo-
angiogenesis and lymphatic metastasis. VEGF-C expres-
sion in melanoma-associated macrophages has already been
observed [7, 8, 29]. Moreover VEGF-C is known to induce
macrophage recruitment in melanoma [43]. In this study,
we found TAMs to be an important source of VEGF-C
production. Compared to VEGF-C expression in melanoma
cells, VEGF-C positivity in TAMs was observed more
frequently and the percentage and intensity of staining were
higher. Moreover, VEGF-C-expressing TAMs appeared to
be predictive of sentinel lymph node status. Although the
accumulation of inflammatory cells at tumour sites has
previously been considered a mechanism of host defence,
these findings indicate that the inflammatory reaction
around a developing neoplasm can contribute to tumour
progression and metastasis [3].

Recently, it has been shown that VEGF-C induces growth
of the lymphatics within the sentinel lymph node even before
onset of metastasis. Upon arrival of the metastatic cells,
further extension of lymphangiogenesis within the sentinel
lymph node and metastatic spread to distant organs was
observed [16]. Therefore VEGF-C and its receptor could be

Fig. 4 VEGF-C expression in melanoma cells (VEGF-C M) versus
overall (a) and disease-free (b) survival
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interesting targets to slow or even prevent the onset of
metastasis. Several agents, such as anti-VEGFR-3 anti-
bodies, small interfering RNA’s blocking VEGF-C expres-
sion, small molecule kinase inhibitors and recombinant
adeno-associated virus expressing soluble VEGFR-3 have
been tested in mouse tumour models where they have shown
their ability to efficiently block the VEGFR-3 pathway with
inhibition of lymph node metastasis as a consequence [54].
These findings suggest that VEGF-C staining in the primary
cutaneous melanoma could predict the metastatic capacity of
the tumour even before the presence of a microscopically
invaded sentinel lymph node offering new possible targets
for adjuvant treatment.
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Abstract Spindle cell carcinoma (SpCC) is a biphasic
tumor composed of squamous cell carcinoma (SCC) and a
malignant spindle cell component. There is mounting
evidence that SpCC is a monoclonal neoplasm originating
from a stem cell giving rise to both components. We tested
the hypothesis that spindle cell phenotype might be related
to the cadherin–catenin complex, which forms adherens
junctions between cells. We analyzed the immunohisto-
chemical expression of E- and N-cadherin, α-, β- and γ-
catenin, and Snail-1, a transcription repressor of E-cadherin,
in 30 cases of SpCC, and 30 cases of SCC of the head and
neck. In SpCC, cadherin and catenin expression was similar
in the SCC component, whereas in the spindle cell
component, loss of E-cadherin and neo-expression of N-

cadherin was found in 19 cases, loss of cadherins in seven,
and their co-expression in four cases. Catenin expression
were altered in 18 SpCCs. Snail-1 was found in 19 SpCC
cases. In SCC, E-cadherin and catenins were expressed in
all cases, and N-cadherin focally in five cases. Snail-1 was
observed in the stroma. To summarize, in SpCC, there is an
altered expression of the cadherin–catenin complex, asso-
ciated with morphological transition from epithelial to
spindle cell phenotype. These features are reminiscent of
epithelial–mesenchymal transition (EMT). Our study thus
indicates that EMT might play an important role in the
pathogenesis of SpCC. This conclusion is further supported
by our finding of Snail-1 expression, a potent inducer of
EMT, in more than half SpCC cases.

Keywords Spindle cell carcinoma . Pathogenesis .

E-cadherin . N-cadherin .α-Catenin .β-Catenin .

γ-Catenin . Snail-1

Introduction

Spindle cell carcinoma (SpCC) is a biphasic tumor
composed of conventional squamous cell carcinoma
(SCC) and a malignant spindle cell component [8]. It has
been described in various sites of the body including the
upper and lower respiratory tracts, breast, skin, urogenital
and gastrointestinal tracts, and salivary glands [3]. In the
head and neck, SpCC occurs most frequently in the larynx
and oral cavity, followed by the skin, tonsil, sinonasal tract,
and pharynx [15].

Microscopically, SpCC consists of a SCC component
and a spindle cell component. The former is represented
by in situ carcinoma or by an invasive SCC, whereas the
latter usually forms the bulk of the tumor. Sometimes,
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only spindle cells are present. Immunohistochemically,
tumor cells often express epithelial and mesenchymal
markers [8].

Histogenesis of SpCC is controversial, but there is
mounting evidence that this is a monoclonal neoplasm
originating from a single stem cell giving rise to both
epithelial and mesenchymal components [10, 31]. It has not
been elucidated why tumor cells exhibit the spindle cell
morphology, but there is evidence to suggest that phenotype
of cells might be related to the cadherin–catenin complex
[20, 22, 23, 34].

Cadherins constitute a large family of cell adhesion
molecules which form and maintain adhesive contacts
between cells. More than 80 cadherins have been
described, the most commonly studied cadherins in human
development and disease being E-cadherin and N-cad-
herin, also known as classical (type I) cadherins. E-
cadherin is present in epithelial tissues and N-cadherin in
the central nervous system and in the heart. Cadherin-
mediated adhesion is controlled by catenins: the cadherin
cytoplasmic domain possesses a binding site for either
β-catenin or γ-catenin (plakoglobin), which in turn,
associates with α-catenin and links cadherin–catenin
complexes to the actin-based cytoskeleton. The cad-
herin–catenin complex forms a typical cell–cell junction
referred to as the adherens junction. Adherens junctions
are essential during embryogenesis, whereas in later life
they form and maintain cellular and tissue integrity. They
also play a vital role in various pathological conditions,
including cancer [11, 18, 25, 26].

β-Catenin has a double function and can thus play
different roles in the carcinogenesis [37]. If localized to the
cell membrane, it functions as an adhesion molecule being a
component of the adherens junction. Reduced expression of
membranous β-catenin has been found to be associated with
a worse outcome in a variety of malignancies [35]. If
localized to the nucleus, it functions as a signaling molecule
inducing expression of target genes, such as cyclin D1 [6]
playing an important role in the pathogenesis of some
malignancies, such as colorectal carcinoma [5], hepatocellu-
lar carcinoma [12], and malignant melanoma [29]. γ-Catenin
(plakoglobin) has also a double function: it is a component
of both adherens junctions and desmosomes [37].

The aim of our study was to test the hypothesis that
spindle cell phenotype in SpCC might be related to an
altered expression of the components of adherens junctions.
For this purpose, we analyzed the immunohistochemical
expression of E- and N-cadherin, and α-, β-, and γ-catenin
in SpCC, in comparison to “conventional” moderately
differentiated SCC of the head and neck, using commer-
cially available antibodies. We also analyzed the immuno-
histochemical expression of Snail-1, a transcription
repressor of E-cadherin, using an antibody which was

recently established, enabling the analysis of Snail-1
protein in human tissues [28].

Materials and methods

Our study included 30 patients with SpCC of the head and
neck, and 30 patients with moderately differentiated SCC of
similar locations. Among patients with SpCC, there were
25 men and five women, aged 39 to 91years (mean 66.2 ±
12.1). Tumors were located in the larynx (14 cases),
hypopharynx (four cases), oropharynx (four cases), oral
cavity (four cases), skin (two cases), and paranasal sinuses
(two cases). In 21 cases, tumors consisted of both SCC and
spindle cell components whereas in nine cases, tumors were
composed of spindle cells only.

Among patients with SCC, there were 24 men and six
women, aged 38 to 84years (mean 55.4 ± 8.8). Tumors
were located in the larynx (14 cases), hypopharynx (four
cases), oropharynx (five cases), oral cavity (five cases), and
skin (two cases).

Tissue samples were fixed in 10% buffered formalin,
embedded in paraffin, and cut at 4μm for H&E slides. For
immunohistochemistry, additional sections were cut. Antigen
retrieval and staining with monoclonal antibodies against
cadherins, catenins, and Snail-1 was performed in an
automatic immunostainer (Discovery, Ventana, Tucson, AZ,
USA). Overview of source and clone, pretreatment conditions,
and dilution of the primary antibodies used in this study is
summarized in Table 1. Sections were treated with biotiny-
lated secondary antibody, followed by incubation with
peroxidase-conjugated streptavidin. Visualization of the
immunoreaction was carried out with 3.3′ diaminobenzidine.
Finally, sections were counterstained with hematoxylin.

Normal structures within tissue samples served as positive
controls for cadherins and catenins showing a membranous
reaction (squamous epithelium for E-cadherin and catenins,
and nerves for N-cadherin). Fibrosarcoma served as a
positive control for Snail-1 exhibiting nuclear reaction in
the majority of tumor cells [14]. Negative controls omitting
the primary antibodies were also included.

The percentage of positive cells was estimated using an
image analysis system (Cell and Tissue Analysis, Leica,
Germany), and graded as 0: no staining, 1: up to 10% of
positive cells, 2: 11–50% of positive cells, 3: 51–80%, and
4: more than 80% of positive cells.

Statistical analysis

Spearman correlation coefficient was used to analyze the
relationship between expression of cadherins, catenins, and
Snail-1. Correlation was considered to be statistically
significant at p ≤ 0.05.
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Results

Keratin and vimentin in spindle cell carcinoma

Vimentin was expressed in malignant spindle cells in all
patients, whereas keratin was found in spindle cells in 18/
30 patients with SpCC.

Cadherins and catenins in spindle cell carcinoma

In SCC components, if present, E-cadherin and catenins
exhibited similar patterns of immunostaining than in SCC.
Results of immunohistochemistry for cadherins and cat-
enins in the spindle cell components of the SpCC is
summarized in Table 2. Cadherin switch (loss of E-cadherin
and expression of N-cadherin) was found in 19 cases
(Fig. 1), whereas co-expression of both cadherins was
found in four cases. Reaction for both cadherins was
negative in seven cases.

Catenin expression was altered in 18 SpCCs, with partial
or complete loss of one catenin in ten cases, two catenins in
seven cases, and all three catenins in one case. γ-Catenin
was lost most frequently (in 17 cases; Fig. 2b), followed by
α-catenin and β-catenin, which were lost in six and four
cases, respectively.

Cadherins and catenins in SpCC exhibited mostly a
membranous pattern of reaction. When the staining inten-
sity was weak, it was almost impossible to distinguish
between membranous and cytoplasmic patterns. No nuclear
reaction was found.

Snail-1 in spindle cell carcinoma

Positive immunohistochemical reaction for Snail-1 was
found in 19 cases of SpCC exhibiting a nuclear reaction
(Fig. 3b). Positive reaction was mostly found in spindle
cells, and only exceptionally in the SCC component.

Snail-1 was also expressed in the endothelial cells in
blood vessels within the tumors, in some myofibroblasts
and mononuclear inflammatory cells.

Cadherins and catenins in squamous cell carcinoma

E-cadherin was expressed in all cases of SCC, exhibiting a
membranous pattern of reaction. In four cases, small
clusters of negative cells were found at the invasive front.
The vast majority of SCCs were negative for N-cadherin.
N-cadherin was focally expressed in five cases, in up to
10% of the tumor cells. α-Catenin expression was similar
to E-cadherin; it was found in all cases of SCC, exhibiting a
membranous pattern of reaction.

β-Catenin was expressed in all cases of SCC and
exhibited a similar pattern of reaction to E-cadherin. No
nuclear reaction was found. A different reaction was
observed in apoptotic cells, which were recognized by
characteristic morphology and appeared either as scattered
solitary cells within the tumor islands or in the areas of (para)
keratinization. In apoptotic cells, expression of β-catenin
was either faint or completely lost.

γ-Catenin was expressed in all cases, exhibiting an
almost diffuse membranous pattern. A different reaction
was observed in apoptotic cells where γ-catenin exhibited
a strong cytoplasmic and occasionally also a nuclear
reaction.

Normal structures in adjacent mucosa served as positive
control: E-cadherin and all catenins were found in the
squamous epithelium and salivary glands. N-cadherin and
β-catenin were expressed in the nerves, whereas catenins
were present in endothelial cells.

Snail-1 in squamous cell carcinoma

In the vast majority of SCCs, tumor cells did not stain with
Snail-1 antibody. Only in four cases, Snail-1 was focally

Table 1 Overview of source
and clone, pretreatment condi-
tions, and dilution of the pri-
mary antibodies used in this
study

Antigen Source Clone Pretreatment Dilution

Keratin,
wide spectrum

DAKO Z0622 Citrate buffer +
protease 2

1:1,200

Vimentin DAKO V9 EDTA 1:300
E-Cadherin Labvision SPM471 EDTA 1:20
N-Cadherin DAKO 6G11 EDTA 1:20
α-catenin Novocastra 25B1 EDTA 1:20
β-Catenin Novocastra 17C2 EDTA 1:15
γ-Catenin Novocastra 11B6 EDTA 1:20
Snail-1 Dr. E. Kremmer

(GSF—National
Research Centre
for Environment
and Health,
Munich)

Sn9H2 Citrate buffer 1:20
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expressed in occasional tumor cells, mostly at the invasive
front. Positive reaction was also observed in some
myofibroblasts, mostly at the invasive front (Fig. 3a),
whereas myofibroblasts in the central part of the tumor
were usually negative. Snail-1 was also found in the
endothelial cells in the majority of blood vessels within
the tumor, and in mononuclear inflammatory cells. In the
surrounding mucosa, endothelial and inflammatory cells
did not stain with antibodies against Snail-1.

Statistical analysis

The frequency of Snail-1 expression was significantly higher
in SpCC than in SCC (p = 0.0001). In SpCC, a negative
correlation was found between Snail-1 and γ-catenin
expression (p = 0.047), and between keratin and γ-catenin
expression (p = 0.030).

Discussion

In this study, we found an altered expression of the
cadherin–catenin complex components in the vast majority
of SpCCs: one or more components of the cadherin–catenin
complex forming adherens junctions normally present in
epithelial tissue and SCC were lost. The varying patterns of
cadherin expression were observed, the most common
being the loss of E-cadherin and neo-expression of N-
cadherin (also called the cadherin switch), followed by the
loss of both cadherins, and by co-expression of both
cadherins. An altered expression of catenins was detected
in two thirds of SpCCs, with partial or complete loss of one
catenin or two catenins, and exceptionally of all three
catenins.

In contrast, moderately differentiated SCC of the head
and neck exhibited rather regular patterns of cadherin–

Table 2 Results of immunohistochemistry for keratin, vimentin, cadherins, catenins, and Snail-1 in 30 patients with spindle cell carcinoma of the
head and neck

Site Keratin Vimentin E-cadherin N-cadherin α-Catenin β-Catenin γ-Catenin Snail-1

Larynx 4 4 4 1 4 4 4 1
Larynx 2 4 0 3 4 4 3 1
Oropharynx 3 4 4 4 4 4 4 0
Hypopharynx 0 4 0 4 4 4 0 2
Larynx 0 4 0 1 0 3 0 2
Hypopharynx 0 4 0 1 0 0 0 1
Oral cavity 0 4 0 0 0 4 0 3
Maxillary sinus 1 4 0 0 0 3 0 0
Larynx 1 4 0 3 3 4 0 2
Oropharynx 1 4 1 3 4 4 4 0
Oropharynx 0 4 0 1 4 4 0 1
Larynx 2 4 0 4 0 4 3 0
Larynx 0 4 0 0 3 3 0 1
Oropharynx 0 4 0 2 2 0 0 0
Hypopharynx 0 4 0 0 3 4 3 1
Larynx 0 4 0 3 4 4 0 1
Larynx 1 4 0 3 2 4 0 2
Hypopharynx 4 4 0 0 4 4 4 0
Oral cavity 1 4 0 4 0 4 0 1
Skin 1 4 0 4 3 4 1 2
Larynx 0 4 0 2 3 4 0 1
Oral cavity 3 4 0 0 3 4 3 0
Skin 4 4 0 4 4 4 4 0
Oral cavity 3 4 0 0 4 4 0 2
Larynx 3 4 0 3 4 3 4 2
Maxillary sinus 0 4 0 3 3 0 0 0
Larynx 2 4 0 3 3 0 0 3
Larynx 0 4 0 1 3 3 3 0
Larynx 3 4 1 3 3 3 3 0
Larynx 1 4 0 1 4 4 0 3

Only results for the spindle cell components are shown in the table.
The percentage of positive cells was estimated using an image analysis system and graded as 0: no staining, 1: up to 10% of positive cells, 2: 11–
50% of positive cells, 3: 51–80%, and 4: more than 80% of positive cells.

270 Virchows Arch (2008) 453:267–274



catenin immunohistochemistry, which were similar to normal
squamous epithelium. Positive reaction for E-cadherin was
found in all tested cases of SCC; it was associated with
positive reactions for α-, β-, and γ-catenin. E-cadherin and
catenins exhibited a membranous pattern of reaction. No
nuclear staining of β-catenin was observed suggesting that β-
catenin functions mainly as an adhesion molecule in SCC of
the head and neck as previously reported [35]. Occasionally,
E-cadherin was lost in small clusters of tumor cells, mostly at
the invasive front. These cells have been postulated to
represent epithelial–mesenchymal transition (EMT) at the
invasive tumor front and are believed to play a vital role in
progression and metastasizing [32].

To summarize, in SpCC there is an altered expression of
the cadherin–catenin complex, associated with morpholog-
ical transition from epithelial to spindle cell phenotype, loss
of epithelial markers and expression of mesenchymal
markers, or co-expression of both. These features are
reminiscent of epithelial–mesenchymal transition. EMT is
a fundamental process governing morphogenesis during
embryonal development. It is also reactivated in a variety of
pathologic conditions in adult life including wound healing,
fibrosis, and progression of carcinoma [1, 4, 19, 24, 27, 30,
33]. Our results indicate that EMT might also play an
important role in the pathogenesis of SpCC of the head and
neck.

Fig. 2 Catenins in spindle cell
carcinoma. Positive immunohis-
tochemical reaction for β-
catenin in islands of squamous
cell carcinoma and in malignant
spindle cells (a). Loss of γ-
catenin in malignant spindle
cells; positive reaction for γ-
catenin in islands of squamous
cell carcinoma and in vascular
endothelial cells (b). Original
magnification ×20

Fig. 1 Cadherin switch in spin-
dle cell carcinoma: loss of im-
munohistochemical expression
of E-cadherin (a), and neo-ex-
pression of N-cadherin (b). An
island of normal squamous epi-
thelium within the tumor serves
as a positive control for E-
cadherin. Original magnification
×20
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This is further supported by our finding of Snail-1 being
expressed in almost two thirds of SpCCs. Snail belongs to
the Snail family of Zinc-finger transcription factors. It
represses the transcription of E-cadherin by binding to E-
box elements in E-cadherin promoter, thus producing
changes in cell phenotype consistent with EMT [2, 7].
Snail-1 is expressed in most developmental processes in
which EMT is required, as well as in many pathologic
conditions including malignant tumors [1, 4, 19, 24, 33].

Much attention has been recently paid to the significance
of Snail-1 in malignant tumors, and it appears that it
depends on the tumor type and location [4]. In our study,
we found a differential expression of Snail-1 in SpCC
compared to SCC. In SpCC, it was mostly expressed in the
tumor cells possibly resulting in the spindle cell morphol-
ogy. Interestingly, correlation between Snail-1 and E-
cadherin expression was not statistically significant. This
may be due to the small number of patients included in this
study. In contrast, a statistically significant correlation was
found between Snail-1 and γ-catenin expression, and
between γ-catenin and keratin expression. As γ-catenin is
a component of both adherens junctions and desmosomes,
and keratin is the major desmosome-linked intermediate
filament [16, 37], this finding might suggest that desmo-
somal proteins also play an important role in EMT in
general, and in the pathogenesis of SpCC in particular.

In SCC, Snail-1 was rarely found in the tumor cells, but
was often pronounced in endothelial cells and myofibro-
blasts, particularly at the invasive front, as already
described in SCC of the uterine cervix [14]. The signifi-
cance of these stromal changes at the invasive tumor front
are not understood yet, but may confirm a recent suggestion
that EMT and endothelial–mesenchymal transition are

important mechanisms of myofibroblast formation in
malignant tumors [36].

In EMT, epithelial cells turn off epithelial genes and turn
on mesenchymal genes. They lose the apical–basal polarity,
tight junctions and adherens junctions, reorganize the actin
cytoskeleton, redistribute the organelles, and change to a
highly motile fibroblastoid, mesenchymal phenotype allow-
ing them to move through extracellular matrix [30]. It
appears that the term EMT comprises a wide spectrum of
changes, with a common denominator being a spindle cell
phenotype [21, 33]. At one end of this spectrum are cells
with characteristic phenotypical changes (i.e., fibroblastoid
shape, loss of epithelial polarity), associated with a reduced
expression of epithelial genes but which failed to turn on a
mesenchymal gene expression program [17, 21]. At the
other end of the spectrum is complete EMT, characterized
by a complete loss of epithelial markers and gain of
mesenchymal markers [17]. Similarly, in the SpCC, the
common denominator is a spindle cell phenotype, with a
wide spectrum of immunophenotypes, ranging from a
complete cadherin switch, loss of epithelial markers, and
expression of mesenchymal markers, to co-expression of
both cadherins and epithelial and mesenchymal markers.
The prognostic significance of cadherin–catenin immuno-
phenotypes in SpCC remains to be determined. Because of
the rarity of SpCC of the head and neck, we were only able
to collect a diverse group of patients regarding the tumor
location and stage. Analysis of the prognostic significance
of immunophenotypes in such conditions was not possible.

In conclusion, our study indicates that EMT might play
an important role in the pathogenesis of SpCC. This is
further supported by our finding of transcription factor
Snail-1, a well-known inducer of EMT, in many SpCCs.

Fig. 3 Snail-1 in squamous cell
carcinoma: positive reaction in
myofibroblasts and endothelial
cells particularly at the invasive
front (a). Snail-1 in spindle cell
carcinoma: positive reaction in
tumor cells (b). Original magni-
fication ×20
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Apart from Snail-1, there are other transcriptional repress-
ors, and apart from transcriptional repression, there are
other mechanisms triggering EMT, including gene muta-
tion, promoter hypermethylation, enhanced degradation,
chromatin rearrangements, and post-translational truncation
or modification [9, 13, 28]. It remains to be determined
whether any of these mechanisms are involved in the
pathogenesis of SpCC.
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Abstract Sclerosing angiomatoid nodular transformation
(SANT) of the spleen is a rare inflammatory tumor-like lesion
composed of vascular nodules and non-neoplastic stroma
including spindle cells and inflammatory cells. The focus of
our study was on the stromal proliferating process in SANT.
Nine cases of SANT were examined. All cases showed α-
smooth muscle actin (α-SMA) and vimentin on the spindle
cells but not CD21, CD31, CD34, CD68, desmin, S100,
human herpes virus-8, or anaplastic lymphoma kinase-1. In
one case, 20–30% of the myofibroblasts in Epstein–Barr-virus
(EBV)-positive spindle cells were detected using double-
labeling immunohistochemistry for α-SMA and EBV-
encoded small RNA in situ hybridization. A quantitative
analysis of IgG and IgG4-positive plasma cells (pPCs) in
SANT was performed. The median densities of IgG-pPCs

and IgG4-pPCs in SANT were approximately four-fold and
13-fold higher than those in the normal spleens, respectively.
In addition, there was a statistically significant increase of
IgG4/IgG-pPCs ratio in SANT in comparison to the control
specimens. In conclusion, the fibrogenesis in a subset of
SANT may be associated with EBV-infected myofibroblasts
in an overlapping immune reaction indicated by the presence
of infiltrating IgG4-pPCs. Further investigation is needed to
elucidate the association between SANT and IgG4-related
sclerosing disease.

Keywords Inflammatory pseudotumor .

Follicular dendritic cell tumor . EBER in situ hybridization .

Bone-marrow-derived stem cells .

IgG4-related sclerosing disease

Introduction

Martel et al. [14] first described sclerosing angiomatoid
nodular transformation (SANT) of the spleen as altered red
pulp tissue that had been entrapped by a non-neoplastic
stromal proliferative process, and that was distinguished
from splenic vascular tumors. However, it is unclear
whether the pathogenesis of this splenic lesion is a de
novo lesion or the end stage of a variety of benign splenic
conditions including inflammatory pseudotumor (IPT),
hamartoma, or hematoma [14]. Weinreb et al. [19] reported
both the expression of CD30 in endothelial cells and EBV-
encoded small RNA (EBER) in spindle cells in SANT, thus
implying that SANT might be associated with a cytokine-
mediated inflammatory process induced by EBV. Accord-
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ing to the proliferation of myofibroblasts in the IPT-like
areas in SANT, the myofibroblasts, as one of the fibrogenic
cell types, may play a pivotal role in the fibrotic process of
SANT [14, 19]. It has recently become known that
myofibroblasts are derived from various progenitor cells
such as locally residing fibroblasts, hepatic stellate cells,
smooth muscle cells, epithelial cells, endothelial cells, and
bone marrow (BM)-derived circulating stem cells [8, 20]. A
proliferation of the myofibroblasts arising from these
various progenitor cells occurs in the miscellaneous fibro-
sclerotic disorders, or in the fibrotic-tumor-like lesions in
organs [18]. Therefore, understanding the phenotype of the
fibrogenic cells in SANT is quite important in elucidating
the mechanisms responsible for the emergence of SANT in
the spleen.

Recently, Kamisawa et al. [10, 11] proposed IgG4-
related sclerosing disease to be a multiorgan fibrosclerotic
disorder which is characterized by a high serum level of
IgG4 and a large number of IgG4-producing plasma cells
infiltrating the fibrosclerotic lesions, including autoimmune
pancreatitis, sclerosing cholangitis, retroperitoneal fibrosis,
and sclerosing sialoadenitis. They also noted that a part of
IPT might be associated with IgG4-related sclerosing
disease. Accordingly, the characteristic histology of IPT-
like lesions in SANT is therefore very close to the histology
of IgG4-related sclerosing disease, as well as IPT, thus
indicating that they may have a common fibrogenetic
pathway.

We, therefore, evaluated EBV infection in fibrogenic
cells and IgG4-producing plasma cells in SANT of the
spleen by performing EBER in situ hybridization and
immunohistochemistry with a morphometrical analysis.

Materials and methods

Nine cases were collected from the archives of the Division
of Diagnostic Pathology at Juntendo University Hospital,

the Division of Clinical Pathology at Juntendo University
Urayasu Hospital, the Division of Clinical Pathology at
Juntendo University Shizuoka Hospital, the Division of
Clinical Pathology at Yamanashi Prefectural Central Hos-
pital, the Division of Clinical Pathology at Kanto Industrial
Hospital, and the Division of Clinical Pathology at Tokyo
Metropolitan Otsuka Hospital. Two cases (cases 4 and 7,
Table 2) were diagnosed as SANT, while the other cases
were diagnosed as IPT.

Appropriately trimmed specimens were fixed in 10%
formaldehyde in phosphate-buffered saline, processed into
paraffin-embedded tissues, serially cut to 4 µm thickness,
and stained with hematoxylin–eosin, Elastica van Gieson,
Azan–Mallory, and Reticulin’s silver. Immunohistochemi-
cal examinations were performed using the primary anti-
bodies for α-smooth muscle actin (α-SMA), vimentin,
desmin, S-100, CD21, CD31, CD34, CD68, anaplastic
lymphoma kinase-1 (ALK-1), human herpes virus-8,
immunoglobulin IgG, and IgG4 (Table 1). Briefly, depar-
affinized, 4-μm-thickened paraffin-embedded tissue sec-
tions with or without pretreatment were incubated with
ALK-1 antibody at 4°C for 17 h, or with the other
antibodies at room temperature for an hour. The EnVi-
sion®+ System (Peroxidase; Dako, Glostrup, Denmark) and
3, 3′-diaminobenzidine tetrahydrochloride as the chromo-
gen were utilized to detect the antibody binding. EBER in
situ hybridization was performed on all nine cases. The
EBV EBER probe was purchased from Research Genetics
(Huntsville, AL). Briefly, deparaffinized, 4-μm-thickened
paraffin-embedded tissue sections were incubated with
0.04% pepsin in 0.01 M HCl at room temperature for
30 min. After washing, the sections were incubated with
an EBV EBER probe at 95°C for 7 min and then at 45°C
for 17 hours. The sections were washed in sodium
chloride citrate (2× SCC) at 38°C for 5 min twice and
then were incubated with streptavidin–alkali phosphatase
conjugate (Dako) at room temperature for 1 h followed
by development with Fast red (Research Genetics).

Table 1 Summary of antibod-
ies and pretreatment for
immunohistochemistry

N/A Not applicable, HIER heat-
induced epitope retrieval

Antibodies Clone Companies Dilution Pretreatment

α-SMA 1A4 Dako, Glostrup, Denmark 1:200 N/A
Vimentin V9 Dako 1:500 HIER
Desmin D33 Dako 1:100 HIER
S-100 Polyclonal Dako 1:400 N/A
CD21 1F8 Dako 1:100 Protease
CD31 JC70A Dako 1:100 HIER
CD34 QBEnd/10 Novocastra, Newcastle, UK 1:200 HIER
CD68 KP-1 Dako 1:400 HIER
ALK protein (CD246) ALK-1 Dako 1:50 HIER
HHV8 13B10 Novocastra Newcastle UK 1:50 HIER
IgG polyclonal Dako 1:800 Protease
IgG4 polyclonal The Binding Site, Bindingham, UK 1:500 HIER
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Double-labeling immunohistochemistry for α-SMA and
EBER in situ hybridization were also performed on one
EBV-positive case (case 8). TACS-Blue (R&D Systems,
Minneapolis, MN) as the chromogen was utilized for
detecting α-SMA when performing double-labeling
immunohistochemistry.

The number of IgG-positive plasma cells and IgG4-
positive plasma cells were counted on ten fields in each
specimen of the splenic tumors and the control spleens
using a digital microscopic system (DP71 and AX80,
Olympus, Tokyo, Japan). The control spleens were
obtained from six men and four women, who underwent a
splenectomy due to other diseases: six were associated with
gastric carcinoma, two with pancreatic carcinoma, one with
esophageal carcinoma, and one with adrenal cortical
carcinoma, with a range from 53 to 84 years (mean 69.7±
10.6). To obtain the standardized value of each case and
control, the total numbers of IgG and IgG4-positive plasma
cells were divided by the total tissue area (0.55 mm2) from
which the plasma cells were counted. The number of IgG
and IgG4-positive plasma cells, or the ratio of the number
of IgG4 to IgG-positive plasma cells in the splenic tumors,
was compared with the control spleens.

The Mann–Whitney U test (StatMate III for Windows,
ATMS Co., Ltd., Tokyo, Japan) was used to compare the
number of IgG and IgG4-positive plasma cells and the ratio
of the number of IgG4/IgG-positive plasma cells. A P value
less than 0.05 was considered to be statistically significant.

Results

Clinical features

The clinicopathological features of the cases are summa-
rized in Table 2. There were nine patients, including five

men and four women ranging from 31 to 72 years of age
(mean 48.8±14.3). Seven of nine cases were asymptomatic
in terms of the spleen and the other two had epigastralgia or
back discomfort. Two of the eight cases had malignant
neoplasm and two had cholelithiasis. The white blood cell
count and serum C reactive protein (CRP) were within the
normal limit in all cases except for case 6, which had an
elevated serum CRP. The serum levels of IgG, or IgG4,
were not measured in all cases because of no hyper-
gammaglobulinemia. Follow-up information was available
in five of nine cases that were alive without local recurrence
or inflammatory disorders in their other organs, with a
median follow up of 37 months (range, 3 to 113 months).

Macroscopic findings

The weight of the spleen ranged from 80 to 500 g and the
tumor size ranged from 2 to 11 cm in diameter. The case
that presented an elevated serum CRP showed the largest
spleen and also the largest tumor in the study group
(Table 2). Grossly, all cases had a solitary tumor in the
spleen showing a well-demarcated, unencapsulated, dark
brown or tan mass. All tumors, except for one (case 8),
were composed of various-sized multinodular lesions. Four
of nine cases had a large stellate fibrotic scar (Fig. 1). No
case demonstrated either hemorrhaging or necrosis.

Microscopic findings

All cases had a demarcated tumor composed of round or
oval-shaped vascular lesions surrounded by fibrous tissue
(Fig. 2a). A histological characteristic of the tumors was the
existence of vascular lesions surrounded by fibrosis which
was composed of lamellar, dense collagen fibers (Fig. 2b).
Dense collagen fibers intermingled with spindle cells and
inflammatory cells around multinodular lesions were

Table 2 Summary of the clinical and pathologic features of sclerosing angiomatoid nodular transformation of the spleen

Case Age Sex Clinical presentation Spleen Follow up
(months)

Original
diagnosis

Presenting symptoms/concomitant
disease

CRP
(mg/dl)

Weight
(g)

Tumor
size (cm)

1 31 F Discovered incidentally/none 0.3 230 5.5 Lost to follow up IPT
2 34 M Back discomfort/none 0.2 N/A 7.0 3 IPT
3 37 M Epigastralgia/none 0.1 80 3.0 79 IPT
4 44 F None/cholelithiasis 0.01 N/A 3.5 25 SANT
5 46 M None/chronic hepatitis 0.4 110 6.5 Lost to follow up IPT
6 50 M Discovered incidentally/none 5.7 500 11.0 Lost to follow up IPT
7 60 M None/gastric cancer 1.0 100 2.5 37 SANT
8 65 F None/cholelithiasis 0.1 N/A 5.1 Lost to follow up IPT
9 72 F None/colon cancer 0.3 N/A 2.0 113 IPT

N/A Not applicable, SANT sclerosing angiomatoid nodular transformation, IPT inflammatory pseudotumor

Virchows Arch (2008) 453:275–282 277



observed (Fig. 2c). Case 8 had severe and diffuse fibrosis
and a few angiomatoid nodules (Fig. 2d). In all cases, either
plasma cells or lymphocytes and a much smaller number of
eosinophils infiltrated the angiomatoid nodules and a large
number of plasma cells mainly infiltrated the internodular
lesions. All cases showed hemosiderin deposits or hemo-
siderin-laden macrophages, while five of them had Gamna–
Gandy bodies. In addition, seven cases had obliterative
phlebitis.

Immunohistochemistry

The spindle cells in the internodular lesions in all cases were
immunopositive for α-SMA (Fig. 3a) and vimentin, but not
for desmin, S-100, or CD34. No immunopositivity among

Fig. 2 Histological findings of SANT. SANT was well demarcated
and consisted of fibrous nodules (HE stain; a). Concentric fibrosis
surrounded by small angiomatoid areas (Azan stain; b). Plasma cells
markedly infiltrated in the fibrotic area in SANT, and some of them

had large, atypical, or binuclear cells (HE stain; c). In case 9, a few
angiomatoid lesions were identified in the peripheral area of the
tumor, although it had histological similarity to an inflammatory
pseudotumor (HE stain; d)

Fig. 1 Cut surface of the resected spleen. The splenic tumor showed
solitary, well-demarcated and red–brown-colored small nodules
around the central, stellate-shaped scar

278 Virchows Arch (2008) 453:275–282



CD21, ALK-1, or HHV-8 was seen in any of the cases. The
internodular lesions had very few vessels that were high-
lighted by immunostaining for CD31 and CD34 (Fig. 3b).
All cases had many macrophages, with or without hemosid-
erin, that were immunopositive for CD68. Only Case
8 showed many spindle cells with nuclear expression for
EBER in the internodular lesions. Double-labeling immuno-
histochemistry for α-SMA and EBER in situ hybridization
demonstrated approximately 20–30% of the EBER-positive
cells to be immunopositive for α-SMA (Fig. 3c).

To determine the densities of infiltrating IgG4 and IgG-
positive plasma cells and the ratio of IgG- to IgG4-positive
plasma cells infiltrating in the tumors in comparison to
those plasma cells in the normal spleens as a control, we
counted the number of IgG- and IgG4-positive plasma cells
using a digital microscopic system (Fig. 4). The density of
the IgG-positive plasma cells in the splenic tumors ranged
from 1,507 to 6,535 cells/mm2 (median, 3,470) and the
median density in the splenic tumors was approximately
four-fold higher than that in the normal spleens. In addition,

Fig. 3 Immunohistochemical findings of SANT. Many spindle cells
in the fibrotic area were immunopositive for α-SMA (a); A few blood
vessels in the internodular area were immunopositive for CD34 (b);
Many EBER-expressed spindle cells proliferated in the internodular
area (EBER, red color. Inset double staining for α-SMA immunos-
taining and EBER in situ hybridization; α-SMA, blue color; EBER,
red color (c)

Fig. 4 Many IgG and IgG4-positive plasma cells infiltrated in the
internodular area of SANT; IgG (a), IgG4 (b)
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the density of the IgG4-positive plasma cells in the splenic
tumors ranged from 305 to 3,482 (median, 602), and it was
approximately 13-fold higher than that observed in the
normal spleens. Both of the densities of the IgG4- and
IgG-positive plasma cells between the splenic tumors and
the normal spleens had significant differences (P<0.0002,
P<0.0008, respectively). The percentage of the number of
IgG4-positive plasma cells in the IgG-positive plasma cells
in the splenic tumors ranged from 12.2% to 53.3% (mean
26.1%), while the percentage of IgG4/IgG in the normal
spleen ranged from 0% to 13.0% (mean, 7.2%). Therefore,
the difference between the splenic tumors and the normal
spleen, in the percentage of IgG4/IgG-positive plasma cells,
was found to be statistically significant (P<0.0003; Fig. 5).

Discussion

The present study focused on the non-neoplastic stromal pro-
liferative process of sclerosing angiomatoid nodular transfor-
mation (SANT) of the spleen. Martel et al. [14] first
demonstrated that the angiomatoid nodules in SANT were
composed of small blood vessels of three immunophenotyp-
ical types: cord capillaries (CD34+/CD8−/CD31+); sinusoids
(CD34−/CD8+/CD31+); small veins (CD34−/CD8−/CD31+),
thus indicating that the normal splenic red pulp was entrapped
by a non-neoplastic stromal proliferative process. They also
noted that SANT had an internodular lesion histologically
indistinguishable from IPT associated with EBV [1, 16]. In
the present study, all cases had moderate to severe inter-
nodular fibrosis composed of proliferating spindle cells and
the deposition of collagen with various degrees of inflamma-
tory cell infiltration. Immunohistochemistry revealed that the
proliferating spindle cells were strongly positive for vimentin

and α-SMA, but not for CD21, CD31, CD34, or CD68.
These results revealed that the internodular lesions of SANT
histologically resembled IPT, as described in the previous
reports [14, 19]. In addition, we determined that the
myofibroblasts in the IPT-like area of SANT had a
subpopulation of EBV-infected myofibroblasts in one of nine
cases. Weinreb et al. [19] first investigated EBV in SANT,
and detected EBV RNA in one of six cases that had diffuse
areas resembling IPT, and noted that SANT might be
associated with EBV infection. However, there was no data
regarding the immunophenotype of the EBER-positive
spindle cells in SANT in their description. One of our cases
showed many EBER-expressed spindle cells in the IPT-like
area that contained a subpopulation of EBER-expressed
spindle cells (20–30%), identified as myofibroblasts by
double-labeling immunohistochemistry for α-SMA and
EBER in situ hybridization. The existence of the EBV RNA
in the myofibroblasts of SANT supports the concept that a
subgroup of SANT may be indistinguishable from IPT. We,
therefore, propose that the proliferation of EBV-infected
myofibroblasts may be a common pathway of a fibrosclerotic
process in splenic inflammatory tumor-like lesions, including
SANT.

It is unclear where the myofibroblasts in SANT are
derived. Recently, splenic IPT has been immunophenotypi-
cally subdivided into three categories, such as IPT, inflam-
matory myofibroblastic tumor (IMT), and follicular dendritic
cell tumor (FDCT) [1–3, 5, 9, 12, 13, 16, 17, 21]. However,
it was not reported that the splenic IMT had expression of
the ALK protein, which is involved in the neoplastic process
of the pulmonary or soft tissue IMT [4, 6, 7, 12, 16].
Therefore the splenic IMT is both histologically and
immunophenotypically identical to splenic IPT. Accordingly,
the splenic inflammatory tumor-like lesions may subdivide
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Fig. 5 Both of the cellular
densities of IgG4- and IgG-
positive plasma cells between
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a control had significant differ-
ences (P=0.0002, P=0.0008,
respectively; a). The difference
of the percentage of IgG4/IgG-
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SANT and the control was also
statistically significant
(P=0.0003; b)
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into two categories: IPT/IMT and IPT-like FDCT. Lewis et
al. [13] proposed that a mesenchymal stem cell might
differentiate into myofibroblasts, follicular dendritic cells,
or no specific cells to develop each splenic inflammatory
tumor-like lesion. Moreover, recent evidence confirms that
follicular dendritic cells may arise from BM-derived circu-
lating stem cells, and may be able to differentiate into
myofibroblasts [15]. Therefore, a progenitor cell of myofi-
broblasts in these inflammatory tumor-like lesions of the
spleen may arise from blood-borne cells, i.e., BM-derived
circulating stem cells, because the splenic-resident cells,
including fibroblasts, vascular smooth muscle cells, or
endothelial cells cannot be directly infected with EBV. All
things considered, a common pathway of the inflammatory
stromal proliferative process associated with EBV-infected
BM-derived circulating stem cells in splenic inflammatory
tumor-like lesions, including SANT, may exist. However,
before reaching this conclusion, additional studies with a
larger series of SANT are necessary because of EBV being
detected in only two cases with SANT in two series,
including ours [19].

The aspect of the combination of a proliferating stromal
process and infiltration of inflammatory cells, such as plasma
cells and lymphocytes in SANT, thus provided important
insight into IgG4-related sclerosing disease. Kamisawa et al.
[11] described IgG4-related sclerosing disease to be a
systemic disease that is histopathologically characterized by
extensive IgG4-producing plasma cell infiltration of various
organs, and tissue fibrosis with obstructive phlebitis, and also
the occurrence of inflammatory pseudotumors in some cases
of this disease. In our series, all cases met the histologic
criteria of IgG4-related sclerosing disease, and seven of nine
cases also had obliterative phlebitis similar to IgG4-related
sclerosing disease. A quantitative analysis in this study also
supported the premise that SANT might be associated with
IgG4-producing plasma cells. Weinreb et al. [19] noted that
SANT might be associated with an immune reaction because
of the expression of CD30 on endothelial cells. Zen et al.
[22] reported that some of the fibrotic lesions associated with
IgG4-related sclerosing disease might be induced by an
immune reaction regulated by T-regulatory cells. Therefore,
the possibility that SANT is associated with IgG4-related
sclerotic disease cannot be ruled out. However, our data were
quite limited because of a lack of serum data of IgG4. In
addition, there was no case demonstrating either a multiorgan
fibrosclerotic disorder concomitant with SANT or a recurrent
fibrosclerotic disorder of other organs after a splenectomy in
our series. In fact, no case with recurrent inflammatory
fibrosclerotic disorder in the other organs after a splenectomy
for SANT has yet been reported [14, 19]. As a result, further
evaluation is required to establish a clear association between
SANT and IgG4-related sclerosing disease. The preoperative
serum level of IgG4 is, therefore, considered to be helpful in

determining whether or not SANT is associated with IgG4-
related sclerosing disease.
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Asthma induction in mice leads to appearance
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Abstract Allergic asthmatic inflammation in mice was
induced by sensitization with ovalbumin and lipopoly-
saccharide from Escherichia coli and visualized in the
airways of asthmatic mice by spatial and temporal changes
of carbohydrates containing sialic acid residues. Immuno-
histochemistry was used to demonstrate binding of lectins
and antibodies that detect α2–3- and α2–6-linked sialic
acid residues. After sensitization and challenge, the histol-
ogy of the lung changed markedly, and goblet-like cells
appeared, most likely caused by Clara cell metaplasia.
Normal Clara cells showed no reaction after incubation
with the sialic acid detecting agents, while the goblet-like
cells expressed both α2–3- and α2–6-linked sialic acid
residues in the asthmatic animals. The lectins but not the
antibodies reacted with intestinal goblet cells. Instead, an
antibody recognizing a disialoganglioside, stained large
mononuclear cells in the submucosa, indicating a difference
in sialylation between goblet cells in the intestine and
goblet-like cells developed from Clara cells.

Keywords Asthma .Mouse . Clara cells . Goblet cells .

Glycosylation . Sialic acid

Abbreviations
MAA Maackia amurensis agglutinin
SNA Sambacus nigra agglutinin
PAS periodic acid Schiff

Introduction

Mouse models for asthma share many pathological and
immunological features with human asthma. After sensiti-
zation and respiratory tract challenges, wild-type mice
develop a syndrome that closely resembles allergic asthma
characterized by cellular lung inflammation, increased IgE,
mucus hypersecretion, and eventually airway remodeling [4].

A difference between the cellular compartments of
human and rodent airways is that, in normal mice, Clara
cells represent the most abundant secretory cell type of
both proximal and distal airways, while no goblet cells are
present in the intrapulmonary bronchi or bronchioles [6].
However, goblet cell hyperplasia is a prominent feature of
chronic airway diseases associated with mucus hypersecre-
tion, and a number of stimuli significantly increase goblet
cell numbers in the airways of experimental rodents [11, 13].

Goblet cells are often identified in tissue sections with
periodic acid Schiff (PAS) protocols [4, 11, 12], which
detects adjacent glycols in neutral sugars, uronic, and sialic
acids, and some N-acetylamino sugars [9], but little is
known of the detailed sugar specificity in the cells. In a
number of studies, receptors for sialic acid (a nine-carbon
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monosaccharide) have been demonstrated in the respiratory
tract of both humans and laboratory animals, and changes
in their expression are often associated with pathological
changes in lung morphology and/or function [1, 3, 7, 16, 18].

This investigation aims to detect a possible change in
expression of sialic acids caused by the allergic immune
response. We have therefore used lectin and antibody
histochemistry to study the in situ binding to specific sialic
acid groups in the lung of normal mice and in mice
sensitized to develop an asthma syndrome.

Materials and methods

Animals

Ten female C57/Bl6 8 weeks of age were used. The animals
were housed in the animal facilities of the Panum Institute,
University of Copenhagen, Copenhagen, Denmark, with
temperature (21°C)- and humidity (55%)-controlled rooms
with a light–dark cycle of 12 h each. They had access to
water and chow (no. 1314, Altromin, Lage, Germany) ad
libitum. The experimental studies were approved by the
Danish National Committee of Animal Studies.

Induction of asthma

Pellets of ovalbumin were made by coagulating 100 ml of
egg white in a water bath at 100°C for 60 min; the
coagulate was cut into smaller sections that were dehy-
drated in 96% alcohol and stored at 5°C. Before use, the
coagulate pieces were resuspended in phosphate-buffered
saline for 24 h and homogenized by pushing the coagulate
through a syringe. The animals were sensitized by injecting
0.1 ml of the heat-coagulated hen’s egg white homogenate
subcutaneously in the back of the neck.

Following a 14-day sensitization period, the animals
were challenged with solutions of ovalbumine (OVA)
20 mg/ml in saline (Albumin from Hens egg white, crude
powder, Fluka, Germany) and lipopolysaccharide (LPS)
2.5 mg/ml in saline (lipopolysaccharide from Escherichia
coli 055:B5, Sigma-Aldrich, Germany) for 30 min a day on
alternate days for a total of 6 days. The challenge was done
by exposing the animals to an aerosol of the solutions
generated by an aeroneb nebulizer (4.0–6.0 µm VMD,
Aerogen, Ireland) in an airtight box (volume, 15 l) with an
air turnover rate of 2.5 l per minute. Groups of two animals
were sacrificed 1, 2, 4, 6, and 8 days after the first aerosol
challenge; thus, the animals received between one and six
aerosol challenges. The animals were sacrificed after the
last challenge, and the lungs were retrieved for histological
sampling. Further samples from the intestine were also

collected in order to compare glycosylation in mucin
producing cells from different sites.

Histological samples

The mice were sacrificed by cervical dislocation. For
fixation of the lungs, the abdomen was opened and a little
incision made in the diaphragm on both sides, whereafter
the lungs were fixated by injecting 4% paraformaldehyde
(PF) through a cannula placed in the trachea, thereby
fixating the lungs in situ from the luminal side. The lungs
were stored in 4% PF at 5°C for 24 h and then switched to
70% alcohol before being embedded in paraffin; hereafter,
they were cut in 4-μm sections.

Lectins and antibodies

The lectins used to detect sialic acid residues were Maakia
amurensis agglutinin (MAA; detects sialic acid α2–3Gal)
and Sambucus nigra agglutinin (SNA; detects sialic acid
α2–6Gal; EY laboratories; San Mateo, CA, USA). MAA
consists of two isolectins that both bind to sialylated
glycans but have distinct oligosaccharide specificity. The
isolectin known as MAH is a hemagglutinin that binds to
O-linked glycans, whereas the MAL isolectin is a
leukoagglutinin and binds to N-linked glycans [14]. In
this investigation, we have used the commercially available
Maackia amurensis lectin that is a mixture of the two
isoforms. The lectins were biotinylated as follows: 1 mg
lectin was dissolved in 1 ml NaHCO3 (0.1 M, pH 8.2) and
mixed with biotin-NHS dissolved in 0.2 ml dimethylforma-
mide. The mixture was stirred for 2 h at room temperature
and dialyzed in 5 l 0.05 Tris/0.15 M NaCl (pH 7.2)
overnight at 4°C.

Three different monoclonal antibodies were used to
identify sialic acid residues in the sections. To detect the
presence of disialoganglioside, we used a mouse mono-
clonal antibody, NUH2, that was raised after immuni-
zation of mice with the disialoganglioside fraction of
human colonic adenocarcinoma [17]. The antibody FH6 is
a monoclonal IgM antibody that recognizes the sialyl
dimeric Lewis-X glycolipid with the structure NeuAcα2–
3Galβ1–4(Fucα1–3)GlcNAcβ1–3Galβ1–4(Fucα1–3)
GlcNAcβ1–3Galβ1–4Glcβ1–1Cer. The monosialo derivate
of the difucosyllactonorhexaosyl-ceramide was obtained
from human adenocarcinomas. The antibody has proven
specific since it lacks reactivity with other glycolipids
having a closely related structure such as Sialosyl–Lewis A
and Sialosyl 2–6 fucoganglioside [5]

The antibody 3F1 directed against sialyl-Tn (NeuAcα2–
6GalNAc-O-Thr/Ser) is of IgG1 type and has been
generated by Dr. H. Clausen, Copenhagen, Denmark
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(unpublished). It has proved specific to detect the sialyl-Tn
glycans by van Leeuwen et al. [22].

Incubation

Before incubation, the sections were deparaffinized and
subjected to microwave oven treatment for antigen retrieval.
The sections were incubated for 24 h at 4°C with lectin
diluted 1:200 in Tris-buffered saline (TBS) containing
20 mM CaCl2 and MgCl2. After a 3×5 rinse in TBS, the
sections were immersed in Alexa Fluor 594 streptavidin
conjugate (Molecular Probes, Eugene OR, USA) for 30 min.
After a rinse in TBS, the sections were mounted in a
fluorescence mounting medium S3023 (DAKO).

Controls

To ensure the specificity of the histochemical reaction, a
number of control incubations were performed. (1) To
block non-specific staining, the washing solutions
contained TBS with 5% Triton-X 100 or 1% BSA. (2) To
avoid detection of endogenous biotin in the tissue, the
sections were quenched in an avidin/biotin blocking kit
(Zymed Laboratories) before they were incubated with a
biotinylated probe. (3) Sections were incubated in medium
without lectin or primary antibody. (4) Sections were
incubated in medium with irrelevant IgM or IgG monoclonal

antibodies. To decide the specificity of the sialic-binding
probes, some sections were digested with neuraminidase
from Vibrio cholera (Sigma) for 2 h and processed
according to the method described by Reid et al. [19].

Results

Morphology

The murine airway cell distribution is markedly different
from human airways, which are lined by ciliated pseudo-
stratified columnar epithelium containing goblet cells down
to the level of the bronchioles. Mucoserous glands are
situated in the submucosa. The bronchiolar epithelium is
cuboidal, ciliated, and contains Clara cells. The primary
features seen in asthma are hyperplasia of the submucosal
glands and goblet cells, thickening of the basement
membrane, and increased number of leukocytes primarily
eosinophiles.

In comparison, the conductive airways of the mouse
lung are lined by ciliated epithelium in the same way as in
the human lung, but there is a complete lack of submucosal
glands and goblet cells. The primary secretory cells are the
Clara cells.

After exposure to either OVA or LPS, the histology of
the lung changes markedly. Goblet cell-like cells appear,

Fig. 1 A–D Incubation of lung
sections with lectins and anti-
bodies. A SNA, B MAA, C
FH6, D NUH2. The micro-
graphs show reactions in the
bronchioles and surrounding
respiratory tissue obtained
from an untreated mouse. A and
B illustrate two close by sections
with a bronchiole having only a
weak, unevenly distributed lec-
tin reaction on the luminal sur-
face of the epithelial cells. The
bronchiole in C also show a
weak and uneven staining
pattern when incubated with
FH6, while, as shown in D,
incubation with NUH2 resulted
in a stronger and continuous
distribution at the luminal sur-
face of the bronchiolar epithelial
cells. C and D illustrate two
close by sections. The lectin and
antibody reactions as shown in
Fig. 1 had not changed signifi-
cantly 1–2 days after the asth-
matic stimulus
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most likely because of Clara cell metaplasia. The number of
immune cells greatly increases primarily with concentra-
tions of cells around the larger blood vessels and to a lesser
degree around the bronchioles and bronchia.

The type of inflammatory cells appearing varies with the
type of exposure. OVA-challenged lungs primarily contain
eosinophiles and neutrophiles, while LPS-challenged lungs
contain macrophages and neutrophiles. Prolonged airway
challenging will cause airway remodelling as seen in human
asthma, but these features do not occur in the protocol
presently used because of the short exposure time of 6 days.

Histochemistry: lung

The staining reactions obtained after incubation of the lung
tissue from the untreated mice were much alike with the

staining achieved from mice 1–2 days after challenge.
Incubation with the two lectins and with FH6 resulted in a
meagre discontinuous reaction on the apical cell membrane
of the epithelial cells lining the bronchi and bronchioles
(Fig. 1A–C). A more continuous staining at the apical cell
membrane appeared with NUH2 (Fig. 1D), while no
reaction was noticed with the sialyl-Tn detecting antibody
3F1. Thus, in the lung tissue from the normal mice or from
recently challenged mice, none of the sialic acid detecting
probes used in this study reacted with Clara cells or other
epithelial cells in the lower airways

Four to 6 days after challenge, many of the surface
epithelial cells were stained with the sialic detecting probes.
Not only did the number of reacting lung epithelial cells
increase but also showed a change in the cellular staining
since most of the supranuclear cytoplasm of the epithelial

Fig. 2 A–G Incubation of lung
sections 6 days after asthmatic
treatment. A–C show three close
by sections incubated with
MAA (A), NUH2 (B), and FH6
(C). Almost all the epithelial
cells lining the lumen in the
small bronchus react strongly
after incubation with MAA and
NUH2, while only a few epi-
thelial cells are stained after
incubation with FH6. However,
other parts of the respiratory tree
may possess many epithelial
cells that express sialyl Lewis X
after FH6 incubation as shown
in D that illustrates the reaction
in a terminal bronchiole. Six
days after the stimulus, many of
the epithelial cells lining the
bronchi and bronchioles have
become columnar and show a
goblet-like shape as in E, which
shows a section incubated with
NUH2. F and G are serial
sections of a bronchus from an
asthmatic mouse 6 days after
stimulus, incubated with either
SNA (F) or PAS (G). The two
sections indicate that the co-
lumnar cells that are stained by
the sialic acid-detecting lectin
also are PAS positive
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cells lining the large bronchi now showed staining after
lectin incubation and after incubation with NUH2
(Fig. 2A,B,E, and F). These cells proved also to be PAS
positive (Fig. 2G). A similar cytoplasmic reaction was
present in many of the cells forming the respiratory
epithelium of the bronchioles. While incubation with
MAA, SNA, and NUH2 resulted in a rather consistent
reaction in the epithelial cells, a more variable staining
pattern was obtained after incubation with FH6. In some
bronchi and bronchioles, only a few epithelial cells were
stained with the sialyl Lewis-X detecting antibody
(Fig. 2C), while in others, almost all epithelial cells were
marked (Fig. 2D). Only a few bronchial cells showed a
positive reaction after incubation with the sialyl-Tn detect-
ing antibody 3F1. The reaction in the cells stained with the
various sialic-recognizing probes was located either in the

apical cytoplasm or in the entire cytoplasm, often display-
ing a goblet-like appearance (Fig. 2E and F).

In addition to their binding to bronchial/bronchiolar
epithelial cells, FH6 also reacted with endothelial cells in
pulmonary blood vessels in asthmatic mice, while 3F1
detected large mononuclear cells located in the alveolar
septa (Fig. 3).

Histochemistry: intestine

In sections incubated with the lectins, the goblet cells in
the intestine were stained with both SNA and MAA
(Fig. 4A,B).

Dispersed cells in the villi were reacting in sections
incubated with the antibody NUH2 (Fig. 4C). A large
magnification revealed that the NUH2-positive intestinal

Fig. 3 A, B Sections obtained
from a mouse 6 days after
asthmatic treatment. In A, the
endothelial cells in a large
blood vessel show reaction after
incubation with FH6. The
mononuclear cells in the
alveolar septa are visualized
after incubation with 3F1 (B)

Fig. 4 A–C Sections from the
intestine incubated with lectins
and antibodies. A: SNA and
B: MAA both detect the
glycocalyx and goblet cells
in the mucosa, while no
submucosal cells are marked by
the lectins. The sections shown
in C and D were incubated
with NUH2. The survey section
(C) shows antibody-positive
cells in the villi, while there is
no reaction in the glycocalyx. A
higher magnification as shown
in D reveals that the antibody-
positive cells are located in the
submucosal connective tissue
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cells were not located in the surface epithelium but were
large mononuclear cells located in the underlying connec-
tive tissue (Fig. 4D). There was no reaction in neither goblet
cells or large mononuclear cells in sections incubated to
visualize the presence of sialyl Lewis-X or sialyl-Tn antigens.

Controls

No reaction was found in sections incubated in medium
without lectin or primary antibody, or in sections incubated
with irrelevant immunoglobulin. A strong inhibition in
expression of the sialic detecting probes were observed in
sections subjected to neuraminidase treatment.

Discussion

The result obtained with both lectin and antibody showed
that glycans containing sialic acid are present in normal
mice lungs at the luminal surface of the epithelial cells
lining the bronchi and bronchioles. The airway sialoglyco-
proteins may have different functions: mediators of adher-
ence by a negative charge, serve as cell-surface receptors
for bacteria and viruses, and influence viscoelastic prop-
erties [23]. Sialic acid can be attached to penultimate
galactose, N-acetylglucosamine, or N-acetylgalactosamine
sugars of glycoproteins, glycolipids, or mucins. In intestinal
mucins, the glycans sequences most commonly found are
NeuAcα2–6 GalNAc, NeuAcα2–6Gal, and NeuAcα2–
3Gal [2].

PAS staining is frequently used to demonstrate the
mucus hypersecretion in lung sections from asthmatic mice,
but a positive PAS reaction gives little information on the
sugar specificity. To obtain further information on the
glycosylation pattern in normal and asthmatic mouse
airways, we have shown that binding of sialic used α2–3-
(MAA, NUH2, and FH6) and α2–6-linked sialic acid-
recognizing (SNA and 3F1) probes. In untreated mice, the
scattered reaction for sialic acid at the apical cell mem-
branes is probably caused by binding to the glycocalyx of
the epithelial cells lining the bronchi or bronchioles. No
cytoplasmic staining was recorded in the Clara cells using
lectins, antibody, or PAS protocols, confirming that goblet
cells are absent in the distal airways of normal mice [6].

One to 2 days after ovalbumin inhalation, there was no
major change in the location of the fluorescence reaction
product after incubation of the lung sections.

Four to 6 days after inhalation, there was a dramatic
difference in the staining pattern since a large number of
epithelial cells in the bronchi and bronchioles reacted after
incubation with the lectins and antibodies. These cells had
the appearance of goblet cells with a basal nucleus, and
often, their content of cytoplasmic granules was evident.
The cells are probably metaplastic Clara cells. In normal
lungs, Clara cells are cuboidal non-ciliated secretory cells
associated with lung homeostasis [24], but exposure to
ovalbumin in mice provokes hypertrophy of the cells,
which acquire a mucous cell phenotype [21]. Comparison
of SNA and PAS staining showed that the same columnar
epithelial cells reacted with both agents.

Both the α2–3sialic and the α2–6sialic-recognizing
lectins have previously been used to detect sialyl epithelial
cell receptors for human and avian influenza viruses in the
airways [10, 16]. We here suggest that metaplastic Clara
cells in mouse airways develop sialyl α2–3 and sialyl α2–6
glycoconjugates after being exposed to experimental
asthma.

NUH2 was raised after immunization with the
disialoganglioside fraction of human colonic adenocar-
cinoma, and it is a highly specific anti-sialosyl IgM.
The antibody reacts specially with disialogangliosides
having the structure shown in Fig. 5. The antibody does
not detect structures lacking the sialic acid at either the
β1–3 or β1–6 side chain, and it does not recognize binary
disialostructures having unequal chain lengths nor with a
binary type 2 chain structure having a trimannosyl core
as found in the side chain of N-linked complex type
oligosaccharides [17]. The antigen is present in low
quantity in some normal human cells such as erythrocyte
and highly in some colon cancers, placental trophoblasts,
and sperm. The target carbohydrate for NUH2 is the
sialylated I-antigen, which is produced by activity of a β-1,6-
N-acetylglucosaminyltransferase (IGnT) that converts the
small i-antigen (Galβ1–4GlcNAc1–3Galβ1–4GlcNAc-R
into the branched large I-antigen [15]; Fig. 6). In human

Fig. 6 Structure of the branched N-acetyllactosamine

Fig. 5 Structure of the disialoganglioside that is recognized by NUH2
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RBC, the fetal i-antigen is replaced by the adult I-antigen,
while during mouse embryogenesis, the I-antigen is
expressed throughout the preimplantation period. The
i-antigen in the 5-day embryo and the succeeding increase
in the i-antigen is associated with a decrease in the I-antigen
[8]. In the adult mouse, Magnet and Fukuda [15] detected
expression of the large I-antigen forming β-IGnT in various
tissues. In the intestine, the enzyme was present in the serosa
and in the surface epithelium. In the mouse lung, the I-
antigen was located to the alveoli, whereas the unbranched
carbohydrate i-antigen was located to the bronchioles.

The sialyl Lewis-X-recognizing antibody FH6 showed
variable epithelial cell staining in the bronchi/bronchioles
and in pulmonary endothelial cells from asthmatic mice. An
increased expression of sialyl Lewis-X epitopes is found in
mucin from patients with CF or chronic bronchitis, leading
to the suggestion that expanded sialyl Lewis-X in airway
mucins correlates with severe lung infection or inflamma-
tion [20]. The reaction with the endothelial cells is probably
caused by sialyl Lewis-X binding to E-selectin involved in
the inflammatory response in which leucocytes are
connected to sites of infection or injury.

The sialyl-Tn-recognizing antibody 3F1 detected a few
scattered epithelial cells in the asthmatic airways and
numerous large mononuclear cells in the alveolar walls.
Sialyl-Tn is a mucin-associated antigen carried by apomyosins
and is overexpressed in several epithelial cancers.

This study thus show appearance of α2–3 and α2–6
linked sialic acid residues in metaplastic Clara cells, and
it may be suggested that sialylation of branched N-
acetyllactosamine takes place in the bronchial epithelial
cells after asthmatic sensitization and challenge. Further-
more, no enterocytes were stained when sections from the
small intestine were incubated with any of the antibodies,
but NUH2 gave rise to a strong reaction in scattered, large
submucosal, mononuclear cell. Since the antibodies FH6
and NUH2 strongly reacted with the goblet-like cells in the
asthmatic bronchi and bronchioles, it can also be concluded
that there is a difference in sialic acid residues in the goblet
cells of the intestine and in the goblet-like cells developed
from Clara cells in the asthmatic mouse.
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Abstract A 39-year-old male with classical Anderson–
Fabry disease (AFD) and long-standing idiopathic spleno-
megaly, who had been on haemodialysis since the age of
24, was splenectomised for symptomatic pancytopaenia.
Spleen enlargement was first noted at clinical presentation,
at age 16, but despite thorough investigation its cause
remained unclear. Anaemia, leukopaenia and thrombocyto-
paenia were first observed a few years thereafter, but well
before the start of dialytic treatment. On gross pathological
examination the spleen weighed 700 g and had a fibro-
congestive appearance. Histologically, it showed expansion

of the red pulp and decreased white pulp. Some histiocytes
and many of the endothelial cells lining the sinusoids had
vacuolated cytoplasm with argyrophilic material within,
suggesting their involvement in the storage pathology of
AFD. In a retrospective review of our cohort of patients
with classical AFD (n=10), complete blood counts showing
anaemia, leukopaenia or thrombocytopaenia were found in
five, two and four patients, respectively, including a 6-year-
old boy, whose spleen was also enlarged. Data from AFD
international registries show that peripheral blood cyto-
paenias, particularly anaemia, are prevalent among these
patients. Sinusoidal endothelial involvement resulting in
compromise of splenic blood flow may be the cause of
congestive splenomegaly and hypersplenism in classical
AFD.

Keywords Anderson–Fabry disease . Splenomegaly .

Hypersplenism . Thrombocytopaenia

Introduction

Anderson–Fabry disease (AFD) is a rare X-linked inherited
sphingolipidosis due to deficient activity of the lysosomal
enzyme α-galactosidase (α-Gal) [1]. The α-Gal defect
results in multi-systemic accumulation of neutral glyco-
sphingolipids containing terminal α-galactosyl residues,
mostly globotriaosylceramide (Gb3).

Classical AFD is clinically characterised at the early
stages by acroparesthesias, decreased sweating and a
distinctive skin rash of angiokeratomas, followed later by
progressive chronic kidney disease (CKD), hypertrophic
and/or ischaemic cardiac disease and premature cerebro-
vascular disease [1]. Involvement of endothelial, perithelial

Virchows Arch (2008) 453:291–300
DOI 10.1007/s00428-008-0651-4

J. P. Oliveira
Department of Medical Genetics, Faculty of Medicine,
Porto, Portugal

J. P. Oliveira :A. Baldaia Moreira : C. Soares
Department of Nephrology, Hospital São João,
Porto, Portugal

C. Valbuena : E. Fonseca
Department of Pathology,
Faculty of Medicine and Hospital São João,
Porto, Portugal

E. Leão Teles
Department of Paediatrics, Hospital São João,
Porto, Portugal

S. Waldek
Adult Inherited Metabolic Diseases, Hope Hospital,
Salford, United Kingdom

J. P. Oliveira (*)
Serviço de Genética Médica, Faculdade de Medicina,
Universidade do Porto,
4200-319 Porto, Portugal
e-mail: jpo@med.up.pt



and smooth-muscle cells of blood vessels, as well as of
cardiomyocytes, dorsal root ganglia and cells of the
autonomic nervous system are regarded as the major factors
in the pathogenesis of the classical AFD phenotype [1].

Storage of Gb3 in cells of the reticuloendothelial system
also occurs in AFD [1] and has been known since the
original bone marrow aspirate and autopsy studies of
patients with AFD demonstrated the presence of vacuolated
or lipid-laden cells in the bone marrow, lymph nodes,
spleen and liver [2, 3]. Data on the histopathology of the
spleen is limited to a few early studies of autopsy
specimens [2] and of biopsies taken at laparotomy [4].

In contrast to Gaucher disease—a sphingolipidosis in
which glucosylceramide accumulates within macrophages,
leading to massive hepatosplenomegaly and hypersplenism,
often resulting in anaemia and thrombocytopaenia [5]—the
reticuloendothelial involvement in patients with AFD is
usually asymptomatic. Only a small number of cases have
been reported who had enlargement of lymph nodes, spleen
or liver as presenting sign(s) [3, 4, 6–11]. Liver enlarge-
ment, however, has been mostly regarded as a manifestation
of congestive heart failure [3]. Anaemia is recognised as a
common complication of AFD [3, 12], even in patients with
normal renal function, and its pathogenesis has been
ascribed to impaired renal function, heart failure, inflam-
mation or to chronic bleeding [3, 12].

Herein, we report a classically affected AFD patient who
had clinically evident reticuloendothelial involvement at
diagnosis and describe the histopathological findings in his

spleen, which had to be surgically removed 22 years later to
treat symptomatic hypersplenism. In addition, a retrospec-
tive study of our series of patients with the classical AFD
phenotype and analyses of the Fabry Registry database
suggest that the prevalence of peripheral blood cytopaenias
other than anaemia in AFD patients may be higher than
previously recognised. Therefore, we propose that mild to
moderate hypersplenism may be a relatively frequent
subclinical manifestation of AFD.

Case report

At the age of 39 years, a male patient with the classical
phenotype of AFD underwent splenectomy to treat symp-
tomatic hypersplenism (see Table 1 for a summary of the
patient’s past clinical history). He had been for almost
15 years on maintenance haemodialysis and asymptomatic
chronic Hepatitis B Virus (HBV) infection was known for
more than 10 years. Although splenomegaly and hyper-
splenism had been recognised several years before reaching
end-stage renal failure (ESRF), frequent epistaxis and
recurrent cellulitis of the legs, along with platelet counts
below 50×109/l and neutrophil counts below 1.0×109/l (see
Table 2), eventually justified the surgical indication.

The patient was of slight build (height=1.52 m, “dry
weight”=47.0 kg) and had the coarse facial features of
AFD [3]. Blood pressure was normal without medication.
Multiple 1.0–1.5 cm lymphadenopathies were palpable in

Table 1 Summary of the patient’s clinical history

Age Clinical events and laboratory data

10 y No clinical evidence of disease on family screening, following the diagnosis of AFD in an older brother
16–17 y Sought medical attention because of recurrent diarrhoea. Generalised lymphadenopathy, liver and spleen

enlargement noted on physical examination. No evidence of a primary haematologic disorder
Diagnosis of CKD and referral for further evaluation

17 y Multiple angiokeratomas with the typical distribution of AFD noted on skin examination. A skin biopsy
showed the typical histological features of AFD angiokeratomas
Electron microscopy study of a cervical lymph node biopsy showed the distinctive lamellated appearance
of Gb3 deposits within histiocytic cells
CrCl=47.7 ml/min/1.73 m2, sCr=1.7 mg/dl; urinalysis: trace proteinuria, normal sediment. Normocytic,
normochromic anaemia (Hg=10.4 g/dl)

17–24 y Progressive deterioration of renal function with proteinuria reaching nephrotic level (= 3.6 g/day).
First notice of low WBC and platelet counts

24 y ESRF and start of maintenance HD
25–28 y Acute hepatitis B, progressing to asymptomatic chronic infection
29–38 y Worsening of all blood cytopaenias with recurrent nose and gum bleeding

No residual enzyme activity demonstrated on α-Gal leukocyte assay
GLA gene mutation identified as p.C94S

39 y Therapeutic splenectomy

y Age in full years, AFD Anderson–Fabry disease, CKD chronic kidney disease. CrCl creatinine clearance, sCr serum creatinine, Hg haemoglobin
WBC white blood cell, ESRF end-stage renal failure, HD haemodialysis, α-Gal α-galactosidase, GLA α-galactosidase gene
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the neck, axillary and inguinal chains, the liver was
palpable 2–3 cm below the right costal margin and the
spleen was palpable 7–8 cm below the left costal margin.
There were no clinical signs of portal hypertension and on
ultrasound scan the liver size was at the upper limit of the
normal range. Chronic lymphoedema was present in both
legs. All three haematopoietic cell lines were represented in
the bone marrow aspirate, with a ratio of myeloid to
erythroid precursors of 1.5/1; many histiocytic cells
showing a “foamy” cytoplasmic appearance were also
noted.

At laparotomy, the spleen was described as greatly
enlarged and congestive, with multiple capsular adhesions
to the greater omentum, but no other abnormalities were
recognised during the surgical exploration of the abdomen.
On the second postoperative day, the white blood cell
(WBC) and neutrophil counts had normalised and the
platelet count had more than doubled as compared to the
baseline preoperative control (see Table 2).

Methods, subjects and definitions

To assess the prevalence of generalised lymphadenopathy,
hepatomegaly and splenomegaly, as well as of peripheral
blood cytopaenias in male patients with classical AFD, we
have retrieved all past and current clinical files of male
patients with the diagnosis of AFD who have ever been
admitted to, or followed-up at our hospital, since the first
case was diagnosed in 1967 [13]. We have selected, for
further review, only the files of patients which fulfilled the
following criteria: (1) presentation with the classical AFD
cutaneous phenotype and known or presumed hemizygosity
for an α-Gal gene (GLA) mutation associated with residual
α-Gal enzyme activity in plasma or in leukocytes less than
5% of the normal average (demonstrated in at least one
affected male of the same family); and (2) clinical follow-
up at our hospital for a minimum of 12 months with, at

least, one complete blood count (CBC) available for review.
Clinical and laboratory data obtained after the eventual start
of enzyme replacement therapy (ERT) were excluded.
These medical files were further analysed in detail for any
record of the following clinical and haematologic features:
generalized lymphadenopathy, palpable spleen or spleno-
megaly, palpable liver or hepatomegaly; anaemia, leuko-
paenia, neutropaenia or thrombocytopaenia. Any clinical
events or circumstances that might have determined or
contributed to those findings were also noted.

Adult age was defined as 18 or more years. Generalised
lymphadenopathy was defined as enlarged lymph nodes
palpable in two or more distinct anatomic regions [14].
Assessment of liver and of spleen size was done according
to standard clinical [15–18] and sonographic criteria [19–
22]. CKD stages were defined according to current clinical
practice recommendations [23]. Glomerular filtration rate
was estimated (eGFR) from sCr levels using standard
algorithms [24, 25]. In adults, chronic renal insufficiency
(CRI) was defined as a sCr value above 1.5 mg/dl,
corresponding to stage 3 CKD or higher in most patients.
In adult males, anaemia was defined as a haemoglobin level
below 13 g/dl [26], leukopaenia was defined as a total
WBC count below 4.3×109/l [27] and neutropaenia was
defined as a neutrophil count below 1.5×109/L [28].
Appropriate age-related norms were used to define anaemia,
leukopaenia and neutropaenia in children [26, 29]. Irrespec-
tive of age, thrombocytopaenia was defined as a platelet
count below 150×109/l [30].

In addition, the prevalence of peripheral blood cytopaenias
among adult patients enrolled at the Fabry Registry—a
worldwide observational and voluntary programme tracking
the natural course and outcomes of patients with AFD (https://
www.lsdregistry.net/fabryregistry/)—was assessed using the
above definitions for anaemia, leukopaenia and thrombocy-
topaenia. These prevalences were all reported as stratified by
CKD stage, to allow for the confounding effect of advanced
chronic renal failure upon haemoglobin levels [12, 31].

Table 2 Evolution of the relevant haematological parameters along follow-up of the index patient

Clinical event Date Hg (g/dl) WBC (× 109/l) N (× 109/l) P (× 109/l)

1st values in the nephrology clinic Nov./1976 10.4a 6.4a 4.16a 150a

1st evidence of hypersplenism Mar./1979 11.4a 4.8a 3.70a 72a

Lowest values observed before starting HD 1979–1983 9.8a 3.1a 2.17a 70a

Last values before the beginning of HD Jun./1983 9.9a 4.0b 3.40b 120a

Lowest values observed on chronic HD 1983–1997 5.4a 1.3b 0.87b 19a

Last values prior to splenectomy 22/Feb./1998 9.1a 1.2b 0.72b 60a

2nd postoperative day 25/Feb./1998 10.9a 9.38b 8.37b 138a

Hg Haemoglobin, WBC white blood cells, N neutrophils; P platelets. HD haemodialysis
a Normal reference ranges, Hg=16±2 g/dl; WBC=5–10×109 /l, N=3.0–5.8×109 /l; P=290±150×109 /l
b Normal reference ranges, WBC=7±3×109 /l, N=2.0–7.5×109 /l.
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Results

Pathology findings in the spleen removed from the index
patient

Grossly, the spleen measured 18.5×13.5×4.0 cm and
weighed 700 g. The cut surface was homogeneous and of
deep-red colour. On light microscopy examination, the
parenchyma showed congestion and expansion of the red
pulp, decreased white pulp and focal areas of fibrosis
(Fig. 1). There were precursors of all haematopoietic cell
lines, indicating extramedullary haematopoiesis (Fig. 2).
Numerous macrophages had iron in the cytoplasm (Fig. 3)
and a few showed cytoplasmic vacuolation (Fig. 4). A few
scattered foci of haemophagocytosis were also observed
(Fig. 5). Many endothelial cells of the sinusoids showed a
reactive aspect with vacuolation and argyrophilic material
within the cytoplasm (Fig. 6).

Generalised lymphadenopathy, splenomegaly,
hepatomegaly and peripheral blood cytopaenias
in our patient cohort

We identified a total of 15 male patients with the diagnosis
of AFD who have been admitted to our Hospital, or seen at
outpatient clinics, at least once, during the last 40 years.
Three patients were excluded from further analysis because
they had a non-classical phenotype: one patient had
presented at age 55 with a mild cardiac variant and other
two, who had reached ESRF, respectively, at ages 58 and
61 years, were identified in a screening program of AFD
among haemodialysis patients. At the time of this review,
these latter two patients had already died. Two of the

patients presenting with the typical cutaneous phenotype
were excluded from further analysis because they had a
total follow-up at our Hospital shorter than 12 months: one
of them had been transplanted in another Hospital and the
other refused dialysis and died in ESRF shortly after AFD
diagnosis.

Demographic and relevant clinical data of the patients
selected for review are presented in Table 3. Patient F1 had
died at our hospital in 1976, of uraemic complications.
Patient R1 was referred to another hospital after the
beginning of chronic haemodialysis, received a kidney
transplant a few years later and has recently died, but this
review was limited to the data available in our hospital
files.

Fig. 2 Megakaryocyte in the red pulp; haematoxylin–eosin stain, ×400

Fig. 3 Macrophages containing iron in the cytoplasm; Perls’ Prussian
blue stain, ×400

Fig. 1 Congestion and expansion of red pulp, reduced white pulp and
focal fibrotic areas of the red pulp; haematoxylin–eosin stain, ×100
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The liver was palpable only in the index patient (F2), but
its size was not above the normal range. Enlarged lymph
nodes were also found in patient R1 at age 27, in both
axillary regions, when he was admitted for a kidney biopsy.
Splenomegaly was incidentally diagnosed by ultrasonography
in patient F3, at age 6, on the investigation of recurrent
abdominal pain. Anaemia was found in all four adult patients
with CRI but also in the 6-year-old child, whose eGFR was
normal. Leukopaenia and/or neutropaenia were seen only in
the two patients who had splenomegaly. Thrombocytopaenia
was detected in the two relatives of the index patient, as well
as in a third case of another family, adding up to a total
prevalence of 40% in this cohort.

Peripheral blood cytopaenias in the Fabry Registry
adult male cohort

The prevalences of anaemia, leukopaenia and thrombocy-
topaenia in adult males enrolled at the Fabry Registry, as
stratified by CKD stage, are shown in see Table 4.

Discussion

Symptomatic involvement of the reticuloendothelial sys-
tem in patients with AFD, manifesting by generalised
lymphadenopathy and/or splenomegaly, although infre-
quently reported, has been recognised since long (see
Table 5 for a summary of earlier case reports) [3, 4, 6–11,
32, 33]. Common to all previously published cases, as to our
index patient, is male gender, the classical AFD phenotype,
presentation up to the age of 35 years, and the absence of a
more obvious clinical explanation for the splenomegaly or
the lymphadenopathy. Additionally, there was evidence of
Gb3 deposits in the lymph nodes and the spleen of all the
patients who had biopsies taken for histological examination.
However, while AFD is a recognised aetiology of general-
ised lymphadenopathy, even in the general medical literature
[14], a recent review in a major textbook on metabolic
diseases explicitly states that AFD is not a cause of
splenomegaly [1].

In our patient, anaemia was first noted at age 17, when
the eGFR was about 55 ml/min/1.73 m2, a CKD stage
where haemoglobin values below 12 g/dl are rarely found
[31]. In addition, low platelet and WBC counts were
recurrently observed since the age of 20, several years
before the start of hemodialysis and of HBV infection. The
development of peripheral blood cytopaenias in a patient

Fig. 6 Reactive endothelial cells containing argyrophilic material in
the cytoplasm; methenamine silver stain, ×1,000

Fig. 5 Haemophagocytosis; haematoxylin–eosin stain, ×1,000

Fig. 4 Vacuolated histiocytes and reactive appearance of sinusoidal
endothelial cells; haematoxylin–eosin stain, ×400
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with an enlarged spleen and normal bone marrow cytology
led to the clinical diagnosis of hypersplenism [34]. In
patients with splenomegaly, thrombocytopaenia and/or
leukopaenia are frequently associated with liver pathology
[18, 21, 35, 36]. However, even after long-standing chronic
HBV infection, our patient remained without any clinical or
laboratory evidence of liver dysfunction or fibrosis.

The protracted dependence on haemodialysis may have
contributed to the worsening of thrombocytopaenia as in
these patients megakaryocytopoiesis decrease over time,
regardless of increased plasma thrombopoietin levels, by an
as yet unknown mechanism [37]. Peripheral destruction and
splenic sequestration of platelets may have an additional

role in the pathogenesis of haemodialysis-associated
thrombocytopaenia [37, 38].

Notwithstanding the thorough diagnostic investigations
and prolonged clinical follow-up, the underlying cause of
splenomegaly in our patient could not be determined before
surgery. According to a surgical classification [39], the
removed spleen had a moderately increased size, and its
gross appearance was essentially congestive and fibrotic.
On histological examination, there was no evidence of any
of the haematologic, infectious or inflammatory diseases
most commonly associated with spleen enlargement [21,
40, 41]. The diagnostic yield of splenectomy is very high
[40, 41] and, as occurred in our patient, up to 40% of all

Table 4 Prevalence of peripheral blood cytopaenias in adult males enrolled at the Fabry Registry, stratified by renal function

Cytopaenia Estimated glomerular filtration rate (eGFR, ml/min/1.73 m2)

≥90 ≥60 to <90 ≥30 to <60 <30

Anaemiaa 80/250 (32%) 68/198 (34.3%) 80/142 (56.3%) 108/136 (79.4%)
Leukopaeniab 11/96 (13.1%) 12/80 (15%) 4/46 (8.7%) 8/46 (17.4%)
Thrombocytopaeniac 4/84 (4.8%) 6/67 (9%) 8/40 (20%) 13/41 (31.7%)

In these analyses, a patient was only represented once at each eGFR stage, using the smallest haemoglobin level, WBC or platelet count available
at that particular level of renal function. The same patient may be represented in more than one eGFR stage, if renal function deteriorated during
the course of follow-up. As patients have not been stratified by the level of α-Gal activity, nor by age ranges above 18 years, and the mean patient
ages increased from the group with eGFR >=90 ml/min/1.73 m2 to the groups with eGFR <60 ml/min/1.73 m2 , the apparent increase in the
prevalence of thrombocytopaenia with decreasing eGFR could also be due to the severity of α-Gal deficiency, cumulative exposure to AFD, or
any combination of these factors.
a Haemoglobin level <13 g/dl; data source: Steven Waldek, Fabry Registry Data Request Report, FDR-051025-01, 13Dec05.
bWhite blood cell count <4.3×109 /l; data source: João P. Oliveira, Fabry Registry Data Request Report, FDR-060103-01, 13Jan06.
c Platelet count <150×109 /l; data source: João P. Oliveira: Fabry Registry Data Request Report, FDR-060103-01, 12Jun06.

Table 3 Demographic and clinical data of the male patients with classic Anderson–Fabry disease selected for analysis

Case # α-Gal activity Age at diagnosis Length of follow-up Clinical outcome Age at outcomes Organ enlargement Cytopaenia

L LN S RBC WBC N P

F1 NA 20 y 9 y D (ESRF) 29 y X X
F2 0 17 y 32 y HD>ER 24 y>43 y X X X X X X
F3 0 PN 7 y ER 7 y X X X X
R1 0.1 27 y 5 y HD 31 y X X
T1 1.2 19 y 4 y 11 m ER 20 y
C1 0.4 20 y 3 y 11 m ER 22 y
P1 0.1 18 y 3 y 10 m ER 20 y X
P2 0.6 20 y 3 y 3 m ER 21 y
G1 1.1 52 y 1 y 9 m HD>ER>D 52 y≫53 y X
G2 0.6a 18 y 2 y 6 m

Each capital letter in the case identifiers denotes a different family; F2 is the patient reported herein. α-Gal α-Galactosidase activity measured in
leukocytes (normal range: 36–80 nmol/h/mg), y Ages in full years, m months, Length of follow-up to a clinical outcome or to the last outpatient
clinic visit, in full years and months up to 5 years, then in full years, LN lymph node, L liver, S spleen. RBC red blood cells, WBC white blood
cells, N neutrophils, P platelets, NA data not available, PN prenatal diagnosis, D death, HD haemodialysis, ER enzyme replacement therapy, ESRF
end-stage renal failure, X manifestation present.
aα-Galactosidase activity measured in plasma (normal range: 8.3–35.6 nmol/h/ml).
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cases will have a final diagnosis of “congestive spleno-
megaly” [41].

Spleens removed from patients with hypersplenism
characteristically show prominent marginal zones of the
malpighian corpuscles [42], a feature that may have been
obscured in our patient by the atrophy of the white pulp.
Although hypersplenism can result in splenic iron deposi-
tion, this rarely appears heavy and tends to be restricted to
the sinusoidal lining cells [43]. Notably, massive siderosis
was found in the spleens of the first two patients with AFD
who underwent post-mortem pathological studies [44]. As
the iron overload was not observed in any other site,
including in the Kupffer cells of the liver, its pathogenesis
was unclear. Reactive extramedullary haematopoiesis, as
indicated by the increased number of haematopoietic cell
precursors, has already been described in association with
fibrocongestive splenomegaly [45].

The interpretation of the splenic pathology in our patient
is potentially confounded by his chronically haemodialysed
condition: before the availability of erythropoiesis stimula-
tors to treat anaemia, the spleens removed from such patients
were frequently enlarged and showed variable degrees of
siderosis [43, 46]. However, even in haemodialysis-
dependent patients that were splenectomised because of
clinical hypersplenism, the weight of the spleen rarely
exceeded 500 g [43, 46, 47]. The prominence of the red
pulp in our patient was consistent with the red pulp
hyperplasia previously described in haemodialysed patients
[48], but we have not observed the lymphoid hyperplasia
that was ascribed to chronic hepatitis in the same patient
population [48].

Cytoplasmic vacuolation was seen in many of the
endothelial cells lining the splenic sinusoids and in a small
proportion of the macrophages, but the global burden of

Gb3 accumulation, as histologically evaluated, could not
account for the more than four-fold increase in spleen
weight. This is similar to Gaucher disease, in which the
amount of pathological lipid storage in the affected macro-
phages accounts for less than 2% of the increase in liver
and spleen mass [49]. The argyrophilic material observed in
sinusoidal endothelial cells probably corresponds to the
trisaccharide side-chain of Gb3, which remains within
the lysosomes despite removal of the ceramide moiety by
the paraffin-inclusion procedure for histological analysis.

The improvement of all peripheral blood cytopaenias
after splenectomy was a further argument to confirm the
clinical diagnosis of hypersplenism in our patient [34].
Splenectomy was reported to resolve the cytopaenias in all
patients with idiopathic splenomegaly and hypersplenism
[40]. Splenectomy was also effective to decrease the blood
transfusion requirements of chronically haemodialysed
patients with evidence of increased splenic sequestration
of red blood cells (RBC) [47, 50]; furthermore, the WBC
and platelet counts also rose, reaching twice the pre-
splenectomy values [50].

Taken together, these data strongly suggest that the most
plausible aetiology of the generalised lymphadenopathy,
splenomegaly and hypersplenism observed in our index
patient was AFD or directly related to it. The hyper-
splenism may have been aggravated by the long-standing
haemodialysis status. We hypothesise that partial or
complete obstruction of the splenic sinusoids by the
hypertrophied Gb3-laden endothelial cells is the basic
mechanism leading to congestive splenomegaly in AFD.
An identical mechanism has been proposed as the under-
lying cause of idiopathic fibrocongestive splenomegaly, in
patients who had evidence of splenic platelet sequestration
prior to splenectomy [51]. The increased RBC pooling in

Table 5 Summary of previous case reports of patients with Anderson–Fabry disease and symptomatic reticuloendothelial organ involvement or
thrombocytopaenia

Ref. # Age Organ enlargement Thrombocytopaeniaa Additional notes

L LN S

[48] 22 X 45.0×109/l Platelet count normalised following splenic X-ray irradiation.
[48] 18 X 72.0×109/l Platelet count normalised following splenic X-ray irradiation.
[50] 32 X X 29.8×109/l
[8] 30 X Splenomegaly later confirmed at laparotomy for appendicitis

and at autopsy [49].
[46] 28 X LNBx showing lipid deposits in macrophages.
[46] 25 X
[43, 44] 23 X X Surgical mesenteric LNBx and SBx showing vacuolated cells.
[27] 18 X LNBx showing typical lamellated Gb3 deposits in EM examination.
[17, 22] 10 X X X LNBx showing histiocytes with foamy cytoplasmic appearance.

Ref. # Reference number, Age age in years, LN lymph node, L liver; S spleen, X manifestation present, Bx biopsy, EM electron microscopy.
a Platelet count, in patients with thrombocytopaenia.
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the spleen could also explain the iron overload described in
AFD patients, in the absence of Kupffer cell involvement
[44].

In our cohort, anaemia was prevalent only among
patients with CRI. However, low haemoglobin levels were
observed since relatively early stages of renal dysfunction,
at which the general CKD male patient population rarely
develops anaemia [31]. In addition, the two patients with
anaemia detected at early CKD stages also had thrombo-
cytopaenia, an association that is even harder to explain in
this clinical setting. The two other patients with thrombo-
cytopaenia had normal renal function and no additional
cytopaenias. One of these (and the only child included in
our series) also had splenomegaly. Thrombocytopaenia,
either alone or in combination, was the most frequent of
the peripheral blood cytopaenias associated with hyper-
splenism among inpatients and outpatients seen in general
hospital [35].

In our cohort, thrombocytopaenia—and, to a lower
extent, generalized lymphadenopathy and splenomegaly—
seemed to be associated with the lowest α-Gal enzyme
activity levels, suggesting that it may only be a manifes-
tation of severe α-Gal deficiency. However, given the small
number of patients and families in our cohort, it cannot be
excluded that other genetic factor(s) co-segregating within
the index patient’s family may be the real cause of these
findings.

In a recent cross-sectional study of the Fabry Outcome
Survey (FOS), a European AFD observational database,
anaemia has been recognised as a highly prevalent
complication of AFD [12]. Analyses of the adult male
cohort of the Fabry Registry confirmed the high prevalence
of anaemia, but have additionally shown that leukopaenia
and thrombocytopaenia are also frequent. The real preva-
lence of generalised lymphadenopathy and splenectomy in
the AFD population may have been underestimated so far,
as they may be missed on a less than thorough and
systematic physical examination. Asymptomatic enlarged
lymph nodes are frequently palpable in healthy people [14]
and their presence in AFD patients may be difficult to
accept as a clinical sign of the disease. Furthermore,
retrospective medical-record-based estimates of the preva-
lence of splenomegaly in hospitalised patients have
consistently been more than two-fold lower than in
prospectively oriented series and show a predominance of
cases of massive splenomegaly [18, 21]. These observa-
tions suggest that mild spleen enlargements may pass
unnoticed in the usual hospital clinical practice setting.

Given the wide range of normal values and the Gaussian
distributions of haemoglobin levels and of WBC, neutro-
phil and platelet counts, the use of cut offs to identify
cytopaenias may overlook disease processes which may
affect haematopoiesis or the survival of peripheral blood

cells, but are not of enough magnitude to be systematically
recognised by such criteria. Of note, even in our index
patient, who had clinically apparent splenomegaly, some of
the CBC results were above the threshold levels for
cytopaenias. Therefore, the most effective approach to
demonstrate that AFD is associated with peripheral blood
cytopaenias would be to compare the distributions of
haemoglobin, and of WBC, neutrophil and platelet counts,
in appropriately matched cohorts of AFD patients and of
healthy subjects. The significantly lower (p<0.0001)
haemoglobin levels in adult males with normal renal
function enrolled at the Fabry Registry, as compared to
large population databases of healthy individuals [52],
seems to support this view, but similar comparisons of
WBC, neutrophil and platelet counts are still lacking. The
same reasoning should be applied to the sonographic
evaluation and comparison of spleen dimensions in AFD
patients and healthy individuals. Finding a correlation
between peripheral blood cell counts and the sonographic
size of spleen could be an approach to demonstrate that
hypersplenism is the mechanism behind the development of
peripheral blood cytopaenias in AFD.

In conclusion, the data presented and discussed herein
suggest that AFD may be a cause of congestive spleno-
megaly and hypersplenism in males with the classical
phenotype, plausibly related to endothelial Gb3 accu-
mulation in the splenic sinusoids. It is possible that
peripheral blood cytopaenias—most frequently anaemia
and thrombocytopaenia—observed in a significant number
of patients, are a sign of subclinical hypersplenism. These
hypotheses need to be tested in larger patient cohorts.
Screening for lymphadenopathy and for spleen and liver
enlargement on physical examination, CBC and sonogra-
phy evaluation of spleen size should be performed as part
of the routine assessment of AFD patients.
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Abstract Adrenal cortical tumors, particularly oncocytic
tumors, have been reported to contain a variety of intra-
cytoplasmic and intramitochondrial inclusions. Oncocytic
cortical tumors can also morphologically mimic pheochro-
mocytomas. We report an unusual, partially oncocytic cortical
neoplasm with nesting architecture, intranuclear inclusions,
and hyaline globules reminiscent of pheochromocytoma,
together with numerous, small, brightly eosinophilic, periodic
acid-Schiff-positive cytoplasmic inclusions and typical cyto-
plasmic lipid droplets. Ultrastructural study revealed oncocytes
containing numerous mitochondria with intramitochondrial
crystals and lipid droplets. Immunohistochemistry and immu-
noblots were utilized to further characterize the tumor.
Immunohistochemistry demonstrated immunoreactivity of
both the eosinophilic inclusions and the hyaline globules
for adipose differentiation-related protein (ADRP), which is

one of a group of proteins associated with storage of neutral
lipids in many cell types. Immunoblots confirmed the
presence of ADRP and demonstrated an imbalance between
ADRP and perilipin, another neutral lipid-associated protein,
in tumor tissue compared to normal adrenal cortex. The
findings suggest that mitochondrial dysfunction in oncocytic
cortical tumors may lead to abnormal processing of proteins
related to the lipid-storing functions of the adrenal cortex,
resulting in unusual cytoplasmic inclusions and extracellular
globules resembling the globules in pheochromocytomas.
The finding of ADRP as a constituent of inclusions in
adrenal cortical tumors has not been previously reported.

Keywords Adrenal cortex . Oncocytoma . Inclusions .

Adipose differentiation-related protein (ADRP)

Introduction

Adrenal cortical tumors can be wholly or partly oncocytic.
Tumors in which all, or almost all, of the cells are oncocytic
are defined as oncocytomas. These tumors are rare, slightly
more than 30 cases having been described, and most are
nonfunctional. We report an unusual, large, apparently
benign, and clinically nonfunctional tumor in which
essentially all of the cells exhibited both oncocytic and
steroidogenic features. In addition, the tumor contained
unusual cytoplasmic and intramitochondrial inclusions and
extracellular hyaline globules that mimicked the globules in
pheochromocytomas. Both the cytoplasmic inclusions and
hyaline globules were found to be immunoreactive for
adipose differentiation-related protein (ADRP), also known
as adipophilin. Lipid droplet proteins of the perilipin
family, including ADRP, play important roles in regulating
the storage of lipid, coordinating lipid droplet metabolism,
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and directing lipid metabolites to specific cellular destina-
tions and signaling pathways in adrenal cortical and other
cell types [7].

Clinical history

A 51-year-old male presented with history of low back pain
for approximately 1 month. Magnetic resonance imaging
(MRI) revealed a 10-cm left adrenal mass with heteroge-
neous enhancement (Fig. 1a). There was no clinical
evidence of an endocrinologically active tumor, and
hormone assays were not performed. Serum potassium
and glucose were within normal limits. The patient

underwent adrenalectomy. Clinical follow-up at the time
of manuscript submission 8 months postoperatively (chest
radiograph, MRI liver function tests and endocrinological
evaluation) showed no evidence of metastatic disease or
endocrinological abnormality.

Materials and methods

Immunohistochemical staining of paraffin sections was
performed for chromogranin A (mouse monoclonal anti-
body LK2H10), inhibin alpha (mouse monoclonal), Melan-
A (mouse monoclonal), calretinin (rabbit polyclonal IgG),
and Ki67 (mouse monoclonal MIB-1) on a Ventana
immunostainer after antigen retrieval in citrate buffer,
pH 6.0, according to the Ventana protocols. All antibodies
were optimally prediluted by Ventana for use on the
Benchmark immunostainer. In order to further characterize
the cytoplasmic granular inclusions and hyaline droplets,
sections were also stained for ADRP (adipophilin) using
guinea pig antiadipophilin (Research Diagnostics) with
antiguinea pig secondary antibody and for perilipin A using
a rabbit antimouse antibody generated as previously
described [10]. The antibodies have been previously
characterized and used to demonstrate the presence of these
proteins in normal adrenal cortex [10]. Immunoblots for
ADRP and perilipin A were performed with the same
antibody solutions. Proteins were resolved in a 4–15%
precast polyacrylamide gradient minigel, transferred to a
PVDF membrane, and probed with primary antibody
followed by alkaline phosphate-conjugated secondary.
Bands were detected by chemiluminescence with CDP-star
(Tropix, Bedford, MA, USA) as the alkaline phosphatase
substrate. Luminescence was digitally recorded using a
Kodak Image Station. For electron microscopy, formalin-
fixed tissue was postfixed in 1% OsO4 in Na cacodylate
buffer for 3 h at 20°C, then stained en bloc with 5%
aqueous uranyl acetate, dehydrated in a graded ethanol
series, and embedded in Epon-812 resin. Thick sections
(1 μm) stained with toluidine blue were used to select areas
of tumor that contained inclusions and globules. Thin
sections were cut at 50–70 nm, stained with uranyl acetate
and lead citrate, and photographed with a Phillips EM201
transmission electron microscope.

Results

A well-circumscribed tumor measuring 11.2×9×6 cm and
weighing 364 g was attached to the left adrenal. The cut
surface was yellow to tan with some hemorrhagic foci but
no necrosis (Fig. 1b). The adjacent cortex appeared normal
or slightly atrophic. Light microscopic examination of

Fig. 1 a MRI image showing the large left-side adrenal tumor
(arrow). b Gross cross-section of the tumor specimen shows a golden
brown color that differs from the tan brown characteristic of a
completely oncocytic tumor
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paraffin-embedded sections showed essentially the entire
tumor composed of large, polygonal cells with abundant,
granular eosinophilic cytoplasm growing as sheets or in a
pattern of poorly defined nests separated by fine vascular
network (Fig. 2a). The same cells contained numerous
brightly eosinophilic small granular inclusions and scattered
clear vacuoles. Scattered extracellular and intracellular
hyaline globules resembling those in pheochromocytomas
were also present (Fig. 2b). Rare clear cells with foamy
cytoplasm were interspersed among the eosinophilic cells.
Nuclei were hyperchromatic and pleomorphic, often show-
ing prominent nucleoli and occasionally intranuclear invagi-
nations of cytoplasm (Fig. 2b and d). Periodic acid-Schiff
(PAS) stains demonstrated very intense, diastase-resistant
PAS positivity of the extracellular hyaline globules (Fig. 2d)
and weak or absent staining of the small eosinophilic
granules. Extensive sampling showed no mitoses, no necro-
sis, and no evidence of vascular or transcapsular invasion.

Immunohistochemical studies demonstrated the tumor to
be negative for chromogranin A and positive for inhibin
(Fig. 2b), consistent with adrenal cortical origin. The tumor
was also immunoreactive for Melan-A (not shown).
Staining for Ki67 with antibody MIB-1 revealed only
extremely rare positive tumor cell nuclei, consistent with
the absence of mitoses.

Immunoreactive ADRP was seen as a thin rim at the
periphery of the cytoplasmic granular inclusions and
throughout the hyaline globules (Fig. 2c). In contrast, the
tumor was negative for perilipin. There was no staining of

the granular inclusions or globules with irrelevant IgG
controls. Immunoblots showed abundant adipophilin and
barely detectable perilipin in tumor tissue, while both
adipophilin and perilipin were highly expressed in normal
cortex (Fig. 3).

Electron microscopy revealed neoplastic cells occasion-
ally joined by poorly developed adherens cell junctions
(Fig. 4a). The tumor cell cytoplasm was packed with
numerous mitochondria and contained relatively inconspic-
uous smooth and rough endoplasmic reticulum. In addition,
varying numbers of lipid droplets were present in both the
cytoplasm and the mitochondria. Cytoplasmic droplets
often had a relatively light appearance while those in the

Fig. 2 Photomicrographs of
neoplastic cells illustrating large
oncocytic cells that contain
large pleomorphic nuclei
ith prominent intranuclear
invaginations of cytoplasm
(“inclusions”, asterisks),
brightly eosinophilic granular
cytoplasmic granules, and
extracellular hyaline globules
(arrows). a H&E, b inhibin,
c adipophilin, d PAS diastase
(original magnification ×50,
inset in c ×200)

Fig. 3 Immunoblot of proteins
from the oncocytic cortical
tumor and normal adrenal cortex
from a different specimen,
probed for adipophilin and
perilipin. Both proteins are
sparse in the tumor compared to
normal adrenal, consistent with
the relative sparsity of lipid in
the tumor. The tumor also shows
an imbalance between adipo-
philin and perilipin compared to
normal adrenal. Actin serves as
a loading control
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mitochondria were electron-dense (Fig. 4b and c). A
prominent tendency was that cells with conspicuous light
cytoplasmic lipid droplets only rarely contained dark
intramitochondrial lipid and vice versa (Fig. 4b and c). In
addition, cells with dark intramitochondrial lipid contained
nearby mitochondria with intramitochondrial crystals
(Fig. 4c). Hyaline globules seen by light microscopy
appeared as fine fibrillar material ultrastructurally (Fig. 4c).

Discussion

Oncocytomas have been described in different organs
including salivary glands, thyroid and parathyroid glands,
kidneys, adrenals [14], lung, and pituitary [12]. They have
distinctive morphological features that include abundant
eosinophilic granular cytoplasm containing numerous mi-
tochondria. Adrenal cortical oncocytomas are rare benign
tumors. Most are nonfunctional [22], although a case of a
woman with cosecretion of testosterone and cortisol by an
adrenal cortical oncocytoma was recently reported [16].

True oncocytomas are characterized by uniform expres-
sion of oncocytic features throughout the tumor. Gradations
of oncocyte-like features can be seen focally or diffusely in
other tumors, and oncocytic carcinomas, both functional [1,
11] and nonfunctional, have been reported. The present
case is an unusual example of an apparently benign,
clinically nonfunctional tumor that diffusely exhibited both
well-developed oncocytic features and steroidogenic fea-
tures in the same cells. It, therefore, does not fit the usual
definition of oncocytoma or of focal oncocytic differenti-
ation in conventional tumor types. In addition to appearing
oncocytic, the tumor cells contained unusual cytoplasmic
and intramitochondrial inclusions and extracellular hyaline
globules.

By light microscopy, the most striking feature of this
tumor was the presence of eosinophilic cytoplasmic
granular inclusions. Apparently similar inclusions in a
tumor, illustrated in the 2004 WHO Bluebook Tumours of
Endocrine Organs [4], describe the inclusions as lipid
droplets. However, lipid droplets per se typically appear as
empty spaces in paraffin sections. The intense eosinophilia
of these inclusions suggested to us that there must be an
additional component. We hypothesized that such a
component might be related to lipid-storing functions and,
therefore, tested for ADRP and perilipin, which are proteins
associated with storage of neutral lipids in many cell types
[7, 10, 19, 25]. Our findings suggest that the eosinophilia of
the inclusions is at least in part attributable to the presence
of ADRP, which was also localized to the extracellular
hyaline globules. The osmiophilia of the inclusions indicate
that they consist of a mixture of lipid and proteins, while

Fig. 4 a Low-magnification electron micrograph showing numerous
mitochondria and sparse lipid droplets (original magnification
×3,860). Inset higher magnification is showing adherens junctions,
light cytoplasmic lipid droplets, and a dark intramitochondrial lipid
droplet (original magnification ×17,550). b Low-magnification elec-
tron micrograph showing multiple lipid droplets and crystalline
structures(original magnification ×3,860). High-magnification inset
shows that the crystals and lipid droplets are intramitochondrial
(original magnification ×17,550). c Low-magnification electron
micrograph showing multiple lipid droplets and crystalline structures
(original magnification ×3,860). High-magnification inset shows that
the crystals and lipid droplets are intramitochondrial (original
magnification ×17,550)
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the greater PAS positivity of the hyaline globules is
consistent with a higher degree of glycosylation. The
findings suggest that mitochondrial dysfunction in onco-
cytic cortical tumors may lead to abnormal processing and
accumulations of proteins related to lipid-storing functions
of the adrenal cortex, in turn resulting in unusual
cytoplasmic inclusions and extracellular globules that can
resemble the globules in pheochromocytomas.

So far, the ultrastructure of 17 cases of adrenocortical
neoplasms with oncocytic features has been described [3, 8,
9, 12, 14, 17, 18, 20, 22, 23]. Three were carcinomas [8,
18, 23]and the malignancy of two others was uncertain
[14]. None was associated with abnormal hormone levels
[3, 8, 9, 12, 14, 17, 18, 20, 22, 23]. Several different
unusual structures were described in seven cases. In one
oncocytoma and one oncocytic carcinoma, elongated
crystals were noted within the rough endoplasmic reticulum
[23]. In one tumor, similar crystals were described in the
smooth endoplasmic reticulum [17] and, in another,
membrane-bound crystals were reported [14]. Intramito-
chondrial electron-dense, round, lipid-like inclusions were
seen in one oncocytoma [3] and in one oncocytic carcinoma
[8]. It is noteworthy that the oncocytic carcinoma also
contained intramitochondrial crystals [8] as in the present
case. Mitochondria are dynamic organelles that are essential
for cell life and death [6]. A recent review highlighted the
complexity of mitochondrial membrane assembly and lack
of knowledge of how mitochondria adapt to physiological
function during development and life of the cell [6]. The
nature of intramitochondrial crystals and the causes of their
formation are speculative. They have been reported in
mitochondrial myopathies and in patients with severe
chronic obstructive pulmonary disease (COPD) [15]. It
has been suggested that mitochondrial crystals that are
formed in skeletal muscle from creatine-depleted rats are
result from cocrystallization of creatine kinase with another
component within the intermembrane space [21]. In
different species intramitochondrial crystals are formed in
hepatocytes following exposure to lead acetate, ammonium
intoxication, and levamisole, a drug that blocks the
formation of adenosine triphosphate [24].

Adrenal cortical tumors, particularly oncocytic tumors,
can be mistaken for pheochromocytomas [2]. Intranuclear
cytoplasmic invaginations, as seen in the present case,
occur frequently in pheochromocytomas [5], as do extra-
cellular hyaline globules. The nested architecture of areas
of this tumor is also reminiscent of pheochromocytomas.
From a practical perspective, this case serves as a reminder
that these findings are nonspecific and their use in
differential diagnosis of adrenal tumors should be under-
taken with caution. This point was recently also empha-
sized by Lack [13] who illustrates a functional adrenal

cortical adenoma with hyaline globules similar to those in
the present case.
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Dear Editor,
Bronchogenic cysts are rare, benign, congenital lesions that
occur due to aberrant tracheobronchial tree development
during embryogenesis [1–3]. They usually present in
childhood, in the lungs or mediastinum, while cervical
cysts are infrequent [1, 2]. Neither parathyroid gland
absorption by a bronchogenic cyst nor parathyroid tissue in
such a lesion has been reported. An adult’s cervical
bronchogenic cyst containing parathyroid tissue, incidentally
found during thyroidectomy in the right superior parathyroid
gland location, is presented.

A 52-year-old man presented with a multinodular goitre.
Thyroid function, parathormone and calcium were normal.
Ultrasound demonstrated a multinodular goitre with a 3-cm
dominant nodule in the left and a 4-cm dominant nodule in
the right thyroid lobe; no lymphadenopathy or additional
abnormal findings were identified. Fine-needle aspiration
cytology of both nodules revealed follicular cells with
microfollicular pattern, occasionally showing oncocytic
changes and nuclear pleomorphism but no malignant
changes (Thy3 according to the Classification of the Royal
College of Physicians [4]). Intraoperatively, a big multi-
nodular goitre and a cyst in the right superior parathyroid
gland location, interpreted as parathyroid cyst, were

identified. No lymphadenopathy was observed. Total
thyroidectomy and cyst excision were performed. The other
three parathyroid glands were preserved.

The thyroid gland (10×8×3 cm, 87.5 g) consisted of an
enlarged (8×5.5×3 cm) multinodular right and an enlarged
(4.5×3×3.5 cm) nodular left lobe. The latter lobe was
almost entirely replaced by a well-circumscribed, encapsu-
lated nodule (3.5×2.4×3 cm), which consisted of follicles
with microfollicular and solid architecture and, focally,
Hürthle cell changes. A focus of capsular and few foci of
vascular invasion were noted. No papillary pathology
features were found. Ki-67 proliferative index was <1%.
Minimally invasive follicular thyroid carcinoma with
capsular and vascular invasion diagnosis was offered.

The cyst (0.8×0.4×0.3 cm, 0.16 g) was thin-walled,
unilocular. Microscopically, the inner surface was lined by
ciliated, pseudostratified, cuboidal to columnar epithelium
with goblet cells. The cystic wall contained smooth muscle,
seromucous glands and islands of parathyroid tissue
(Fig. 1). This was confirmed by immunohistochemical
parathormone demonstration (Fig. 2). There was no
evidence of malignancy. A diagnosis of benign broncho-
genic cyst with parathyroid tissue in its wall was made.

Cervical bronchogenic cysts are infrequent, usually
diagnosed in children but can rarely be encountered in
adults; such aberrant location could be explicable by
migration of abnormal tracheobronchial tree buds during
embryogenesis [1–3]. They are often asymptomatic, fre-
quently found incidentally during radiologic evaluation or,
seldom, thyroidectomy as in our patient [5]. Although rare,
they should be included in the differential diagnosis of
cervical masses.

Characteristic histologic findings are a ciliated, respira-
tory-type, pseudostratified epithelial lining with smooth
muscle cells, mucous glands, cartilage and fibrous connec-
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tive tissue [1–3]. Heterotopic tissue, however, has been
rarely identified; a cyst containing pancreatic tissue [3] and
another gastric mucosa [6] have been reported while
parathyroid tissue has not been described. Parathyroid
tissue in the cystic wall and the absence of the right upper

parathyroid gland in our case might be embryologically
explained by compression of a hypoplastic parathyroid
gland by the cyst leading to absorption of the gland into the
cystic wall.
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Fig. 2 The parathyroid tissue is expressing PTH (Novocastra 1:25,
10’ microwave antigen retrieval) while the remaining tissue is
negative (PTH, ×200)

Fig. 1 The cyst with seromuci-
nous glands and a portion of the
parathyroid tissue are also visi-
ble on the right (H & E, ×100).
Inset A: ciliated epithelium
lining the cyst (H & E, ×1,000).
Inset B: parathyroid tissue
(H & E, ×400)
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Abstract To understand the extreme complexity of biolog-
ical events requires a systemic approach. This holds
particularly for the disordered biological interactions that
are characteristic of disease, the subject of pathology.
Which options are available to untie the Gordian knot? In
this contribution, the potential role of systems biology and,
as a further development, systems pathology will be
discussed.

Keywords Systems biology . Systems pathology .

Molecularpathology . Hypercomplexity . Omics technology .

Integrated networks . Virtual microscopy

Defining the problem

In a Buddhist tale, a group of blind men touches an
elephant to learn what it is like (Fig. 1a). Each man touches
a different part of the animal but they only touch one part,
such as the flank or the tusk. When the men discuss what
they felt, they discover that they are in complete disagree-
ment. Apparently, reality may be perceived differently
depending upon one’s perspective, and what appears to be
the objective truth may be relative. Do scientists behave
like the blind men (Fig. 1b) by focusing on myriads of
details and forgetting the entire picture? Already in 1860,
T.H. Huxley stated that the appearance of new character-
istics of a whole thing cannot be deduced from the
knowledge of the components. [1] Do we need a new

way of thinking before we get lost in a mass of details? Are
the structures of systems biology, or in our case systems
pathology, helpful in obtaining a systematic order, given
the incalculable number of interactions?

Systems biology–pathology can be defined as the
scientific approach to understanding the hypercomplex
mechanisms underlying biological processes, such as
evolution, reproduction, cellular interactions, or carcino-
genesis, through holistic or global thinking.

Though he was not the only one, others being Matthias
Schleiden (1804–1881) [2], Theodor Schwann (1810–1882)
[3], and Robert Remak (1815–1865) [4], Rudolf Virchow
(1821–1902) was the first to describe the cell as the
smallest living unit with self-reproducing potential—omnis
cellula a cellula [5]. At that time, Virchow and others
(Arnold Adolf Berthold (1803–1861) [6], Moritz Schiff
(1823–1896) [7], and Charles-Edouard Brown-Séquard
(1818–1894) [8]) already realized that cells communicate
with each other. Changes in these functions within and
between cells appeared to be the cause of major diseases
such as cancer [9]. This was an early attempt towards a
holistic view of disease and the first expression of systems-
based thought, naturally, without any knowledge of
molecular details. During the last century, we have acquired
a huge amount of data on many aspects of cellular
functions, such as intracellular pathways and intercellular
communication. However, we currently face the fundamen-
tal problem that no convincing comprehensive systematic
concept of homeostasis and pathogenesis has been devel-
oped [10]. Biological investigations are based to a large
extent on an oversimplification, i.e., the idea that one or a
few alterations cause complex diseases. In reality, this is
often not the case. For example, the p53 tumor suppressor
protein encoded by the most commonly mutated gene in
human malignancy was selected “Molecule of the Year” in
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Fig. 1 a “Blind monks examining an elephant” by Itcho Hanabusa
[17] and b modern scientist’s concept of the “Epidermal growth factor
receptor map” [18]. Is there really a fundamental difference between

the (re-)searchers on the left and right with regard to the “objective
truth” of the systems?
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1993 and was heralded as the key to cancer [11]. This,
however, turned out to be a too simplistic interpretation of
the significance of p53 as a cancer gene. The concept “one
disease–one target–one drug” was deduced from such
overly simple conclusion.

Intensive, highly qualified scientific research assisted by
extraordinary technical developments has enhanced the
understanding of molecular mechanisms of disorders. This
holds particularly for infectious diseases, in which a
causative agent, i.e., a bacterium, can be eliminated by an
antibiotic. This great success in the 1930s and 1940s paved
the way towards medical reductionism. However, this
approach is insufficient for coping with more complex
diseases, such as immunological disorders or cancer. Most
malignant tumors do not have monocausal origins. Rather,
they are triggered by multiple genetic and epigenetic
processes with a highly variable time course, dynamics,
and penetrance. The biological, chemical, and physiological
conditions that cause cancer in one individual but not in
others remain unclear. Once the disease has become
manifest, the challenge of finding the optimum treatment
for the individual patient is a similarly complex issue. The
concept of systems biology holds the promise of new
strategic tools to enable the resolution of these issues.

We may continue for decades to accumulate details of
molecular and functional interactions, separated networks,
and new biomarkers (which are often of limited relevance,
if not devoid of any clinical impact) without achieving an
understanding of the complex processes. The promise of
systems analysis is to define crucial structures in cellular
networks whose modulation has the greatest chance to
induce a profound change. Systems biology may offer
computational models [12] by integrating various hierar-
chical and dynamic interactions creating probabilistic
generalizations. The thus uncovered “biological laws”
may best reflect reality and may therefore be useful for
predicting biological effects, e.g., the antitumor activity of a
certain drug in an individual patient.

During the last decade, systems biology has attracted a
great deal of attention as a new partner discipline of
medical science. This concerns particularly human pathol-
ogy since it deals with the complexity and variability of
diseases. Systems pathology would then be the discipline to
overcome the problems of biological complexity by
describing and defining the interacting alterations in disease
states.

What can scientific and diagnostic pathology learn
from systems biology?

The interpretation of macroscopic and microscopic tissue
alterations is a complex, experience-based, and somewhat

subjective process. Pathologists are the physicians in the
medical community who are “closest” to the tissue,
particularly to that of tumors. Based on a “mental database”
acquired over years of training [13], pathologists are able to
classify benign or malignant lesions at the level of only a
few morphological criteria. However, the functional com-
plexity of biology is only partially mirrored by morphology.
A systemic approach is necessary to recognize the tissue-
based functional changes and to extract the information
needed to understand the disease and designing an optimum
therapy. This means that all essential features, e.g.,
mutations, gene expression patterns, protein or metabolic
modifications, etc., should be analyzed by a heuristic
approach to ultimately reach as complete an understanding
of the tumor and its behavior as possible and to set up
tumor-associated algorithms. Only this strategy will provide
a basis for an individualized or personalized therapy.

Model systems such as the virtual cell may open the
door to novel systems-based intervention strategies, to more
efficient and rapid drug development, and consequently to
better therapeutic options. A systems approach using a
virtual tumor cell is of special importance in cancer therapy,
in particular for defining major hub structures (nodes with a
large number of connections or edges [14]) of the networks
that are essential for cellular survival and for finding
specific drugs for intervention. New anticancer drugs may
converge on these hubs (“Achilles’ heel of cancer”) as the
major target for therapy.

Academic and industrial cancer research face dramati-
cally increasing costs and decreasing output when it comes
to drug development, and accordingly the theoretical and
experimental prediction of valuable target structures will
become an increasingly important issue [15]. Since anti-
cancer research will have to focus on combinatorial drug
intervention for optimal drug effects, systems pathology
may acquire incredible value.

A future view of pathology

How can a “systems biology” approach become a reality in
pathology research and daily diagnostic work? One solution
may be to use computationally based fuzzy logics [16]
supplemented by neuronal network technology. This ap-
proach is a form of multivalued logic derived from fuzzy
set theory to deal with reasoning that is approximate rather
than precise. In fuzzy logic, the degree of truth of a
statement can range between 0 and 1 and is not constrained
by the two truth values (true versus false) as in classic
predicate logic. In biology and pathology, there always
exist several separate membership functions defining
particular activity ranges, e.g., those of enzymes needed to
properly control cellular functions. The “fuzzy approach”
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characterizes this situation much closer than a “yes-or-no
system.” In addition, fuzzy logic has the advantage of being
able to integrate a number of different states of information,
e.g., inactive, slightly active, and very active states, when
mapping the function of an enzyme, and to permit reliable
conclusions to be drawn from this analysis.

To mirror the complex uniqueness of each individual
tumor, a systems-based platform that will deliver informa-
tion on carcinogenesis, prognosis, potential to metastasize,
and therapy response is necessary. To define a conceptual
framework, we suggest the application of the following
procedures in a workflow:

1. The basis remains macroscopy and microscopy, immu-
nohistochemistry (IHC), in situ hybridization (ISH), and
molecular techniques, such as polymerase chain reaction
sequencing, etc., as well as combinations thereof.

2. As new imaging tools, multicolor (fluorescence) IHC
and multiplexed ISH combined with digitized and (semi)
quantitative morphological analyses obtained by auto-
mated image processing using virtual microscopy and
intelligent multiplex bio-optical–bioinformatic platforms
including machine learning will be established. These
will have the capability to reliably detect, differentiate,
and quantify multiple structures, color–reaction prod-
ucts, and processes, each indicating a particular quality
and/or function of the tissue/cells investigated.

3. Advanced platform-based high-throughput molecular
technologies analyzing transcriptomics, proteomics,
epigenomics, metabolomics, glycomics, and toponomics
will help to define system response profiles for the
tissue. These will define disease-specific and therapy-
specific alterations and in so doing far exceed the
predictive information currently obtained from conven-
tional single biomarkers.

4. The large datasets generated by the technologies
outlined above will have to be integrated into a
systemic network, presumably based on or influenced
by fuzzy logics. This will help to develop user-friendly
algorithms for diagnosis and prediction of the individ-
ual behavior of tumors (prognosis, drug response, etc.)
and nontumorous diseases.

The workflow introduced here may become the basis of
a systems-pathology-driven morphological diagnostic pro-
cedure. The key to achieving at least some steps towards
“truth” is integration of the disciplines involved and the will
and understanding of the scientific community to tackle
diseases by systems approaches.

Independent of the expected progress, the intellectual
authority in the procedure will still be the pathologist. He
remains responsible for the correct diagnosis and ultimately
for the patient’s well-being.
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Abstract The aim of this study was to determine the copy
number changes of chromosomes 7, 17, 3p, and Y in a non-
neoplastic tubular epithelium in end-stage kidney disease
(ESKD). Seventeen kidneys from 11 patients with ESKD
were retrieved from the archive files. Non-neoplastic kidney
tissue in these cases was examined separately. Tissues
containing papillary adenomas (PA), clear (CRCC) and
papillary renal cell carcinomas (PRCC), and myxoid lip-

osarcoma (LPS) were examined using the same probes and
compared with non-neoplastic tissue. Tubular changes in the
kidney parenchyma were classified into three types: (1) The
vast majority of tubules were entirely atrophic; (2) Several
tubules were hyperplastic, i.e., tubules with undifferentiated
large epithelial cells, in which it was impossible to establish
the specific type of a renal tubulus; (3) Dysplastic tubules
were dilated, sometimes wrinkled. The basal membranes were
lined by large eosinophilic epithelial cells with polymorphic
nuclei and pseudostratification. Nucleoli were clearly visible.
These tubular changes were multifocal with a haphazard
distribution within the atrophic parenchyma. PAwere detected
in nine patients, of whom eight patients also revealed an
additional tumor type(s) (4x CRCC, 3x PRCC, 1x PRCC, and
CRCC). One patient had a CRCC only, another had a
combination of PRCC and LPS. Chromosomal abnormalities
were found in the second and third group of tubular changes,
i.e., in hyperplastic and dysplastic tubules. Trisomy of
chromosome 7 was detected in six cases, whereas trisomy of
chromosome 17 in eight cases. A combination of both
trisomies was found in five cases. Loss of chromosome Y
was found in two cases. Fluorescence in situ hybridization on
tissues containing papillary adenomas, renal cell carcinomas,
and liposarcoma revealed expected results, i.e., trisomy of
chromosomes 7 and 17 in all PAs and PRCC. No gains were
present in CRCC and LPS. Loss of Y was found in six PA,
five PRCC, and one LPS; loss of X was found in two CRCCs.
We suggest that chromosomal changes typical of the papillary
renal cell lesions, i.e., trisomies of chromosomes 7 and 17, are
very frequent in non-neoplastic parenchyma of the end-stage
kidney, and they have a tendency to a multifocal occurrence.

Keywords End-stage kidney . Premalignant lesion .
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Introduction

It is well known that patients with end-stage kidney disease
(ESKD) have an increased risk of renal cell carcinoma.
There have been several types of renal cell tumors reported
in patients with ESKD [5, 6, 8, 10, 18, 19]. Papillary renal
cell carcinoma (PRCC), clear renal cell carcinoma (CRCC),
and papillary adenoma (PA) are the most frequent types of
tumors occurring in ESKD [4, 7, 8]. Trisomy of chromo-
some 7 has been found in non-neoplastic proximal tubulus
epithelias of normal kidney and lymphocytes infiltrating
kidney tumors or surrounding parenchyma [2, 3, 11]. Little
data are available on chromosomal alterations of tubular
changes in ESKD. The aim of this study was to determine
the copy number changes of chromosomes 7, 17, 3p, and Y
in histologically non-neoplastic-looking tubular epithelium
in ESKD.

Materials and methods

Seventeen kidneys from 11 patients with ESKD were
retrieved from the files of the Departments of Pathology
and Urology, Charles University in Plzen. Histologic
sections of formalin-fixed, paraffin-embedded tissue were
stained with hematoxylin and eosin. The number of blocks
from each kidney varied from seven to 18 from one patient
(mean 13). Both neoplastic and non-neoplastic tissues were
available for analysis. Non-neoplastic renal parenchyma
was examined separately from tumorous tissues. The
number of examined hyperplastic and dysplastic tubules
varied from two to six per one patient (mean 4).

Tissues containing papillary adenomas, renal cell carci-
nomas, and liposarcoma were studied separately under the
same conditions.

As a negative control group, ten healthy donor kidney
tissue samples and ten end-stage kidneys without any
tumorous mass were examined to set the cutoff levels for
fluorescence in situ hybridization (FISH) evaluation.
All patients from this control group have been dialyzed for
a long-term.

FISH

FISH was carried out on 5-μm paraffin sections. Tissues were
deparaffinized in xylene 3×5 min, washed 2×2 min in 100%
ethanol, 1×2 min in 95% ethanol, and 1×5 min in deionized
water. Then, the slides were incubated in the Epitope Retrieval
Solution (DAKO, Glostrup, Denmark) for 40 min at 95°C and
subsequently cooled at room temperature (RT) for 20 min in
the Epitope Retrieval Solution. The slides were washed 5 min
in deionized water, and tissues were covered with the
Proteinase K Ready-to-Use (DAKO) solution for 3–5 min.

Then, the slides were immediately washed twice for 2 min in
deionized water, dehydrated in 70%, 85%, and 100% ethanol
for 2 min each and air dried.

Afterward, the mixtures of CEP7, CEP17, CEP3 +
TelVysion 3p (Vysis, Downers Grove, IL, USA), or SE X/Y
(Kreatech, Amsterdam, Netherlands) probes were applied
on the samples and covered with coverslips. Slides were
denatured at 85°C for 5 min and incubated in humidified
box at 37°C overnight. Then, the slides were washed for
2 min in 0.4× SSC/0.3% NP-40 at 73°C and for 1 min in 2×
SSC/0.1% NP-40 at RT. After that, the slides were
counterstained with DAPI II (Vysis) and examined.

Fluorescent signals from non-neoplastic tubular epithe-
lium nuclei were counted. Only nonoverlapping intact
nuclei were scored, split centromere signals were counted
as one. Cutoff levels for gain and loss of a signal
(chromosome) were set at 3× SD of the mean number of
variants seen in normal control nuclei and were as more
than 10% for an interpretation of gain of chromosomes 7
and 17 and more than 20% for loss of chromosome Y.

Results

The basic clinicopathological data are summarized in Table 1.
The patients were one woman and ten men, with ages ranging
from 41 to 67 years (mean, 51.9 years). All but one patient
lost kidney function because of chronic glomerulonephritis,
the exception being a case of renal complete insufficiency due
to diabetic nephropathy. Eight patients were treated by
hemodialysis and subsequent renal transplantation, while the
remaining three individuals were only dialyzed. The duration
of hemodialyzation ranged from 0.6 to 6 years (mean,
2.5 years). The patients had functional renal grafts from 2 to
9 years (mean, 5.75 years). Renal tumors were found in all but
one patient, using ultrasonography or computed tomography
(CT) during periodic clinical examinations. All pathologic
findings were located in the native kidneys. No tumors were
detected in renal grafts. Unusual scarring of the kidney
parenchyma was misinterpreted as a tumorous mass in one
patient (case 10) on CT. Unilateral nephrectomy was
performed in five patients, bilateral in six patients.

Papillary adenomas were detected in nine patients, of
whom eight patients also revealed an additional tumor type
(s) (4× CRCC, 3× PRCC, 1× PRCC, and CRCC). All but
two patients had multiple PAs. One patient had a CRCC
only; another had a combination of PRCC and low-grade
myxoid liposarcoma.

Tubular changes in the kidney parenchyma were present in
all examined cases and were classified into three major types:

1. The vast majority (>95%) of tubules were entirely
atrophic.
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2. Several (<4%) tubules were hyperplastic, i.e., tubules
with undifferentiated large epithelial cells, in which it
was impossible to establish the specific type of renal
tubulus (Fig. 1). Diameter of the hyperplastic tubules
varied between 0.1 and 0.4 mm.

3. Dysplastic tubules (individual tubules). These were
dilated, sometimes wrinkled. The basal membranes
were lined by large eosinophilic epithelial cells with
polymorphic nuclei and pseudostratification. Nucleoli
were clearly visible (Fig. 2a,b). These tubular changes
were multifocal with a haphazard distribution within
the atrophic parenchyma. Diameter of the hyperplastic
tubules varied between 0.1 and 0.8 mm.

Normal tubules and tubules with undifferentiated fea-
tures (where it was impossible to establish the position in
the nephron) were seen only very rarely.

Table 1 Clinical characteristics

Sex/age Renal disease Dialysis Transplantation Nephrectomy/side Type of tumor

Case 1 F/67 GN NOS 1 year 2 years Unilateral/left CRCC
Case 2 M/46 DM 1 year 0 Bilateral PAs, 2 CRCC
Case 3 M/57 GN NOS 8 months 6 years Bilateral PAs, PRCC
Case 4 M/41 GN NOS 2 years 0 Bilateral PAs, PRCC
Case 5 M/52 GN NOS 1 year 2 years Unilateral/right PA, PRCC
Case 6 M/49 FSGS 1 year 4 years Unilateral/left PA, CRCC
Case 7 M/55 GN NOS 4 years 9 years Bilateral PAs, PRCC, CRCC
Case 8 M/54 GN NOS 6 years 8 years Unilateral/right PA, CRCC
Case 9 M/59 GN NOS 4 years 0 Unilateral/left PAs, CRCC
Case 10 M/50 MP GN 3 years 9 years Bilateral PAs
Case 11 M/41 MP GN 4 years 6 years Bilateral PRCC, myx liposa

F female, M male, GN glomerulonephritis, NOS not other specified, DM diabetes mellitus, FSGS focal and segmental glomerulosclerosis, MP GN
membranous-proliferative glomerulonephritis, PA papillary adenoma, CRCC clear renal cell carcinoma, PRCC papillary renal cell carcinoma, myx
liposa myxoid liposarcoma

Fig. 1 Several tubules were hyperplastic: i.e., tubules were lined by
undifferentiated large epithelial cells. Structures of papillary adenoma
can be seen on the right

Fig. 2 a Several tubules were dysplastic. These tubules were dilated,
sometimes wrinkled. Such tubular changes were multifocal with a
haphazard distribution within the atrophic parenchyma. b The basal
membranes of dysplastic tubules were lined by large eosinophilic
epithelial cells with polymorphic nuclei and pseudostratification.
Nucleoli were clearly visible
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Table 2 FISH results

Parameter Side Chromosome 7 Chromosome 17 Chromosomes XY

Total nuclei Status Total nuclei Status Total nuclei Status

Case 1
Non-neoplastic tissue Left 105 Disomic 102 Disomic NA XX
CRCC Left 101 Disomic 101 Disomic 100 73% X0
Case 2
Non-neoplastic tissue Right 103 Disomic 100 Disomic 103 XY
CRCC Right 113 Disomic 100 Disomic 100 15% 0Y
Non-neoplastic tissue Left 100 Disomic 105 Disomic NA NA
Case 3
Non-neoplastic tissue Right 100 Disomic 101 25% trisomy 100 XY
PA Right 116 61% trisomy 101 72% trisomy 100 89% X0
PA Right 105 50% trisomy 101 70% trisomy 100 89% X0
Non-neoplastic tissue Left 100 Disomic 111 26% trisomy 102 XY
PRCC Left 101 55% trisomy 100 72% trisomy 100 74% X0
Case 4
Non-neoplastic tissue Right 100 32% trisomy 146 12% trisomy 100 XY
PA Right 100 78% trisomy 102 48% trisomy 100 81% X0
Non-neoplastic tissue Left 100 Disomic 100 Disomic 115 XY
PRCC Left 100 51% trisomy 100 61% trisomy 100 83% X0
Case 5
Non-neoplastic tissue Right 56 Disomic 52 38% trisomy 100 XY
PA Right 100 58% trisomy 100 43% trisomy 100 76% X0
PRCC Right 118 65% trisomy 108 68% trisomy 100 73% X0
Case 6
Non-neoplastic tissue Left 10 Disomic 109 Disomic 106 XY
CRCC Left 109 Disomic 116 Disomic 100 58% 0Y
Case 7
Non-neoplastic tissue Right 101 32% trisomy 104 31% trisomy 100 XY
Non-neoplastic tissue Left 47 60% trisomy 55 16% trisomy 100 24% X0
PRCC Left 106 58% trisomy 100 63% trisomy 100 86% X0
PA Left 37 Disomic 72 26% trisomy 100 39% X0
Case 8
Non-neoplastic tissue Right 63 45% trisomy 102 28% trisomy 100 XY
CRCC Right 101 Disomic 100 Disomic 100 XY
PA Right 102 71% trisomy 112 62% trisomy NA NA
Case 9
Non-neoplastic tissue Left 20 Disomic 31 Disomic 5 XY
PRCC Left 100 50% trisomy 100 38% trisomy 100 72% X0
PA Left 104 Disomic 102 Disomic 100 XY
PA Left 100 44% trisomy 102 41% trisomy 100 36% X0
CRCC Right 103 Disomic 105 Disomic 100 XY
Case 10
Non-neoplastic tissue Right 107 Disomic 106 Disomic 65 XY
PA Right 124 Disomic 101 24% trisomy NA NA
Non-neoplastic tissue Left 100 Disomic 52 Disomic 106 XY
Case 11
Non-neoplastic tissue Right 18 39% trisomy 101 Disomic 81 52% X0
PRCC Right 115 57% trisomy 101 80% trisomy 100 XY
Non-neoplastic tissue Left 47 40% trisomy 106 16% trisomy 102 XY
Myxoid liposarcoma Left 100 Disomic 102 Disomic 100 44% X0

NA not analyzable

316 Virchows Arch (2008) 453:313–319



The results of the FISH analysis are summarized in Table 2.
In a majority of cases, at least 100 nonoverlapping nuclei
were examined. In some cases, the total number of nuclei was
lower than 100 because some tubules did not contain more
cells. Chromosomal abnormalities were found in the second
and third group of tubular changes, i.e., in hyperplastic and
dysplastic tubules (Fig. 3a,b). Trisomy of chromosome 7 was
detected in six (Fig. 4), trisomy of chromosome 17 in eight
cases (Fig. 5). A combination of both trisomies was found in
five cases. Loss of chromosome Y was found in two cases.
Then, the FISH for 3p loss detection was performed using
telomeric probe for the 3p25 chromosomal region. Unfortu-
nately, this 3p25 chromosomal region examination failed in
all studied cases, especially due to a weak signal of telomeric
probe. 3p25 telomeric probe worked well on a control (non-
fixed metaphase lymphocytes).

FISH on tissues containing papillary adenomas, renal cell
carcinomas, and liposarcoma revealed expected results (see
Table 2). Papillary adenomas and papillary renal cell

carcinomas showed both trisomies of chromosomes 7 and
17. Some papillary adenomas were not analyzable because
of limited volume of the paraffin tumorous material. There
were no significant differences in chromosome 7 and 17
status in papillary adenomas and carcinomas. Result of
analysis of chromosomes 7 and 17 was not significant in
papillary adenoma in case 7 because of limited volume of
analyzed tissue. No trisomy of chromosomes 7 and 17 was
noted in clear RCC. Loss of chromosome Y was seen in one
case of well-differentiated liposarcoma. Loss of chromosome
X was seen in two cases of clear RCC (one female patient
and one male patient).

Discussion

In our study we found that (1) chromosomal changes such
as gains of chromosomes 7 and 17 and loss of Y

Fig. 3 FISH was carried out on paraffin sections. A low-power
appearance of dysplastic tubulus (arrow) in the dark field. a Analysis
of chromosome 7. b Analysis of chromosome 17 (arrow)

Fig. 4 Two cells with three signals (arrows) are clearly visible in the
epithelial cells lining a dysplastic tubulus (analysis of chromosome 7)

Fig. 5 Analysis of chromosome 17. At least two cells (arrows)
showed three nuclear signals in dysplastic tubulus
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chromosome may be found in non-neoplastic tissue of the
end-stage kidney diseases and (2) these chromosomal
abnormalities tend to have a multifocal occurrence.

Tumors in ESKD have been extensively studied by
Hughson et al. The authors have proposed that papillary
RCC is the most frequent type of renal cell carcinoma
found in these patients. Moreover, the genetic changes of
these tumors are similar to those seen in sporadic cases [7–
9]. Specific and probably new types of renal tumors
occurring in the setting of ESKD have recently been
published. The typical features of these tumors are a
frequent papillary pattern, presence of oxalate crystals,
and clear to eosinophilic cytoplasm [18, 19]. We were not
able to find similar tumors in our series of patients.
Moreover, no significant amount of oxalate deposits was
present in the kidney parenchyma in our cases.

There is no reference in the literature on premalignant
lesions in ESKD. Precursors of sporadic RCC in non-
atrophic kidney have been described by Mourad et al., who
examined non-neoplastic tissue surrounding RCC (mainly
clear RCC and sarcomatoid NOS RCC) and found
dysplastic changes located mainly in the cortex or in a
periglomerular distribution. However, the authors found
intratubular epithelial dysplasia in 30 out of 110 patients
with RCC [15].

Similar findings have been published recently. Dysplas-
tic changes in normal kidneys have been identified in 23%
of the kidneys harboring RCC. Dysplastic changes were
focal and located adjacent to the tumor mass in ten cases,
whereas a diffuse distribution was a rare finding [20]. On
the contrary, tubular changes in our series were always
multifocal with a haphazard distribution spread within the
entire atrophic parenchyma.

A study dealing with chromosomal changes in tubular
abnormalities in clear RCC has been published recently.
Premalignant lesions and tumor tissues in this study had the
same genotypic changes (LOH or microsatellite instability)
in more than 85% [16].

Chromosomal changes of PA and PRCC are character-
ized mainly by trisomy of chromosomes 7 and 17 and loss
of chromosome Y [12, 13, 17]. However, trisomy of
chromosome 7 was found in majority of RCC, the
combination of trisomy of chromosomes 7 and 17 and loss
of Y chromosome is rather specific for papillary neoplasms
[14]. We tried to identify these chromosomal changes in
hyperplastic and dysplastic renal tubules. Interestingly,
trisomy of chromosome 7 was detected in six, trisomy of
chromosome 17 in eight cases. A combination of both
trisomies was found in five cases. Loss of chromosome Y
was found only in two cases.

Trisomy of chromosome 7 has been studied in non-
neoplastic tissue of normal, non-atrophic kidney surround-
ing RCC. Cells with trisomy of chromosome 7 were mainly

epithelial tubular cells [3, 11] or a combination of
lymphocytes infiltrating tumor tissue and tubular cells [2].
Our study was concerned of ESKD, and all positive tubules
for trisomies of chromosomes 7 and 17 were abnormal. As
was mentioned above, positive tubules harbored hyperplas-
tic or dysplastic changes. No abnormalities were noted in
atrophic or undiferentiated tubules without hyperplastic or
dysplastic features. However, some non-neoplastic cells
showed trisomy of chromosome 7 or 17; the number of
trisomies was under the cutoff level.

Brunelli et al. showed that both PA and PRCC share
similar chromosomal changes, i.e., gains of chromosomes
7, 17, 16, 12, and 20 and loss of Y chromosome [1]. Loss
of the Y chromosome was observed in nine of ten PA from
males. It was concluded that gains of chromosomes 7, 17,
16, 12, and 20 and loss of Y chromosome occur early in the
neoplastic evolution of papillary renal cell neoplasia. On
the contrary, we have found only two of nine male cases
with loss of Y chromosome. However, the loss of
chromosome Y was found in all analyzed cases of PA and
PRCC. Loss of chromosome Y was interestingly seen in
one case of well-differentiated liposarcoma. Loss of
chromosome X was seen in two cases of clear RCC (one
female patient and one male patient).

An interesting fact is that trisomies of chromosomes 7
and 17 were noted in the kidneys with different tumors
(besides papillary adenomas and papillary RCC). Our
findings point to the fact that chromosomal changes typical
of the papillary renal cell lesions are very frequent in non-
neoplastic-looking parenchyma of the end-stage kidney and
that they have a tendency to a multifocal occurrence.
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Abstract CD34, traditionally a marker of hematopoietic
stem cells (HSCs), was found on endothelial cells and
fibroblasts as well. At the level of the extraglomerular or
intraglomerular mesangium, CD34 may signal either the
presence of HSCs or, conversely, may be a marker of
transdifferentiation. CD34-positive cells of the extraglomer-
ular mesangium could migrate into the intraglomerular
mesangium and participate in reparative processes at this
level. The aim of our study was to analyze the presence of
CD34 at the level of the extraglomerular and intraglomerular
mesangium and its relationship with histological markers of
activity and chronicity, as well as with other immunohisto-
chemical markers in glomerulonephritis (GN). A cross-
sectional study of 36 patients with GN was conducted.

Conventional stains: hematoxylin–eosin, periodic acid Schiff,
and Trichrome Gömöri, as well as immunohistochemistry:
CD34, alpha smooth muscle actin (alpha SMA), vimentin,
and proliferating cell nuclear antigen (PCNA) were
employed. Activity and chronicity of GN were evaluated
according to a scoring system initially used for lupus nephritis
and antineutrophil-cytoplasmic-antibody-associated vasculi-
tis. Immunohistochemistry was assessed using a semiquanti-
tative score. The mean age was 46.44±12.97 years; 22 were
male and14 were female. The extraglomerular mesangium
was visible on specimens in 30 patients. CD34 was present in
the extraglomerular mesangium in 15 patients: 11 of these
patients showed concomitant intraglomerular and extraglo-
merular mesangial CD34 immunostaining, while four showed
only extraglomerular mesangial immunostaining. In three
patients, CD34 immunostaining was present only in the
intraglomerular mesangium. Twelve patients showed nega-
tive immunostaining in both the extraglomerular and the
intraglomerular mesangium. Overall, there was a fair degree
of relationship, which did not reach statistical significance
between CD34 in the extraglomerular mesangium and CD34
in the intraglomerular mesangium across the 36 patients. In
the intraglomerular mesangium, CD34 did not significantly
correlate with mesangial alpha SMA, vimentin, PCNA, and
activity or chronicity index. In the extraglomerular mesan-
gium, CD34 did not show a significant correlation with alpha
SMA, vimentin, or PCNA. The activity index and the
chronicity index showed a good correlation with serum
creatinine. Mesangial cell proliferation correlated well with
the mesangial matrix increase, while interstitial vimentin
showed a good correlation with interstitial alpha SMA. We
demonstrated the presence of CD34 in the extraglomerular
mesangium, which could be related to transdifferentiated
mesangial cells or to HSCs in the absence of blood vessels at
this level. Our study shows the value of histological indices
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for evaluating GN but cannot assign significance to CD34
immunolabeling for the assessment of GN.

Keywords Glomerular disease . Pathology . CD34

Introduction

The extraglomerular mesangium is a region of the juxta-
glomerular apparatus whose role and function are incom-
pletely understood. It is strategically located between the
two arterioles, the macula densa and the vascular pole of the
glomerulus. The extraglomerular mesangium, which forms a
syncytium, is connected to the intraglomerular mesangium via
gap junctions at the level of the vascular pole of the
glomerulus [1]. It is important to note that blood vessels
are absent at the level of the extraglomerular mesangium.
While analyzing a group of patients with GN, we observed the
presence of the CD34 marker in the extraglomerular mesan-
gium. As the presence of mesangial cells bearing the CD34
marker is rarely referred to in the literature and the presence
of the CD34 marker in the extraglomerular mesangium has
not been reported, our objective was to document this
observation. CD34 is found on endothelial cells, hematopoi-
etic stem cells (HSCs), and also on glomerular mesangial cells
that have undergone a process of transdifferentiation [2–5]. As
blood vessels are absent at the level of the extraglomerular
mesangium, the presence of CD34 at this level cannot be
attributed to the presence of endothelial cells. It is unclear
whether the finding of the CD34 marker represents HSCs or
transdifferentiated mesangial cells.

Because the extraglomerular mesangium participates in
reparative processes of the intraglomerular mesangium and
HSCs could be involved in this process, the presence of
cells bearing the CD34 marker could suggest HSCs.
Conversely, cells bearing the CD34 marker could represent
transdifferentiated mesangial cells.

CD34 is a single-chain heavily glycosylated transmem-
brane protein of approximately 116 kDa [6]. Shortly after
isolation, it was termed QBEnd. First identified in a
myeloid leukemia cell line (KG1a) and originally charac-
terized as a marker for hematopoietic progenitor cells and
endothelial cells, immunohistological reactivity with anti-
CD34 antibodies is encountered in addition to immature
leukemias and vascular tumors, in a histologically diverse
subset of nonhematolymphoid neoplasms including angio-
sarcoma, solitary fibrous tumors, epithelioid sarcomas,
spindle cell lipomas, dermatofibrosarcoma protuberans,
and myofibroblastomas. Although a variety of neoplasms
displays immunological reactivity with anti-CD34, this
immunophenotype is restricted and can aid in distinguish-
ing specific tumors from histological mimics in their
differential diagnoses [6].

The observed CD34 immunohistological reactivity in
disparate neoplasms raised the question of whether the
CD34 protein was expressed in diverse cell types or if shared
epitopes among different proteins could explain this finding.

Immunohistological reactivity for CD34 in HSCs and
endothelial cells was shown to correspond to CD34 protein
expression. Natkunam et al. [6] demonstrated by immuno-
blotting that immunohistological reactivity of six different
unrelated tumors was due to the expression of the same
molecular weight CD34 protein and not to shared epitopes
on unrelated proteins.

Subsequently, it became apparent that CD34 was shared
by multiple lineages, being expressed on immature hema-
topoietic stem–progenitor cells, capillary endothelial cells,
both embryonic and adult fibroblasts, and rare glial cells in
nervous tissue. It is stage specific, rather than lineage
specific, as demonstrated by the reconstruction of geneal-
ogies of clonally derived CD34 progeny [1–3, 6].

CD34 at the level of the extraglomerular or intra-
glomerular mesangium may signal either the presence of
HSCs [7] or, conversely, may be a marker of transdiffer-
entiation [4, 5]. According to Naruse, CD34 is more
effective than alpha smooth muscle actin (SMA) in detecting
transformation or activation of mesangial cells and in
diagnosing mesangial proliferative glomerular diseases [4].

The presence of stem cells in either location does not
automatically portend a good prognosis. For example, some
forms of focal and segmental glomerulosclerosis (FSGS),
IgA nephropathy, and systemic lupus erythematosus are
stem cell disorders [8]; furthermore, FSGS has been
transferred by means of HSCs that have localized to the
extraglomerular mesangium in rodents [9, 10].

HSCs and the extraglomerular mesangium participate in
regenerative processes at the level of the glomerulus and,
thus, could be involved in pathological processes in GN.

Objectives

The aim of the study was to analyze the presence of CD34
at the level of the extraglomerular and intraglomerular
mesangium and its relationship with histological markers of
activity and chronicity, as well as with other immunohis-
tochemical markers (alpha SMA, vimentin, and proliferat-
ing cell nuclear antigen (PCNA)) in GN.

Materials and methods

Subjects

A cross-sectional study of 36 patients hospitalized in the
Division of Nephrology, University of Medicine and
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Pharmacy “V. Babes” Timisoara, Romania during 2003–
2004 was performed. Thirty-three of the patients had
chronic GN, and three had rapidly progressive GN.

All patients underwent a thorough clinical examination
(history, physical exam), diagnostic procedures (chest X-rays,
electrocardiogram, abdominal ultrasound), and standard
laboratory evaluation (complete blood count, erythrocyte
sedimentation rate, fasting glucose levels, serum urea, serum
creatinine, lipid profile, total serum protein levels with
electrophoresis, liver enzymes, urinalysis, urinary protein
excretion, and urine cultures) for their underlying disease.
Patient examination was extended for diagnostic purposes
and associated comorbidities on a case-by-case basis. Every
attempt was made to rule out secondary diseases (malignancy,
infection, or autoimmune disease) by ordering antinuclear
antibodies, extractable nuclear antigen profile, lupus eryth-
ematosus cells, antineutrophil cytoplasmic antibody (ANCA;
enzyme-linked immunosorbent assay and/or indirect immu-
nofluorescence), C3, serum immunoglobulin levels, rheuma-
toid factor, Bence-Jones protein, and cryoglobulin test. All
patients underwent percutaneous kidney biopsies after
providing informed consent.

Histology

Routinely fixed and processed kidney sections were processed
for light microscopy and stained with hematoxylin–eosin,
periodic acid Schiff, and Gömöri’s trichrome technique using
routine methods.

Kidney biopsy evaluation

All biopsy specimens were assessed by two pathologists.
Activity as expressed by the activity index and chronicity
as expressed by the chronicity index were gauged according
to a scoring system proposed by Neumann and coworkers
[11] for ANCA-associated vasculitis based on the standard-
ized scoring system for activity and chronicity developed
for lupus nephritis. According to this scoring system, the
glomeruli, tubuli, and vessels were independently assessed for
inflammatory (active) and sclerotic–fibrotic (chronic) lesions.

The glomeruli were divided into eight segments, and
each segment was evaluated for mesangial cell proliferation,
intracapillary proliferation–infiltration, fibrinoid necrosis,
extracapillary proliferation, mesangial matrix increase, seg-
mental sclerosis, and fibrosed crescents–adhesions. The
number of segments was employed to compute the percentage
of glomeruli affected by the abovementioned abnormalities,
and points were attributed as follows: 1 point was given for
less than 20% involvement, 2 points for an involvement
between 21% and 40%, 3 points for 41–60% involvement, 4
points for 61–80% involvement, and 5 points for 81–100%
involvement.

At the tubulointerstitial level, inflammatory lesions
(edema and interstitial infiltrate), and sclerotic–fibrotic
lesions (interstitial fibrosis, tubular atrophy, and vascular
hyalinosis–fibrosis) were assessed.

To evaluate the tubulointerstitial lesions, a semiquantita-
tive scoring system was used as follows: 1 point was
attributed for an involvement of less than 30% (mild) of the
tubules or the interstitial area, 2 points for involvement
between 31% and 60% (moderate), and 3 points for
involvement in the 61–100% range (severe). Results were
used to compute the activity index and chronicity index.
Immunohistochemistry was graded for statistical evaluation
using a semiquantitative intensity scale from 0 to 3 (absent,
mild, moderate, intense). Only sections containing more than
six glomeruli, estimated as optimal [12], were considered.

Immunohistochemistry

The detection of CD34, alpha SMA, vimentin, and
PCNA was performed on 6-μm-thick, routinely formalin-
fixed paraffin-embedded sections using the horseradish-
peroxidase-labeled streptavidin–biotin (LSAB2-HRP)
method. The primary antibodies used were: CD34 Class II
(Clone QBEnd 10, 581, DAKO), monoclonal mouse anti-
alpha-SMA (Clone 1A4, DAKO), monoclonal mouse
antivimentin (Clone Vim 3B4, DAKO), and monoclonal
mouse anti-PCNA (Clone PC10, DAKO). The LSAB2-
HRP technique was employed as specified by the manu-
facturer’s protocol. Briefly, sections were deparaffinized
and rehydrated with distilled water, pretreated with Tris–
ethylenediaminetetraacetic acid buffer (pH 9.0) until the
temperature reached 95°C. (For vimentin, enzymatic diges-
tion with the proteolytic enzyme RTU code 3007, DAKO
was performed). The next step was serum blocking,
followed by incubation with the primary antibodies diluted
1:50 for anti-CD34, 1:1,000 for anti-alpha-SMA, 1:400 for
antivimentin, and 1:1,500 for anti-PCNA. Following
peroxidase blocking, sections were incubated sequentially
with a biotinylated secondary antibody and peroxidase-
labeled streptavidin. Labeling was completed by incubating
the sections with the chromogenic substrate solution 3-3′
diaminobenzidine (DAB). After this, sections were counter-
stained with Mayer’s hematoxylin, rinsed in running tap
water, and dehydrated. Sections were then cleared in two
changes of toluene and mounted using Eukit.

Normal-appearing tissue from three patients who under-
went nephrectomy for suspected kidney tumors was used as
a control.

Statistical analysis

Statistical analysis was performed using the EpiInfo 6.04,
Epi 3.2.2, and SPSS 10 packages and consisted in

Virchows Arch (2008) 453:321–328 323



computing the frequency counts and percentages for the
qualitative variables, the means, medians, and standard
deviations for the quantitative variables, and Spearman’s
rank correlation coefficient. We used Colton’s [13] interpre-
tation for Spearman’s rank correlation coefficient as follows:

– 0–0.25 little or no correlation
– 0.25–0.5 fair degree of relationship
– 0.5–0.75 moderate to good correlation
– 0.75–1 very good to excellent correlation

A p value<0.05 was considered to be statistically
significant.

Results

The mean age was 46.44±12.97 years with an age range of
18–74. Twenty-two patients were male and 14 were female.
The clinicopathological diagnoses of the study subjects are
shown in Table 1.

Regarding the underlying histopathological forms, a
concomitant CD34 immunoreactivity in the extraglomerular
mesangium and intraglomerular mesangium was observed
in two cases of crescentic GN, three cases of FSGS, one
case of membranous nephropathy (MN), three cases of
mesangial proliferative glomerulonephritis (MPGN), and
two cases of minimal change disease (MCD).

CD34 immunoexpression in the extraglomerular mesan-
gium alone was found in three cases of FSGS and one case
of MPGN.

CD34 immunostaining in the glomerular mesangium
alone was observed in one case of FSGS, one case of MN,
and one case of MCD.

Negative CD34 immunoreactivity in either compartment
(extraglomerular mesangium or intraglomerular mesan-
gium) was observed in three cases of FSGS, one case of
MN, six cases of MPGN, one case of MCD, and in one
case of mesangiocapillary GN.

The relationship between the immunohistochemical
localization of CD34 in the extraglomerular and intra-
glomerular mesangium for the different histopathological
forms is presented in Table 2.

CD34 immunohistochemical localization was observed
in the endothelial cells of the glomerular capillary tuft, as
well as in the endothelium of the other nephron vessels.
CD34+ cells in the interstitium did not correlate with the
investigated parameters. An analysis of CD34 at the level
of the interstitium and endothelium is beyond the scope of
this paper. We did not encounter CD34+ cells at tubular
level.

An example of CD34 immunohistochemical localization
is shown in Fig. 1 and at a higher magnification in Fig. 2.

Overall, across the entire group of 36 patients, Spear-
man’s rank correlation coefficients between the immuno-

Table 2 Relationship between
the immunohistochemical
localization of CD34 in the
extraglomerular and intra-
glomerular mesangium,
detailed for each underlying
histopathological form

a Extraglomerular mesangium
visible on specimens

Histopathological
form

Both extraglomerular and
intraglomerular mesangium

Extraglomerular
mesangium only

Intraglomerular
mesangium only

Neither
compartment

Crescentic
GN 2/3a

2 0 0 0

FSGS 10/11a 3 3 1 3
MN 3/5a 1 0 1 1
Mesangiocapillary
GN 1/1a

0 0 0 1

Mesangial
proliferative
GN 10/11a

3 1 0 6

MCD 4/5a 2 0 1 1

Table 1 Histological and clin-
ical diagnosis of the study
subjects

Histological diagnosis Clinical diagnosis Number of patients

Crescentic GN Rapidly progressive GN (two primary,
one vasculitis)

3

Focal and segmental glomerulosclerosis All primary 11
Membranous nephropathy Four primary, one SLE 5
Mesangiocapillary GN Lymphoma 1
Mesangial proliferative GN All primary 11
Minimal change disease All primary 5
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histochemical CD34 expression and the main variables
were as follows:

& CD34 intraglomerular mesangium and CD34 extraglo-
merular mesangium: r=0.42, p>0.05

& CD34 intraglomerular mesangium and alpha SMA
intraglomerular mesangium: r=0.09, p>0.05

& CD34 intraglomerular mesangium and vimentin intra-
glomerular mesangium: r=0.08, p>0.05

& CD34 intraglomerular mesangium and PCNA intra-
glomerular mesangium: r=0.22, p>0.05

& CD34 intraglomerular mesangium and mesangial cell
proliferation (%): r=−0.27, p>0.05

& CD34 intraglomerular mesangium and mesangial cell
proliferation: r=−0.27, p>0.05

& CD34 intraglomerular mesangium and mesangial matrix
increase: r=−0.13, p>0.05

& CD34 intraglomerular mesangium and segmental
sclerosis: r=0.06, p>0.05

& CD34 intraglomerular mesangium and interstitial
fibrosis: r=−0.002, p>0.05

& CD34 intraglomerular mesangium and tubular atro-
phies: r=−0.06, p>0.05

& CD34 intraglomerular mesangium and activity index:
r=−0.005, p>0.05

& CD34 intraglomerular mesangium and chronicity index:
r=−0.02, p>0.05

& CD34 intraglomerular mesangium and serum creatinine:
r=−0.03, p>0.05

& CD34 extraglomerular mesangium and alpha SMA
extraglomerular mesangium: r=0.35, p>0.05

& CD34 extraglomerular mesangium and vimentin extra-
glomerular mesangium: r=0.21, p>0.05

& CD34 extraglomerular mesangium and PCNA extra-
glomerular mesangium: r=0.33, p>0.05.

Overall, across the entire group of 36 patients, Spearman’s
rank correlation coefficients and significances between the
other studied variables were as follows:

& Activity index and serum creatinine: r=0.69, p<0.05
& Chronicity index and serum creatinine: r=0.50, p<0.05
& Interstitial fibrosis and serum creatinine: r=0.44, p>0.05
& Mesangial cell proliferation (%) and mesangial matrix

increase: r=0.57, p<0.05
& Mesangial cell proliferation and mesangial matrix

increase: r=0.61, p<0.05
& Mesangial cell proliferation (%) and serum creatinine:

r=0.11, p>0.05
& Mesangial cell proliferation and serum creatinine: r=

0.15, p>0.05
& Mesangial matrix increase and interstitial fibrosis: r=

0.46, p>0.05
& Mesangial matrix increase and activity index: r=0.56,

p<0.05
& Segmental sclerosis and serum creatinine: r=0.31,

p>0.05
& Interstitial vimentin and interstitial alpha SMA: r=0.64,

p<0.05.

Discussion

The most likely explanation for CD34 localization at the
level of the extraglomerular and intraglomerular mesan-
gium is either the presence of stem cells or cells that have
undergone a process of transdifferentiation. The extraglo-
merular mesangium provides access to the intraglomerular

Fig. 1 Glomerulus with variable CD34-positive expression. Capillaries
and rare cells of the vascular pole with CD34-positive staining. CD34
stain–LSAB2–DAB, ×200

Fig. 2 Vascular pole with capillaries and scanty cells with CD34
positive staining. CD34 stain–LSAB2–DAB, ×400
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mesangium; thus, the reconstruction process of the intra-
glomerular mesangium could take place by any of the
following: cells migrating from the extraglomerular mesan-
gium into the intraglomerular mesangium [14, 15], bone-
marrow-derived or local stem cells [16–21], or the division
of mesangial cells [22].

The participation of extraglomerular mesangium cells in
the reconstruction of the intraglomerular mesangium is well
documented [14, 15]. Experimental studies in the anti-Thy
1.1. model of mesangial proliferative GN have shown that
the intraglomerular mesangium is repopulated postlesion by
mesangial-like cells that migrate from the extraglomerular
mesangium at the level of the juxtaglomerular apparatus.
These cells may contribute to the repair of the mesangial
lesion [14, 15]. The reparative role of CD34 cells at the
level of the glomerulus has been documented in a series of
other studies [23–25]. Alternatively, transdifferentiation
could start in the extraglomerular mesangium. At present,
there is no single reliable marker of “stemness”[26],
encumbering studies aimed at examining CD34 immuno-
histochemical localization.

In brief, CD34 immunoexpression at the level of the
extraglomerular and intraglomerular mesangium could
represent four distinct possibilities:

(a) Transdifferentiation in both the extraglomerular and
the intraglomerular mesangium;

(b) Concomitant presence of stem cells in both compartments;
(c) Transdifferentiation and presence of stem cells in both

locations or one process taking place in one location
and the second in the other one;

(d) Transdifferentiation and presence of stem cells in one
location, and absence of either process in the other one.

We found only a fair degree of relationship between
CD34 immunoreactivity in the extraglomerular mesangium
and CD34 immunoexpression in the intraglomerular
mesangium, which did not reach statistical significance.
CD34 cells could already have migrated from the extra-
glomerular mesangium into the intraglomerular mesangium
by the time the biopsy was performed, or CD34 cells could
represent transdifferentiated cells rather than stem cells.
Regardless, a focus on the extraglomerular mesangium,
given its strategic location, is warranted.

In contrast to Naruse, we did not find a relationship
between CD34 and alpha SMA in the intraglomerular
mesangium. According to Naruse, CD34 is more effective
than alpha SMA in detecting transformation or activation of
mesangial cells and diagnosing mesangial proliferative
glomerular diseases [4].

Regarding the extraglomerular mesangium, a fair degree
of relationship that did not reach statistical significance was
observed between extraglomerular mesangium CD34 im-
munoreactivity and either extraglomerular mesangium

alpha SMA or extraglomerular mesangium PCNA expres-
sion. No correlation was found between extraglomerular
mesangium CD34 and extraglomerular mesangium vimen-
tin. The usage of monoclonal anti-CD34 antibodies from a
panel of antibodies (anti-alpha-SMA, antivimentin, anti-
PCNA) did not provide any significant yield in our model.
Further studies are needed to address the issue of CD34
immunohistochemical localization in the extraglomerular
and intraglomerular mesangium.

We analyzed the relationship between CD34 in the
intraglomerular mesangium and morphological indices
evaluated by conventional stains according to a scoring
system adapted from Neumann and between CD34 and
other immunohistochemical markers (alpha SMA, vimen-
tin, and PCNA). A fair degree of inverse relationship that
did not reach statistical significance was observed between
mesangial CD34 immunoexpression and mesangial cell
proliferation. No correlations were found between CD34
immunoexpression in the intraglomerular mesangium and
any of the following: intraglomerular mesangium alpha
SMA, intraglomerular mesangium vimentin, intraglomerular
mesangium PCNA, mesangial matrix increase, segmental
sclerosis, interstitial fibrosis, tubular atrophies, activity index,
chronicity index, or serum creatinine.

Our study illustrates the value of histological indices in
the evaluation of glomerulonephritis. A good correlation
was found between the activity index and serum creatinine,
chronicity index and serum creatinine, mesangial cell
proliferation and mesangial matrix increase, and mesangial
matrix increase and activity index.

CD34 expression at vascular level was frequently ring-
shaped. In the investigated GN patients, a loss of CD34 at
the level of the glomerular and interstitial capillaries was
evident in fibrotic lesions and was probably related to a loss
of glomerular microvasculature and interstitial vasculopathy
[27–34].

CD34-positive cells in the interstitium did not correlate
with the investigated parameters. Okon, El Kossi, Baddour,
and El Nahas described the CD34 marker on spindle-
shaped and round cells in the interstitium of GN patients,
while Iwano showed that bone-marrow-derived fibroblasts
bear a CD34-negative phenotype [23, 35–38]. We did not
encounter CD34-positive cells at tubular level. Data from
several reports [17, 18, 39] suggested that HSCs have
renotropic, multiplastic, and tubulogenic capacities and
represent regenerative potential in acute kidney injury.

Conclusions

The concomitant expression of CD34 in the extraglomer-
ular and intraglomerular mesangium could account for the
extraglomerular site of origin of intraglomerular mesangial
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cells. These would pass from one compartment into the
other, as shown by Hugo et al. [14] and Haseley et al. [15].

The finding of CD34-positive cells could signal the
presence of HSCs. Transdifferentiation of resident cells into
a CD34-positive phenotype could represent an alternative
explanation.

The concomitant expression of CD34-positive cells in
the extraglomerular and intraglomerular mesangium war-
rants further study regarding the relationship between the
two compartments in GN. We demonstrated the presence of
the CD34 marker in the extraglomerular mesangium, which
could be in relationship with transdifferentiated mesangial
cells or with HSCs in the absence of blood vessels at this
level. Our study shows the value of histological indices for
evaluating GN but cannot assign significance to CD34
immunolabeling for the assessment of GN.
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Abstract Fabry disease is an X-linked glycosphingolipidosis
caused by deficiency of alpha-galactosidase. Progressive
chronic kidney disease (CKD) is a major cause of morbidity
and mortality in males. Although 40% of heterozygous
females may develop renal involvement, pathologic data on
Fabry nephropathy in heterozygotes are scarce. We reviewed
the kidney biopsies of four affected females who had normal
to slightly sub-normal renal function, two of them with overt

proteinuria. Chronic non-specific degenerative lesions and
glycosphingolipid accumulation per cell type were semi-
quantitatively assessed by light and electron microscopy.
Cellular distribution of glycosphingolipid deposits was best
assessed on semithin sections. Podocyte effacement was seen
only in proteinuric patients. Combined analysis of our data
with those of two earlier series showed that glomerular
sclerosis and tubulointerstitial fibrosis are predictors of
proteinuria and CKD stage. There was no histopathological
evidence supporting a major role of vascular damage in the
early pathogenesis of Fabry nephropathy in females.
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Introduction

Fabry disease is a rare X-linked lysosomal storage disease
due to deficiency of α-galactosidase (αGal) enzyme
activity. This metabolic defect results in multi-systemic
accumulation of neutral glycosphingolipids with terminal
α-galactosyl residues, predominantly globotriaosylceramide
(Gb3) [1]. Complications of renal, cardiac and cerebrovas-
cular involvement are the major causes of late morbidity
and mortality [1–3].

The severity of clinical expression in males is inversely
correlated with αGal residual activity and the classical
phenotype of Fabry disease typically develops in indi-
viduals with <1% residual enzyme activity [2]. In these
patients, chronic kidney disease (CKD) is an invariable
complication, usually progressing to end-stage renal failure
(ESRF) in the third to fifth decades of life. Low-grade
proteinuria precedes deterioration of renal function in most
cases, and the prevalence and degree of proteinuria increase
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with CKD stage [4]. Before the availability of effective
renal replacement therapies, ESRF was the main cause of
death of classically affected patients [1, 2].

In females, the expression of Fabry disease is modulated
by the effect of X chromosome inactivation [5] and the
resulting proportions of normal and enzyme-deficient cells
in individual organs. Heterozygous women may be com-
pletely asymptomatic or only have mild symptoms [1], but
the majority ultimately develop substantial clinical mani-
festations [6, 7] and are at higher risk of premature death
[8]. Evidence of renal involvement, including proteinuria
and decreased renal function, may be found in up to 40% of
known adult heterozygotes [4, 6]. A small proportion of
female patients can be as severely affected as males with
the classical phenotype [1, 9], reaching ESRF approximately
at the same age [4].

The kidneys are major sites of glycosphingolipid
deposition in Fabry disease and electron microscopy (EM)
shows inclusions in all types of kidney cells, despite their
normal appearance by conventional histology, even in
patients with normal renal function and no proteinuria
[10, 11]. As Gb3 deposits are dissolved by the paraffin-
embedding procedure, the most characteristic finding on
routine light microscopy (LM) of kidney biopsies is
vacuolation of podocytes, of parietal epithelial cells and
of Henle’s loop and distal tubular cells [10, 12–14].
Mesangial widening, segmental and global glomerular
sclerosis, tubular atrophy, interstitial fibrosis and other
non-specific lesions are additionally seen, even at the early
stages of Fabry disease nephropathy [10, 12, 13].

The sub-cellular mechanisms linking glycosphingolipid
accumulation to the clinical manifestations of Fabry disease
are not clearly understood. The main pathogenic theory of
the classical phenotype assigns its complications predomi-
nantly to ischaemic tissue damage resulting from micro-
vascular endothelial disease and/or necrosis of vascular
smooth muscle cells and/or pericyte injury [1–3].

The development of proteinuria and of late-onset renal
dysfunction in patients with the cardiac phenotypic variant,
who have significant renal Gb3 deposits confined to podocytes
[2, 15], suggests that these cells may have a role in the
pathogenesis of Fabry nephropathy. Lethal injury to Gb3-
overloaded podocytes, through the formation of focal
adhesions between the glomerular tuft and the Bowman’s
capsule [12, 16], or increased hydraulic stress upon endothe-
lial cells in the vicinity of damaged podocytes [17] are other
possible mechanisms of glomerular sclerosis in Fabry
nephropathy. By causing tubular injury, proteinuria has a
direct role in CKD progression and may provide a link
between the aforementioned primarily glomerular pathologic
processes and the development of tubulointerstitial disease
[18]. Mesangial cell necrosis [10], direct toxic injury to
tubular cells [12] and diffuse involvement of interstitial cells

[17] have also been suggested to be relevant in the
pathogenesis of Fabry nephropathy progression.

Most of the current concepts and pathologic description
of the Fabry nephropathy have been derived from autopsy
and biopsy studies of affected males [19–24], but it has
been recognised since long that affected females develop
the same type of kidney lesions described in males [20, 25].
However, data on kidney pathology in heterozygous
females are scarce and the largest published series
describing kidney biopsy findings in affected females
included only three [10] or five patients [13].

As in other chronic nephropathies, the progression of
Fabry nephropathy is characterised by segmental and global
glomerular sclerosis, tubular atrophy and interstitial fibrosis
[10–14, 17]. In males, the presence of glomerular segmental
or global sclerosis is the only significant pathologic
association of proteinuria at early stages of Fabry nephrop-
athy [10, 27]. Furthermore, negative correlations could be
demonstrated between inulin clearance and LM composite
scores of either chronic glomerular pathology or tubulointer-
stitial pathology [26, 27]. Contrastingly, a composite score of
Gb3 inclusions did not correlate with either renal function or
LM pathology scores [27]. Whether these findings also apply
to females with Fabry disease is not known.

We have reviewed the kidney biopsies of four females
with Fabry disease, with normal or mildly sub-normal renal
function, using a specifically developed approach to assess
Gb3 accumulation in different cell types and to quantify
chronic non-specific degenerative lesions. The latter findings
were combined with similar data of previously published
series [10, 13] and correlated with proteinuria and renal
function.

Subjects, materials and methods

Following approval by the institutional Health Ethics
Board, retrospective clinical details and laboratory data
were retrieved from each patient’s hospital files. Hyperten-
sion was diagnosed and classified according to recommen-
ded criteria [28]. Serum creatinine (sCr) and proteinuria
values reported as at the time of kidney biopsy were those
obtained on protocol evaluation prior to the biopsy.
Proteinuria was expressed as the concentration ratio of
total protein to creatinine (mg/g) in routine 24-h urine
samples. Glomerular filtration rate was estimated (eGFR) as
the creatinine clearance calculated by the Cockcroft–Gault
equation [29], adjusted for tubular creatinine secretion and
normalised to the body surface area (BSA) of 1.73 m2 [30,
31]. BSA was derived from height and weight [32]. CKD
was staged by eGFR [33].

Leukocyte αGal activity was measured according to a
standard method [34]. Mutations of the αGal gene (GLA)
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were identified by amplifying all its seven exons and
respective intronic boundaries, using routine polymerase
chain reaction (PCR) methods, followed by automatic
sequencing of each PCR amplicon.

Case summaries

Case 1 had proteinuria first detected on a routine medical
checkup, at the age of 30 years. She was asymptomatic,
reported no relevant past medical history and had normal
blood pressure. Two of her brothers, followed elsewhere,
had received kidney transplants as young adults, for ESRF
attributed to “focal glomerular sclerosis”. Her sCr was
0.8 mg/dl, proteinuria was quantified as 1,400 mg/day and
the urine sediment was normal. A comprehensive diagnos-
tic workup for proteinuria showed no abnormalities and an
angiotensin-converting enzyme inhibitor (ACEI) was even-
tually prescribed. She stayed asymptomatic and normoten-
sive but her sCr increased to 1.1 mg/dl and proteinuria
reached nephrotic level (4.5 g/day) within 2 years of the
first observation, prompting a diagnostic kidney biopsy.

The other three patients were known heterozygotes for
Fabry disease and underwent kidney biopsy on protocol
baseline evaluation for enzyme replacement therapy (ERT)
with recombinant human αGal (agalsidase). Case 2, sister
of case 1, was identified on family screening. Case 3 asked
for genetic screening at the age of 48 years, after a maternal
first cousin died with complications of Fabry disease. Two
years before, she had been diagnosed stage 2 hypertension
and medicated accordingly including with an ACEI. Case 4
was identified following the diagnosis of Fabry disease
nephropathy in her two young adult sons. She was not
aware of previous cases of CKD in the family.

Kidney biopsy procedure and processing

Tissue samples had all been obtained by percutaneous
kidney biopsy according to routine clinical procedures [35,
36]. Two or three core samples were taken in each case,
which were appropriately processed for LM, EM and
immunofluorescence (IF) study, according to standard
histopathology protocols [37, 38].

Fragments selected for LM were fixed in 10% buffered
formalin, embedded in paraffin, and 3-μm thick serial
sections were cut from the paraffin block and stained with
haematoxylin and eosin, periodic acid Schiff and modified
trichrome.

Fragments selected for EM were fixed in 3% glutaral-
dehyde, post-fixed in osmium tetroxide and embedded in
epoxy resin (Epon™). Methylene blue or toluidine blue-
stained 1-μm semithin (ST) sections were prepared from
the Epon™ embedded fragments. Ultrathin sections
(80 nm) for EM examination were stained with uranyl

acetate and lead citrate. Photographs encompassing glo-
merular capillary loops and mesangial areas were taken at
various magnifications.

Fragments selected for IF were snap-frozen in isopentane
at −80°C. Tissue sections thereof were cut at 5 μm in a
cryostat and processed for indirect IF staining, with a panel
of antibodies directed to immunoglobulins (IgG, IgA, IgM),
complement factors (C3, C1q) and fibrinogen.

Kidney biopsy reading, scoring and interpretation

Archive LM and ST slides, as well as IF and EM
photographs, were reviewed by a single nephropathologist
(CV). Available LM and ST slides were re-stained and/or
new sections were prepared from the original paraffin
blocks as needed. Counting of a minimum of ten “scorable
glomeruli” was prerequisite for further biopsy reading. The
total number of “scorable glomeruli” in each biopsy was
the sum of the highest number counted in any of the
conventional LM sections with the number counted in the
ST section. Glomeruli showing less than three fourths of
the Bowman’s capsule circumference and void Bowman’s
capsules were not counted. In each case, two glomeruli
were reviewed ultra-structurally.

The biopsies were read using standard criteria for
glomerular, tubulointerstitial and vessel morphology eval-
uation [37–39]. The total numbers of scorable glomeruli
showing segmental sclerosis or global sclerosis were
counted and their proportions calculated for each biopsy.
Interstitial fibrosis and tubular atrophy were estimated in
LM sections as the proportion of cut section affected,
scored to the nearest 5%.

Arterial sclerosis, arteriolar or arterial hyalinosis and
hypertrophy of the smooth muscle layer of arteries and
arterioles were recorded as present or absent in LM
sections. Arterial sclerosis was further assessed according
to the ratio of vessel wall thickness to lumen diameter [40].

Specific Fabry disease changes—i.e. vacuoles in LM
sections, dark blue cytoplasmic inclusions in ST sections
and electrondense osmiophilic intracellular deposits in EM
(Fig. 1) [10, 11, 13, 24] —were recorded as present or
absent in different types of glomerular, tubular, interstitial
and vascular cells. The extension of glycosphingolipid
accumulation was further graded in the ST sections
according to the proportion of cells of the specified type
that showed any deposits.

The histopathological findings were compared among
the four patients and related to CKD progression and blood
pressure history as well as to renal function and proteinuria
at the time of biopsy. Furthermore, in an attempt to
establish significant correlations between CKD stage and
proteinuria level and specific LM histopathological param-
eters, we have statistically analysed our data in combination
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with those of previous series [10, 13]. Non-parametric
correlations and stepwise regression analyses were per-
formed with the SPSS for Windows® statistics software.

Results

Demographic and other relevant clinical and laboratory data
of the four patients included in this study are shown in
Table 1. Mutation p.R220X is known to cause the classical
phenotype of Fabry disease [41]. Mutation p.239ΔI has not
been previously described, but a deceased first cousin of
case 3 had the classical Fabry disease phenotype. Although
in case 4 no exonic GLA mutation was found and the
pathogenic role of the double intronic molecular variants
identified on sequence analysis is uncertain, her two sons,
who share the same genotype, presented with the classical

Fabry disease phenotype. In all cases, residual leukocyte
αGal activity was between 30% to 35% of the normal
mean. At the time of kidney biopsy, all patients had eGFR
in the slightly sub-normal or the low normal range, but only
in case 1 was a significant increase in sCr retrospectively
documented. Overt proteinuria (>300 mg/day) was present
in two patients (cases 1 and 2), reaching nephrotic level in
case 1; cases 3 and 4 had proteinuria below 300 mg/day.
Hypertension was diagnosed in a single patient (case 3) but
two others had pre-hypertensive blood pressure levels.

All biopsies were of good quality and the minimum
number of scorable glomeruli was 12 (Table 2). In case 3,
the IF study was not performed.

Results of LM and ST assessment of chronic non-
specific glomerular and tubulointerstitial lesions and of
arteriolar and arterial lesions are respectively presented in
Tables 2 and 3. The degrees of interstitial fibrosis, tubular
atrophy and the percentage of sclerotic glomeruli seemed to
correlate with eGFR, and the percentage of segmentally
sclerotic glomeruli roughly correlated with the degree of
proteinuria. The degrees of interstitial fibrosis and of
tubular atrophy observed in each biopsy were identical in
three of the patients. However, case 3 had a disproportion-
ately higher degree of interstitial fibrosis; of note, she was
the eldest patient in this series and the only one with
systemic hypertension and hypercholesterolaemia. The
presence of vascular hyalinisation and/or of medial hyper-
trophy did not appear to correlate with either renal function
or proteinuria: these lesions were not observed in case 1,
who had the severest renal involvement, with CKD
progression, but were present in case 4, who had the
mildest clinical presentation of Fabry nephropathy.

Podocyte and tubular cell vacuolation was a universal
finding on conventional LM—although in case 1 (Fig. 2)
and case 4 it was scarce and focally distributed. Vacuolated
interstitial cells were observed only in case 1.

Assessment of Gb3 deposits in ST sections is summarised
in Table 4. ST sections allowed a more accurate identifica-
tion of glycosphingolipid deposits in glomerular (Fig. 3),

Table 1 Clinical and laboratory data at the time of kidney biopsy

Case Age Mutation αGal (L) sCr eGFR uProt/Cr Urine sediment BP status Medication

1 32y p.R220X 20 1.1 74 2,002 Normal Pre-hypertension ACEI, OC
2 45y p.R220X 18 0.9 79 721 E=27.6/μl, L=22.3/μlb Pre-hypertension
3 50y p.239ΔI 20 0.9 76 184 Normal Hypertension, stage 1 TD, ACEI, S, OC
4 42y Intronica 18 0.7 92 139 Normal Normal

Age in full years
BMI body mass index, in kg per square meter, αGal (L) α-galactosidase residual activity in leukocytes (normal laboratory range, 36–80 nMol/h/mg),
sCr serum creatinine, in mg/dl, eGFR estimated glomerular filtration rate, in ml/min/1.73 m2 , uProt/Cr urine total protein to creatinine concentration
ratio, in mg/g, BP blood pressure, E erythrocytes, L leukocytes, ACEI angiotensin-converting enzyme inhibitor, TD thiazide diuretic, S statin, OC oral
contraceptive
a Intronic GLA mutations: IVS4+1703A→G/IVS6+249C→T
b Erythrocytes/leukocytes; as counted by flow cytometry (normal values—E<27.1/μl, L<20.5/μl)

Fig. 1 Multiple large Gb3 inclusions in a podocyte, with the typical
concentric lamellated ultra-structural appearance—“myelin figures”
(case 1; EM, 1,800×3)
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interstitial and capillary endothelial cells (Fig. 4) and
disclosed the presence of Gb3 deposits in cells without
apparent vacuolation on conventional LM sections. The
extension of glycosphingolipid deposition did not seem to
correlate with the patient’s age in none of the cell types
analysed. Glomerular parietal epithelial cells were the most
extensively affected in all cases, with more than one third
of these cells showing at least one toluidine blue-stained
deposit in ST sections. Podocytes, vascular smooth muscle
cells and distal tubular cells were also involved in all cases.
Distal tubules were affected in all cases but not all distal
tubules were affected nor did every cell in affected distal
tubules have Gb3 deposits (Fig. 5). The extension of

podocyte glycosphingolipid deposition in ST sections was
broadly related with the degree of proteinuria: only the two
patients with baseline proteinuria/creatinine concentration
ratio above 500 mg/g had more than one third of podocytes
affected. Furthermore, glomerular endothelial and proximal
tubular cell deposits were exclusively seen in these two
patients with moderate to severe proteinuria, who also
showed the highest degrees of vascular smooth muscle cell
involvement. Involvement of interstitial cells was a distinc-
tive histological feature in case 1 (Fig. 4), who had the
severest presentation of Fabry nephropathy, including

Table 3 Arteriolar and arterial lesions (light-microscopy sections)

Histological parameter Cases

1 2 3 4

Hyalinisation No No Yes Yes
Intimal fibrosis No No +++a No
Hypertrophy of muscle layer No No Yes Yes

a Graded according to the criteria of Remuzzi et al. [40]

Table 2 Glomerular global and focal sclerosis and chronic non-
specific tubulointerstitial lesions

Histological parameter Cases

1 2 3 4

Conventional light-microscopy sections
Number of glomeruli, N 7 17 13 17
Glomeruli with global
sclerosis, N (%)

3
(43%)

0 2
(15%)

1
(6%)

Glomeruli with focal sclerosis,
N (%)

3
(43%)

5
(29%)

2
(15%)

1
(6%)

Tubular atrophy, %a 30% 10% 5% 5%
Interstitial fibrosis, %a 30% 10% 20% 5%
Semithin sections
Number of glomeruli, N 5 12 4 14
Glomeruli with global
sclerosis, N (%)

1
(20%)

1
(8%)

0 0

Glomeruli with focal sclerosis,
N (%)

2
(40%)

1
(8%)

0 0

Combined LM + ST total
Number of glomeruli, N 12 29 17 31
Glomeruli with global
sclerosis, N (%)

4
(33%)

1
(3%)

2
(12%)

1
(3%)

Glomeruli with focal sclerosis,
N (%)

5
(42%)

6
(21%)

2
(12%)

1
(3%)

Glomeruli with any sclerosis,
N (%)

9
(75%)

7
(24%)

4
(24%)

2
(6%)

LM light microscopy, ST semithin
a Tubular atrophy and interstitial fibrosis were estimated to the nearest
5%, by assessing the relative degree of involvement in each cortical
field, at ×200 magnification, and averaging all available fields

Fig. 2 Cytoplasmic vacuolation observed in a single podocyte (case
1; LM, haematoxylin and eosin, ×200)—in fact, this was the sole
vacuolated podocyte observed in the entire biopsy

Table 4 Fabry disease intracellular glycosphingolipid inclusions as
assessed in semithin sections under light microscopy

Cell types Cases

1 2 3 4

Podocytes ++ ++ + +
Parietal glomerular cells +++ ++ +++ +++
Mesangial cells + + + 0
Glomerular endothelial cells + + 0 0
Proximal tubular cells + + 0 0
Distal tubular cells +++ + + +
Arterial endothelial cells ++ + − −
Arteriolar endothelial cells 0 0 + 0
Vascular smooth muscle cells +++ +++ + ++
Vascular fibroblasts ++ +++ − 0
Peritubular capillary cells ++ 0 + +a

Interstitial cells ++ 0 0 0

0 No deposits, + deposits present in few cells (according to the tertiles
of the proportion of affected cells), ++ deposits present in some cells
(according to the tertiles of the proportion of affected cells), +++
deposits present in many cells (according to the tertiles of the
proportion of affected cells), − cell type not sampled
a Limited to a single vessel
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nephrotic proteinuria and a significant increase in sCr along
a short-term follow-up period. This patient also showed the
highest degree of distal tubular as well as of peritubular
capillary cell involvement. Case 4, who had normal renal
function and minimal proteinuria, had relatively extensive
vascular smooth muscle cell involvement.

EM features are shown in Table 5. EM revealed small
glycosphingolipid deposits within mesangial cells in case 4
and within glomerular endothelial cells in cases 3 and 4,
two cell types that seemed uninvolved in the corresponding
ST sections. Podocyte effacement (Fig. 6) was a morpho-
logical feature in the two patients with moderate (case 2) or
severe (case 1) proteinuria and was not seen in the
remaining two patients, who had milder degrees of
proteinuria. Additional notable EM findings in case 4 were

the presence of extracellular membranofibrillary deposits in
the mesangium (Fig. 7), as well as of electrondense immune
deposits in sub-endothelial and mesangial location. The
latter one stained intensively with IgA anti-serum in IF
study. None of the other patients had immune deposits seen
in EM or a positive IF study.

Table 6 combines clinical and histopathological data of
our patients and of those of previously reported series [10,
13]. Statistical analyses of these data demonstrated highly
significant correlations (p<0.005) between proteinuria and
glomerular sclerosis, between CKD stage and glomerular
sclerosis and tubulointerstitial fibrosis, as well as between
glomerular sclerosis and tubulointerstitial fibrosis. On
stepwise logistic regression, glomerular sclerosis emerged
as the most important predictor of proteinuria (R2=0.76; p<
0.0005), while tubulointerstitial fibrosis was the most
important predictor of CKD stage (R2=0.69; p=0.002).

Fig. 4 Gb3 deposits in interstitial, peritubular capillary endothelial
and tubular epithelial cells (case 1; ST section, methylene blue-stained,
×200)

Fig. 5 Heavy Gb3 storage is visible in a single cell of a distal tubule
(case 3; ST section, toluidine blue-stained, ×200)

Fig. 3 Gb3 deposits in glomerular parietal and visceral epithelial cells
(case 1; ST section, methylene blue-stained, ×400)

Table 5 Non-specific cell lesions and intracellular glycosphingolipid
deposits as assessed by electron microscopy

Cell types Cases

1 2 3 4

Non-specific lesions
Podocyte effacement Focal Focal No No
Osmiophilic intracellular deposits
Podocytes + ++ ++ ++
Parietal glomerular cells ++ +++ +++ +
Mesangial cells + + + +
Glomerular endothelial cells + + + +

+ Deposits present in few cells (according to the tertiles of the
percentage of affected cells), ++ deposits present in some cells
(according to the tertiles of the percentage of affected cells), +++
deposits present in many cells (according to the tertiles of the
percentage of affected cells)
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Discussion

To compare the severity of the kidney lesions observed in our
patients and to identify meaningful clinicopathologic correla-
tions, we defined a set of histopathologic and ultra-structural
criteria for systematic reading and semi-quantification of
glomerular, tubulointerstitial and vascular lesions, as well as
the burden of glycosphingolipid accumulation in each kidney
cell type. The items selected for biopsy reading and scoring
were based on clinicopathologic correlations derived from
published biopsy series [10, 13, 26] and on the hypotheses
regarding the involvement of different types of cells on the
pathogenesis of Fabry nephropathy [2, 10, 12, 17].

In clinical trials of agalsidases, the effect of ERT on the
kidney was assessed by protocol repeat biopsies, but the
scoring systems used in those settings [26, 42–44] were
specifically designed to quantify treatment-induced changes
and are not useful for broader general use. The usefulness

of protocol kidney biopsies and of a scoring system to
evaluate histologic markers of progressive Fabry nephrop-
athy has been formerly suggested [12, 45], and a clinically
oriented scoring system for quantitative analysis of kidney
biopsies of patients with Fabry disease is currently
undergoing validation [27].

Assessment of chronic non-specific glomerular
and tubulointerstitial degenerative lesions

We searched for clinicopathologic correlations of chronic
non-specific glomerular and tubulointerstitial lesions using
the data shown in Table 6. In these 12 patients, the clinical
expression of Fabry nephropathy as related to age is in
accordance with cross-sectional data from a worldwide
Fabry disease registry [4]. The series reported by Gubler et
al. [10] included a child with very mild disease and an
asymptomatic young adult without any pathologic evidence
of Fabry nephropathy. Contrastingly, all females reported
by Fischer et al. [13] had clinically severe nephropathy and
the youngest patient in their series was 30 years old. In our
patients, the severity of clinical expression of Fabry
nephropathy stands between that of the two former series.
The overall results of our statistical analyses of these data
are entirely concordant with previous findings in males
[27].

Assessment of arterial and arteriolar degenerative lesions

In our patients, the severity of the clinical expression of
Fabry nephropathy or the degrees of interstitial fibrosis,
tubular atrophy or glomerular sclerosis did not relate to the
presence of intimal fibrosis, vascular hyalinosis or hyper-
trophy of the muscle layer (Tables 2 and 3). None of those
vascular lesions were observed in case 1, who had the
severest renal involvement and CKD progression, but were
present in case 4, who had the mildest clinical presentation
of Fabry nephropathy. Only case 3 had atherosclerotic
intimal vascular lesions, in agreement with her clinical
history of systemic hypertension and high serum cholesterol
levels [46]. Non-concordant tubulointerstitial fibrosis and
tubular atrophy scorings (20% vs. 5%, respectively) were
the exclusive findings in this latter patient. A possible
explanation could be the combined effects of hypertension
and hypercholesterolaemia [46]. However, in patients with
benign as well as malignant hypertensive nephrosclerosis,
the degree of tubular atrophy has been reported to be higher
than the degree of interstitial fibrosis [47].

Assessment of intracellular glycosphingolipid accumulation

Although usually referred to as a distinctive sign of Fabry
nephropathy [10–14], diffuse cytoplasmic vacuolation of

Fig. 7 Mesangial membranofibrillary deposits in sub-endothelial
location (case 4; EM, 2,700×3)

Fig. 6 Focal areas of podocyte effacement; amorphous Gb3 deposits
are visible in glomerular parietal epithelial cells and in endothelial
cells (case 2; EM, 1,800×3)
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podocytes and tubular cells was not evident in some of our
patients and also was not related to the amount or the
volume of Gb3 deposits, as evaluated on the ST sections
(Figs. 2 and 3). As patchy cytoplasmic vacuolation of
glomerular and tubular cells is a non-specific kidney
pathology feature of massive proteinuria and Alport
syndrome [48, 49], its diagnostic value for Fabry nephrop-
athy in females is limited.

In line with Gubler et al. findings in male patients [10],
EM showed the presence of Gb3 deposits in every
glomerular cell type, even in those that seemed to be
spared on ST sections. This disparity is most probably
dependent on the size of the Gb3 deposits, which would be
below the resolution of the light microscope in the
apparently unaffected cells on the ST sections. Comparing
data on Tables 4 and 5 for differences between EM and ST
findings in the glomeruli, the semi-quantification of Gb3
deposits on ST sections seemed to be better related with the
degree of proteinuria. In addition, the absence of deposits in
mesangial cells and in glomerular endothelial cells was a
feature exclusive of the patient with the mildest clinical
expression of Fabry nephropathy.

In our patients, the epithelial cells of the Bowman’s
capsule showed the severest burden of Gb3 accumulation of
all kidney cell types, as seen in ST as well as in EM
evaluation. This finding is consistent with a recent report
describing the presence of Gb3 deposits in 84% of
glomerular parietal epithelial cells, as compared to only
42% of podocytes, in the ultra-structural study of the
kidney biopsies of two affected sisters [50]. However, it is
at odds with the more traditional view that podocytes are
the earliest and most severely affected kidney cells in Fabry
nephropathy, with the epithelial cells of Bowman’s capsule
becoming involved as the disease progresses [10–14].
Therefore, it might be speculated that predominant involve-
ment of glomerular parietal as compared to glomerular
visceral epithelial cells is a singular feature of Fabry
nephropathy in females.

Tubular involvement was expected at the early stages of
Fabry nephropathy [10–14]. Distal tubules were affected
heterogeneously in all cases (Fig. 5). Although in females
this could be the histological expression of X chromosome
inactivation, as suggested before as an explanation for
similar biopsy findings [10], this same pattern of distal
tubular Gb3 storage has also been described in biopsies of
affected males [10]. In proximal tubules, Gb3 deposits
were exclusively observed in the two patients with overt
proteinuria.

The finding of Gb3 deposits on peritubular capillaries
grossly related to the clinical severity of Fabry nephropathy
but did not correlate with the vascular arteriolar or arterial
lesions and, in contrast to previous observations [51], did
seem to occur as an early pathologic event. Although
clearance of peritubular capillary Gb3 deposits in serial
kidney biopsies has been used as a marker of ERT
efficiency [44], the pathophysiologic relevance of this
treatment outcome needs further demonstration.

Involvement of interstitial cells was seen only in case 1,
who had the severest clinical and pathological expression of
Fabry nephropathy. Thus, it might be speculated that Gb3-
related interstitial cell damage could somehow contribute
to, or be an aggravating factor of, the tubulointerstitial
fibrosis seen in kidney biopsies of patients with Fabry
disease, even before significant deterioration of renal
function has occurred.

Additional findings

Podocyte effacement was apparent on EM sections only in
the two patients with overt proteinuria, an observation that
is consistent with previous data [10, 13] and adds to the
hypothesis that in the early stages of Fabry nephropathy, the
relative preservation of the fine structures of the podocyte
foot processes and of the slit diaphragms is a major
determinant of the amount of proteinuria [11, 14]. The
membranofibrillary deposits observed in case 4 were

Table 6 Comparison of the three largest kidney biopsy series reporting pathology findings in females with Fabry disease

Gubler et al. [10] Fischer et al. [13] Present series

Age at kidney biopsy (years) 8 22 51 30 37 54 55 73 32 42 45 50
CKD stage 0 0 2 ? 2 4 5 4 2 1 2 2
Proteinuria 0 0 0 +++ +++ +++ ++++ ++++ ++++ ++ 0 0
No. of evaluated glomeruli 8 15 25 2 4 17 23 5 12 31 29 17
No. of sclerotic glomeruli 0 0 5 1 2 17 22 3 9 2 7 4
% of sclerotic glomeruli 0% 0% 20% 50% 50% 100% 96% 60% 75% 31% 24% 24%
Tubular atrophy/interstitial fibrosis 0 0 + 0 + ++ +++ + +/++ + + +

No. of sclerotic glomeruli is the total number of evaluated glomeruli that showed either segmental or global sclerosis. CKD stages: 0—no
evidence of kidney disease, 1—eGFR≥90 ml/min/1.73 m2 , 2—eGFR=89–60 ml/min/1.73 m2 , 3—eGFR=59–30 ml/min/1.73 m2 , 4—eGFR=
29–15 ml/min/1.73 m2 , 5—eGFR<15 ml/min/1.73 m2 . Proteinuria was graded as: 0=no overt proteinuria, +=0.3–0.5 /day, ++=0.5–1.0 g/day,
+++=1.0–3.5 g/day, ++++≥3.5 g/day. Tubular atrophy/interstitial fibrosis graded as: 0=absent, +=mild, ++=moderate, +++=severe
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identical to those already described by Gubler et al. [10]
and by Fischer et al. [13] in hemizygous males and might
be the remnants of Gb3 inclusions of dead cells. We
postulate that the rupture of Gb3 overloaded lysosomes into
the cytoplasm of affected cells could be a crucial event
leading to cell death. In podocytes and parietal glomerular
epithelial cells, this would eventually set in motion the
pathogenic cascade that ultimately result in focal adhesions
of the glomerular tuft to the Bowman’s capsule, synechiae
and focal segmental sclerosis [52–55].

Mesangial deposition of IgA in case 4 was totally
asymptomatic. Clinically overt IgA nephropathy has been
reported as a coincidental diagnosis in males [56] as well as
in females [57, 58] with Fabry disease, but in recently
reported series, asymptomatic IgA deposits were identified
in about 15% of patients [44, 59], a frequency that is
significantly higher than in non-selected autopsy cases [60].
This may not be merely coincidental [57] and deserve
further study.

In conclusion, despite the potential confounding effect of
X chromosome inactivation, the overall findings in kidney
biopsies of females with Fabry disease are not significantly
different from those described in males, validating kidney
biopsy as an important diagnostic tool for Fabry nephrop-
athy also in heterozygotes. The more robust pathological
predictors of proteinuria and CKD stage are non-specific
chronic lesions identified in LM, respectively glomerular
sclerosis and tubulointerstitial fibrosis. The cellular distri-
bution and the burden of Gb3 accumulation per cell type
are best determined in ST sections. Finally, in our series of
patients, we could not find evidence supporting a major role
of vascular damage in the early pathogenesis of Fabry
nephropathy in females. Instead, we suggest that damage to
visceral and parietal glomerular epithelial cells may be
more relevant at this stage.
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Abstract Secondary sclerosing cholangitis (SSC) is a
chronic cholestatic disorder caused by mechanical, infec-
tious, toxic, or ischemic factors. A new variant of SSC
occurring after long-term treatment in intensive care units
(ICU) has been recently described and characterized from
the clinical point of view. The aim of this study was the
histomorphological characterization of ICU-treatment-
related SSC (ICU-SSC) and the definition of histological
changes occurring over time based on the morphological
findings. Liver biopsies of ten patients affected by ICU-
SSC obtained at different time points (1.5 to 57 months)
after the initial injury were analyzed. The main morpho-
logical alterations included degenerative changes of portal

bile ducts, portal edema, inflammation, and fibrosis as
well as biliary interface activity and bilirubinostasis.
Perivenular necroses and bile infarcts were found in eight
and six patients, respectively. Bile duct loss was not
observed. No correlation between morphological features
of biopsies and liver chemistry tests or outcome could be
established. Based on the morphological observation, a
possible disease-progression model starting with an initial
damage of portal bile ducts (primary insult) with associ-
ated portal/periportal changes (inflammation, ductular
reaction) and resulting in secondary parenchymal changes
is proposed.

Keywords Secondary sclerosing cholangitis .

Intensive care . Cholestasis . Sepsis

Introduction

Sclerosing cholangitis is a chronic, variably progressive
cholestatic disease affecting the extra- and/or intrahepatic
biliary tree with evolution into biliary cirrhosis and
cholestatic liver failure [1]. A primary or idiopathic form
and a less common secondary, acquired form of sclerosing
cholangitis are known, which share similar radiological,
morphological, and clinical features. In addition, primary
sclerosing cholangitis (PSC) and some forms of secondary
sclerosing cholangitis (SSC) belong to the spectrum of
liver diseases associated with progressive intrahepatic bile
duct loss or ductopenia, usually developing over decades.
Most common causes of SSC include infectious, toxic, or
ischemic injuries of the biliary tree. Long-standing biliary
obstruction of diverse etiologies (stones, benign strictures),
often with superimposed suppurative cholangitis, also causes
morphological alterations that resemble PSC and may rarely
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evolve into secondary biliary cirrhosis [2]. Furthermore,
autoimmune pancreatocholangitis is an immune-mediated
disorder characterized by a PSC-like involvement of the extra-
and intrahepatic biliary tract [3]. Recently, a new variant of
SSC occurring after long treatment in intensive care units has
been described and characterized, mostly from the clinical
point of view [4–9]. In the present study, the histomorpho-
logical features of rapid-onset secondary sclerosing cholan-
gitis after long-term intensive care unit (ICU) treatment are
described. A possible progression model is suggested, and
criteria for the histopathological differential diagnosis are
proposed.

Materials and methods

Ten patients (nine men, one woman; median age at
diagnosis 52.5, range 16–68 years) affected by ICU-SSC
with available needle biopsies of the liver were retrospec-
tively analyzed in this study. The main clinical data are
summarized in Table 1. All patients were treated in an
intensive care unit for septic shock after an initial insult,
and they all required long-term ventilation, catecholamines,
total parenteral nutrition, and antibiotics. The alterations in
the liver function did not resolve despite successful
treatment of the sepsis. The complete clinical characteriza-
tion of the patients’ collective has been previously
published [9]. None of the patients showed elevation of
the cholestasis parameters [bilirubin, serum alkaline phos-
phatase, and γ-glutamyltransferase (GGT)] prior to their
admission or on the initial laboratory tests in the ICU.

Liver biopsies had been obtained at admission to the
Department of Gastroenterology of the University of
Heidelberg 1.5 to 6.5 months (median, 2 months) after
injury from patients 1 and 3–10. The liver biopsy of patient
2 was obtained 57 months after injury. A follow-up biopsy
was obtained from patient 5 2 weeks after the first one.

Tissue sections obtained from the liver biopsies were
retrieved from the archive of the Institute of Pathology of
the University of Heidelberg and analyzed for the
purposes of the present study by two pathologists (I.E.
and P.S.) experienced in biliary and hepatic pathology
blinded to detailed clinical information. In addition to
conventional hematoxylin and eosin sections, periodic
acid–Schiff (PAS)-diastase staining, Gomori’s silver im-
pregnation for reticulin, and Van Gieson’s or Masson’s
trichrome staining for connective tissue were available in
all cases. Rhodamine-staining for copper was used as a
marker of chronic cholestasis. For better demonstration of
bile duct status (ductular reaction and metaplasia),
immunostaining for cytokeratin (CK) 7 (Dakocytomation,
Glostrup, Denmark) was performed according to standard
protocols. T
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The following parameters were taken into account for
the histopathological evaluation: total numbers of portal
tracts (PT), number of affected PT, portal changes (edema,
inflammation, bile duct changes, and fibrosis), acinar
changes (hepatocellular changes, necrosis, inflammation,
cholestasis, and fibrosis).

All morphological parameters were semiquantitatively
assessed on a three-point scale (0 = absent; + = mild/weak;
++ = moderate; +++ = heavy/strong). Continuous variables
were stratified according to their median and percentile
values for comparison purposes.

Results

Morphological spectrum of ICU-related SSC

The quality of the biopsy material was good in all but one
case (patient 3), where significant autolytic changes were
present. The median number of portal tracts was 20 (3–28),
and in all cases, the majority of them (76–100%) showed
histopathological changes. In all cases, mild to moderate
portal inflammation was observed. The inflammatory
infiltrate mostly consisted of lymphocytes, less frequently
of plasma cells and neutrophil granulocytes, which showed
preferential periductal localization. In four cases, eosino-
phils were present. Portal inflammation was accompanied
in all cases by edema with portal enlargement, as well as by
a number of alterations of the interlobular bile duct
epithelium, which included cytoplasmic vacuolization, loss
of cellular polarity, cellular drop-out, and irregularities of
the basal membrane. Mild to heavy ductular reaction—that
is, the presence of numerous ductular-shaped structures at
the margins of the portal tracts—was found in all cases,
together with a mostly mild to moderate ductular metaplasia
of the periportal hepatocytes [10], as demonstrated in eight
of ten cases by means of immunostaining for CK7. Mild to
moderate portal fibrosis was present in all cases, but it was
never concentric around ducts or ductules. There was no
evidence of definite bile duct loss or even ductopenia.
Lymph follicles, granulomas, or lymphocytic interface
activity was not observed. Portal changes were associated
with mild to strong hepatocellular bilirubinostasis in nine of
ten cases, canalicular bilirubinostasis in six of ten cases,
perivenular hepatocyte ballooning in four of ten cases, focal
perivenular necroses in eight of ten cases, and preferentially
periportal bile infarcts in six of ten cases. Periportal
hepatocytes showed morphological features of cholate
stasis. However, rhodamine staining did not show copper
accumulation (not shown). Broad fibrous septa linking
portal tracts were found in four of ten cases. No patient
showed overt liver cirrhosis. The observed changes are
shown in detail in Table 2 and are illustrated in Fig. 1. T
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Clinicopathological correlations

First, possible correlations between liver chemistry values
and morphological changes were analyzed. Liver chemistry
tests suggested a predominant cholestatic or a mixed
cholestatic/hepatocellular damage [11]. In general, no
definitive correlation was observed between serological
cholestasis parameters and the morphological representa-
tion of cholestasis. For instance, patient 2 had a strong
increase in the serum levels of alkaline phosphatase but no
morphological evidence of cholestasis, whereas patient 10
had only a modest to moderate increase in the level of total
bilirubin and alkaline phosphatase, but the liver biopsy
showed a moderate to severe hepatocellular and canalicular
cholestasis. Also, no evident correlation was found between
the hepatocellular damage expressed by the elevation in the
serum transaminases and the morphological evidence of
liver cell damage (ballooning, necrosis). For instance,
patients 6 and 10 had the lowest transaminase levels of
the whole cohort at the time of biopsy, but the examination
of the liver tissue revealed the presence of perivenular

necroses and bile infarcts in both cases. On the other
hand, patient 3 had a significant increase in the serum
transaminases [alanine aminotransferase (ALT) seven times
the upper limit of the normal value] but only mild (+)
perivenular necroses.

Since biopsies from different patients were obtained at
different time intervals from the injury event that caused
ICU treatment, we next sought to determine if a correlation
between morphological changes and clinical progression/
outcome existed. For this purpose, liver biopsies were
classified as “early” when obtained <1.8 months from the
injury event (<25th percentile, patients 5, 6, and 7), as
“intermediate” when obtained between 1.8 and 4.6 months
from the injury event (26–74th percentile, patients 3, 4, 9,
and 10) and as “late” when obtained later than 4.6 months
from the injury event (>75th percentile, patients 1, 2, and
8). All patients displayed evident alterations of the portal
bile ducts and some degree of portal inflammation, together
with mild to moderate portal fibrosis. Instead, morpho-
logical evidence of cholestasis and necrosis was not a
constant finding, but no clear correlation with the clinical

Fig. 1 Morphological characteristics of ICU-associated secondary
sclerosing cholangitis. a–d Portal changes. a (Case 5) Low-power
view of a portal tract showing marked enlargement due to edema, mild
inflammation, and mild fibrosis. At the periphery of the portal tract,
dilated cholangioli are seen (arrows), some of them containing yellow
bile plugs (×25). b (Case 5) Higher magnification of a portal tract
illustrating the relatively mild inflammatory infiltrate contrasting with
the striking degenerative changes of the interlobular bile duct (arrow;
×100). c (Case 5) Degenerative changes of the bile duct epithelium are
shown in detail (×400). d (Case 4) Another example of portal tract
changes in ICU-related SSC. Portal tract expansion with mild

inflammation, degenerative changes of the interlobular bile duct, and
beginning ductular reaction are shown (×100). e–h Parenchymal
changes. e (Case 3) Hepatocellular and canalicular cholestasis (×200).
f (Case 6) Periportal bile infarct (arrows; ×100). g and h (Cases 5 and
7) Perivenular loss of hepatocytes. The central vein is indicated with
an asterisk (×100). i–l Later stages. i–k (Case 2) Extensive fibrosis
with bridges linking portal tracts is evident in the Masson’s trichrome
staining (i ×25). The prominent ductular reaction is highlighted in the
PAS staining (j ×100) and in the immunostaining for CK7 (k ×100).
l (Case 8) Immunostaining for CK7 showing extensive ductular
reaction and ductular metaplasia of periportal hepatocytes (×25)
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evolution and/or the outcome was found. However, most of
the tissue probes were obtained between 1.5 and 6.5 months
from the injury event, a time span which could be too short to
detect any clear morphological markers of disease progres-
sion and outcome. Nevertheless, the analysis of the liver
tissues of patient 5, which were obtained with a 2-week
interval from each other, revealed signs of progression in the
cholestatic and necrotic features (appearance of ductular
metaplasia, as shown in the CK7 staining, and of bile
infarcts) as well as in the fibrotic reaction (bridges) in the
later biopsy. Moreover, the analysis of a “very late” biopsy,
like that of patient 2, which was obtained almost 6 years after
the injury event, shows that slow progression to liver
cirrhosis of biliary type can be one possible outcome of the
disease, which otherwise rapidly progresses to cholestatic
liver insufficiency.

Discussion

Secondary sclerosing cholangitis occurring in critically ill
patients after ICU treatment is a recently described, still not
well-characterized entity [5–8] that has to be included in the
differential diagnosis of chronic cholestatic diseases. In the
reported series, including our present, patients affected by
ICU-SSC have a history of long-term intensive care treat-
ment with necessity of mechanical ventilation and cate-
cholamine therapy as a consequence of trauma, severe
burning, cardiovascular accidents, or major cardiovascular
and abdominal surgery. Hypoxic/ischemic, toxic (infectious
and drug-related), and obstructive factors are likely to play
a role in the multifactorial pathogenesis of ICU-SSC [12],
but the contribution of primary and secondary causative
factors remains difficult and eventually impossible to
evaluate in a given case. The formation of biliary casts with
subsequent bacterial infection has been reported as one of the
earliest events in ICU-SSC, but its cause remains still elusive.
One of the most accredited hypotheses identifies the hypoxic/
ischemic damage of the intrahepatic biliary tree, following
hypotension, reduced arterial blood oxygenation, and infu-
sion of high doses of vasoconstrictors as the most probable
etiologic factor [6, 8]. All these factors are also involved in
the pathogenesis of sepsis-associated cholestasis, which is
attributed to functional alterations of the hepatocytes and/or
the bile ducts and is reversible after successful therapy [12].
ICU-SSC is instead a progressive disease, where an
anatomical—and not merely functional—damage of the
biliary tree is possibly perpetuated by (auto)immunological
mechanisms that become activated only in a subset of
patients. Since ICU-SSC has been described only in recent
years, it is possible that modern measures of intensive care
treatment play a role in the etiopathogenesis of this disorder,
but specific factors have not been identified yet [8].

In this study, we focused on the morphological charac-
terization of ICU-SSC, aiming at defining criteria supporting
the histopathological differential diagnosis, a possible pro-
gressionmodel, and potential clinicopathological correlations
that may be of relevance for the clinical management. The
observed morphological changes can be divided in those
affecting the portal/periportal and the acinar areas. The portal
alterations include: (1) inflammatory-degenerative changes
of the bile duct; (2) mild to moderate, often periductal
inflammatory infiltrate; (3) portal edemawithmoderate portal
enlargement; (4) cholestatic features with ductular reaction
and cholate stasis; and (5) mild to moderate fibrosis without a
specific periductal pattern. The acinar changes appear to be
secondary and include: hepatocellular and/or canalicular
cholestasis, perivenular necroses potentially attributable to
ischemia, and bile infarcts. The alterations of portal bile
ducts, together with a certain degree of portal inflammation
and ductular reaction, were a constant finding, being already
detectable in early biopsies and uniformly distributed
within a biopsy. On the other hand, periportal and acinar
changes, such as cholate stasis, bilirubinostasis, necroses,
and (bridging) fibrosis were more inconstant and possibly
(for example in patient 5) progressive events. Based on
this morphological observation, a disease-progression
model, starting with an initial damage of portal bile ducts
(primary insult) with associated portal/periportal changes
(inflammation, ductular proliferation) and evolving with
secondary cholestatic parenchymal changes, is suggested
(Fig. 2). However, larger numbers of patients and examina-
tion of tissue specimens at different time points in the
evolution of ICU-SSC are surely needed to give further
support to this hypothesis.

Some morphologic characteristics associated with ICU-
SSC have in part been described in previous studies and
correlate well with our findings. In two of the three cases
reported by Scheppach et al., a liver biopsy was performed
8 and 11 months after initial symptoms, respectively, and in
both cases, ductular proliferation and bridging fibrosis were
present. The third patient underwent liver transplantation,
and the examination of the explanted organ showed PSC-
like changes, including ulceration of the epithelium of large
intrahepatic bile ducts, which were filled with bile plugs
[4]. Engler et al. reported ductular proliferation, minimal
portal inflammatory infiltrates, and portal fibrosis in the
biopsies of seven patients; in three of them, micronodular
cirrhosis was found [5]. Liver biopsies were performed at
different time points in the series of Benninger et al. Four to
6 months after clinical presentation, morphological signs of
chronic cholestasis and fibrosis were present, whereas later
biopsies (12–24 months after injury) showed overt cirrhosis
in two out of three patients [6]. Changes consistent with
chronic bile duct obstruction have been described in four
patients already 1–3 months after clinical presentation by
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Gelbmann et al., and incomplete liver cirrhosis was present
in one of two patients, who were biopsied >12 months after
injury. Moreover, liver explants examined 1, 2, 9, and
16 months after injury showed morphological alterations
suggesting secondary biliary cirrhosis [8]. All together, our
and previous data show that morphological changes
associated with ICU-SSC are comparable, with signs of
bile duct damage and chronic cholestasis being already
evident shortly after the clinical presentation. The evolution
of the disease remains, however, quite unpredictable, with
some cases rapidly developing into cholestatic liver failure
and death and others more slowly progressing into secondary
biliary cirrhosis. The factors that influence the outcome are
not completely clarified, but comorbidities surely play an
important role in these seriously ill patients. The absence of a
correlation between laboratory values and morphological
evidence of cholestasis is a known phenomenon in primary
biliary diseases, such as PSC or primary biliary cirrhosis,
where—especially in early stages—morphological changes
can be focal and unevenly distributed.

Patients’ history and clinical presentation are certainly
fundamental for the diagnosis of ICU-SSC and for the
exclusion of pre-existent liver disease (e.g., PSC) as well as
of other systemic conditions (e.g., AIDS, neoplastic
diseases) that can cause SSC. Nevertheless, morphology is
helpful in distinguishing ICU-SSC from other disorders.
Septicemia-associated cholestasis is an important differen-
tial diagnosis of ICU-SSC, since the clinical context of the
two conditions can be the same. Histological changes
associated with sepsis-induced cholestasis can be unspecific
(portal inflammation, perivenular bilirubinostasis) and
therefore indistinguishable from early stages of ICU-SSC,
as those described by Gelbmann et al. [8]. However, the so-
called cholangiolitis lenta, arising in patients with severe

septic/endotoxic shock, usually shows a predominantly
peri- and intraductular neutrophilic infiltrate and a rapid
and extensive ductular reaction with prominent ductular
bilirubinostasis [13], features that are usually not observed
in ICU-SSC. Large bile duct obstruction also shares similar
morphological features with ICU-SSC, but the primary bile
duct damage (i.e., with no or only mild inflammation) is
usually not as prominent as in ICU-SSC, while portal
edema and ductular reaction are typical, and suppurative
cholangitis of pre-existing bile ducts may occur. Drug-
induced bile duct injury may be difficult to distinguish from
ICU-SSC, since drugs may actually contribute to the
severity and progression of this disorder. An accurate
clinical evaluation of ICU patients with signs of cholestasis
should therefore always take into consideration the possi-
bility of drug-induced bile duct damage.

Other chronic cholestatic conditions that might be
distinguished from ICU-SSC are autoimmune pancreato-
cholangitis/IgG4-hepatopathy and idiopathic adulthood
ductopenia. Intrahepatic manifestations of autoimmune
pancreatocholangitis/IgG4-hepatopathy, in particular those
patterns with features of large bile duct obstruction or
canalicular cholestasis [14], can be excluded by the absence
of an infiltrate rich in IgG4-bearing plasma cells and of
prominent periductal sclerosis. Idiopathic adulthood ducto-
penia is characterized by bile duct loss, a feature that is not
observed early on in ICU-SSC.

In conclusion, ICU-SSC is a chronic cholestatic disease
characterized by relatively specific morphological changes of
the liver, consisting of degenerative changes of the inter-
lobular bile duct epithelium with only mild accompanying
chronic inflammatory reaction and usually severe cholestasis.
Liver biopsy is useful in the differential diagnosis of ICU-
SSC in the appropriate clinical context. Possible correlation

Fig. 2 Schematic representation
of the proposed disease
progression model. An initial
insult to the portal bile ducts
(flash) causes degenerative
changes of the bile duct
epithelium (e.g., cytoplasmic
vacuolization, loss of nuclear
polarization) and portal changes
(enlargement due to edema and
inflammation, ductular prolifer-
ation) and progresses to
secondary parenchymal changes,
such as bilirubinostasis, hepato-
cellular rosette formation, and
cholestatic necroses
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between morphological changes and outcome should be
verified on a larger number of patients.
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Abstract Hepatocyte growth factor activator inhibitor type
1 (HAI-1)/spint-1 is a membrane-bound protease inhibitor
that is thought to regulate the activities of hepatocyte
growth factor activator, matriptase, hepsin, and prostasin. In
this study, we show that the membrane form of HAI-1 was
significantly upregulated immunohistochemically in epithe-
lial cells under adverse conditions including tissue injury,
necroinflammatory reactions, and invasion of carcinomas.
To analyze the mechanism underlying these in vivo
observations, we examined the effects of hypoxia and
oxidative stress on HAI-1 expression in vitro, using three
human cell lines, HLC-1, WiDr, and HeLa. Hypoxic
condition significantly enhanced the expression of HAI-1
in these cells. Oxidative stress also enhanced HAI-1
expression. Promoter analyses of the human HAI-1/spint-1
gene revealed overlapping binding site for Egr-1-3 and Sp1
near the transcription start site as the key domain for HAI-1/
spint-1 transcription. This site was also critical in both
hypoxic- and oxidative stress-induced HAI-1 upregulation.

In fact, in vivo immunohistochemical studies indicated that
areas with HAI-1 upregulation tended to express markers
associated with hypoxia and oxidative stress. These
observations suggest that the tissue microenvironment
regulates the cell surface expression of HAI-1, and thereby
may regulate proteolysis and processing of bioactive
molecules on the cellular surface.

Keywords HAI-1 . Hypoxia . Oxidation .

Cell surface proteolysis . Protease inhibitor

Introduction

Regulation of proteolysis in the pericellular microenviron-
ment has important roles in development, normal homeo-
stasis, reactions to various stimuli, and cellular responses to
pathological phenomena. Proteolysis occurs during the
remodeling of the extracellular matrix, coagulation and
fibrinolytic cascades, and processing of cytokines, growth
factors, and other bioactive mediators. Excess protease
activity must be tightly regulated by the cognate inhibitor to
avoid deleterious effects. Hepatocyte growth factor activa-
tor inhibitor type 1 (HAI-1) is a cell surface serine protease
inhibitor initially identified as a potent inhibitor of
hepatocyte growth factor (HGF) activator, a serum protease
that converts the proform of HGF (pro-HGF) into its mature
active form [14, 27]. HAI-1 also regulates some membrane-
bound serine proteases, such as matriptase, hepsin, and
prostasin [14, 15, 19]. Matriptase is a type II transmem-
brane protein with critical roles in epidermal maturation and
thymic function and is thought to be involved in carcino-
genesis and tumor progression [31]. It activates pro-
urokinase and protease-activated receptor 2, and can
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degrade extracellular matrix proteins [31]. Hepsin is also a
type II transmembrane serine protease and is abundantly
expressed in the liver [32]. Recent studies have indicated
that hepsin is involved in metastatic tumor progression [2,
32]. Notably, both matriptase and hepsin are also potent
activators of pro-HGF [14, 15, 17]. Prostasin is a glycosyl-
phosphatidylinositol linkage serine protease on the cell
surface, which activates the epithelial sodium channel of
the plasma membrane and also regulates keratinization of
the epidermis [5, 18]. HAI-1 also inhibits certain kallikrein
1-related peptidases (tissue kallikreins) [21]. Taken togeth-
er, HAI-1 appears to be critical for regulation of pericellular
proteolysis and processing of various bioactive molecules
on the cellular surface. Therefore, the regulation of HAI-1
expression is important to many processes occurring at the
level of cells and tissues. The importance of HAI-1 has
been confirmed in mutant mice. Deletion of the HAI-1/
spint-1 gene in mice resulted in embryonic lethality due to
impaired development of the placenta labyrinth, indicating
its non-redundant function in certain cells [6, 30].

Previously, we showed that HAI-1 is expressed on the
basolateral surface of various types of epithelial cells [11].
Endothelial and mesothelial cells also expressed HAI-1 on
their surfaces [1]. Of interest was the observation that the
expression of membrane-bound HAI-1 was significantly
augmented in cells in injured and inflamed tissues [11, 12].
This augmented expression was also observed in cancer
cells at the invasion front [22]. These observations suggest
that the expression of HAI-1 is regulated by specific
features of the tissue microenvironment. We further suggest
that the pathologic environment associated with injured
tissue may augment the expression of this cell surface
inhibitor. For example, we have shown that inflammatory
cytokines and oxidative stress upregulate the expression of
HAI-1 in colon carcinoma cells and biliary epithelial cells,
respectively, in vitro [12, 26]. However, the precise
molecular mechanism regulating the expression of HAI-1
remains to be determined. The HAI-1 gene (gene name:
spint-1) has been mapped to chromosome 15q15 and
consists of 11 exons spanning 12 kbp [9]. The major
transcription start site is 207 bp upstream from the start
codon, and neither a TATA box nor a CAAT box is present
in the promoter regions of mouse and human HAI-1/spint-1
genes [9, 10].

In this study, we examined the expression patterns of
HAI-1 in various pathologic epithelial tissues including
carcinomas. Based on the results obtained, we hypothesized
that hypoxia and oxidative stress may upregulate HAI-1
expression. To investigate this possibility, we tested the
effects of hypoxia and oxidative stress on the expression of
HAI-1 in cultured epithelial cell lines and analyzed the
promoter region responsible for the expression. The data
indicate that both hypoxia and oxidative stress induced

HAI-1 expression, which was mediated by an Egr-1-3/SP1
binding region near the transcription start site within the
HAI-1 promoter.

Materials and methods

Immunohistochemistry

Formalin-fixed paraffin-embedded tissue specimens were
sectioned (4 μm) and stained with hematoxylin and eosin
(HE). For immunohistochemical detection for HAI-1,
hypoxia-inducible factor (HIF-1α), and 4-hydroxy-2-none-
nal (4-HNE), the sections were processed for antigen
retrieval (autoclaving in 10 mM citrate buffer, pH 6.0, or
1 mM EDTA, pH 8.0, for 5 min), followed by treatment
with 3% H2O2 in phosphate-buffered saline (PBS) for
10 min and washed in PBS twice. After blocking in 3%
bovine serum albumin (BSA) and 10% normal goat serum
in PBS for 1 h at room temperature, the sections were
incubated with primary antibodies for 16 h at 4°C. The
preparation of anti-human HAI-1 monoclonal antibody has
been reported previously [11]. Anti-human HIF-1α and
anti-4-HNE mouse monoclonal antibodies were purchased
from Novus Biologicals (Littleton, CO, USA) and the Japan
Institute for the Control of Aging (Shizuoka, Japan),
respectively. Negative controls consisted of omission of
the primary antibody. The sections were then washed in
PBS and incubated with Envision-labeled polymer reagent
(DAKO, Glostrup, Denmark) reagent for 45 min at 37°C.
The reaction was revealed with nickel, cobalt-3,3′-diami-
nobenzidine (metal enhanced DAB substrate kit; Pierce,
Rockford, IL, USA), and the sections were counterstained
with hematoxylin. Surgically resected specimens of two
cases of gastrointestinal ulcer (gastric ulcer and jejunal
ulcer), two cases of colon cancer, and 20 cases of lung
cancer (11 cases of adenocarcinoma, seven cases of
squamous cell carcinoma, and two cases of large cell
carcinoma) were immunostained with the informed consent
of the patients. Strong membranous immunoreactivity of
HAI-1 in more than 10% of cancer cells was judged as
positive. For HIF-1α and 4-HNE, immunoreactivity in
more than 20% of cancer cells was judged as positive.

Cell lines and cell culture

A human lung adenocarcinoma cell line (HLC-1), human
colon carcinoma cell line (WiDr), and human uterine cervix
carcinoma cell line (HeLa) were cultured in RPMI 1640
medium supplemented with 10% fetal bovine serum, at 37°C
in a humidified atmosphere containing 5% CO2. For
hypoxia treatment, subconfluent cells (60% to 80% conflu-
ent) in 24-well or six-well culture plates were maintained in
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serum-free medium with 20% O2 (normoxia) or 1% O2

(hypoxia) using modular incubator chambers (APM-30D,
ASTEC, Fukuoka, Japan), with or without CoCl2 (Naka-
lai, Kyoto, Japan). For oxidation treatment, cells were
grown to 60% to 80% confluence in 24-well or six-well
plates and maintained in serum-free medium under
normoxic (20% O2) conditions with or without H2O2.
All cell lines were routinely tested for mycoplasma
contamination.

Reverse transcription-polymerase chain reaction (RT-PCR)

Total cellular RNA was extracted using Trizol reagent
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. For RT-PCR, 2 μg of total
RNA was reverse-transcribed with Superscript II reverse
transcriptase (Invitrogen), and the resultant cDNA was
used for conventional RT-PCR and quantitative real-time
RT-PCR. The following primers were used: HAI-1,
forward 5′-TCCATTTCCCCAGTGACA-3′, reverse 5′-
TGCCATAACAACCACCATAG-3 ′ , and TaqMan
FAM-ACTGCGTGGACCTGCCAGACACA-TAMRA.
Conventional PCR was carried out using the hot start Taq
enzyme (Hotstar™; Qiagen, Valencia, CA, USA) with a
thermal cycle profile of 30 s at 95°C, 1 min at 55°C, and
1 min at 72°C, using a thermal cycler. The PCR products
were analyzed by 1.5% agarose gel electrophoresis. The
quantitative real-time RT-PCR for HAI-1 was performed
according to methods previously described [2] using
LightCycler (Roche Diagnostics, Mannheim, Germany).
The amount of messenger RNA (mRNA) in each sample
was calculated as the number of copies per 102 copies of
β-actin (Roche Diagnostics).

Immunoblot analysis

HLC-1 cells were cultured in six-well plates, and cells at
60% confluency were used for the experiments. Cultured
HLC-1 cells were treated with 1 μM phorbol 12-myristate
13-acetate (PMA) (Sigma, Saint Louis, MO, USA) for
indicated periods at 37°C for 1 h in 2 mL of serum-free
medium. Then, the cells were incubated under conditions of
normoxia (20% O2), hypoxia (1% O2 with or without 100–
600 μM CoCl2), or with oxidative stress (100–600 μM
H2O2) in serum-free conditions and incubated for 2 to 24 h.
For immunoblot analysis of HAI-1, the cultured cells were
washed with ice-cold PBS and extracted in 100 μL of
50 mM Tris–HCl, pH 7.5, 150 mM NaCl, 0.2% NP-40
supplemented with 0.3 μL of protease inhibitor cocktail
(Sigma) on ice. Then, 10 μL of 20% NP-40 and 10 μL of
20% Triton X-100 were added, and the extraction was
incubated for 10 min on ice before clarification by
centrifugation at 104×g at 4°C for 5 min. Protein concen-

tration was measured by the Bradford method (BioRad,
Hercules, CA, USA). Sodium dodecyl sulfate-polyacrylamide
gel electrophoresis was performed under reducing condition
using a NuPAGE 4–12% gradient gel (Invitrogen). After
electrophoresis, the proteins were transferred electrophoret-
ically onto Immobilon-P membranes (Millipore, Billerica,
MA, USA). After blocking the non-specific binding sites
with 5% skim milk in 50 mM Tris–HCl (pH 7.5), 150 mM
NaCl, and 0.05% Tween 20 (TBS-T), the membrane was
incubated with anti-HAI-1 monoclonal antibody, 1N7
(1 μg/mL) or anti-β-actin mouse monoclonal antibody,
AC-74 (Sigma; 1 μg/mL ) for 1 h at room temperature,
followed by four washes with TBS-T and incubation with
horseradish peroxidase-conjugated goat anti-mouse IgG
(DAKO), diluted 1:3,000 in TBS-T with 1% BSA, for
1 h at room temperature. The labeled proteins were
visualized with a chemiluminescence reagent (Perkin Elmer
Life Sciences, Boston, MA, USA).

Cloning and site-directed mutagenesis of the HAI-1/spint-1
promoter

Promoter constructs containing the indicated nucleotide
sequences of the human HAI-1/spint-1 5′-flanking region
were made by PCR and subcloned into the MluI/BglII site
of the promoterless luciferase pGL3 basic vector (Promega,
Madison, WI, USA). Each sequence between 2,034, 543,
211, 79, or 30 bp upstream of the transcription start site
(designated as +1) and 43 bp downstream of the transcription
site of the HAI-1/spint-1 gene was subcloned and the
resultant plasmid was designated as pHAI(−2034/+43)-,
pHAI(−543/+43)-, pHAI(−211/+43)-, pHAI(−79/+43)-, or
pHAI(−30/+43)-Luc, respectively. Using pHAI(−211/+43)-
Luc as a template, the mutant promoter of HAI-1/spint-1
gene was prepared by replacing the nucleotide sequence of
GGGC (−52 to −49) to AATT within the potential binding
site of a complex of Egr-1-3 and Sp1 using a PCR-based
method previously described [13]. The resultant reporter
plasmid with the mutant promoter was designated as pHAI
(−211/+43 mut)-Luc.

Transfections and reporter assays

Cells were plated 24 h before transfection in 24-well
plates and cultured to 70% to 90% confluency. The
reporter plasmid (0.25 μg) was transfected in Opti-MEM I
reduced-serum medium (Invitrogen) using FuGENE6
transfection reagent (Roche) according to the manufac-
turer’s instructions. After transfection, the cells were
maintained under normoxic conditions (20% O2), hypoxic
conditions (1% O2 with 150 μM CoCl2) or in oxidative
stress (normoxia with 300 μM H2O2) for the indicated
periods in serum-free RPMI 1640 medium. Reporter assays
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were performed using a dual luciferase reporter assay
system (Promega) according to the manufacturer’s instruc-
tions. The corresponding empty vector (pGL3 basic vector)
was used as a control. After incubation of the cells for the
indicated periods, the cellular lysates were prepared.
Luciferase activity was measured by a luminometer (Turner
Biosystems, Sunnyvale, CA, USA) as relative light units
adjusted for efficiency of transfection standardized by co-
transfection with 0.05 μg Renilla luciferase plasmid pRL-
TK (Promega) as an internal control. The results of
promoter activity assays were expressed as a percentage
of luciferase activity compared to cells transfected with
the maximal promoter construct driven by SV-40 promoter
and enhancer (pGL3 control). All transfection experiments
were done in triplicate.

Statistical analysis

Data were analyzed with the StatView 4.0 program
(Brainpower, Calabasas, CA, USA). Comparisons between
unpaired groups were conducted with the Mann–Whitney U
test. Comparisons between time-course groups were
conducted by two-way repeated measure analysis of
variance. P values of <0.05 were regarded as statistically
significant. Results are expressed as means ± standard
deviation (SD).

Results

Augmented expression of membrane form of HAI-1
in adverse environmental conditions

Previously, we reported that the membrane form of HAI-1
was expressed on the surface of epithelial cells and that
immunoreactivity for membranous HAI-1 was upregulated
in injured or regenerating epithelium [11]. Initially in this
study, we preliminarily examined the expression of HAI-1
in epithelia in adverse, pathologic tissue microenvironments
using two cases each of gastrointestinal ulcer and advanced
colon cancer, and four cases of advanced lung cancer, and
found a fairly consistent tendency of enhanced HAI-1
immunoreactivity in epithelial cells, including tumor cells,
in significantly adverse tissue microenvironments. For
example, desquamating epithelial cells on a severely
inflamed, injured mucosa (Fig. 1a) and tumor cells
undergoing central necrosis (Fig. 1b) showed significantly
upregulated HAI-1 immunoreactivity.

Effects of hypoxia on the expression of HAI-1 in vitro

Based on the preceding observations, we hypothesized that
pathologic microenvironments may upregulate HAI-1, and
hypoxia and/or oxidative stress may be inducible factor(s)

Fig. 1 Enhanced expression of
the membrane form of HAI-1. a
Regenerating ulcer in the jeju-
num. HAI-1 immunoreactivity is
significantly upregulated in des-
quamating epithelial cells and
also in the cells covering se-
verely injured tissue. b HAI-1
expression in cancer cells in
necrotic portion (squamous cell
carcinoma of the lung). Degen-
erative cancer cells in necrotic
lesion shows significantly en-
hanced membranous immunore-
activity of HAI-1
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for the expression of the membrane form of HAI-1 in
epithelial cells and carcinoma cells. To test this hypothesis,
we examined the effects of hypoxia on the expression of
HAI-1 in vitro. As shown in Fig. 2a, all three human
epithelial cell lines examined (HLC-1, HeLa, and WiDr)
expressed HAI-1 mRNA. The expression level was low in
HeLa compared with HLC-1 and WiDr. We used the HLC-
1 human lung adenocarcinoma cell line to examine the
effects of hypoxia on HAI-1 mRNA levels (Fig. 2b). In this
experiment, HLC-1 cells were incubated in serum-free
conditions with or without hypoxic treatment. Under
normoxic conditions (20% O2 without CoCl2), serum
starvation initially resulted in a significant decrease in
HAI-1 mRNA levels for the first 6 h after the starvation.
The level of HAI-1 mRNA recovered gradually and was
modestly upregulated after 24 h of serum-free conditions
(Fig. 2b). In contrast, under hypoxic conditions (1% O2+
150 μM CoCl2), the level of HAI-1 was upregulated even 3
to 6 h after serum starvation and the time-course difference
between normoxic conditions and hypoxic treatment was

statistically significant (repeated measure two-way analysis
of variance test, p<0.01; Fig. 2b). The hypoxia-induced
upregulation of HAI-1 mRNA was also observed in WiDr
human colon adenocarcinoma cells (Fig. 2c). In this cell
line, the peak induction was observed 3 to 6 h after treatment.

We then checked the level of membrane form of the
mature HAI-1 protein. Cells were pretreated with PMA in
order to remove pre-synthesized HAI-1 from the cell
surface (PMA induced ectodomain shedding via cellular
protease activity) [12]. One hour after PMA treatment, the
cells were washed and subjected to hypoxic treatment. A
preliminary time-course study (3, 6, 9, 12, and 24 h of
hypoxia) indicated that the most significant difference in
protein level occurred at 9 h. In Fig. 2d, a representative
result following 9-h hypoxia is shown. It should be noted
that after PMA treatment, relatively little cell surface HAI-1
remained. Hypoxic stress (1% O2) increased HAI-1 protein
modestly (1.4-fold) and CoCl2 treatment also increased the
protein in a dose-dependent manner with peak stimulation
at 150 μM. At 600 μM CoCl2, the synthesis of HAI-1 was

Fig. 2 Upregulation of HAI-1 in response to hypoxia. a Expression of
HAI-1 mRNA in human epithelial cell lines (HLC-1, HeLa, WiDr)
evaluated by conventional RT-PCR. b Quantitative real-time RT-PCR
for HAI-1 mRNA expression in response to hypoxia treatment. HLC-1
cells were cultured under normoxia (20% O2) or hypoxia (1% O2+
150 μM CoCl2) in serum-free condition for 24 h. The level of HAI-1
mRNA normalized to the actin mRNA level was measured at each
time point. The values are means ± SD (2× triplicate experiments). *p
<0.01 compared with normoxia control (repeated measure two-way

analysis of variance test). c Effects of hypoxia on HAI-1 mRNA
expression in WiDr cells. A representative result of conventional RT-
PCR is shown. N Normoxia (20% O2), H hypoxia (1% O2+150 μM
CoCl2). d Effects of hypoxia on the expression of HAI-1 protein. The
cells were pretreated with PMA to remove cell surface HAI-1 by
ectodomain shedding, and the effects of low oxygen concentration
(1% O2) and/or CoCl2 on the levels of the mature membrane form of
HAI-1 in serum-free condition were analyzed by immunoblot
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rather suppressed. The most significant stimulatory effect
was achieved by combined treatment with 1% O2 and
150 μM CoCl2, showing a twofold enhancement of the
mature membrane form of HAI-1 compared with control
cells. Following 12 to 24 h of treatment, the level of cell
surface HAI-1 reached a plateau, probably due to establish-
ment of an equilibrium between synthesis and ectodomain
shedding of the membrane form of HAI-1. After 24 h, the
protein levels did not significantly differ between the hypoxia-
treated cells and normoxic controls (data not shown).

Effect of oxidative stress on the expression of HAI-1

We also examined the effect of oxidative stress on the
expression of HAI-1 (Fig. 3). HLC-1 cells were pretreated
with PMA to remove the preexisting membrane form of
HAI-1 as described above, and the cells were incubated
with varying concentrations of H2O2 (150–900 μM) in
serum-free conditions, and the level of the membrane form
of HAI-1 was analyzed. The oxidative stress enhanced the
level of HAI-1, and the most significant difference was
observed 4 h after H2O2 treatment with peak stimulation at
300 μM H2O2 (Fig. 3a). The level of HAI-1 mRNA was
also increased upon H2O2 treatment. Quantitative real-time
RT-PCR study revealed that the time-course difference
between H2O2-treated cells and control cells was statisti-
cally significant (repeated measure two-way analysis of
variance test, p<0.01). At 2 and 6 h of H2O2 treatment,
HAI-1 mRNA increased approximately threefold compared
with corresponding control cells (Fig. 3b).

Analysis of the promoter region responsible for hypoxic
stress- and oxidative stress-induced HAI-1 transcription

For a better understanding of the regulation of HAI-1
expression, we analyzed the promoter activity of the HAI-1/

spint-1 gene with a dual luciferase assay. Figure 4 shows
the schematic representation of the prepared constructs and
the results of the reporter assay. Experiments were limited
to HLC-1 and HeLa cells, because the transfection efficiency
for WiDr cells was too low. In agreement with our
observation that HLC-1 expressed more HAI-1 than HeLa
cells (Fig. 2a), the promoter activity was higher in HLC-1
compared with HeLa (Fig. 4). In both HLC-1 and HeLa cell
lines, the key promoter activities were identified in the 5′-
flanking regions −79 to −30 from the transcription start site of
HAI-1/spint-1 gene. This region contained a potential over-
lapping binding site for Egr-1-3/Sp1, which was well
conserved between human and mouse [10]. Indeed, muta-
tion in the Egr-1-3/SP1 binding sites resulted in significantly
reduced luciferase activity in both cell lines (Fig. 5).

Next, we tested the effects of hypoxia and oxidative
stress on the promoter activity using the above luciferase
constructs. Both hypoxic (1% O2+150 μM CoCl2) and
oxidative (300 μM H2O2) treatments enhanced luciferase
activity in HLC-1 cells in a statistically significant level
(Fig. 6). Again, the 5′-flanking region −79 to −30 appeared
to be the key promoter region. Notably, the hypoxia- or
oxidation-induced response was not observed when the
mutant promoter (−211/+43 mut) was used, indicating that
the overlapping Egr-1-3/Sp1 binding site (−42 to −58) was
in fact responsible for the stress-induced upregulation of
HAI-1 transcription (Fig. 6). HeLa cells showed similar
results (data not shown).

Expression of HAI-1 in areas of hypoxic and/or oxidative
microenvironment in vivo

Finally, we stained serial tissue sections with antibodies
against HAI-1, HIF-1α (hypoxia marker), and 4-HNE
(oxidation marker) using human lung cancer tissues.
Membrane form HAI-1-positive cases (i.e., strong immuno-

Fig. 3 Upregulation of HAI-1 in response to oxidation stress. a
Effects of oxidative stress by H2O2 on the expression of HAI-1 protein
by HLC-1 cells. The cells were pretreated with PMA to remove cell
surface HAI-1 by ectodomain shedding. Immunoblots analyzed the
effects of H2O2 (150–900 μM) on the expression of the mature
membrane form of HAI-1 in serum-free medium. b Quantitative real-

time RT-PCR for HAI-1 mRNA expression in response to H2O2

treatment. HLC-1 cells were cultured with or without 300 μM H2O2 in
serum-free condition for 6 h. The level of HAI-1 mRNA normalized to
the actin mRNA level was measured at each time point. The values are
means ± SD (triplicate experiments). *p<0.01 compared with control
(repeated measure two-way analysis of variance test)
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reactivity of membrane form HAI-1 in more than 10% of the
cancer cells) were observed in 4/11 of adenocarcinoma, 3/7 of
squamous cell carcinoma, and 1/2 of large cell carcinoma
cases. In addition, strong cytoplasmic immunoreactivity was
seen in two cases of adenocarcinoma and one large cell
carcinoma, without apparent membranous localization. Posi-
tive HIF-1α immunoreactivity and 4-HNE was observed in
50% and 80% of the lung carcinoma cases, respectively. Most
(7/8) of the HAI-1-positive cases were 4-HNE positive, and
60% (5/8) of the HAI-1-positive cases were also HIF-1α

positive. As shown in Fig. 7a–d, the areas showing enhanced
4-HNE and HIF-1α immunoreactivity tended to accompany
enhanced HAI-1 expression. However, HAI-1-positive cells
were not necessarily positive for these hypoxia and oxidation
markers (Fig. 7e), suggesting the complexity of the
regulation of HAI-1 expression in vivo.

Discussion

Data presented here demonstrate that HAI-1 expression is
enhanced in response to hypoxic and oxidative stresses.
Furthermore, the key promoter region for this response can
now be assigned to the 5′-flanking region −79 to −30 of the
HAI-1/spint-1 gene. Although the biological significance of
this response remains to be clarified, HAI-1 may have
crucial roles in cells under hypoxic and/or oxidative
stresses. These findings are compatible with previous
immunohistochemical observations that showed enhanced
epithelial expression of HAI-1 at sites of severe injury or
carcinoma cells at the invasion front [11, 12, 22] because
those areas are likely under oxidative or hypoxic stresses
[4, 28]. Indeed, areas showing 4-HNE immunoreactivity or
upregulated HIF-1α expression often showed enhanced
HAI-1 immunoreactivity in vivo, suggesting that the
microenvironments with upregulated HAI-1 may be subject
to hypoxic and/or oxidative stresses.

HAI-1 is predominantly expressed on the surface of
epithelial cells and is thought to be functioning on the cell
surface [12]. However, its role in epithelial biology is
poorly understood at present. The key promoter region of
the HAI-1/spint1 gene assigned in this study is composed of
an overlapping Egr-1-3/Sp1 binding site, and this site is in

Fig. 4 Analysis of the human
HAI-1/spint-1 gene promoter in
HLC-1 and HeLa cells. Tran-
sient transfection assays were
performed with a dual luciferase
reporter assay. Promoter con-
structs containing the indicated
nucleotide sequences of the
HAI-1/spint-1 5′-flanking region
are indicated. The activity was
measured as relative light units
adjusted for efficiency of trans-
fection standardized by co-
transfection with pRL-TK. Pro-
moter activities were expressed
as a percentage of the luciferase
activity compared to cells trans-
fected with the maximal pro-
moter construct driven by SV-40
promoter and enhancer. *p<
0.05, compared with pHAI-1
(−30/+43; Mann–Whitney U
test)

Fig. 5 Functional analysis of the key promoter region of the HAI-1/
spint-1 gene. a Nucleotide sequence of the presumptive key promoter
region. This region contains an overlapping Egr-1-3/Sp-1 site. Specific
base-pair substitution used to mutate the Egr-1-3/Sp-1 site is indicated.
b Effect of the mutation on reporter activities in HLC-1 and HeLa
cells. Values are means ± SD of triplicate assays. *p<0.05; **p<0.01,
compared with wild-type promoter (Mann–Whitney U test)
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fact responsible for the stress-induced transcription of HAI-
1/spint1. The molecule(s) which binds to this domain and
activates HAI-1/spint-1 transcription in responses to stress
remains to be determined. However, it is known that Egr-1
plays a role in cellular responses to hypoxia and oxidative
stress. This suggests that the hypoxic stress- and oxidative
stress-induced upregulation of HAI-1 observed here may be
mediated by Egr-1 [23, 33, 34]. In addition, SP-1 is
reportedly induced by hypoxia in brain tissue [25]. To
further confirm the molecule(s) interacting with key
promoter element(s) of HAI-1/spint-1 gene, rigorous elec-
trophoretic mobility shift assay will be required.

The functional role of upregulated HAI-1 in cells
subjected to hypoxia and/or oxidative stress remains to be
determined. HGF and its receptor MET are known to be
upregulated in the hypoxia [29], and upregulation of HGF/
MET signaling in hypoxia may be an important tissue
reaction for survival in such conditions [3, 20]. Since HAI-
1 is a potent inhibitor of HGF-activating enzymes such as
HGF activator, matriptase, and hepsin [14, 15], our present
observation showing hypoxia-induced HAI-1 upregulation
is rather surprising. However, HAI-1 regulates the activa-
tion of matriptase and is required for the trafficking of
matriptase to the cell surface even though it can inhibit
matriptase activity [16, 24]. Without HAI-1, activation and
trafficking of matriptase appear to be significantly impaired
[16, 24]. Such paradoxical effects of HAI-1 are also
observed in the case of HGF activator. HAI-1 inhibits
HGF activator, but paradoxically, serves as a reservoir of
HGF activator on the cell surface [12]. Therefore, the
membrane form of HAI-1 may be a critical molecule for the
optimal activity of HGF-activating proteases in the peri-
cellular microenvironment, thereby ensuring HGF/MET
signaling that might be required for cellular survival. An
alternative possibility is that HAI-1 may suppress excess
protease activities on the cellular surface and may protect
the cells from a cascading protease reaction.

Recently, another membrane-bound serine protease
inhibitor, HGF activator inhibitor type 2 (HAI-2) was
reported to be upregulated in response to hypoxia in breast
cancer [7]). Interestingly, the expression of HAI-2 in breast
carcinoma correlates with aggressiveness of the tumor in
vivo [7]. HAI-2 shows a molecular structure similar to
HAI-1, having two extracellular Kunitz domains, but
lacking an LDL receptor-like domain and an N-terminal
MANSC (motif at N terminus with seven cysteines) domain
[8, 14]. Although little is known regarding the mechanism
underlying hypoxia-induced HAI-2 upregulation and the
function of HAI-2 in tumors, this evidence suggests that
membrane-bound Kunitz-type serine protease inhibitors,
HAI-1 and HAI-2, could have protective roles in epithelial
cells under hypoxic and oxidative conditions. Further
detailed clinico-pathological analyses of the HAI-1 expres-
sion in various tumors and injured tissues may lead to a
better understanding of the biological roles of HAI-1 in vivo.

In summary, our results indicate that the tissue microen-
vironment regulates the expression of cell surface HAI-1
which in turn may modulate protease activities at the
epithelial cell surface. Further work is needed to identify
the cognate protease(s) and functional roles of the mem-
brane form of HAI-1 under various pathologic conditions.
Such studies might open new avenues for unraveling the

Fig. 7 Comparative immunohistochemical analysis of HAI-1 and
hypoxia/oxidation markers in pulmonary cancer tissues. Serial
sections were simultaneously stained with anti-HAI-1, HIF-1α, and
4-HNE antibodies. a Well-differentiated adenocarcinoma showing
stromal invasion. b Dysplastic respiratory epithelium observed in a
case of pulmonary squamous cell carcinoma. Note that the lumen is
filled with necrotic tissue. c Invasive cancer cells (poorly differenti-
ated adenocarcinoma cells) in fibrotic tissue with concomitant
immunoreactivities to both HAI-1 and 4-HNE. d Well-differentiated
squamous cell carcinoma. Cells adjacent to keratinizing degeneration
(cancer pearl) show enhanced immunoreactivity to both HAI-1 and
HIF-1α. e Well-differentiated adenocarcinoma. Cancer cells with
membranous HAI-1 expression in this portion show immunoreactiv-
ities to neither HIF-1α nor 4-HNE

�

Fig. 6 Functional analysis of the key promoter region in hypoxia and
oxidation-induced HAI-1 upregulation (HLC-1 cells). Mutation in the
overlapping Egr-1-3/Sp-1 site resulted in impaired responses to
hypoxic and oxidative stresses. Luciferase activities were measured

16 h after the treatment. *p<0.05 compared to the corresponding non-
treated control; #p<0.01 compared to the wild-type promoter with
hypoxia or H2O2 treatment
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molecular complexities of epithelial responses under chal-
lenging physiological conditions.
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Abstract To investigate whether salivary carcinomas with
and without myoepithelial differentiation could present
differences regarding degree of angiogenesis, we compared
tumor vascularization between adenoid cystic (31 cases)
and epithelial-myoepithelial carcinomas (14) versus mucoe-
pidermoid (37) carcinoma. The expression of peroxiredoxin
I was also studied to verify the potential relationship
between cellular metabolism and microvascular density.
Microvascular density for CD34 and CD105 were signifi-
cantly lower in carcinomas with myoepithelial differentia-
tion. However, no correlation was found between degree of
angiogenesis and amounts of myoepithelial cells. High-
grade peroxiredoxin I expression was found in 73.7% of
mucoepidermoid carcinomas, whereas 85.1% of carcinomas
with myoepithelial differentiation presented low-grade
expression. In conclusion, carcinomas with myoepithelial
differentiation, regardless of the amounts of myoepithelial
cells, are associated to a significantly lower vascular
density. The reasons for this lower angiogenic activity
remain to be determined but could be related to metabolic
characteristics of the cancer cells.

Keywords Angiogenesis . Adenoid cystic carcinoma .

Mucoepidermoid carcinoma .

Epithelial-myoepithelial carcinoma .

Myoepithelial cell and microvessel density

Introduction

Tumor growth and metastasis are dependent on angiogenesis
[8]. The properties of the tumor cells to release and induce
angiogenic and anti-angiogenic factors are considered an
essential mechanism for tumor-induced angiogenesis [15].
However, for a tumor itself to become neovascularized, not
all cells must switch to the angiogenic phenotype [9], and
different types of neoplastic cells vary regarding their
abilities to release angiogenic and anti-angiogenic factors.
In this context, comparing human myoepithelial and non-
myoepithelial cells, the former are reported to present a
multifaceted anti-angiogenic phenotype [24].

Myoepithelial cells normally surround ducts and acini of
glandular organs such as the breast and salivary glands.
However, in contrast to the breast, where tumors with
myoepithelial component are not common, in salivary
glands many of the neoplasms contain myoepithelial cells
in their composition [14]. These tumors with myoepithelial
component usually exhibit low ability to metastasize and/or
slow progression [14, 25]. In terms of angiogenesis, we
have recently reported that carcinomas with myoepithelial
differentiation arising in pleomorphic adenoma presented
lower microvessel density (MVD) for CD105 than those
without such differentiation [28]. CD105 (endoglin), an
accessory component of the transforming growth factor β
receptor complex, plays a pivotal role in tumor-induced
angiogenesis [1, 10, 23] and has been reported as a powerful
marker of neovascularization [22].
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Drawing from this background, we hypothesized that other
types of salivary carcinomas (non-expleomorphic adenoma)
with and without myoepithelial differentiation could also
show differences regarding tumor-induced angiogenesis,
which has been considered a putative target for cancer therapy
[10, 22]. Thus, we compared MVD for CD34 (a pan-
endothelial marker) and for CD105 (a neoangiogenesis
marker) in intratumoral and peritumoral regions of adenoid
cystic (ACC) and epithelial-myoepithelial carcinomas
(EMC) versus mucoepidermoid (MEC) carcinomas. The
latter is the most frequent salivary carcinoma without
myoepithelial differentiation, whereas ACC and EMC
represent those with myoepithelial differentiation.

However, tumor-induced angiogenesis is not only
determined by the net balance between angiogenic induc-
tors and inhibitors but also by nonangiogenic factors.
Therefore, in an attempt to investigate the potential
relationship between factors related to cellular metabolism
and microvascular density, we verified the spatial relation-
ship between proliferating tumor cells and closeness to
vessels and the expression of peroxiredoxin I (Prdx-1) in
carcinoma cells. Prdx-1 expression can be associated with
cellular metabolism in view of its ability to decompose
hydrogen peroxide (H2O2) [30], one of the harmful species
generated as secondary products by metabolic reactions
utilizing molecular oxygen. Among them, mitochondrial
oxidative phosphorylation, the oxygen-dependent process
responsible for the highest energy yield in the cells, is
recognized as the primary endogenous source of H2O2 [7].
Prdx-1 is an enzyme that presents a high degree of affinity
for H2O2 and its peroxidase activity, which requires
electrons from the thioredoxin system and relies on a
cysteine residue in the N-terminal region [30].

Materials and methods

The present study was approved by the Committee of Ethics
of the University of Campinas, Brazil and was performed on
82 human salivary carcinomas samples (31 ACC, 14 EMC,
and 37 MEC) which were retrieved from the files of the
Department of Pathology of the University of Campinas
(diagnosed between 1991 and 2007). Hematoxylin–eosin-
stained slides from each tissue block were reviewed to
confirm the pathological diagnosis and select a representative
section for analysis. Demographic and clinical information
was obtained from the patients’ medical records.

Immunohistochemistry

One paraffin block from each case was chosen for the
immunohistochemical study [27], and the following anti-
bodies were used (Table 1): CD34 and CD105 for detection

of blood vessels, α-smooth-muscle actin (α-SMA), and
vimentin for detection of myoepithelial cells and Prdx-1 for
cellular metabolism. The 5-μm sections were deparaffinized
and hydrated, and endogenous peroxidase activity was
quenched by immersion of the slides in 3% hydrogen
peroxide. For all antibodies, except for α-SMA and anti-
CD105, antigen retrieval (AR) was achieved by boiling in a
steamer immersed in citrate buffer (pH6.0, for 30min). For
CD105, AR was performed using 0.4% pepsin for 30min
(Table 1). Only the sections for CD105 were incubated at
37°C with protein block serum free (code x0909, Dako,
SA, Denmark) for 30min. Subsequently, for all antibodies,
the sections were incubated overnight at 4°C with the
primary antibody and afterwards with the EnVision
polymer HRP and Envision+ (code K1491, DAKO, SA,
Denmark) for 1h at 37°C. Sections were stained for 5min at
37°C with 3,3′-diaminobenzidine tetrahydrochloride (DAB)
and counter-stained with hematoxylin.

Double-labeling immunohistochemical staining (EnVi-
sion doublestain, code K1395, Dakopatts S/A, Denmark)
was performed for Ki67/CD34. Briefly, a monoclonal
antibody anti-Ki67 (Table 1) was applied after antigen
retrieval using Tris–EDTA buffer (pH8.9) and incubated
overnight at 4°C; detection was achieved using the
EnVision polymer HRP and DAB to visualize the binding
of the first antibody. The sections were then incubated with
a second antibody against CD34 (Table 1) at 4°C overnight.
EnVision polymer linked to alkaline phosphatase and fast
red as substrate chromogen system were used to complete
the second immunostaining.

Negative controls were run by omitting primary anti-
bodies.

Evaluation of staining

Microvessel counting

Immunohistochemical reactions for CD34 and CD105 were
interpreted by two authors (AFC and VB) using a double-
headed microscope. Two distinct sets of measurements

Table 1 Details of the antibodies used for immunohistochemistry

Specificity Clone Dilution Source Buffer (AR)

CD34 QBEnd 10 1:50 Dakoa Citrate
CD105 SN6h 1:10 Dakoa Pepsin
Vimentin V9 1:100 Dakoa Citrate
α-SMA 1A4 1:200 Dakoa None
Ki67 MIB1 1:150 Dakoa Tris–EDTA
Prdx-1 Polyclonal 1:450 Alexisb Citrate

a Dako, SA, Denmark
b Aléxis, Lausen, Switzerland
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were performed in each tumor-stained section, in which the
most vascularized areas at low power magnification
(hotspots) were chosen for vessel counting at ×40 magni-
fication: (a) three fields within the tumor mass (intratumoral
vascular density) and (b) three fields within a high power
field area from the tumor border (peritumoral vascular
density). Microvessel density for CD34 as well as for
CD105 were considered the mean number of vessels in
these areas in each sample. Single endothelial cells or
clusters of these cells, with or without lumen, were
considered individual vessels. Vessels with muscular walls
were excluded.

We also evaluated whether there was invasion of CD34-
and/or CD105-positive vessels by carcinoma cells (tumor
emboli).

Myoepithelial cell quantification

The relative numbers of stained cells for α-SMA and
vimentin were considered in relation to all neoplastic cells
seen for each stained section. The immunoreactivity was
assessed using a two-tiered scale: <50% and ≥50% of
positive cells.

Quantification of peroxiredoxin I expression in carcinoma
cells

Prdx-1 immunostaining was semiquantified by a visual
grading system in which the intensity of staining was
categorized as negative (total absence of Prdx-1 immunos-
taining), low Prdx-1 expression (<25% of the tumor cells
were positive), and high Prdx-1 expression (≥25% of
positive cells; Fig. 5). The intensity of staining of tumor
cells was classified as faint or intense in comparison to that
of epithelial cells of ductal structures of salivary glands.

Distribution of proliferating carcinoma cells in relation
to tumor vasculature

In order to verify the spatial relationship between prolifer-
ating tumor cells and closeness to vessels, the amounts of
Ki67-positive carcinoma cells within an area of 100μm of
radius around the vessels were subjectively compared with
those beyond these limits in double-stained sections for
Ki67/CD34.

Statistical analysis

Normal distribution of the values was evaluated by
Kolmorogov–Smirnov test. The comparison between the
three different tumor groups was done by analysis of
variance (ANOVA) followed by the least square differences
post hoc test. Microvessel density in different regions of the

tumor was compared by ANOVA for dependent groups.
Data were presented as mean ± SD, and the results with p <
0.05 were considered significant. All the statistical proce-
dures were performed using WinSTAT, version 3.1.

Results

In ACC group, 79.4% were women, average age was 44
(19–65years), and lesions were located in parotid glands in
four cases, submandibular glands in eight, and minor
salivary glands in 19. ACCs were classified according to
histological patterns [14] as tubular/cribriform, 19 cases,
and solid, 12. In EMC group, 57% were women, average
age was 55 (37 to 79), and lesions were located in parotid
glands in seven cases, submandibular glands in two, and
minor salivary glands in four. In MEC group, 62% were
women, average age was 42 (7–68years), and lesions were
located in parotid glands in nine cases, submandibular
glands in five, and minor salivary glands in 23 cases. MECs
were classified according to histological grades [14] as low/
intermediate grade, 29 cases, and high grade, eight cases.

Microvascular density for CD34 and CD105

Figures 1 and 2 illustrate MVD for CD105 and CD34 in all
groups. Comparing ACC and EMC (carcinomas with
myoepithelial differentiation) with MEC (carcinoma with-
out myoepithelial differentiation), a significant difference
regarding CD34-MVD as well as CD105-MVD was
detected in the intratumoral regions but not in the
peritumoral areas (Table 2). MEC showed a significantly
higher CD34-MVD and CD105-MVD in intratumoral
regions where the positive vessels usually formed a rim of

Fig. 1 CD34-MVD in intratumoral and peritumoral regions in
adenoid cystic (ACC), epithelial-myoepithelial (EMC), and mucoepi-
dermoid (MEC) carcinomas. ACC and EMC presented significantly
lower CD34-MVD in intratumoral regions than MEC. Comparing
intratumoral with peritumoral regions, the former exhibited signifi-
cantly higher CD34-MVD in MEC and ACC
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capillaries immediately adjacent to the carcinomatous
aggregates. In contrast, in ACC and EMC, both CD34-
MVD and CD105-MVD were significantly lower, particu-
larly CD105-positive vessels (Fig. 3).

Comparing intratumoral with peritumoral regions, in
MEC, the former presented significantly higher CD34-
MVD as well as CD105-MVD. In ACC, only CD34-MVD
was significantly increased in intratumoral regions, whereas
CD105-MVD was equally low in intratumoral and peritu-
moral areas. In EMC, intratumoral and peritumoral regions
did not show significant differences regarding CD34-MVD
as well as CD105-MVD (Figs. 1 and 2, Table 2).

Follow-up information, which ranged from 5 to 60months,
was available in 30 patients (16 with ACC and 14 with MEC),
and distant metastases were detected in five out of 16 patients
with ACC and none of the 14 with MEC. In ACC group,
comparing tumors from patients with and without distant
metastases, neither intratumoral CD34-MVD (mean 17.1
versus 17.4) nor CD105-MVD (mean 4.7 versus 4.3) were
increased in the metastatic group.

In sections stained by CD34 and CD105, vessels with
tumor emboli were not found.

Myoepithelial cells

α-SMA and vimentin have been considered useful markers
for identification of neoplastic myoepithelial cells [12]. In
our series, α-SMA- and vimentin-positive cells consistent
with myoepithelial cells were observed only in ACC and
EMC cases. The findings regarding CD34-MVD and
CD105-MVD in ACC group, subdivided according to the
amount of α-SMA and vimentin-positive cells, are shown
in Table 3. Tumors composed of ≥50% of α-SMA- or
vimentin-positive cells did not present lower intratumoral
CD34-MVD and/or CD105-MVD when compared to those
containing <50% of positive cells (Fig. 4). In EMC, all
tumors were composed of ≥50% of α-SMA or vimentin-
positive cells.

Prdx-1 expression in carcinoma cells

In MEC, Prdx-1 expression was observed in 100% of 19
cases studied, in which 73.7% presented high Prdx-1
expression (Fig. 5). In contrast, in 22 cases of ACC, 9.0%
showed high Prdx-1 expression, 36.3% low, and 54.5%
were negative. In five cases of EMC, 40% presented high
and 60% low Prdx-1 expression. The intensity of staining
between myoepithelial and epithelial cells were compared
in ACC and EMC. In the myoepithelial cells, the intensity
was usually faint.

Distribution of proliferating carcinoma cells in relation
to tumor vasculature

Comparing the amounts of Ki67-positive carcinoma cells
within an area of 100μm of radius around the vessels with
those beyond these limits, a spatial relationship between
proliferating tumor cells and closeness to vessels was not
identified in MEC, ACC, or EMC (Fig. 6).

Fig. 2 CD105-MVD in intratumoral and peritumoral regions in
adenoid cystic (ACC), epithelial-myoepithelial (EMC), and mucoepi-
dermoid (MEC) carcinomas. ACC and EMC presented significantly
lower CD105-MVD in intratumoral regions than MEC. Comparing
intratumoral with peritumoral regions, the former exhibited signifi-
cantly higher CD105-MVD only in MEC

Table 2 Microvascular densities by CD34 and CD105 antibodies in intratumoral and peritumoral regions of adenoid cystic (ACC), epithelial-
myoepithelial (EMC) and mucoepidermoid (MEC) carcinomas

Groups CD34-MVD
intratumoral
region (mean ± SD)

CD34-MVD
peritumoral
region (mean ± SD)

p CD105-MVD
intratumoral
region (mean ± SD)

CD105-MVD
peritumoral
region (mean ± SD)

p

ACC 18.3±8.4 12.6±4.9 0.0143 5.1±3.8 4.0±3.5 0.34
EMC 16.2±7.6 11.7±5.7 0.0962 3.5±1.9 3.3±3.2 0.09566
MEC 26.0±13.2 15.4±7.0 0.0003 12.9±8.1 3.4±3.8 0.0001
p 0.0065 0.097 0.00003 0.61
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Discussion

Several lines of evidence have shown that tumors with
myoepithelial phenotype can be considered a distinct entity
[25]. Compared to common malignant cell lines, myoepi-
thelial cells (a) secrete high amounts of proteinase inhib-

itors and inhibitors of angiogenesis but low amounts of
proteinases and of angiogenic factors; and (b) present
increased expression of genes for angiogenic inhibitors and
decreased expression in those for angiogenic factors.
Furthermore, myoepithelial tumor xenografts compared to
non-myoepithelial tumor xenografts exhibit minimal an-
giogenesis [2, 24]. Based on these findings, Barsky and
Karlin [2] suggested that the myoepithelial tumor micro-
environment would be inhibitory to angiogenesis. In line
with this assumption, we recently showed that salivary
carcinomas with myoepithelial differentiation arising in
pleomorphic adenoma presented lower neoangiogenesis
than those without such differentiation [28].

Thus, in the current study, to verify whether other
salivary carcinomas present differences regarding the
degree of tumor vascularization, we compared the most
frequent carcinomas with and without myoepithelial differ-
entiation (ACC and EMC versus MEC). In ACC and EMC,

Fig. 3 CD34 (left) and CD105
(right)-positive vessels: in ade-
noid cystic carcinoma (a, b), in
epithelial-myoepithelial carci-
noma (c, d), and in mucoepi-
dermoid carcinoma (e, f). In
mucoepidermoid carcinoma,
numerous CD34 and CD105
capillaries form a rim adjacent
to carcinomatous aggregates
whereas adenoid cystic and
epithelial-myoepithelial carci-
nomas show few vessels
stained by CD34 and CD105

Table 3 Microvascular densities by CD34 and CD105 antibodies in
adenoid cystic carcinomas subdivided in two groups according to the
amount of myoepithelial cells

Antibody Amount of
myoepithelial cells

CD34-MVD
(mean)

CD105-
MVD (mean)

α-SMA-
positive cells

<50% (19 cases) 18.13 4.45
≥50% (7 cases) 20.12 7.24

Vimentin-
positive cells

<50% (20 cases) 18.85 4.41
≥50% (6 cases) 18.05 7.85
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we detected significantly lower intratumoral CD34-MVD
and CD105 MVD than in MEC. In contrast to CD34, which
highlights the entire tumor-associated vessels and normal
vessels, CD105 is over-expressed in the activated endothe-
lial cells participating in neoangiogenesis but reacts weakly

in normal tissues [3, 5, 20, 29]. As expected, we found that
all tumors presented lower numbers of CD105-positive
vessels in comparison to CD34-positive ones. This finding
was particularly marked in ACC and EMC where CD105-
positive vessels were usually scarce.

Fig. 4 Myoepithelial cells in
adenoid cystic carcinomas: a
tumor with a small number of
myoepithelial cells (<50% of
tumor cells) and b another with
numerous cells (≥50% of tumor
cells). CD34-MVD and CD105-
MVD were higher in the latter
(15.3 and 3.3 versus 8.3 and 2.0,
respectively)

Fig. 5 Prdx-1 expression in
carcinoma cells. Low Prdx-1
expression (<25% of positive
cells) in ACC (a, b); high Prdx-
1 expression (≥25% of positive
cells) in EMC (c, d) and in MEC
(e, f). The intensity of staining
of tumor cells was classified as
faint or intense in comparison to
that of epithelial cells of ductal
structures of salivary glands
(inset), and in myoepithelial
cells, the intensity was usually
faint
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These results in ACC and EMC are in agreement with
those in carcinomas with myoepithelial differentiation
arising in pleomorphic adenomas [28] and reinforce that
salivary carcinomas with myoepithelial component can be
associated with lower angiogenesis in comparison to those
without such differentiation. However, in the current series,
some findings suggest that the anti-angiogenic phenotype
of myoepithelial cells [24] may not play a pivotal role in the
lower angiogenesis of these tumors. Among these findings
are: (a) in carcinomas with myoepithelial differentiation,
intratumoral regions (in which vessels are closer to the
tumor cells) did not show lower level of MVD than
peritumoral regions and (b) ACCs containing greater
amount of myoepithelial cells were not associated with
reduction of vascular density.

Studies have shown that microvessel density is not only
determined by the net balance between angiogenic factors
and inhibitors but also by nonangiogenic factors related to
tumor metabolic demand [17]. The higher expression of
Prdx-1 in MEC than in ACC and EMC suggests that
salivary carcinomas without myoepithelial differentiation
could present marked metabolic differences in relation to
tumors with myoepithelial cells. As a function of the MVD
and the consequent oxygen availability, it could be
suggested that the relative contribution of mitochondrial
oxidative phosphorylation and glycolysis for cellular
energy supply is divergent among the tumors studied. The
higher level of oxygen afforded by elevated MVD in MEC

could lead to a sequential augment in the levels of
mitochondrial activity, H2O2 formation, and Prdx-1 expres-
sion. Opposite effects could be expected to occur in ACC
and EMC, which present diminished MVD. In these
tumors, the low Prdx-1 expression levels could characterize
a low rate of oxidative metabolism indicating that possibly
they meet their energy demands predominantly via glycol-
ysis, an oxygen-independent process. The absence of
spatial relationship between proliferating cells (Ki67+)
and closeness to vessels in carcinomas with myoepithelial
differentiation, despite the low vascular density of these
tumors, also reinforces that glycolysis could be an important
metabolic pathway in these tumors. Considering that partial
pressure of oxygen decreases to near zero at distance greater
than 100μm from a vessel [4, 16], the marked cellular
proliferation observed beyond this limit suggests that
possibly these tumors maintain their metabolic activities
predominantly via an oxygen-independent process.

The histological assessment of tumor vascularity can be
used to broaden our understanding of the angiogenic
process in neoplasia. It has been proposed that angiogen-
esis is generally most active at the tumor periphery,
making it important to include the normal tissue/tumor
interface in the area to be assessed [11]. In lung and breast
carcinomas, it was shown that vascular density was high at
the tumor periphery but decreased gradually towards the
inner areas [18, 19]. However, in our series of salivary
carcinomas, in which two sets of measurements (within

Fig. 6 Distribution of prolifer-
ating carcinoma cells in relation
to tumor vasculature in double-
stained sections for Ki67
(brown)/CD34 (red). A spatial
relationship between proliferat-
ing tumor cells and closeness to
vessels was not identified in
ACC (a), EMC (b), or MEC (c,
with rare Ki67+ cells [arrow],
and d with numerous cells).
Bars 100 μm
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the tumor and at the invading front) were performed, the
tumor periphery presented lower or similar microvascular
density in comparison to intratumoral regions. The reasons
for these variations in salivary carcinomas in relation to
other types of cancer (such as lung and breast carcinomas)
still need to be clarified. We believed that tissue-specific
tumor features and/or growth rate of the tumors (lower in
ACC, EMC and MEC and faster in lung and breast
cancers) might be responsible for these findings. In terms
of quantifying tumor angiogenesis, our results show that
in salivary carcinomas, microvessel density should be
measured in intratumoral regions, where angiogenesis is
most active.

Tumors of high vascular density have been reported to be
associated with an increased metastatic potential [13]. The
angiogenic process is considered to increase the opportunity
of development of metastases in many malignant tumors [26,
31]. Among salivary carcinomas, MEC and ACC are known
to present important differences in terms of metastatic
behavior. Lymph node involvement is more common in
MEC whereas ACC is characterized by high incidence of
distant metastases [14]. A recent in vitro study has suggested
that ACC cells with higher metastatic potential might present
greater stimulus to angiogenesis [32]. However, our findings
did not support this assumption because comparison of
ACCs with and without distant metastases did not reveal
increase of CD34-MVD nor of CD105-MVD in the group
with metastases. Another explanation for variations in the
metastatic potential of ACCs might be differences in intrinsic
properties of cancer cells themselves and/or of the tumor
microenvironment [21]. The latter includes proteolytic
modification of the extracellular matrix, allowing malignant
cells better access to vessels [21].

Finally, the recognition of distinct patterns of tumor
vascularization in carcinomas with and without myoepithe-
lial differentiation may have implications in the field of
anti-angiogenic therapy. CD105 promoter is predominantly
active in proliferating endothelial cells, and this molecule is
currently being evaluated as an ideal target for antiangio-
genic therapies that aim to prevent the development of
neovasculature [6]. Thus, this therapy should be preferen-
tially directed towards the highly angiogenic tumors
without myoepithelial differentiation, such as MEC, which
presented numerous CD105-positive vessels. In contrast,
this vascular targeting agent might be less effective in
ACCs and EMC, where neoangiogenesis is usually low.

In conclusion, carcinomas with myoepithelial differentia-
tion, regardless of the amounts of myoepithelial cells, are
associated to a significantly lower vascular density, particu-
larly in terms of CD105-positive vessels (neoangiogenesis).
The reasons for this lower angiogenic activity remain to be
determined but could be related to metabolic characteristics of
the cancer cells.
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Abstract Modern integrated medical curricula usually do
not include a separate pathology course. Consequently,
there is a risk that important pathological principles may be
omitted. We aimed to ensure that pathology is properly
represented by developing a core pathology curriculum
created in consultation with local pathologists. Appropriate
information technology to track the delivery of this material
within the integrated curriculum structure was developed
using a learning content management system in which a
metadata schema was constructed. This allows a sophisti-
cated view of where and how pathology appears in the
course and can also increase the visibility of the subject by
demonstrating the central place of pathology in medicine.
In conclusion, a core curriculum in pathology that can be
tracked by information technology with sufficient power
and flexibility is a solution to the potential loss of
pathology from integrated medical courses. We believe
the result is superior to a stand-alone pathology course.

Keywords Medical education . Pathology teaching .

Curriculum development . Learning content management

Pathology is a core subject, the link between basic science
and clinical medicine [1]. Its importance to medical
students is emphasised in the Australian Medical Council’s
goals and objectives of basic medical education [2] and is
made explicit by the General Medical Council in the
statement that medical graduates ‘must know about and

understand…abnormal structure and function, including the
natural history of human diseases’ [3].

However, there is widespread concern amongst patholo-
gists that medical students learn in sufficient pathology in
modern medical courses [4–6]. In general, medical educators
have moved away from traditional discipline-based curricula
towards integrated curricula. Such courses are considered to
help students see the clinical relevance of the basic sciences,
to make links with other subjects and to learn the complex
process of clinical decision-making [1, 7–10]. Nevertheless,
the loss of the dedicated ‘pathology course’ in such
integrated curricula is often considered a retrograde step
resulting in students encountering insufficient pathology. Not
only could students fail to learn pathology in sufficient depth
but they might also have insufficient experience of pathology
to consider choosing it as a career [4–6].

The new medical curriculum at the University of
Wollongong is an example of an integrated course. One of
the challenges in creating the new curriculum was to
address the problems of incorporating the teaching of
pathology. This paper describes how appropriate informa-
tion technology (IT) allows a core curriculum in pathology
to be delivered and assessed. The IT database can be
interrogated easily to demonstrate exactly how and when
the pathology curriculum has been included in the course.
In this way, a ‘virtual pathology course’ can be tracked
within the integrated curriculum. We believe this addresses
many of the fears that pathologists might otherwise
entertain about integrated medical courses.

Setting

The Graduate School of Medicine at the University of
Wollongong is a new medical school which has an

Virchows Arch (2008) 453:369–375
DOI 10.1007/s00428-008-0666-x

Electronic supplementary material The online version of this article
(doi:10.1007/s00428-008-0666-x) contains supplementary material,
which is available to authorized users.

N. J. Carr (*) :M. Olmos : J. Bushnell
Graduate School of Medicine, University of Wollongong,
New South Wales 2522, Australia
e-mail: ncarr@uow.edu.au

http://dx.doi.org/10.1007/s00428-008-0666-x


integrated curriculum leading to the award of the MB BS. It
is based on 93 clinical problems around which the content
is arranged (Electronic supplementary material, Fig. 1). The
clinical competencies and underpinning knowledge that a
newly qualified doctor would need to deal with each
problem are clearly defined in a ‘blueprint’ cross-referenced
to the course learning outcomes. Pathology is fully
integrated into the curriculum, and there is no separate
pathology course. From the perspective of pathology as a
discipline, there are risks associated with this curriculum
structure: if an important pathological principle happens not
to be addressed directly by any of the clinical problems, it
may be missed out entirely. Anecdotally, this is one of the
objections that pathologists often raise when an integrated
curriculum is developed without a separately identifiable
pathology course.

We decided to develop a core curriculum in pathology so
we could ensure that all important pathological principles
would be included in the course. We wanted to link this
pathology curriculum to our information management
system so we could track exactly where the material was
being delivered and assessed.

Developing the core curriculum

One of us (NJC) devised a core curriculum comprising a
syllabus in general and systematic pathology based on a
combination of what is included in standard undergraduate
textbooks, previous experience in teaching pathology to
undergraduates and national guidelines [5]. The resulting
draft was then circulated to practicing pathologists in the
region for comment—not only histopathologists but also
clinical and general pathologists. The initial draft was
modified as a result of this feedback. A second circulation
resulted in the working version of the core curriculum. We
believe this process has produced a better result than if we
had just taken a curriculum produced elsewhere and tried to
use it. The reason is that each course is unique, and some
aspects of a core curriculum may be applicable to one
course but not another. Our pathology curriculum is tailored
to our course, is up to date and takes into account the
opinion of local practicing pathologists.

In one study, circulating drafts of checklists of pathology
content to pathologists tended to result in an increase in the
number of topics, and the authors of that study ‘exercised
vigilance in trying to ensure that imbalance of scope and
emphasis did not occur’ [11]. Our experience was similar—
topics and disease entities were added at each iteration of
the circulated draft. We found that starting with a lean
original draft was helpful in preventing a final version that
was too large and unwieldy. Trying to be too comprehen-
sive from the start may have resulted in a syllabus too long

to be useful. Our aim was to produce a list of core material
essential to understanding the pathology relevant to the 93
clinical problems that comprise the course rather than a
comprehensive list of all the pathology a medical student
might conceivably encounter.

Part of the core curriculum is shown in Table 1.
However, we do not suggest that what we have developed
would be suitable for all medical schools, because it has
been tailored to our particular needs. For example,
microbiology and genetics have limited representation
because these fields are separate science entities in our
course. On the other hand, we stray into the borderland with
sociology and ethics in considering the definition and
nature of ‘disease’ because this topic is not covered in the
social sciences in our medical school.

Information technology

The educational design of the course required a number of
characteristics from the technology. In particular, in order to
allow pathology content in the course to be identified,
content must be tracked within the curriculum using a
metadata schema, which is a system resembling the
cataloguing of items used by libraries. Metadata is
structured information describing the characteristics of an
item; the individual elements together with their meaning
form a schema. For example, the National Library of
Medicine uses a metadata schema that includes such
characteristics as keywords and MeSH headings that are
used when searching the database [12]. Having constructed
a metadata schema for the course, the various components,
including the pathology core curriculum, can be mapped to
it as described later. Other requirements of the technology
include: the ability to hold many large digital resources;
user access to content via the metadata schema and the
multiple taxonomies it generates; availability of content
throughout the course; cohort-specific content persistence
(e.g. a cohort in fourth year has access to the content they
covered in their first year, not what the current first year
cohort is covering), with minimum duplication; permission
control over content, to allow specific subgroups access to
specific content and version control of content.

A learning content management system called Equella
(The Learning Edge, Hobart, Australia) was selected to
meet these requirements. It was extensively customised
with the creation of XSL templates, reports and power
searches. It was integrated with version 4 of Blackboard
Vista (Blackboard Inc, Washington D.C., USA) through its
PowerLink tool, as the online environment and portal to all
content for students and staff.

A curriculum metadata schema was created, describing
the clinical problems, learning outcomes, body systems,
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Table 1 This is an extract from the core curriculum

General Pathology

Place of pathology in medical practice
Scientific basis of medicine
Medicine in the “Western” tradition is based on scientific principles
(i.e. testable hypotheses)

Pathological processes are central to the scientific understanding of
disease

However, there are other ways in which people think about disease
(e.g. patient-centred vs. doctor-centred concepts)

Using the laboratory (also relevant to working in a multidisciplinary
team)
Sending specimens to the lab
Interacting with lab staff
Writing request forms
Lab request as professional consultation
Death and post mortem issues
The autopsy: its role, indications, basic procedures and
reconstruction

Ethical/spiritual issues for practitioners and relatives
Writing death certificates
Public health data are derived from death certificates
Interpreting laboratory data
Concept of the reference range and normal distribution
The laboratory disciplines (microbiology, immunology, haematology,
clinical genetics, clinical chemistry)
Common electrolyte problems—hyper/hyponatraemia, hyper/
hypokalaemia, hypercalcaemia

Abnormal lipid profile
Laboratory techniques
Histology
Gross observations, tissue processing and staining
Electron microscopy
Immunohistochemistry
Cytology
Genetics
Cytogenetics—karyotyping; spectral karyotyping
In situ hybridisation (e.g. FISH)
PCR and principal applications
Southern blotting (also Northern?)
DNA microarray analysis and principal applications
Immunology
Immunoassay
Western blotting
ELISA
Methods based on antibody precipitation

Microbiology
Microbiology culture and sensitivity
Principles of diagnostic methods (morphology, biochemistry,
immunology, PCR)

Clinical Biochemistry
Enzyme assays
Protein separation techniques (electrophoresis, chromatography)
Analytical techniques used for
Substances in body fluids (sugars, lipoproteins, hormones)
Drug testing

Haematology
Flow cytometry

Table 1 (continued)

General Pathology

Blood smear
Basic concepts in pathology
What is a “disease”?
Disease classification
Why do doctors classify disease into diagnoses?
Use of jargon in medicine
Causes and mechanisms of disease
Aetiology vs. pathogenesis
Immediate aetiology as agent of underlying sociopolitical cause
Categories of aetiological agents (useful when dealing with a
diagnostic dilemma): genetic, metabolic, toxic, vascular, physical,
infectious, neoplastic, etc.

Abnormal structure and abnormal function are related
Abnormalities in structure can cause symptoms
Abnormalities in structure are useful diagnostically (clinical
examination, radiology, operative findings and macroscopic and
microscopic pathology)

Congenital disease—definition; examples
Agenesis
Hypoplasia
Ectopia
Screening for disease
Principles and controversies
Examples (cervical cytology, PSA, colon)

Responses of cells to changes in their environment
Hypoxic cell damage
Pathogenesis
Causes of ischaemia
Consequences for the cell
Reversible vs. irreversible injury
Morphological consequences of ischaemia
Changes in organelles
Infarction (link to necrosis)

Physical and chemical agents causing cell damage
Heat, cold, electricity, trauma, radiation, pressure
Drugs and toxins
Free radicals
Cell death
Necrosis
Types, and significance when encountered in a path report (link to
infarction)

Apoptosis
Pathological and physiological causes
Stimulation and inhibition of apoptosis
Caspase cascade
Basic morphology and its relation to intracellular processes
Autolysis
Term used by pathologists

Potentially reversible structural adaptations of tissues
Hypertrophy and hyperplasia
Definition
Pathogenesis of illustrative examples
Hyperplasia can predispose to neoplasia
Atrophy
Definition
Pathogenesis of illustrative examples
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Table 1 (continued)

General Pathology

Metaplasia
Definition
Pathogenesis of illustrative examples

Abnormal accumulations
Definition, main causes and significance (when encountered in a path
report) of:
Calcification
Haemosiderin
Fatty change
Lipofuscin
Amyloid
Crystals (gout)

Inflammation
Inflammation has evolved because it has survival advantage, but can
produce disease out of proportion to the cause (links with
immunology and host defence)
Chemical mediators
Endogenous
Histamine
Serotonin
Cytokines
Prostaglandins, leucotrienes and lipoxins
Nitric oxide
Exogenous (all cascade systems)
Kinins
Complement
Clotting factors (link to haemostasis)
Fibrinolytic system

Acute inflammation
Definition
Cardinal signs
Vascular and cellular components
The “acute inflammatory cell” and macrophages
Recruitment of neutrophils to the site of inflammation
Phagocytosis
Intracellular killing
Mast cells
Haemodynamic changes
Morphology
Pus, suppuration
Inflammation of serous and mucous membranes
Gangrene
Use of term by doctors
Pathogenesis
Morphology
Sequelae
Resolution
Granulation tissue and scarring (link to wound healing and necrosis)
Components of granulation tissue
collagen deposition=fibrosis=scarring
Abscess/empyema
Fistula and sinus formation
Chronic inflammation

Chronic inflammation
Definition and causes
Cells

Table 1 (continued)

General Pathology

Macrophages
Lymphocytes and plasma cells
Eosinophils
Granulomas and giant cells
Nature
Significance when encountered

Wound healing
Keloid
First and second intention
Factors inhibiting wound healing
Fracture healing and potential complications

Systemic effects of inflammation
Systemic inflammatory response syndrome
Pyrexia, acute phase reactants, malaise, etc

Host defence and immunopathology
Innate vs. adaptive immunity (link to immunopathology)
Examples and how they may be breached:
Mechanical barriers
Secretion contents and currents
Commensal bacteria
Cells of the innate immune system
T-cells and B-cells
Function
Organisation into lymphoid tissue
Antigen-presenting cells and the MHC
Types of antibody and their main characteristics
Cytotoxic, helper and suppressor T-cells
NK cells
Response of the adaptive immune system to antigens
Specificity
Diversity
Memory
Recognition of self
Principles of: hypersensitivity types I–IV
Autoimmunity
Principles
Organ specific
Non-organ specific
Transplant rejection
Immunodeficiency
Inherited
Drugs
AIDS
Diabetes and other systemic diseases
Vitamin and mineral deficiency

Neoplasia
Definition; benign vs. malignant
Metastasis
Classification of neoplasms by line of differentiation
Tumour nomenclature
Diagnosis by line of differentiation (link to histopathological
techniques)

Grading (link to prognostic features)
Basic epidemiology
Common neoplasms and their incidence
Leading causes of death
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science specialties and clinical specialties that each item is
associated with. This overlays multiple taxonomies on the
content and allows detailed searching and interlinking via
each of these fields. For example, students and staff can
search across the entire course for resources, readings,
lecture slides, etc. related to a particular specialty such as
pathology. Further, navigation through the clinical prob-
lems’ blueprints via these descriptors forms a ‘curriculum
web’. An example of how this can work in practice is
shown in Supplementary Figs. 1 and 2 (Electronic
supplementary material).

Student assessment is aligned with teaching via the
learning outcomes that are stated for each learning activity.
These outcomes are part of the metadata schema and
represent the link between the pathology curriculum and
assessment practices.

Since the 93 problem blueprints form the skeleton of our
curriculum, navigating through these makes evident to
students the integrated nature of the curriculum, as the
blueprints are extensively interconnected through shared
schema elements such as learning outcomes, specialties and
body systems [13]. For example, they can easily see how
pathology is integral to understanding the many problems
and is not seen as an isolated subject. Furthermore, since
students use this curriculum web to navigate through to
resources, the curriculum becomes a usable everyday
framework rather than a course outline document that is
received in week one and never consulted again.

Detailed reports and charts can be generated using the
metadata to track coverage of the specialties, problems,
learning outcomes, and body systems in the course. An
example of one such chart is shown in Supplementary
Fig. 3 (Electronic supplementary material). These visual-
isations are very helpful in identifying coverage patterns
and exceptions, as well as comparing the images from year
to year for evaluation purposes. They suggest not only
where in the course pathology is covered, but how. For
example, Supplementary Fig. 3 (Electronic supplementary
material) shows that pathology is covered consistently
throughout the phase, suggesting the specialty is well
integrated into the curriculum. Similar visualisations can
be generated to show the coverage of pathology across the
clinical problems and learning outcomes.

Staff and students have evaluated the school’s online
learning environment, and the comments have been
encouraging and favourable. A typical student comment:
‘It is a tremendous asset to both students and faculty. Not
only does it allow you to revisit material remotely, but more
importantly it systematically organises it for you, allowing
you to go back and access material from previous weeks or
months in mere seconds.’ Moreover, this online learning
environment has won international awards. It recently
received an Australasian Society for Computers in Learning

Table 1 (continued)

General Pathology

Neoplasia is due to genetic alterations
Oncogenes and proto-oncogenes
Tumour suppressor genes
p53
Inherited vs. acquired genetic abnormalities
Carcinogenesis
Chemical agents
Ionising radiation
Viruses
Loss of immune surveillance
As genetic alterations accumulate, morphological changes occur
Dysplasia/intraepithelial neoplasia
Tumour markers and their use in diagnosis and management
Prognostic features
Stage
TNM system
Grade

Oedema
Basic pathophysiology
Pulmonary oedema
Pleural effusion
Ascites
Haemostasis, thrombosis and embolism
Formation of thrombus
Platelets
Clotting factors and fibrinolysis
Lab tests of haemostatic function
Diseases in which clotting is abnormal
Haemophilia
DIC
Thrombosis
Definition
Virchow’s triad
Outcomes of thrombosis (link to infarction)
Embolism
Different materials that may embolise
Pulmonary thromboemboli (link to DVT)
Systemic thromboemboli

Shock
Definition
Pathogenesis and distinguishing features of
Hypovolaemic shock
Cardiogenic shock
Septic shock
Neurogenic shock
Anaphylactic shock
Multi-organ failure (links to ARDS, acute tubular necrosis, adrenal
haemorrhage, Sheehan’s syndrome, ischaemic enterocolitis, etc.)

Stone formation
Use example(s) to illustrate
Physical chemistry of precipitation
Varieties of stone
Pathogenesis
Complications

Comprises the General Pathology section
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in Tertiary Education award and was the top-ranked
Platinum Learning Impact Award recipient from IMS
Global, which recognises the use of learning technology
in context world-wide.

Discussion

The fear that the absence of pathology as a separate subject
in integrated curricula leads to insufficient pathology
content in modern medical courses is widespread [4–6].
This paper has described a way in which these potential
problems can be addressed by firstly developing a core
curriculum and then using IT to tag the corresponding
course content in a metadata schema to ensure the
curriculum is properly delivered. We believe this two-fold
approach is essential. Without a core pathology curriculum,
the incorporation of pathology topics in the course as a
whole might otherwise become a matter of chance. On the
other hand, in an integrated curriculum, sophisticated IT is
the only practical way of tracking the various components
of the pathology core curriculum to ensure they appear in
appropriate contexts.

There is another advantage to this system. Students use
the metadata schema on a daily basis to find teaching
material. Consequently, students to see the central place of
pathology in medicine as they navigate the online environ-
ment. This can address the problem of lack of exposure of
pathology in integrated curricula, since the loss of pathol-
ogy courses may cause pathology to lose its visibility to
students as a discipline, leading to problems of recruitment
into the specialty [4–6]. Ensuring that pathology is properly
represented in the curriculum by methods such as those
described in this paper will at least allow students to
adequately encounter the subject.

There are few other descriptions of core pathology
curricula in the literature. In the field of oral pathology, the
British Society for Oral and Maxillofacial Pathology
(BSOMP) have published a minimum curriculum similar in
style to ours [14]. They were prompted to do so because, like
the General Medical Council, the General Dental Council
(GDC) have guidelines for teaching students expressed as
generic outcomes that do not identify specific pathology
topics. Their solution was to produce a consensus minimum
through the BSOMP Teachers Group and cross-reference the
topics not only with the GDC guidelines but also the Quality
Assurance Agency for Higher Education benchmark state-
ments for dentistry. BSOMP, when constructing their
minimum curriculum, took it to ‘include elements of…
epidemiology, aetiology, genetics, microbiology and trans-
mission, immunology, innate host defences, pathogenesis,
structural changes at the macroscopic and microscopic
levels, sequelae, complications and the interrelationship

between disease processes, diagnosis, management and
prognosis’. This list is similar in scope to ours, but we also
included use of the clinical laboratory and the place of
pathology in medical practice.

At the College of Medicine, University of Iowa, a core
list of morphological entities was constructed. All the
morphological entities from a standard text (Robbins
Pathologic Basis of Disease) were listed and circulated to
faculty members. The selection criterion was that a
‘physician in training should recognise classical examples
or a diagrammatic representation of the following lesions,
and distinguish them from each other.’ The result was a list
of 608 lesions that were considered core entities [15]. We
did not use this method on the basis that it emphasised
recognition of appearances at the expense of deep under-
standing of important principles. There are also guidelines
for oral pathology from the United States, although their
content and validity have been questioned on the basis that
they emphasise an excess of factual knowledge [16].

If pathologists wish to see pathology flourish in modern
curricula, they need to engage in the process of change and
become involved in curriculum development, rather than
romanticising the past [5, 6, 17]. If they do not, they are
likely to become increasingly irrelevant in the development
of medical education. As Marshall et al. succinctly put it:
‘while the medical education train accelerates away,
pathologists are at risk of being left on the platform arguing
the benefits of steam’ [18]. We believe that pathologists
have the opportunity to make a significant contribution to
medical education in the era of the integrated curriculum by
developing well-designed core curricula and tracking
delivery using appropriate IT.
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Abstract This article describes the potential interest in
physical and forensic anthropology of the microscopic
analysis of residues of putrefaction fluid, a calcified deposit
frequently found associated with bone rests. Its sampling
and analysis seem straightforward and relatively reproducible.
Samples came from archeological material (Monterenzio
Vecchia, an Etruscan necropolis from the north of Italy
dated between the fifth and third century B.C.; body
rests of Agnès Sorel, royal mistress died in 1450 A.D.;
skull and grave of French King Louis the XI and
Charlotte of Savoy dated from 1483 A.D.). All samples
were studied by direct optical microscope and scanning
electron microscopy. Many cytological, histological, and
elemental analysis were possible, producing precious

data for the identification of these remains and, in some
cases, the cause of death.

Keywords Putrefaction . Decomposition .

Forensic anthropology .Microscopy . Paleopathology

Introduction

After death, the whole body is subject to modifications
related to its decomposition. Putrefaction, in its usual
course, leads to liquefaction of tissues and to the formation
of putrefaction fluid deposit (PFD). The fluid resulting from
this process were mixed with different blood transudates
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[1]. Such putrefaction fluid, initially present in the
anatomical cavities or regions (thorax, abdomen, skull,
limbs), is secondarily released all around the body when the
skin barrier is broken [2–4]. This liquid, viscous and fatty,
with a sharp red color, made up of more or less degraded
cellular and tissue residues, is accompanied by multiple
fatty acids [5–9]. Its pH is acid, with a value ranging
between 5 and 6 (in our experience). It surrounds the corpse
and “bathes” the bones (it settles in those cavities left
empty, like the sloping and concave part of the skull vault;
parietal–occipital area for a body lying on the back: Fig. 1)
[10–12]. With time, sedimentation and calcification occur,
precipitating the decomposition liquid. This can be seen, for
example, on the internal table of the skull vault in a particular
point corresponding at the hydroaeric level [13–15].

We submitted several archeological samples of decom-
position liquid to a classical optic microscope (OM) and
scanning electronic microscopic (SEM) analysis in order to
try to identify any tissue or, at least, cellular fragments still
present in this substance. It consisted in a direct application
of microscopic examination coupled with an elemental
surface analysis.

Material and methods

The material included six archeological samples, half
analyzed with a SEM and half with an OM.

Almost all of the skeletons from the Etruscan–Celtic
necropolis of Monterenzio Vecchia (MV; made up of 40
subjects, close to Bologna, Italy; archeological researches
under the authority of Prof. Daniele Vitali and Thierry
Lejars) presented comparable deposits of reddish color on
the sloping and endocranial part of the occipital bone [16],
but, due to conservative reasons, only three of them were

sampled (tombs MV 15, MV 25, and MV 26). These 1-cm-
long fragments of PFD were sampled directly into the skull
during archeological and paleopathological survey.

They were then cleaned by a fine scraping with non-
contaminating plastic instruments and a delicate vaporization
of pressured air on all the faces during 10 min. No gold
covering was realized in order to be able to perform elemental
analysis on the surface. Environmental SEM examination of
each sample was directly performed on a Philips XL30 CP
with X-ray microanalysis (energy-dispersive X-ray spectros-
copy). The resolution of the microscope was 3.5 nm at 30 kV
using the secondary electron detector. All images were stored
using a standard resolution digital frame store.

A study with optical microscope was also carried out on
other samples: PFD taken from the funeral urn of Agnès
Sorel (buried in the Saint-Ours collegial of Loches, Indre-
and-Loire, France in 1450), PFD recovered on the interior
slopes of French King Louis the XI’s sarcophagus (buried
in the Notre-Dame basilica of Cléry-Saint-André, Loiret,
France, in 1483), PFD sampled on the endocranium of
French Queen Charlotte of Savoy (second wife of French
King Louis the XI, buried at his side in 1483). Due to
conservative reasons, an SEM examination was not
possible for these last three samples.

The protocol followed for optical microscope sample
preparation was as follows:

– The first step consisted in a very fine fragmentation of the
sample. This was justified by the fact that the PFD has no
architecture of it own and that this fragmentation does not
consist in a loss of information (since we worked in a
microscopic scale). In addition, this reduction allowed for
a better penetration of the fixative substances.

– In order to rehydrate and fix the samples, they were
immersed in 20% diluted acetic acid for 48 h, in order
to slowly decalcify the fragments of PFD.

– Our solution was obtained using the following two
phases: a liquid phase made of the PFD in suspension
and a solid-phase slope. These two phases will be
studied separately.

– The cytological analysis of the PFD in suspension began
with the sampling of 200 μL from the supernatant. This
liquid was then centrifuged (800 turns per minute for
10 min) in order to obtain two spots per slide. Four
slides were produced by sample: two slides were colored
by the technique of Papanicolaou after a fixing of the
spots with a lacquer; the two other blades were colored
by the technique of the May–Grünwald–Giemsa (MGG)
after fixing of the spots to the air.

– The study of the remaining solid phase (base of
centrifugation) was carried out after a new centrifuga-
tion (3,500 turns per minute for 10 min). The
supernatant was kept in reserve (for a later possible

Fig. 1 Macroscopic sight of a calcified deposit of fluid of putrefaction
on the endocranium of the subject MV 12
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cytological study) while the base was recuperated then
fixed 24 h in the AFA (acetic acid, formaldehyde,
alcohol). As soon after fixation and decalcification, the
sample was put in cassette on a foam, followed by the
traditional circuit of inclusion (dehydration in xylene
and increasing alcohol baths, then inclusion in liquid
paraffin, cooling, section with the microtome (from 6 to
10 μm), deposit on an albumenized slide, air-drying
free, dewaxing and rehydration by immersion in xylene
then in decreasing alcohol baths to distilled water).
Several colorations were carried out for each sample:
periodic acid Schiff, Gram, toluidine blue, and hema-
toxylin, eosin, saffron (HES).

Results

Monterenzio Vecchia 15

Two fragments of 5- and 7-mm length were studied
successively. The microscopic examination highlighted, at
the level of the faces of fracture (i.e., at the contact between

the PFD and the bone surface, not on the external surface),
several biconcave circular formations measuring between 7
and 10 μm, strongly suggesting red blood cells (Fig. 2).

Some crystalline structures, on the surface, corresponded
to postmortem contaminations or crystallizations of biolog-
ical products. The laminated organization of the liquid of
decomposition was apparent on certain zones of rupture,
where up to six layers could be identified with a thickness
from 2 to 4 μm.

The whole sample showed many cavities testifying to
the semifluid (and bullous) character of the putrefaction
liquid at the moment of its sedimentation and solidification
(cavities corresponding to bubbles of fermentation or fat
gaps microscopically empty). Many mycelia clusters could
be highlighted, the size of the mycelium lying between 5
and 8 μm.

An elemental analysis (Fig. 3) was carried out on several
sectors of the sample, showing similar aspects, i.e., a clear
prevalence of three elements (calcium, silicon, and oxygen)
and traces of carbon, aluminum, magnesium, phosphorus,
potassium, titanium, and iron.

Monterenzio Vecchia 25

The analysis of this subject’s PFD was of particular interest
because of a paleopathological lesion diagnosed on the
inner part of the skull: a 1-cm-long parasagittal left frontal
osteolytic lesion interpreted as an angioma or, more
generally, a vascular malformation that eroded (at the time
of its development and due to its pulsatile character) the
young bone close in contact (i.e., the cranial vault).

The surface of the sample was voluntarily incompletely
cleaned in order to let appear the differences of composition
and structure between the ground gangue of filling of the
cadaver and the PFD itself. This ground gangue had an
irregular marbled aspect in which no organic structure was
identifiable. Many crystals were observed, of variable size
and form. An elemental analysis was carried out in several

Fig. 2 Red blood cells observed within the PFD of the subject MV 15
(SEM, magnification ×1,200)

Fig. 3 Elemental spectrum of
the PFD of the subject MV 15
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zones of the surface, giving comparable results (Fig. 3): an
important high content in silicon, oxygen, and aluminum,
corresponding according to all probabilities to a telluric
alumina–silicate. Scarcity of calcium and magnesium
within the sample was found. Traces of carbon, sodium,
magnesium, phosphorus, sulfur, chlorine, potassium, calci-
um, titanium, and iron were also found. It was thus
necessary henceforth to regard these elemental ratios as
those of the ground.

The PFD itself showed a notably different laminated
aspect characterized by the presence of several super-
imposed successive layers (lamellate aspect). Some struc-
tures could be highlighted, in particular a hollow cylindrical
formation of 15-μm diameter, whose microscopic aspect
was compatible with that of a capillary vascular wall
(Fig. 4).

In addition, when examining with very high magnifica-
tion (at least ×2,000), the surface of the PFD presented a
sifted aspect, consecutive with the solidification of the
liquid of decomposition in a semifluid bullous state; these
cavities corresponded to bubbles of fermentation or fat

gaps, as previously observed on the sample MV 15. The
elemental analysis carried out on the PFD highlighted a
very clear concentration of iron, associated with the
presence of silica in a much smaller quantity (this last
being postmortem contamination) and traces of carbon,
sodium, magnesium, aluminum, phosphorus, sulfur, chlo-
rine, potassium, calcium, and titanium (Fig. 5).

Monterenzio Vecchia 26

The studied sample measured nearly 3 cm in length and
was examined under SEM on all its surface. A formation of
1-mm length for 0.6 mm of broad, observable with the
binocular lenses, of translucent wrinkled yellow aspect, was
charted. The coarsely planes had a very fine thickness of
less than 5 μm (Fig. 6).

Some globulus protuberances were present on the visible
face of approximately 5 μm, corresponding to cellular cores
(Fig. 7).

In some rare places, it was possible to distinguish some
biconcave circular 7- to 8-μm-long formations, corresponding
to isolated red blood cells.

An elemental analysis was carried out on this formation.
Its organic nature was confirmed by its important content in
carbon and oxygen. Traces of copper, magnesium, alumi-
num, silicon, phosphorus, sulfur, potassium, calcium, and
chlorine were also detected.

The elemental analysis of the adjacent zones of the
sample gave us the total composition of this PFD from this
individual. We noted a clear prevalence of silicon and
oxygen, average concentrations of aluminum and calcium,
and carbon traces, coppers, magnesium, phosphorus, sulfur,
chlorine, potassium, and iron.

Agnès Sorel

The remains of Agnès Sorel were recently analyzed [17–
18]. The first French King’s official mistress died in

Fig. 4 Vascular structure observed in the PFD of the subject MV 25
(SEM, magnification ×2,400)

Fig. 5 Elemental spectrum of
the PFD of the subject MV 25
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February 1450 in Jumièges (Normandy) of an acute
mercury intoxication with the waning of a antiworm drug
treatment for Ascaris lumbricoides. Her body was the
subject of a delicate embalming. The body was opened;
then, the heart and the entrails were extracted and
immediately buried; the abdominal and thoracic cavities
were then filled with spices and vegetable matters (black
pepper of West Africa, rhizomes, seeds and sheets of white
mulberry tree, etc.). After a long transport to Loches (center
of France, close to Loire river), the body was buried there
in a triple coffin of lead, oak, and cedar.

Our study [19] showed that the effectiveness of the
embalming was only temporary, as the decomposition of
the corpse had already begun. The putrefaction fluid,
particularly its acidic components, interacted with the lead
of the sarcophagus and formed a lead oxide precipitate,
which was then deposited on the remains of Agnès Sorel
and stopped the autolysis process. Amalgams of PFD in

contact with scraps of the lead coffin (Fig. 8) were analyzed
under the optical microscope and SEM; in addition, an
elemental analysis was carried out in order to confirm their
organic and mineral mixed nature.

The hairs, originally from a Venetian blond, had a
disconcerting brown color related to the postmortem
deposit of PFD on its surface (Fig. 9). When some hairs
were in contact, one with the other, this deposit was absent,
and the natural structure of the hair was then visible without
any surface deposit, in particular the presence of cuticles
organized in fish scales (Fig. 10).

The elemental analysis of the hair surface indeed showed
a high content in lead (from the PFD that interacted with
the metal coffin: Fig. 11), while the surface of clean hairs
presented an elemental profile characteristic of uncontam-
inated hair (Fig. 12).

The systematic study of nearly 40 g of residues of PFD
showed the persistence of many cellular and tissue

Fig. 6 Fragment of dura mater present in the PFD of the subject MV
26 (SEM, magnification ×100)

Fig. 7 Cellular cores on the surface of a dura mater fragment present
in the PFD of the subject MV 26 (SEM, magnification ×820)

Fig. 8 Detail of the liquid of decomposition solidified in contact with
the lead coffin (binocular magnifying lenses, magnification ×10)

Fig. 9 Detail of the surface of a hair from Agnès Sorel covered with
PFD (SEM, magnification ×3,100)
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elements. First of all, many hair formations (fragments of
skull hairs, pubic hairs, and axillary hairs) were included in
the PFD. Under an MGG coloration, many mycelium
filaments were highlighted, mainly of aspergilla type;
multiple bacterial colonies were also present, mainly of
negative Gram type (without prevalent species). Clusters of
platelets from red blood cells were observed, recognizable
with their biconcave form and their variable 5- to 7-μm-
long diameter but characterized by a clear chestnut color.
Not one intracellular parasite was highlighted on almost the
6,000 examined red blood cells.

Still in the PFD, many eggs of A. lumbricoides, a human
and intestinal parasitic worm, were seen (Fig. 13), associ-
ated with many cellulose remains of male fern.

Louis the XI

A systematic anthropological [20–21] and forensic [22]
examination of the skeleton did not find any PFD on the
bones of King Louis the XI, particularly on the skull vault.

Important deposits (Fig. 14) were still present on the sides
of its stone sarcophagus, in the crypt of the Notre-Dame
Basilica in Cléry-Saint-André (close to Orléans, Loiret).

As for the samples of the lead coffin from Agnès Sorel’s
grave, the microscopic observation of this deposit appeared
as informative as that of deposits taken on the surface of
bone remains. The bottom was occupied by an eosinophilic
acellular substance without any recognizable anatomical
structure; it was just punctuated with some bacterial or
mycelium elements without any characteristics.

Some epithelial elements with a majority of keratinized
Malpighian cells were highlighted and were of relatively
limited interest (Fig. 15). One can just notice the visible
nuclear conservation in the form of a central basophilic
granulation and the notable absence of atypical aspect
(within the limits of the representativity of these rarely
found cells).

Much more interesting was the description of a short hair
(1.3-cm length) of white aspect, completely included in the
PFD. The optical microscopic examination confirmed its
human nature according to its morphological characteristics
[15, 23–25]. It also highlighted canities characterized by a
complete white coloring to the screen of the hair; indeed,
the Fontana coloration did not highlight melanin persis-
tence of pigment on the totality of the preserved capillary
segment (Fig. 16).

Charlotte of Savoy

The samples of PFD from Charlotte of Savoy were taken
from the posterior part of her skull, in the deepest part of
the occipital pit (Fig. 17), just near a zone of sawing
(contemporary of the embalming of the queen in 1483).

The elements highlighted were mainly represented by
leucocytes and red blood cells whose conservation
appeared excellent (Figs. 18 and 19), without particular
anomaly, in particular without intracytoplasmic parasite.

Fig. 10 Detail of the surface of a “clean” hair from Agnès Sorel with
the still visible cuticle (SEM, magnification ×4,400)

Fig. 11 Elemental spectrum of
the surface of a hair from Agnès
Sorel covered with PFD
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Discussion

Monterenzio Vecchia 15

SEM examination showed the presence of multiple myce-
lia. Their deposit in the putrefaction fluid was probably
contemporary with cadaver autolysis and contamination of
the body by thanatophages fauna and flora. As has been
shown by elemental analysis, they have been more or less
completely mineralized.

Monterenzio Vecchia 25

The extraordinary high content of iron shown by the
elemental analysis of the PFD raised the question of its
origins: was it the consequence of a postmortem contam-
ination (rust coming from an oxidation near a metallic
object)? Was this iron concentration secondary to an
intracranial hemorrhagic process having led to an accumu-
lation of blood which secondarily formed a deposit?

The study of the funerary furniture revealed the complete
absence of any metallic object (in particular a lack of iron),
in the tomb of the subject MV 25. There was no sign of
disturbance to the grave which could explain a violation
(i.e., a disappearance of any metallic object) has been
detected. On the other hand, the paleopathological study
highlighted the presence of a 1-cm-long parasagittal left
frontal osteolytic lesion (Figs. 20 and 21) interpreted as an
angioma or, more generally, a vascular malformation.
Could this malformation have constituted, without any
antemortem rupture, a blood pocket responsible for this
excessive iron concentration in the PFD? We do not think
so, considering that the blood volume probably did not
exceed 2 cm3, taking into account the size of the lesion (this
value seems too weak to substantially modify any elemental
concentration of the PFD). On the other hand, if one holds
account of the macroscopic lesions and the elemental
proportioning carried out on the intracranial PFD, we can
better propose, for this 10- to 11-year-old child, the
assumption of a death caused by meningeal hemorrhage

Fig. 12 Elemental spectrum of
the surface of a “clean” hair
from Agnès Sorel

Fig. 14 PFD still present on the sides of the French King Louis the
XI’s sarcophagus in Cléry-Saint-André.

Fig. 13 One of the many eggs of A. lumbricoides observed in the
PFD of Agnès Sorel after cytocentrifugation (HES coloration)
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related to the rupture of its left frontal intracranial vascular
malformation. It should so be possible to consider the skull
as a tank with moderate to quite absent communication
with external structures during the formation of the PFD.

Monterenzio Vecchia 26

SEM morphological and elemental analysis showed that the
observed tissue fragment was “mummified” in the PFD
(explaining its organic composition). Its morphological
aspect and its localization in the skull were evocative of a
tissue diagnosis of dura mater, without notable particular
anomaly.

Scarcity of iron in the PFD was important to note,
confirming the exceptionally rich nature in this metal of the
sample coming from the subject MV 25 (see supra).

Agnès Sorel

The fauna (mycelia of aspergilla type and bacterial
colonies) observed in the PFD corresponded to a traditional
cadaver fauna, particularly in an archeological wet atmo-
sphere (hiding under ground).

The clear chestnut color of red blood cells was due to a
discoloration of the cytoplasm by the lead from the sarcoph-
agus, a well-known observation of pathologists working on
old remains [26–30]. The absence of any parasites (for
example Plasmodium) in this kind of cells was an important
negative observation according to the strong malarial
frequency in France during the fifteenth century.

Taking into account the fact that the Ascaris eggs were
deeply included in the PFD and not simply present on the
surface, it seems possible to assert that they were initially
present in the body of Agnès Sorel during the early stages

Fig. 16 Section of a hair found in the PFD of the French King Louis
the XI’s sarcophagus. Its natural white color (canities) was confirmed
by a Fontana coloration not objectifying any residual melanin pigment

Fig. 15 Keratinized Malpighian cell in the French King Louis the
XI’s sarcophagus PFD after cytocentrifugation (HES coloration)

Fig. 17 View of the PFD in the occipital part of French Queen
Charlotte of Savoy’s skull

Fig. 18 Group of red blood cells (deformed) observed in the PFD of
French Queen Charlotte of Savoy after cytocentrifugation (HES
coloration)
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of putrefaction. Moreover, due to the funeral urn having
been bought new at the time of the reduction of the body in
1777, a postmortem contamination by animal meat charged
with parasites present in the vase before the human remains
cannot be proposed.

Male fern fragments correspond to a vegetable species
currently used in medieval pharmacopoeia as an antiworm
drug. Its presence in the PFD is explained by the absorption
of a therapeutic decoction of male fern a short time before
death, and a release of these vegetable remains at the time
of the cadaver autolysis; they then could be mixed with the
remains of tissues and cellular structures during decompo-
sition and putrefaction.

Louis the XI

Of particular interest was the observation of this hair
included in the PFD, characterized by complete canities. In

addition, we note (see for example the historical chronicle
by Philippe de Commynes) that French King Louis the XI
died, an almost bald person with white hair, at 60 years of
age in 1483. This element could find its place in an
identification process of the dead or, at least, as an
important data for the age determination.

Charlotte of Savoy

As for Agnès Sorel’s and Louis the XI’s PFD, the
microscopic examinations of numerous red blood cells did
not show the presence of any parasite.

Synthesis

The study under optical microscope and scanning electronic
microscope (SEM) of the putrefaction fluid deposits (PFD),
a new cytological method gave interesting data.

One of its advantages is in not destroying the sample
examined without any preparation with the SEM as soon as
the sample is taken. It makes it possible to observe many
biological structures still present in these calcified forma-
tions (dura mater, red blood cells, mycelium filaments,
bacterial colonies, capillary vascular walls, etc.), but this
diagnosis only remains morphological (the cytological or
histological diagnosis becomes certain only thanks to
elemental determinations or by confronting these observa-
tions with those of a traditional preparation colored by
HES).

On the other hand, the technique in standard cytology
(optical microscopy) appears destructive but supports direct
diagnoses; the histological morphological observations
remain impossible because of the fragmentation of the
sample.

Fig. 20 General view of the frontal bone with the intracranial lesion
diagnosed on the subject MV 25, a 11- to 11-year-old child. Note the
presence of a deposit of solidified PFD close to the lesion

Fig. 19 Group of leucocytes observed in the PFD of French Queen
Charlotte of Savoy after cytocentrifugation (HES coloration)

Fig. 21 Detail of the precedent intracranial bone lesion on the left
frontal of the subject MV 25
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It appears necessary in all cases to carry out an
examination and elemental determination of the adjacent
sediment in order to check if the recorded values testify to
an external contamination or one from the original source.
The nature even of the liquid of decomposition results from
a mixture between the environment and the catabolism of
the cadaver (decomposition and putrefaction). Within the
framework of the intracranial liquid of decomposition, the
external contamination seems to be definitely less (com-
paratively with the samples carried out on the long bones,
for example), for obvious anatomical reasons.

Before any utilization of such techniques in forensic
anthropology, complementary analysis needs to be per-
formed on comparable modern cases.
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Placental protein 13 (galectin-13) has decreased placental
expression but increased shedding and maternal serum
concentrations in patients presenting with preterm
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Abstract Placental protein 13 (PP13) is a galectin expressed
by the syncytiotrophoblast. Women who subsequently devel-
op preterm pre-eclampsia have low first trimester maternal
serum PP13 concentrations. This study revealed that third
trimester maternal serum PP13 concentration increased with
gestational age in normal pregnancies (p < 0.0001), and it
was significantly higher in women presenting with preterm

pre-eclampsia (p = 0.02) and hemolysis, elevated liver
enzymes, and low platelet count (HELLP) syndrome
(p = 0.01) than in preterm controls. Conversely, placental
PP13 mRNA (p = 0.03) and protein, as well as cytoplasmic
PP13 staining of the syncytiotrophoblast (p < 0.05) was
decreased in these pathological pregnancies compared to
controls. No differences in placental expression and serum
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concentrations of PP13 were found at term between patients
with pre-eclampsia and control women. In contrast, the
immunoreactivity of the syncytiotrophoblast microvillous
membrane was stronger in both term and preterm pre-
eclampsia and HELLP syndrome than in controls. Moreover,
large syncytial cytoplasm protrusions, membrane blebs and
shed microparticles strongly stained for PP13 in pre-
eclampsia and HELLP syndrome. In conclusion, parallel to
its decreased placental expression, an augmented membrane
shedding of PP13 contributes to the increased third trimester
maternal serum PP13 concentrations in women with preterm
pre-eclampsia and HELLP syndrome.

Keywords Brush border membrane . Galectin .

Syncytiotrophoblast microparticle . Trafficking .

Virtual microscopy

Introduction

Pre-eclampsia is a syndrome associated with shallow tropho-
blast invasion and abnormal spiral artery remodeling [1–4],
uteroplacental ischemia, and anti-angiogenic state [5–8],
generalized endothelial cell dysfunction and increased
maternal systemic inflammatory response [9–12]. Early-
onset pre-eclampsia often has a severe clinical presentation
that is associated with increased perinatal morbidity and
mortality, and high incidence of hemolysis, elevated liver
enzymes, and low platelet count (HELLP) syndrome [2, 13,
14]. Moreover, the rates of uteroplacental vascular insuffi-
ciency, lesions of the villous tissues and increased syncytio-
trophoblast microparticle (STBM) shedding are higher in
early-onset than in late-onset pre-eclampsia [1, 15–19].
These differences led to the proposal that early-onset pre-
eclampsia is a placental disease, while late-onset pre-
eclampsia is a maternal disease [16, 20].

Placental-derived proteins, such as soluble vascular endo-
thelial growth factor receptor-1, placental growth factor,
endoglin, inhibin A and activin A have been implicated in
the pathophysiology and prediction of pre-eclampsia [5–8,
21]. Recently, four nested case–control studies have demon-
strated that patients who subsequently developed preterm
pre-eclampsia had a significantly lower median maternal
serum placental protein 13 (PP13) concentration in the first
trimester than those women who had normal delivery at term
[22–25]. The combined measurements of serum PP13
concentrations and uterine artery Doppler pulsatility indexes
had even better value in the risk assessment of preterm pre-
eclampsia [22]. However, PP13 is a less valuable marker for
term pre-eclampsia [23, 25].

PP13 was purified and cloned from the placenta [26–28],
localized to the syncytiotrophoblast brush border membrane
[29], and detected in maternal and cord blood [30]. It was

designated galectin-13 as it belongs to the galectin family
[29, 31], whose members share similar topology, carbohy-
drate recognition domain, and specificity for N-acetyl-
lactosamine-containing glycoconjugates [32]. Indeed, an in
vitro study proved its lectin activity and favored binding to
sugar residues widely expressed on placental microvillous
surfaces [29]. Of importance, the LGALS13 gene encoding
for PP13 is uniquely expressed by the placenta as shown by
Northern blot [28], GNF SymAtlas (http://wombat.gnf.org/
SymAtlas/) and GenBank (www.ncbi.nlm.nih.gov) gene
expression data.

The unique placental expression and localization at the
maternal–fetal interface might suggest that PP13 is related
to the pathophysiology of pre-eclampsia and HELLP
syndrome. To test this hypothesis, we investigated the
placental expression and localization of PP13 in parallel
with its maternal serum concentrations in patients with pre-
eclampsia and HELLP syndrome.

Materials and methods

Study design, patient groups and clinical definitions

Samples were collected at the First Department of Obstetrics
and Gynecology, Semmelweis University (Budapest, Hun-
gary), a national referral center for high-risk pregnancies,
between October 2003 and March 2006. Pregnancies were
dated according to ultrasound measurements between 8–12
weeks of gestation (GW). Patients with multiple pregnancies
or with fetuses having congenital or chromosomal abnormal-
ities were excluded. The collaborative research was approved
by Regional Research Ethics Committee, and informed
consent was obtained from women prior to sample collection;
specimens and data were stored anonymously.

This cross-sectional study aimed (1) to determine
maternal serum PP13 concentrations in normal pregnant
women in the third trimester and (2) to compare maternal
serum and placental PP13 concentrations and LGALS13
gene expression in women with pre-eclampsia with or
without HELLP syndrome as well as in gestational age
matched controls at the time of delivery.

Maternal sera were collected from a first subset of
control women with normal pregnancy between GW24–40.
Enrollment and blood draw took place at routine laboratory
sampling during prenatal care visits. Women were included
in this control group (n = 46) if they (1) had no medical,
obstetrical or surgical complications; (2) had no labor and
did not deliver at the time of blood draw; and (3) delivered
at term (GW ≥ 37), a neonate with a birth-weight appropriate
for gestational age [33].

Maternal sera and placentas were also collected from
women at the time of delivery. Women were enrolled at
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the Labor and Delivery Unit upon admission, and those
who had blood drawn prior to any medication were
included in the analysis in the following gestational age
matched groups: (1) pre-eclampsia with (n = 12) or (2)
without HELLP syndrome (n = 20) and (3) a second
subset of controls (n = 30), which consisted of term (n =
20) and preterm controls (n = 10). Term controls had no
medical or obstetrical complications and delivered at term
(GW ≥ 37) a newborn with birth-weight appropriate for
gestational age [33]. Preterm controls included women
with spontaneous preterm (GW < 37) delivery without any
clinical or histological signs of chorioamnionitis. Control
women underwent Caesarean section secondary to previ-
ous Caesarean section or malpresentation. Pre-eclampsia
was defined as hypertension that developed after GW20
(systolic or diastolic blood pressure ≥140 or ≥90 mmHg,
respectively, measured at two different time points, 4 h to
1 week apart) coupled with proteinuria (≥300mg in a 24 h
urine collection, or two random urine specimens obtained
4 h to 1 week apart containing ≥1+ by dipstick or one
dipstick of ≥2+ protein) [2, 34]. Severe pre-eclampsia was
defined as systolic blood pressure ≥160 mmHg or diastolic
blood pressure ≥110 mmHg and/or proteinuria greater
than 5g in a 24 h collection or ≥3+ protein on dipstick, and
it was also diagnosed in the presence of multi-organ
involvement [2, 34]. HELLP syndrome was defined as
hemolysis (serum LDH >600IU/l; bilirubin >1.2mg/dl;
presence of schistocytes in peripheral blood), elevated
liver enzymes (serum ALT and/or AST >70IU/l) and
thrombocytopenia (platelet count <100,000/mm3) [35]. In
preterm pre-eclampsia with or without HELLP syndrome,
delivery was necessitated by the symptoms before term
(GW < 37).

Samples

Blood samples were immediately centrifuged (10 min
at 2,500 rpm) after draw; sera were separated and stored
at −80°C. Villous tissue samples were excised from central
cotyledons after separation of the placentas from the
choriodecidual layer. Native (for protein determination)
and RNAlater®–ICE (Ambion Inc., St. Austin, TX, USA)
soaked (for quantitative real-time polymerase chain reac-
tion (qRT-PCR)) samples were deep frozen and stored at
−80°C. Whole placentas were formalin-fixed, and repre-
sentative tissue blocks were paraffin-embedded. Not all
specimens were available from every patient.

Placental tissue preparations for protein determination

Deep frozen placental villous tissues (500mg; n = 52)
were pulverized in liquid nitrogen and homogenized on
ice in 500 μl RIPA lysis buffer (50 mM Tris–HCl pH =

7.4; 150 mM NaCl; 1% NP40; 0.25% Na deoxycholat,
1 mM EDTA, and 1 mM PMSF). Homogenates were
centrifuged (15 min at 10,000 rpm) to pellet non-soluble
debris; supernatants containing soluble or solubilized
cytoplasmic, membrane and nuclear proteins were collect-
ed, and their total protein contents were measured by the
Bradford assay and equalized for 1mg/ml. These protein
extracts were then used for ELISA, immunoprecipitation,
or immunoblotting.

Immunoprecipitation

Placental protein extracts (1mg; n = 52) were pre-cleared on
protein A agarose (Sigma-Aldrich Co., St. Louis, MO,
USA) (1 h at 4°C) and centrifuged (5 min at 2,500 rpm),
and supernatants were transferred into fresh tubes and
incubated with an excess (2 μg) of anti-PP13 antibody
(overnight at 4°C). Protein A agarose (30 μl) was added to
each tube and mixtures were incubated (1 h at 4°C).
Precipitated immunocomplexes were collected by centrifu-
gation (5 min at 2,500 rpm), repeatedly washed in RIPA
buffer containing 0.1% detergent, and centrifuged (5min at
2,500 rpm) four times. Pellets were resuspended in
Laemmli buffer, boiled (5 min), and centrifuged (1 min at
10,000 rpm), and supernatants were applied to sodium
dodecyl sulphate (SDS)-polyacrylamide gel electrophoresis
(PAGE).

SDS-PAGE and Western blot analysis

Initially, placental protein extracts (30 μg) were used for
Western blot analysis; however, many of the samples did
not contain detectable amounts of PP13. Thus, immuno-
precipitates (30 μl) were subsequently run on 15% SDS-
PAGE along with recombinant PP13 (rPP13) (5–50ng) as
positive control (Diagnostic Technologies Ltd., Yokneam,
Israel). Proteins were electroblotted to nitrocellulose mem-
branes (Invitrogen Corporation, Carlsbad, CA, USA) and
blocked (30 min at 25°C) with phosphate-buffered saline
(PBS) containing 0.1% Tween-20 and 5% skim milk
powder. Membranes were incubated with biotinylated
anti-PP13 monoclonal antibody (Diagnostic Technologies
Ltd., Yokneam, Israel) (2 μg/ml; overnight at 4°C) and then
with horseradish peroxidase (HRP)-conjugated streptavidin
(Jackson Immunoresearch Laboratories Inc., West Grove,
PA, USA) (1:10,000; 1 h at room temperature), and
developed by Super Signal West Pico ECL reagent (Pierce
Biotechnology Inc., Rockford, IL, USA). Band visualiza-
tion, signal quantification and molecular weight determina-
tion were performed by a Fluorchem SP (Alpha Innotech
Corporation, San Leandro, CA, USA) or a Las3000 (Fuji
Film, Tokyo, Japan) CCD imaging system. The sensitivity
of both systems was 200 pg PP13/lane.
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ELISA

PP13 concentrations of placental protein extracts and
maternal sera were determined using a solid-phase sandwich
ELISA kit (Diagnostic Technologies Ltd., Yokneam, Israel).
Optical density was measured at 450 nm and translated into
quantitative amounts using a calibration curve consisting of
rPP13 standards (0–500 pg/mL). The lower limit of detection
was 5 pg/mL. The intra- and inter-assay variations in our
laboratory were 5.4% and 9.4%, respectively.

RNA isolation

Deep frozen placental tissues (n = 23) were thawed and
homogenized. After centrifugation at 12,000 rpm, RNA-
later®–ICE was removed. Total RNA was isolated with
Eppendorf ® perfect RNA eukaryotic kit (Eppendorf AG,
Hamburg, Germany) and treated with Dnase I. Total RNA
quality and integrity were determined by measuring the
OD260/280 and OD260/230 ratios.

Quantitative real-time RT-PCR

cDNA was synthesized using 0.5 μg Dnase-I-treated total
RNA and First Strand cDNA Synthesis Kit (Roche Diagnos-
tics Co., Indianapolis, IN, USA). Primers (LGALS13 forward:
GCAAACAATTTGAGCTGTG, reverse: CACTGAGGT-
CAGGGAGA; YWHAZ forward: TCCTTTGCTTGCATCC-
CAC, reverse: AAGGCAGACAATGACAGACCA; HPRT
forward: GGCAGTATAATCCAAAGATGGTC reverse:
GTCTGGCTTATATCCAACACTTG) were designed using
the LightCycler Probe Design Software 1.0 (Hoffmann-
La Roche Ltd, Basel Switzerland) and synthesized by
Sigma-Genosys Ltd. (Haverhill, UK). PCR reactions con-
sisted of 9 μl DNA Master SYBR Green I mix (Hoffmann-
La Roche Ltd., Basel, Switzerland), 1 μl cDNA and
2.5pmol primers, and a negative control without cDNA
template was run simultaneously with every assay. The
PCRs were run in duplicate on LightCycler thermal cycler,
and the average was used in the calculations. Standard
curves were obtained using serial dilutions of the β-globin
reference gene, and the concentration of each gene product
was determined by a kinetic approach with the LightCycler
software. The expression of phospholipase A2 (YWHAZ)
and hypoxanthine phosphoribosyltransferase (HPRT)
housekeeping genes that have great expression stability
in the placenta significantly correlated in all samples, and
HPRT was used for normalization.

Histopathology

Placentas were fixed and histopathologically evaluated in
38/62 cases due to temporarily limited personal and

laboratory conditions. Specimens were examined according
to a standard protocol by two pathologists (BH, TF) blinded
to clinical details. The topography and size of all
macroscopic lesions were described, and the ratio of these
lesions and viable placental tissue was estimated. Seven
representative histological blocks were taken from each
placenta to include both ends of the umbilical cord,
placental membranes, and three macroscopically normal
central/paracentral areas of the placental disc. An en face
block of the basal plate was taken for the best representa-
tion of uteroplacental arteries [36]. In addition, macroscopic
lesions were also sampled. All tissue blocks were paraffin-
embedded; 4 μm sections were cut and mounted on
SuperFrost/Plus slides (Fisherbrand, Loughborough, UK).
After deparaffination and rehydration, slides were stained
with hematoxylin-eosin (HE) and evaluated in ten random-
ly chosen microscopic fields [37]. Macroscopic and
microscopic lesions were defined according to published
criteria [37–39], quantified and statistically analyzed.

Immunohistochemistry

Four μm sections were cut from full thickness blocks (n =
38) of a macroscopically normal central area of each
placenta. Sections were incubated with 10 mM Tris (pH =
9, 1 mM EDTA) (30 min at 100°C) to expose antigens.
After inhibition of endogenous peroxidases with 3% H2O2,
unspecific antibody binding was blocked with 3% BSA in
PBS containing 10% goat serum (Vector Laboratories,
Burlingame, CA, USA) (30 min at room temperature).
Sections were incubated (90 min at 37°C, then overnight at
4°C) with monoclonal anti-PP13 antibody (1:20) in PBS
containing 1% BSA. After washing, the second incubation
(1 h at room temperature) was performed with HRP-
conjugated anti-mouse IgG (1:100). Slides were developed
with DAB Substrate Kit (Vector Laboratories, Burlingame,
CA, USA) and counterstained with hematoxylin (H) or HE.
In negative controls, the primary antibody was omitted or
preabsorbed with a tenfold excess of rPP13.

Evaluation of immunostaining

Visual evaluation of immunostainings was performed
microscopically (Carl Zeiss MicroImaging GmbH, Gottin-
gen, Germany) by two pathologists (BH and TF). All slides
(n = 38) were digitally scanned by a high resolution scanner
(Mirax Scan, Carl Zeiss MicroImaging GmbH, Gottingen,
Germany), deposited to a virtual laboratory (www.pathonet.
com), and used for virtual microscopic evaluation by a third
examiner (NGT) applying Mirax Viewer 1.8.3.0 (Carl Zeiss
MicroImaging GmbH, Gottingen, Germany and 3DHistech
Ltd., Budapest, Hungary). All examiners were blinded to
the clinical information. Immunostainings were semi-
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quantitatively scored by BH and NGT with a modified
immunoreactive score [40]. Immunostaining intensity was
graded as follows: 0 = negative, 1 = weak, 2 = intermediate,
and 3 = strong. The percentage of cells staining positive
was assessed as follows: 0 = negative, 1 = 1–10%, 2 = 11–
50%, 3 = 51–80%, and 4 = 81–100%. The final composite
score for PP13 immunoreactivity was obtained by multi-
plying the intensity and percentage scores, giving a range of
1–12, in which a score of 1–4 = weak, 5–8 = moderate, and
9–12 = strong. Each slide was evaluated three times in ten
random fields by both examiners; the average of the scores
was determined as the representative data for that sample.

Statistical analysis

Maternal serum and placental PP13 concentrations were
log10 transformed to improve data normality. The associa-
tion between the log transformed PP13 concentrations or
LGALS13/HPRT gene expression ratio and two explanatory
variables (gestational age and disease status) were tested
using a linear model strategy. In these models, the main
effects and the interaction of gestational age and disease
status (presence of pre-eclampsia) were estimated, while
their significance was tested via t-tests. The models were
fitted under the R statistical environment (www.r-project.
org) using specialized functions. All other analyses were
run by SPSS 12.0 (SPSS Inc., Chicago, IL, USA);
comparisons among the groups were performed using
Chi-square test and Fisher’s exact test for proportions and
Kruskal–Wallis test followed by Mann–Whitney test for non-
normally distributed continuous variables. A p value of <0.05
was considered statistically significant.

Results

Demographic and clinical data

The 46 Caucasian women in the first subset of controls had
a mean maternal age of 30 ± 4.9 years; the mean gestational
age at delivery was GW39.1 ± 1.3. Demographic and
clinical characteristics as well as placental histopathological
findings of women in the second subset of controls and
patients with pre-eclampsia with or without HELLP
syndrome are displayed in Tables 1 and 2, respectively.
Severe pre-eclampsia was diagnosed in 61.5% (8/13) of
women with preterm and 57.1% (4/7) of patients with term
pre-eclampsia. All patients with HELLP syndrome had
pre-eclampsia. Neonatal birth-weight was lower in pre-
eclampsia with or without HELLP syndrome than in controls.
Primiparity was higher in pre-eclampsia than in controls at
term; however, this was not the case before term. Maternal
body mass index (BMI) was higher in preterm pre-eclampsia,

and placental weight was lower in preterm pre-eclampsia with
or withoutHELLP syndrome than in preterm controls (Table 1).
From the 22 investigated macroscopic and histological
placental lesion types, those consistent with maternal and
fetal vascular underperfusion were more frequent in pre-
eclampsia with or without HELLP syndrome than in controls,
especially in patients who delivered preterm (Table 2).

Maternal serum PP13 concentrations

The analysis of the first subset of control women revealed
that log10 PP13 concentration increased as a function of
gestational age in their sera taken at routine prenatal care
visits (p < 0.0001) (Fig. 1a). When analyzing the second
subset of control women, log10 PP13 concentrations in
maternal serum taken at the time of delivery increased
similarly as a function of gestational age (p = 0.02). In
contrast, maternal serum PP13 concentrations did not
correlate with gestational age in patients with pre-eclampsia
with or without HELLP syndrome (Fig. 1a).

Since neither the mean log10 maternal serum PP13
concentrations at any given GW nor their rate of increase
with gestational age were different between the two subsets
of controls, these groups were pooled together to increase
the statistical power. For the same reasons, the groups of
pre-eclampsia with or without HELLP syndrome were also
combined. Then, log10 PP13 concentrations (bY ) were
calculated and a linear regression model was fitted to the
results as a function of gestational age (expressed in GW),
disease status (DS; control = 0; pre-eclampsia = 1) and their
interaction. The following equation gives the estimated
log10 PP13 concentrations:

bYPP13 ¼ 0:85þ 0:037 � GWð Þ þ 1:75 � DSð Þ
þ �0:045 � GW � DSð Þ ð1Þ

The slopes of the regression lines for log10 PP13
concentrations were significantly different between controls
and patients with pre-eclampsia (p = 0.02) and the
difference between the two groups decreased with advanc-
ing gestational age (Fig. 1b and Table 3).

Subsequently, women were sub-divided into term and
preterm subgroups to reveal the differences in maternal
serum PP13 concentrations that may exist between the
second subset of control women and patients with distinct
subforms of pre-eclampsia at the time of onset of disease.
Median maternal serum PP13 concentrations in preterm
pre-eclampsia without (250.0 pg/ml (range: 52–462), p =
0.02) and with HELLP syndrome (213.0 (74–571), p =
0.01) were significantly higher than in preterm controls
(109.6 (31–203)) (Fig. 1c). There was no difference
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between the term pre-eclampsia (211.1 (100–226)) and term
control (218.0 (52–685)) groups.

Placental PP13 concentrations

Placental PP13 concentrations did not correlate with gesta-
tional age in any of the groups (Fig. 2a). Median placental
PP13 concentrations in preterm pre-eclampsia without (7.5
ng/mg total protein (range, 0.7–23.8, p = 0.13)) and with
HELLP syndrome (5.6 (1.9–29.3, p = 0.15)) were lower than
in preterm controls (24.7 (3.0–35.8)) (Fig. 2b). There was no
difference between the pre-eclampsia (14.3 (3.2–19.6)) and
control (12.1 (4.3–92.1)) groups at term.

Placental LGALS13 gene expression

The mean LGALS13/HPRT gene expression ratio decreased
with advancing gestational age in the second subset of
controls (p = 0.01); however, this did not change in patients
with pre-eclampsia (Fig. 3a). In addition, the mean
LGALS13/HPRT gene expression ratio was higher in
controls than in the pre-eclampsia group (p = 0.02). The
LGALS13/HPRT gene expression ratios were fitted to a
linear regression model:

bYLGALS13 ¼ 16:4þ �0:39 � GWð Þ þ �15:33 � DSð Þ
þ 0:39 � GW � DSð Þ: ð2Þ

Table 2 Histopathological findings

Preterm and term controls Preterm pre-eclampsia Preterm HELLP Term pre-eclampsia

Number of placentasa (n) 14 9 10 5
Distal villous insufficiency (%) 0 55.6** 50** 40***
Increased syncytial knots (%) 57.2 88.9 70 100
Increased perivillous fibrin (%) 0 55.6** 20 40***
Recent villous infarct (%) 0 55.6** 30*** 0
Remote villous infarct (%) 7.2 33.4 70** 40
Remote villous infarct, extensive (%) 7.2 44.4*** 80* 40
Small placenta (%) 0 66.7* 66.7* 60**
Uteroplacental vessel thrombosis (%) 0 22.3 55.6** 0
Uteroplacental vessel adaptation problemb (%) 0 25 44 25
Villous stromal fibrosis (%) 7.2 66.7** 60** 60***
Villous dysmaturity (%) 7.2 77.8** 80* 40

The Pearson’s chi-square test and the Fisher’s exact test were used for statistical analysis. Values are presented as number or percentage
*p<0.001; **p<0.01, ***p<0.05 compared to controls
a Three macroscopically normal central and paracentral areas of the placental discs, an en face block of the basal plates, and all blocks of the
macroscopic lesions were microscopically evaluated in each placenta
b Fibrinoid necrosis with or without acute atherosis

Table 1 Demographic and clinical characteristics of the study groups

Groups Preterm controls Preterm pre-eclampsia Preterm HELLP Term controls Term pre-eclampsia

Number of casesa 10 13 12 20 7
Maternal age (years)b 26.5 (5.5) 30.9 (5.6) 28.4 (4.5) 32.2 (4.9) 28.3 (3.0)
Gestational age at delivery (weeks)b 32.5 (2.8) 30.9 (2.1) 31.42 (2.8) 38.7 (0.8) 37.6 (0.8)
Primiparityc 50 38.5 58.3 15 85.7**

Smokingc 30 15.4 0 5 0
Systolic blood pressure (mmHg)b, d 115.6 (7.2) 162.3 (16.0)* 162.9 (10.5)* 120.3 (11.9) 163.1 (15.8)*
Diastolic blood pressure (mmHg)b, d 75.0 (8.7) 95.5 (11.7)* 105.0 (13.8)* 74.8 (5.8) 103.0 (11.2)*
Maternal BMI (kg/m2)b 25.6 (4.3) 32.4 (8.4)*** 26.6 (3.4) 26.2 (4.0) 28.3 (1.1)
Neonatal birth-weight (g)b 2246 (709.1) 1391.5 (446.9)** 1445.8 (421.8)** 3317 (470) 2714 (498)***

Placental weight (g)b 410.5 (65.8) 261.5 (63.1)*** 262.6 (51.7)*** 504.0 (81.9) 379.8 (110.9)
Caesarean sectionc 50 100 100 100 100

All women were Caucasian
*p<0.001; ** p<0.01; *** p<0.05 compared to gestational age matched controls
a Values are presented as number
b Values are presented as mean (+SD)
c Values are presented as percentage
d Highest blood pressure values measured before delivery

392 Virchows Arch (2008) 453:387–400



Not surprisingly, the median LGALS13/HPRT gene
expression ratio was significantly lower in patients with
preterm pre-eclampsia than in preterm controls (3.45-fold;
p = 0.03) (Fig. 3b); however, no difference was detected
between the term pre-eclampsia and term control groups
(1.02-fold).

Molecular size of PP13

To verify the specificity of the antibody, we performed
Western blots on immunoprecipitated placental protein
extracts. Recombinant, His-tagged PP13 was recognized
as a 18 kDa band, while placental-derived PP13 migrated as
a 16 kDa band in all investigated samples (Fig. 4). These

�Fig. 1 Maternal serum PP13 concentrations. a Log10 PP13 concentration
increased as a function of gestational age in sera of normal pregnant
women taken at routine prenatal care visits (n=46;○ –‧– ) and in preterm
and term controls taken at the time of delivery (n=18; l — b —); how-
ever, did not correlate with gestational age in patients with pre-eclampsia
with (n=11; ▲ ;; ) or without HELLP syndrome (n=12; 0 – – ) at the
time of delivery. b The regression line for log10 serum PP13 concentra-
tions was different in the pooled group of controls (n=64; □ –‧– ) from
the pooled group of pre-eclampsia (n=23; • ;; ). c Median maternal
serum PP13 concentrations were significantly higher in women with
preterm pre-eclampsia with or without HELLP syndrome than in preterm
controls. Boxes represent the median±25th percentiles, whiskers the ex-
treme values

Table 3 Maternal serum PP13 concentrations adjusted to the linear
regression model

Maternal serum PP13 concentrations (pg/ml)a

Gestational weeks Controlb Preeclampsiab

24 53.8 NA
25 58.5 NA
26 63.7 NA
27 69.3 239.9
28 75.4 235.4
29 82.0 230.9
30 89.2 226.6
31 97.1 222.3
32 105.6 218.2
33 114.9 214.1
34 125.0 210.0
35 136.0 206.1
36 148.0 202.2
37 161.0 198.4
38 175.1 194.7
39 190.6 191.0
40 207.3 NA

a The equation of the linear model was used for the intrapolation of
gestational age-specific maternal serum PP13 concentrations in control
women and in patients with preeclampsia
b Each value represents an intersection on the regression lines for the
given gestational week
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results provided the biochemical evidence for the nature of
the immunostained protein and revealed that the same
molecular size PP13 was detectable in all control and
pathological placentas.

Placental PP13 immunostaining

The intensity of cytoplasmic staining of the syncytiotro-
phoblast was significantly weaker in central cotyledons in
preterm pre-eclampsia without (mean composite score ±
SD, 3.7 ± 0.4; p = 0.04) and with HELLP syndrome (3.5 ±
0.7, p = 0.02) compared to preterm controls (5.0 ± 1.2).

However, there was no significant difference between pre-
eclampsia (4.3 ± 0.7) and controls (4.9 ± 1.7) at term
(Figs. 5a–e and 6a). The coefficients of variation (CVs)
between the scores provided by the two examiners for
cytoplasmatic and membrane staining were 10.53% (p =
0.13) and 8.68% (p = 0.1), respectively.

Because of the extensive loss of the brush border
membrane in pre-eclamptic placentas, it was only possible
to evaluate the membrane intensity score. Staining of the
microvillous membrane was uniform in term (membrane

Fig. 2 Placental PP13 concentrations. a Log10 placental PP13
concentrations did not correlate with gestational age either in control
women (n=22; l— b —) or in patients with pre-eclampsia with (n=
11; ▲ ;; ) or without HELLP syndrome (n=14; ◆ – – ). b Median
placental PP13 concentrations were lower in women with pre-
eclampsia without (3.3-fold) or with (4.4-fold) HELLP syndrome
than in controls. Boxes represent the median±25th percentiles,
whiskers the extreme values

Fig. 3 Placental LGALS13 gene expression. a The regression line for
the LGALS13/HPRT gene expression ratio decreased with advancing
gestational age in control women (n=10; l— b —), while it did not
change in patients with pre-eclampsia (n=9; ◆ – – ). b The LGALS13/
HPRT gene expression ratio was 3.5-fold lower in women with
preterm pre-eclampsia than in preterm controls. Boxes represent the
median±25th percentiles, whiskers the extreme values
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intensity score ± SD, 1.8 ± 0.4) and preterm (1.6 ± 0.4)
controls (Figs. 5a,b and 6b), while it was stronger in term
pre-eclampsia (2.2 ± 0.3, p = 0.04) and preterm pre-
eclampsia without (2.2 ± 0.6) and with HELLP syndrome
(2.3 ± 0.4, p = 0.01). Syncytial cytoplasm protrusions,
membrane blebs and shed membrane particles stained
intensely; however, there was no PP13 staining at the sites
of membrane loss (Figs. 5c–e and 6c). The villous
capillary endothelium was weakly immunoreactive in all
sections (Figs. 5a–e and 6c).

Discussion

PP13 localizes to the syncytiotrophoblast microvillous
membrane and villous endothelium

Our previous [29] and present studies localized PP13 to the
cytoplasm and brush border membrane of the syncytiotro-
phoblast, which is a highly polarized cell-layer with distinct
proteomic and glycomic profiles on its apical and basement
membranes [41, 42]. The brush border membrane contains
an abundance of N-acetyl-galactosamine [42], the strongest
carbohydrate ligand for PP13 [29], which may suggest a
causal link between the binding specificity and sublocaliza-
tion of PP13. As other galectins, PP13 lacks a secretion
signal peptide but may accumulate directly below the
plasma membrane and can be secreted to the cell surface
via non-classical pathways, such as through the extrusion of
membrane blebs or exovesicle shedding [43]. Indeed,
syncytiotrophoblast membrane blebs were immunopositive
for PP13 in this study and exovesicles generally contain
annexin-II [44], a ligand for PP13 at the syncytiotropho-
blast apical membrane [29]. Of note, annexin-II is a major
component of lipid rafts in microvillous surfaces and it

functions as an interface between lipid rafts and the actin
cytoskeleton [44]. As a high similarity of the syncytiotro-
phoblast microvillous membrane to lipid rafts has recently
been identified [41] and galectins bear an important role in
lipid rafts on microvillous surfaces [44], it would be
intriguing to verify whether PP13 has a placenta-specific
role in membrane trafficking and organization of the
microvillous membrane through its interaction with
annexin-II and β/γ-actin [29].

As a novel finding of this study, the villous endothelium
was immunopositive for PP13 in all investigated placentas,
which is in accord with a previous report that showed
comparable amounts of PP13 in maternal and cord blood
[30]. Thus, it would be important to test whether differ-
ences exist in cord blood PP13 concentrations in healthy
and pathological pregnancies.

The localization and expression of PP13 is altered
in pre-eclampsia and HELLP syndrome

This study has shown first that PP13 staining of the
syncytiotrophoblast microvillous membrane is increased in
pre-eclampsia with or without HELLP syndrome, irrespec-
tive of gestational age, suggesting a shift in the intracellular
trafficking of PP13 in these syndromes. In contrast,
cytoplasmic PP13 staining of the syncytiotrophoblast is
decreased in preterm pre-eclampsia with or without HELLP
syndrome when compared to gestational age-matched
controls. In accordance with these, placental LGALS13
gene expression and PP13 protein content were lower in
preterm pre-eclampsia than in gestational age-matched
controls, and a similar decrease in placental PP13 protein
content was found in preterm HELLP syndrome. The
impairment of LGALS13 gene expression in preterm pre-
eclampsia and HELLP syndrome is underlined by the
following: (1) spatial and temporal gene expression differ-
ences within the placental disks might have had only
minimal impact on our expression data as only central
cotyledons were investigated, and patients with pre-
eclampsia and control women were matched for gestational
age; (2) the immunostaining of the syncytiotrophoblast was
also significantly weaker in these central cotyledons in
preterm pre-eclampsia with or without HELLP syndrome
when compared to controls.

Our previous [29] and present studies localized PP13 to
the syncytiotrophoblast but not to cytotrophoblasts, sug-
gesting that the regulation of the LGALS13 gene expression
is related to syncytialization [49–51]. Of note, recent
studies have provided evidence that syncytin-1, a major
regulator of syncytialization [45], was abnormally localized
to the apical microvillous membrane in pre-eclampsia [46];
moreover, its placental expression was significantly de-
creased in preterm but not in term pre-eclampsia and

Fig. 4 Identification of recombinant and placental expressed PP13 by
Western blotting. The His-tagged rPP13 (7) migrated as a 18 kDa
band, while immunoprecipitated placental PP13 was recognized as an
immunologically identical 16 kDa band in all samples (1–2 term
controls, 3 term pre-eclampsia, 4 preterm control, 5 preterm pre-
eclampsia, 6 preterm HELLP syndrome). The positions of molecular
mass markers are signed in the left
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HELLP syndrome [46–48]. The altered Syncytin gene
expression and protein localization was suggested to impair
cell-fusion and syncytiotrophoblast formation [46–48],
which may lead to decreased LGALS13 gene expression
in preterm pre-eclampsia. Further functional studies are
warranted to elucidate the regulation of LGALS13 gene
expression and its relation to syncytin-1 and villous
trophoblast differentiation.

Shedding of PP13 immunopositive membrane particles
is enhanced in preterm pre-eclampsia and HELLP
syndrome

Syncytiotrophoblast cytoplasm protrusions, microvillous mem-
brane blebs, and shed membrane particles were strongly PP13
immunopositive, which is a novel finding. Previous studies
revealed that early- rather than late-onset pre-eclampsia is

Fig. 5 Placental immunolocalization of PP13. Syncytiotrophoblastic
immunostaining was moderate in preterm controls (a GW 35), and
weak in term controls (b GW 38), preterm (c GW 29) and term pre-
eclampsia (d GW 37) and HELLP syndrome (e GW 36). The brush
border membrane (open arrowheads) stained moderately in controls
(a, b), and strongly in pre-eclampsia without (c, d) or with HELLP

syndrome (e). Cytoplasm protrusions, membrane blebs and shed
membrane particles were PP13 positive (filled arrowheads) (c–e). The
villous endothelium (arrows) was immunopositive in all sections (a–
e). Negative control: isotype-matched IgG staining (f). HE (a, b) or
hematoxilin (c–f) counterstain. 500× (a, c, e) or 700× (b, d, f)
magnifications
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characterized by frequent placental lesions and increased
STBM shedding [15–19]. An intensive loss of the brush
border membrane, cytoplasm protrusions and microvillous
blebs [52–54] were implicated as sources of the large
quantities of STBMs in preterm pre-eclampsia [18, 55]. These
morphological changes were suggested to be the consequence
of placental vascular underperfusion and ischemia [48, 52,
54]. We observed that (1) the frequency of characteristic
changes in placental histopathological findings consistent with
placental vascular underperfusion, (2) the magnitude of
syncytiotrophoblast brush border distortions and (3) the extent
of microvillous membrane shedding were highest in preterm
pre-eclampsia with or without HELLP syndrome. Moreover,
shed membrane particles were strongly immunopositive for
PP13, which may lead to an increase in maternal serum PP13
concentrations in these cases.

Maternal serum PP13 concentrations are elevated
in preterm pre-eclampsia and HELLP syndrome
in the third trimester

Maternal serum PP13 concentrations increased as a func-
tion of gestational age in the control groups, similar to the
increase in maternal serum concentrations of syncytiotro-
phoblastic proteins localized to the brush border membrane,
such as PP5/TFPI-2, heat-stable alkaline phosphatase
(PLAP) and pregnancy-specific beta1-glycoprotein (SP1)
[27]. This rise in serum PP13 concentrations with advanc-
ing gestation was also similar to the increase in trophoblast
cell volumes as assessed by stereological methods [56].
Thus, concentrations of PP13 in maternal serum are
dependent on the volume of its origin, the trophoblast, in
normal pregnancies.

Fig. 6 IHC score analysis and immunolocalization of PP13 in the
syncytiotrophoblast. The composite IHC score of the syncytiotropho-
blast was higher in preterm controls than in preterm pre-eclampsia
with or without HELLP syndrome (a). High magnification (800×)
images show uniformly moderate cytoplasmic and brush border

membrane staining in a preterm control (b), while weak cytoplasmic
and strong membrane staining in a preterm HELLP syndrome placenta
(c). Cytoplasm protrusions, membrane blebs and shed membrane
particles stained intensely for PP13 (c). HE (b) or hematoxilin (c)
counterstain
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Of importance, no difference was detected in serum
PP13 concentrations in preterm controls presenting with
labor that led to preterm delivery when compared to
normal pregnant women who delivered at term. In
contrast, maternal serum PP13 concentrations were
higher in women presenting with preterm pre-eclampsia
with or without HELLP syndrome than in preterm
controls; however, no such difference was found between
patients and controls at term. Furthermore, characteristic
changes were also detected in placental histopathology,
PP13 content and immunostaining in preterm pre-
eclampsia, but no similar differences were found between
patients and controls at term. These findings may
underline the different mechanisms of disease in term
and preterm pre-eclampsia [14, 16, 20]. Moreover, as
placentas in preterm pre-eclampsia with or without
HELLP syndrome showed a PP13 pattern more typical
of term than preterm controls, this phenomenon might be
considered as a biochemical correlate of the accelerated
maturation of the villous tree, represented by our frequent
findings of distal villous insufficiency in cases of preterm
pre-eclampsia.

Our study did not show differences in maternal serum
and placental PP13 concentrations and immunostainings
between preterm pre-eclampsia alone or coupled with
HELLP syndrome, suggesting a common pathway for the
dysregulation of PP13 production and placental shedding in
the two syndromes. This finding is in accord with the
current view that although pre-eclampsia and HELLP
syndrome might have distinct familial segregation and
genetic background [57–61], independent genes and mech-
anisms in various subsets of these syndromes may initiate
shared pathophysiological pathway(s), common clinical
symptoms and placental dysfunction [61, 62].

What is the cause of the high maternal serum PP13
concentrations in preterm pre-eclampsia? (1) The LGALS13
gene is predominantly expressed by the placenta [28];
therefore, this organ is the probable source for the elevated
amounts of PP13 in the maternal circulation. (2) There is a
lower placental LGALS13 gene expression in preterm pre-
eclampsia, which obviously cannot account for an increased
placental PP13 production. (3) Thus, our data suggest that
the excess syncytiotrophoblastic shedding of PP13 is
probably the major source of its increased third trimester
maternal serum concentrations in preterm pre-eclampsia
and HELLP syndrome, which is similar to that observed
with other brush border localized proteins, such as PLAP
and PP5/TFPI-2 [27, 40].

We suggest that a constitutionally decreased LGALS13
gene expression throughout pregnancy might account for
the low first trimester maternal serum PP13 concentrations
in patients destined to develop early-onset/preterm pre-
eclampsia [22–25]; however, PP13 concentrations increase

parallel with the augmented shedding of STBMs in these
subset of patients in the third trimester [18].

Conclusions

Our combined approach has shed new light on the behavior of
PP13 in pre-eclampsia and HELLP syndrome at the onset of
clinical symptoms. Essential differences in placental histopa-
thology, PP13 expression, and apical membrane shedding of
PP13 in preterm pre-eclampsia and HELLP syndrome have
been demonstrated, and the latter might contribute to the
increased maternal serum PP13 concentrations in these cases.
Our findings may reflect a different mechanism of disease
between term and preterm pre-eclampsia.
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Abstract Three-dimensional (3D) visualisation of micro-
scopic structures provides useful information about their
configuration and the spatial (hence functional) relationship
between different components in tissues. This paper
describes 3D dynamic reconstructions of the pre-lymphatic
labyrinth in two cases of “normal” breast core biopsies and
one case of pseudoangiomatous stromal hyperplasia. Direct
anastomoses between pre-lymphatic channels and true
lymphatics of the breast were demonstrated. It is concluded
that pre-lymphatics are a way of communication between
breast epithelial/stromal structures and the main lymphatic
system. The present findings suggest that the existence of
pre-lymphatics has to be taken in consideration in the
intramammary spread of malignant tumours.
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Introduction

The lymphatic vascular network differs from that of the
blood vessels as it is an “open” system to the stromal
environment [1]. Lymphatic capillaries are structurally
similar to blood capillaries [1], and both are composed of
endothelial cells with intercellular junctions, adhesion
plates, isolated vesicles, deep caveolae, flat nuclei and a
well-formed basal lamina. Nevertheless, in normal tissues,
there are spaces within the connective tissue that end
directly at a lymphatic junction [2]. The spaces are mostly
evident when tracers are injected in tissues and become
particularly prominent when the oedema forces the cells
and fibre bundles apart [2]. Openings of lymphatic
capillaries into stromal spaces have been documented at
ultrastructural level by Casley-Smith and Florey [1].
Artefacts were excluded, as no similar openings were seen
in neighbouring blood capillaries, and were interpreted as
consequent to poorly developed adhesion plates [1]. These
spaces were named “pre-lymphatics” by Casley-Smith [2]
and in the breast are so numerous and so often
interconnected as to deserve the name of “lymphatic
labyrinth” [3]. Spaces are lined by flattened attenuated
cells that are vimentin- and CD-34-positive. CD 31 and D2-
40 are consistently negative [4]. The same cells at
ultrastructural level show scattered intermediate filaments
and lack basal lamina [4] as to deserve the name of
“delimiting fibroblasts” by Ozzello [5]. Pre-lymphatics are
present around ducts and within the specialised stroma of
lobules, but are hardly visible in normal breast because they
are collapsed [4], a phenomenon described by Hartveit as
the “missing” lymphatic system [3]. Whenever lymph
needs to be drained, especially in inflammatory situations,
pre-lymphatics open on demand [3]. Although Vuitch et al.
[6] believed that these spaces were artefact, Badve and
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Sloane [7] demonstrated that these same spaces are real, as
they are visible in frozen sections as well as at ultrastruc-
tural level [4]. In addition, neoplastic cells were found to
spread through them, highlighting the labyrinth structure of
these same spaces [8].

Most of the above observations were obtained indirectly
from conventional haematoxylin and eosin staining (H&E)
or electron microscopy. Direct visualisation of spaces
entering into lymphatics would be obtained only by the
use of the 3D reconstruction of histological tissue.

We reconstructed from two cases of normal breast core
biopsies and a case of pseudoangiomatous stromal hyper-
plasia (PASH) through a 3D model, the complex labyrinth
arrangement of pre-lymphatics and their connection into
lymphatic channels.

Materials and methods

Cases

Cases 1 and 2 were core biopsies from 48- and 39-year-old
women. These were obtained from the files of the
Department of Pathology and Forensic Medicine of the
University of Modena and Reggio Emilia. Both patients
had undergone biopsy as a screening procedure for familiar
breast cancer.

Case 3 is of a 51-year-old lady who presented with a
6-month story of a lump in the lower external quadrant of
the left breast. The lump was excised. The tissue removed
consisted of a 4.5 cm across nodule with smooth surface.
The cut surface was homogeneous and grey in colour.

Tissues were embedded in paraffin and stained with
H&E as routine.

Histologically, cases 1 and 2 were selected among
several others and were constituted by numerous lobules
where dilated easily visible spaces were present within the
intra-acinar stroma (Fig. 1). Case 3 had the typical feature
of PASH [6], being a fibroepithelial lesion in which lobules
appeared architecturally distorted, immersed in a stroma
showing elongated empty spaces (Fig. 2a,b).

For immunohistochemistry, all cases were stained for D2-
40 monoclonal antibody (clone D2-40, diluted 1:100; Signet
Laboratories); CD 34 (clone QB-END10, diluted 1:400,
Neomarkers) and CD31 (clone yc/70A, diluted 1:20, Cell
Marque) employing an automated immunostainer (Ventana
BenchMark AutoStainer; Ventana Medical Systems).

The cells that lined the spaces in all cases were CD-34-
positive, but negative for CD 31 and D2-40.

For 3D analysis, serial sections obtained from the
paraffin blocks were immunohistochemically stained for
D2-40. Sections (50 sections, 4 μm thick) then were all
photographed. For 3D reconstruction, one lobule from

cases 1 and 2 showing numerous widely open spaces were
selected (Fig. 1). In case 3, one glandular/stromal area was
selected (Fig. 2).

The contours of the spaces of two normal lobules from
cases 1 and 2 as well as of one distorted lobule from case 3
were shadowed with the painter tool (red colour) in order to
better visualise their shapes. In addition, all the acini of the
selected lobule and the perilobular lymphatic channels
stained by D2-40 antibody were also shadowed with the
painter tool (blue and green colours, respectively).

Three-dimensional procedure

To realign serially cut sections correctly, we created
external fiducial markers in the paraffin-embedded speci-
men using a tissue arrayer instrument (ATA-100; Chemicon
International, Temecula, CA, USA) before obtaining serial
sections (Fig. 3). Accordingly, four cores removed from an
anthracotic lymph node by the tissue arrayer were inserted
as reference markers into the ‘recipient’ paraffin block of
breast tissue, near the area to be serially cut, and 3D-
reconstructed [9]. As already stated, 50 sections, 4 μm
thick, were serially cut from the recipient block. Digital
pictures of D2-40-stained sections were serially captured at
the selected magnification with an OLYMPUS_ DP11
digital camera mounted on an OLYMPUS_ VANOX T
microscope. The semi-movable stage of the microscope
allowed orientation of the images because the reference
markers were set in the same position.

Three-dimensional reconstruction

Using the serial images obtained, 3D models of selected
channels, lymphatics and acini were obtained employing

Fig. 1 Case 1: spaces present within the inter acinar stroma. The
spaces have elongated shape, are lined by flattened spindle cells and
are characteristically devoid of red blood cells
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Amira 4.0, advanced 3D visualisation and volume modelling
software (TGS Template Graphics Software, http://www.tgs.
com). In order to have the studied structures unchanged
through sections, we previously included the anthracotic
lymph node in four points of the paraffin-embedded sample

as fiducial tissue markers (see above) [9]. Then, we could
manually align serial sections by matching these reference
points with the software tools. Finally, AMIRA allowed to
segment automatically the regions of interest which were
interpolated and finally 3D-reconstructed.

Results

At low magnification, as seen at H&E level, the spaces
situated among the acini and around the lobules have an
elongated shape, were characteristically devoid of red blood
cells and lined by flattened spindle cells (Figs. 1 and 2).
Serial sections, stained for D2-40, highlighted lymphatics
that were observed around the lobules, whilst the empty
spaces were consistently unstained (Fig. 4). Depending on
the plane of sectioning, spaces appeared round or ovoid in
shape, with some of them laying very close to lymphatic
vessels (positive for D2-40) present in the perilobular
stroma (Fig. 5).

Three-dimensional modelling

The spatial organisation of the empty spaces (channels), as
reconstructed on serial sections, was very complex, but
similar in all three cases. The channels were of various size,
shape and length and were frequently interconnected. Most
spaces were tortuous, elongated and showed small calibre.
A minority was short, had irregular profile and large
calibre. Intermediate combinations were seen. In general,
the caliber of the channels of the PASH case was larger than
that seen in normal lobules. Some spaces were linear and
followed almost parallel planes of growth as seen in
modelling field (level) 31 of case 1 (Fig. 6). Other

Fig. 3 In order to align serial sections, antracotic lymph node arrays
were included as fiducial markers in four points of the paraffin-
embedded tissue block

Fig. 2 Case 3 shows typical features of pseudoangiomatous stromal
hyperplasia (a) in which lobules appear architecturally distorted,
immersed in a stroma showing elongated empty spaces (b)

Fig. 4 Stain for D2-40 highlights occasional lymphatics around the
lobules, whilst the empty spaces scattered among the acini are
consistently unstained
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modelling fields (levels), especially in PASH, showed
spaces with convoluted cavities. Most of the spaces were
present within the acinar stroma, but others, especially in
the case of PASH, were observed in the perilobular stroma
as to build up a complex scaffolding around the lobule
(Fig. 7a, modelling field 27, case 2, and b, modelling field
46, case 3). Spaces present within the lobule frequently
showed a circumferential distribution around acini (Fig. 8,
modelling field 15, case 1).

In no fewer that seven modelling fields, spaces in
different cases connected directly to the D2-40-stained
perilobular lymphatic vessel (Figs. 8 and 9a, modelling
field 10, case 3, and b, modelling field 5, case 3). The

3D profile of the three cases can be directly visualised in
the motion images stored in the web site of this journal
(www.sprigerlink.com).

Discussion

Three-dimensional reconstruction provides useful informa-
tion about the configuration of microscopic structures, and it
offers a useful tool to examine the spatial (hence functional)
relationship between different components in tissues. Three-
dimensional studies, especially in breast tissues, were based
on diafanisation of paraffin blocks of large sections that were
examined directly at stereomicroscopic level [10–13]. More
recently, the use of the computer that allows the 3D

Fig. 6 The spatial organisation of the empty spaces (channels), as
reconstructed on serial sections, is very complex, but similar in all
three cases. Some spaces are linear and follow almost parallel planes
of growth as seen in modelling field (level) 31 of case 1 (red:
channels; blue: acini; green: lymphatics)

Fig. 7 Most of the spaces are localised within the lobular stroma.
When in perilobular location, they build up a complex scaffolding
around the lobule. a Modelling field 27, case 2. b Modelling field 15,
case 1. In b, perivascular channels connect with a lymphatic in the
upper outer corner

Fig. 5 Spaces appear round to ovoid in shape. One of them is very
close to a lymphatic vessel (positive for D2-40) present in the
perilobular stroma
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reconstruction of normal structures and of specific lesions
from the analysis of multiple histological sections (static 3D)
has proven to be a valuable technique in different areas of
pathology such as normal distribution of microcirculation of
retina [14], para-trabecular pattern of infiltration of non-
Hodgkin’s lymphoma in bone marrow [15], angiogenesis in
the bone marrow of children with leukemia [16], distribution
of microvessels in prostate cancer [17], evaluation and
reconstruction of spinal cord injury [18], relationship
between functional and structural changes of glomerular
capillary networks in normal kidney [19], distribution and
organisation of microvascular structure of cardiac coronary
vascular tree [20], distribution of the vessels in normal and
neoplastic thyroid [10] and distributions of vessels in
oligodendrogliomas [21]. In breast, Ohtake et al. [22, 23],
in a 3D reconstruction of intraductal extension of invasive
breast carcinoma, have highlighted the presence of occa-
sional intralobar and extralobar anastomoses which allowed
the spread of in situ duct carcinoma through different lobes.
These same data were not confirmed by Foschini et al. [11]
and Going and Moffat [24]. The similarity between tubular
and tubulo-lobular carcinomas has been defined [25], and the
size and extent of lobes has been illustrated [24].

A novel approach to the use of computerised 3D
techniques is the dynamic reconstruction of specific areas
in which the area itself rotate and can be visualised from
many angles. In this way, the convoluted shape of the
nuclei of papillary thyroid carcinoma was highlighted [26].

In the present study, the lobules that were selected
contained several spaces within the specialised stroma.

Spaces were seen also in perilobular location where
lymphatics were also visible, and these features were
consistent with the description of the pre-lymphatic
labyrinth depicted by Hartveit [3]; in fact, spaces appeared
round to ovoid, some were elongated, devoid of red blood
cells, lined by flat “attenuated” cells that were negative for
D2-40 stain and invested the acini. Lymphatics were
present only around the lobules, showed dilated lumens
that were also devoid of red blood cells and lined by
flattened cells that were positive for D2-40. The difference
between normal lobules and PASH consisted in the larger

Fig. 9 Channels connect directly to the perilobular lymphatic vessel.
a Modelling field 10, case 3. b Modelling field 5, case 3

Fig. 8 Spaces frequently show a circumferential distribution around
acini in PASH and appear of large caliber (modelling field 46, case 3)
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caliber of channels D2-40-negative that were characteristic
of pseudoangiomatous stromal hyperplasia and by the
larger number of channels in perilobular stroma.

The dynamic 3D reconstruction of the lobules from all
cases showed evidence that the spaces were intimately
interconnected and proved the existence of an intralobular
labyrinth, and the distribution of the spaces around the
lobules indicated the existence of a sort of scaffolding.
Shape, distribution and connection of the interstitial spaces,
as traced in serial sections, concur in defining the nature of
such pre-lymphatic spaces as real structures, and not as
shrinkage artifacts. It was also found that at least one space
in each lobule anastomosed directly with a lymphatic, also
proving the previous theories of the existence of a pre-
lymphatic network of which most of the credit goes to
Casley-Smith and Florey and to Hartveit [1, 3]. Whether
larger caliber of channels as mostly seen in PASH is the
result of higher pressure in the stroma than lymphatics is
still open to question.

The pre-lymphatic network cannot certainly any longer
be disregarded as a way of spread of inflammatory and
neoplastic cells. As the channels appear located around the
acini, it is possible [4] that they can be the easiest way of
spreading non-cohesive neoplastic cells such as lymphomas
and invasive lobular carcinomas [4, 8]. It is pertinent to
remind that one of the cases reported by Damiani et al. [8]
consisted of a lymphoma that spread along the channels of
PASH.
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Abstract Most patients with mantle cell lymphoma present
with a diffuse or nodular infiltration of the involved organs
at diagnosis. We present two patients with a rare morpho-
logical variant, displaying a partial involvement of the
mantle zone. Patient 1 presented with an enlarged inguinal
lymph node, which showed marked follicular hyperplasia
with singly spread Cyclin D1+ small lymphoid cells in the
mantle zones. An additional lymph node biopsy taken
3 months later showed the same pattern. Patient 2 presented
with a classical mantle cell lymphoma with lymph node,
bone marrow and gastro-intestinal involvement. However,
revision of an appendectomy specimen taken 4 years earlier
showed pronounced follicular hyperplasia with singly
spread Cyclin D1+ small lymphoid cells in the mantle
zones. Mantle cell lymphoma with partial involvement of
the mantle zone has rarely been reported and many
represent an early manifestation of mantle cell lymphoma.
Our cases also illustrate that the inclusion of an anti-cyclin
D1 antibody in the diagnostic panel of antibodies to study
unexplained follicular hyperplasia, might be advised.

Keywords Mantle cell . Lymphoma . “In situ”Variant

Introduction

Mantle cell lymphoma comprises approximately 3–10%
of non-Hodgkin lymphomas. Most patients present with
stage III or stage IV disease, and in at least 25% of the
cases peripheral blood involvement is also found [5].
Gastrointestinal tract, bone marrow and Waldeyer’s ring
are the most commonly involved extranodal sites. Mantle
cell lymphoma is characterized by a variable clinical
course with a median survival of 3–5 years [5]. Prognosis
is tightly correlated with lymphoma cell proliferation
[1, 2, 5].

Classical mantle cell lymphoma is characterized by a
diffuse, nodular or mantle zone growth pattern. The
lymphoma cells are small- to medium-sized with slightly
to markedly irregular nuclear contours, moderately dis-
persed chromatin but inconspicuous nucleoli [1]. Immuno-
phenotypically, mantle cell lymphoma is characterized by
the expression of CD5 and cyclin D1. Cyclin D1 over-
expression is due to a recurrent cytogenetic abnormality, t
(11; 14)(q13;q32) involving CCND1 and immunoglobulin
heavy chain genes [9].

Recently, some cases of mantle cell lymphoma with a
peculiar “in situ” growth pattern and apparent indolent
clinical course have been reported [4, 6, 7]. Microscopic
examination in all cases revealed follicular hyperplasia. The
germinal centres were conspicuous and surrounded by an
apparently normal or mildly expanded mantle zone.
However, immunostaining for cyclin D1 revealed singly
spread positive small lymphoma cells in the mantle zones
[4, 6, 7]. In two of the reported cases, peripheral blood and
bone marrow were also involved [4, 6].

In this paper we present two additional patients with a
similar variant of mantle cell lymphoma.
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Clinical history

Patient 1

The 42-year-old female patient had noted a slowly growing
mass in the groin. On physical examination a moderately
enlarged lymph node was detected. Computer tomography
and PET-CT further revealed moderately enlarged cervical,
axillar, iliacal and inguinal lymph nodes with increased
fluorodeoxyglucose (FDG) uptake. All relevant blood
tests, including complete blood counts and LDH were
normal. Further staging procedures including GI tract
endoscopic biopsies and bone marrow trephine biopsy
ultimately revealed Ann Arbor stage IVA lymphoma.
Treatment was initiated according to the Nordic Mantle
Cell Lymphoma III protocol, i.e. high-dose chemotherapy
and retuximab with stem cell rescue; see http://www.
Nordic-lymphoma.org.

Patient 2

A 65-year-old male patient presented with a 6-month
history of mild coughing and moderately enlarged cervical
lymph nodes. PET-CT revealed generalized lymph node
involvement. Complete blood counts and other relevant
blood tests, including LDH were normal. Surgical lymph
node biopsy, endoscopic stomach biopsy and bone marrow
biopsy showed Ann Arbor stage IVA lymphoma. The
patient was also treated according to the Nordic Mantle Cell
Lymphoma III protocol, i.e. high-dose chemotherapy and
retuximab with stem cell rescue; see http://www. Nordic-
lymphoma.org. Four years earlier, the patient underwent
appendectomy for acute appendicitis. At that time, no
clinical suspicion for lymphoma was reported.

Materials and methods

Immunohistochemistry The paraffin blocks were cut at 4–
6 μm, dried overnight at 60°C and dewaxed in xylene. A
standard panel with the following primary antibodies was
used in both cases: CD20, CD10, BCL-6, BCL-2, CD3,
CD5, CD21, CyclinD1, IgM and IgD. Heat-induced epitope
retrieval was used for all stainings. Visualization was
performed using the EnVision® method (DakoCytomation,
Glostrup, Denmark) according to the manufacturer’s
instructions. Appropriate positive and negative controls
were used.

Flow cytometry A four-color flow cytometric analysis was
performed on whole bone marrow specimens, anticoagu-
lated with heparin. Fifty microliters of whole bone marrow
containing between 0.5 and 1×106 cells were stained for

surface antigens with the following antibody combinations:
fluorescein isothyocyanate (FITC)/peridininchlorophyll
cyanine 5.5 (PercPCY5.5)/allophycocyanine (APC)—(1)
CD20/CD5/CD19/CD43; (2) FMC7/CD23/CD19/CD5; (3)
Simultest κ/λ/CD20/CD19. Flow cytometry analysis was
performed on a Facscalibur, using Cell Quest Pro software.

FISH analysis Fluorescent in situ hybridization (FISH)
analysis was performed on formalin-fixed tissue specimens,
using LSI IGH/CCND1 dual fusion DNA probe (Vysis,
Downers Grove, IL, USA). The slides were deparaffinized,
immersed in citric buffer for 60 min at 80°C, followed by
pepsin pretreatment and dehydrated in ethanol. After
denaturation step for 5 min at 73°C, hybridization was
performed at 37°C overnight. The next day the slides were
washed in sodium chloride-sodium citrate (SSC) buffer,
counterstained with DAPI and evaluated using an Olympus
BX61 microscope.

PCR analysis DNA was extracted from both fresh snap
frozen and FFPE tissue using BioRobot M48 (Qiagen,
Hilden, Germany). The quantity and quality of the extracted
DNAwere then checked and DNAwas used for polymerase
chain reaction (PCR) analysis of Ig heavy chain (IgH).
BIOMED-2-based PCR protocol and three sets of VH
primers corresponding to the three VH FR regions (FR1,
FR2 and FR3) were used [8]. The results were analysed
using ABI Prism® 3100 Genetic analyser.

Cytogenetics Fresh tissue samples were manually minced
and enzymatically treated until a suitable suspension of
cells and cell clumps was obtained. After 5–7 days
culturing colchicines was added for the last 4 h and the
short-term cultures were harvested according to standard
protocols. The chromosomes in the dividing cells were then
G-banded and a karyotype established in accordance with
the recommendations of the International System for
Human Cytogenetic Nomenclature.

Results

Patient 1

Axillary and inguinal lymph node biopsies were performed
and showed the same picture. The overall architecture was
preserved, with intact sinuses, B- and T-zones. Prominent
follicular hyperplasia was noted with hyperplastic germinal
centres and mantle zones. Because of the clinical suspicion
of lymphoma, an extended investigation with a panel of
antibodies for immunohistochemistry was performed. Sur-
prisingly, anti Cyclin D1 immunostaining showed a rim of
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positive cells in the mantle zones (Fig. 1). PCR analysis
was performed on two consecutive biopsies using snap
frozen and formalin-fixed tissue and demonstrated the same
monoclonal immunoglobulin heavy chain gene rearrange-
ment (Fig. 1). FISH analysis revealed spread single cells
with t(11;14)(q13; q32.3) translocation. Cytogenetic analy-
sis of the lymph node showed normal karyotype, 46, XX.
The bone marrow biopsy showed a normal histology,
CyclinD1 staining was negative, but flow cytometric
analysis of bone marrow aspirate identified minimal (1%)
mantle cell lymphoma infiltration. Minimal involvement by
lymphoma was also observed in the endoscopic biopsies
from the stomach.

Patient 2

Cervical lymph node biopsy showed mantle cell lymphoma
with mixed nodular and diffuse growth pattern. Cytogenetic
analysis of the lymph node demonstrated an abnormal
karyotype: 46, XY, t(11;14)(q13;q32). Endoscopic biopsies
from the stomach and duodenum revealed minimal infiltra-
tion. Bone marrow trephine and flow cytometry showed

bone marrow involvement. The pattern of infiltration in the
bone marrow was diffuse, interstitial and intrasinusoidal
with approximately 10–12% atypical lymphocytes (Fig. 2).
The immunophenotype of the lymphoma was: CD5+,
CD23−, CD19+, CD20+, CD79B+, immunoglobulin light
chain kappa +, cyclin D1+.

A reexamination of the appendectomy specimen re-
moved 4 years earlier revealed acute appendicitis with
marked lymphoid hyperplasia. Many secondary lymphoid
follicles with expanded mantle zones were noted in
submucosa. Cyclin D1 staining revealed accentuated,
expanded mantle zones in some follicles and small groups
of positive cells in other areas (Fig. 2). FISH analysis
revealed spread single cells with t(11;14)(q13; q32.3)
translocation (Fig. 2).

Discussion

Four cases of mantle cell lymphoma with an unusual
morphology and indolent clinical course have recently been
described [4, 6, 7]. A common feature of those cases was the

Fig. 1 Patient 1: a Lymph node
biopsy with prominent follicular
hyperplasia (H&E, ×20).
b Cyclin D1 staining showing a
rim of positive cells in the
mantle zones (×20). c Cyclin D1
staining showing a rim of
positive cells in the mantle
zones (×100). d PCR results
from inguinal lymph node and
from axillary lymph node
showing the same monoclonal
immunoglobulin heavy chain
gene rearrangement in a
polyclonal background
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pronounced follicular hyperplasia with reactive germinal
centres and normal or mildly expanded mantle zones. Cyclin
D1 staining revealed singly spread or a thin rim of positive
neoplastic cells in the mantle zones. Based on the unusual
histological picture Richard et al. introduced the term ‘in
situ-like’ mantle cell lymphoma [7], in parallel with the in
situ variant of follicular lymphoma [3]. The cases presented
here show the same morphological characteristics. In one of
the patients two consecutive lymph node biopsies showed
marked follicular hyperplasia with single cyclin D1 positive
lymphoid cells in the mantle zones. The second patient
presented with classical mantle cell lymphoma, but re-
examination of an appendectomy specimen removed 4 years
earlier demonstrated cyclin D1 positive cells in the mantle
zones of the follicles present in the wall of the appendix. At
the time of the appendectomy, there were no clinical signs of
lymphoma. Whether the minimal lymphoma localization in
the appendix with concurrent follicular hyperplasia may have
contributed to the acute inflammation, is a matter of
speculation. At clinical presentation with lymphoma, both
of our patients were diagnosed with Ann Arbor stage IVA
disease based on the involvement of multiple lymph nodes,
gastrointestinal tract and bone marrow. In two of the reported
cases peripheral blood and bone marrow involvement was
noted [4, 6] while in the two other patients only nodal
disease was documented [7].

Histological examination alone does not raise suspicion
of mantle cell lymphoma in the two cases of ‘in situ’ mantle
cell lymphoma reported here. Only cyclinD1 staining can
reveal this diagnosis. In view of the fact that these cases
closely resemble reactive follicular hyperplasia on histo-
logic examination, we suggest that cyclin D1 staining
should be added to the analysis of unexplained follicular
hyperplasia, either when occurring in elderly patients or
when there is genuine clinical suspicion for lymphoma as in
one of our patients. Whether the pattern of mantle cell
lymphoma involvement presented here represents an early
manifestation of mantle cell lymphoma, meriting the use of
the term “in situ” mantle cell lymphoma, as previously

defined, remains to be confirmed. However, the biopsy
samples in our patient 2, showing first partial involvement
of the mantle zone in the appendix, and then massive
mantle cell lymphoma in the lymph node 4 years later, is
consistent with this interpretation.
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Cholestatic hepatic injury can be caused by a number of
drugs and herbal remedies [1, 3, 5]. Occasionally, drugs
that cause cholestasis, such as amoxicillin-clavulanate,
chlorpromazine, and erythromycin are associated with acute
purulent inflammation of the intrahepatic bile ducts,
mimicking acute (ascending) cholangitis [3]. We present a
case of acute cholestatic toxic liver injury with histologic
features of ascending cholangitis and a possible association
with ingestion of forest fruit.

The patient is a 55-year-old man, who presented with a
3-day history of marked jaundice. There was no abdominal
pain, fever, or history of medications, except for a 5-day
course of a cephalosporin antibiotic taken 2 months prior to
presentation. On physical examination, there were no
findings apart from jaundice. The patient was carefully
interviewed regarding potential toxins, and he admitted
recent consumption of Pyrus amygdaliformis fruit (also
known as “wild pears” in Greece). In detail, he admitted
consuming approximately 0.5 kg of raw fruit daily, during

the week prior to presentation. He also admitted previous
exposure to the same fruit, but that was sporadic and in
much smaller quantities.

Laboratory findings on his first day of hospitalization
were as follows: hemoglobin, 15.4 g/dl; white blood cell
count, 7,370 per milliliter; platelets, 275,000 per milliliter;
glucose, 118 mg/dl; urea, 27 mg/dl; creatinine, 1.1 mg/dl;
bilirubin, 10.6 mg/dl; direct bilirubin, 7.0 mg/dl; aspartate
aminotransferase (AST), 195 U/L (normal, <37 U/L);
alanine aminotransferase (ALT), 315 U/L (normal,
<45 U/L); alkaline phosphatase (AP), 878 U/L (normal,
<258 U/L); gamma-glutamine transpeptidase, 187 U/L
(normal, <55 U/L); lactate dehydrogenase, 482 U/L
(normal, <480 U/L); international normalized ratio,
1.05; and erythrocyte sedimentation rate (first hour), 39
mm. Viral and autoimmune markers, including HBsAg,
anti-HBc IgM, anti-HAV IgM, anti-HCV, antinuclear
antibodies, antimitochondrial antibodies, anti-smooth
muscle antibodies, c-ANCA, and p-ANCA were negative.

Abdominal CT scan showed no abnormalities. Treatment
with intravenous ceftriaxone (2 g daily) was initiated. An
endoscopic retrograde cholangiopancreatography (ERCP)
was performed. There were no strictures or other pathologic
findings in the common bile duct and the main pancreatic
duct, except for a small amount of bile sludge that was
removed through the ampulla. During hospitalization there
was no evidence of renal or pulmonary dysfunction. The
patient underwent laparoscopic cholecystectomy on the
third day of hospitalization. A needle liver biopsy was also
obtained. Laboratory findings on the day of surgery
included: AST, 207 U/L; ALT, 463 U/L; AP, 759 U/L;
bilirubin, 11.5 mg/dl; and direct bilirubin, 8.1 mg/dl.

Histologic examination of the liver biopsy showed
moderate portal inflammatory infiltrates consisting of
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lymphocytes, neutrophils, and occasional eosinophils. There
was neutrophilic infiltration of bile ducts, accompanied
by degenerative changes of the epithelial cells (Fig. 1a,b). A
few neutrophils were present in bile duct lumens (Fig. 1a–c).
There was no interface hepatitis, bile duct loss, or fibrosis.

Minimal ductular reaction was seen on immunohisto-
chemical stain for cytokeratin 7 (Fig. 1c). In the lobules,
there was marked cholestasis, predominantly involving
centrilobular regions, accompanied by “feathery” degenera-
tion of hepatocytes (Fig. 1d). Mild steatosis was also present.

Fig. 1 Histologic findings in liver biopsy. a This portal tract has
moderate inflammatory infiltrates, consisting of neutrophils, lympho-
cytes, few plasma cells and occasional eosinophils. The bile duct
shows degenerative changes of the epithelium. b Another portal tract
with severe degenerative changes of biliary epithelial cells and rare

neutrophils in bile duct lumen. c Immunohistochemical stain for
cytokeratin 7 showing minimal ductular reaction. A few neutrophlis
are present in the bile duct lumen. d A centrilobular region with
marked cholestasis, “feathery” degeneration of hepatocytes and a few
inflammatory cells. (a–d, ×400)

Table 1 Laboratory values following discharge from the hospital

7 days 22 days 37 days 51 days 60 days 91 days

AST (U/L) 345 34 25 23 20 22
ALT (U/L) 621 110 38 28 24 31
AP (U/L) 293 169 93 115 – 72
γ-GT (U/L) – 129 – – – –
Bilirubin (mg/dl) 5.2 2.1 1.5 1 1.5 1.2
Direct bilirubin (mg/dl) 3.6 1.4 0.9 0.2 0.2 0.2

AST Aspartate aminotransferase, ALT alanine aminotransferase, AP alkaline phosphatase, γ-GT gamma-glutamyl transpeptidase
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Histologic examination of the resected gallbladder showed
moderate inflammatory infiltrates, mostly composed of
lymphocytes. In focal areas, there were dense infiltrates of
neutrophils.

The patient was discharged 1 day postoperatively with
directions to continue antibiotic treatment for 5 days and to
begin treatment with ursodeoxycholic acid (1,000 mg/day),
which he continued for 6 months. His laboratory values
following discharge from the hospital are shown in Table 1.
The liver function tests normalized approximately 1 month
after surgery. Since then, the patient has remained asymp-
tomatic, with normal laboratory findings.

The histologic features of this case were suggestive of
acute (ascending) cholangitis, because there was neutro-
philic infiltration of bile ducts, with presence of neutrophils
in duct lumens and degenerative changes of the epithelium.
However, acute infection of the biliary tree is usually
associated with large bile duct obstruction and, therefore,
the histologic picture usually includes ductular reaction.
Such reaction was not a feature of our case. Furthermore,
CT scan and ERCP failed to demonstrate any evidence of
large bile duct obstruction. Most importantly, our patient
did not have the characteristic clinical findings of ascending
cholangitis, including high fever, chills, and right upper
quadrant pain. Finally, the inflammatory changes extended
to the gallbladder, although no gallstones were present.

An alternative explanation for the clinical presentation
and the histologic findings of our case is provided by toxic
injury. Drugs and toxins can produce a wide spectrum of
histologic changes, mimicking a variety of liver disorders.
Although the clinical findings in our case were not specific
for toxic injury, a thorough investigation of other possible
causes, including ERCP, failed to provide any etiologic
evidence. Since the patient was not on any medication, a
careful history of dietary habits was taken, revealing the
information of forest fruit consumption. P. amygdaliformis
is a “wild” variety of pear tree. The fruit of this tree is not
consumed widely, since it is only found in the wild. To our
knowledge, it contains no chemical substances with known
toxicity. Furthermore, we found no reported cases of
hepatic or other toxicity in the literature.

A large number of drugs (e.g., anabolic and contracep-
tive steroids, angiotensin-converting enzyme inhibitors,
chlorpromazine, erythromycin, benoxaprofen), toxins (e.g.,

paraquat), and herbal remedies (e.g., celandine, glycyrrhi-
zin, chaparral) may cause cholestatic injury [1, 3, 5]. The
only kind of fruit that we could identify as a cause of
cholestasis in the literature is Ackee fruit, a native plant of
Jamaica, which is also known to cause centrilobular
necrosis [4]. Four types of drug-induced cholestatic injury
have been described, namely, the canalicular, the hepatoca-
nalicular, the ductal, and the cholangiodestructive type [5].
Occasionally, drug-induced cholestasis may be accompa-
nied by histologic features of acute cholangitis [3]. In some
of these cases, there may be actual destruction of bile ducts,
resulting in a vanishing bile duct syndrome with prolonged
cholestasis [2].

Although the clinical history and histologic findings
suggest that some substance contained in P. amygdaliformis
caused hepatic injury to our patient, a definite causative
association is difficult to prove. Supportive of this
association is the fact that the consumed fruits were
unlikely to be contaminated by any toxic substance, since
they are not cultivated, but are only found in the wild.
Additionally, our patient was not exposed to other toxins
(he is a merchant by profession) and he was alone when he
consumed Pyrus fruit. Obviously, the patient is reluctant to
get exposed to the possible deleterious effect of such fruit
again. However, report of additional cases may be of
importance, since this tree is widely distributed in the
Mediterranean region. In the meanwhile, this case should
remind pathologists that histologic features of acute
cholangitis may in fact be due to toxic hepatic injury.
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Abstract Novel therapeutic agents targeting the epidermal
growth factor receptor (EGFR) have improved outcomes for
patients with colorectal carcinoma. However, these therapies
are effective only in a subset of patients. Activating mutations
in the KRAS gene are found in 30–40% of colorectal tumors
and are associated with poor response to anti-EGFR therapies.
Thus, KRASmutation status can predict which patient may or
may not benefit from anti-EGFR therapy. Although many
diagnostic tools have been developed for KRAS mutation
analysis, validated methods and standardized testing proce-
dures are lacking. This poses a challenge for the optimal use of

anti-EGFR therapies in the management of colorectal carci-
noma. Here we review the molecular basis of EGFR-targeted
therapies and the resistance to treatment conferred by KRAS
mutations. We also present guideline recommendations and a
proposal for a European quality assurance program to help
ensure accuracy and proficiency in KRAS mutation testing
across the European Union.
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Introduction

Novel classes of therapeutic agents for treating cancer are
rapidly changing clinical practice. Several of these new
drugs target specific molecules expressed by cancer cells.
One group targets members of the human epidermal
growth factor receptor (HER) family, namely, the
epidermal growth factor receptor (EGFR) and the human
epidermal growth factor receptor 2 (HER2). Both EGFR
and HER2 contribute to the development and progression
of several cancers and therefore have been explored as
targets for cancer therapy. To apply targeted therapies
optimally, it is important to recognize that their activity
differs across patient populations and to understand the
molecular mechanisms underlying these differences.

A well-defined example of how the efficacy of a targeted
therapy can vary among patients with different molecular
profiles is the use of trastuzumab (Herceptin®), an anti-
HER2 monoclonal antibody, in the treatment of breast
cancer. HER2 is overexpressed in 20–30% of malignant
breast tumors as a result of amplification of the coding gene
[1, 2]. HER2-positive status is associated with poor
prognosis and is a strong predictor of response to trastuzu-
mab therapy [1, 3]. Assessment of HER2 status has become
standard practice to identify breast cancer patients most
likely to benefit from trastuzumab therapy [3]. In parallel,
substantial progress has been made to validate HER2
testing methods and implement quality assurance to ensure
consistency and accuracy in HER2 testing [4].

Targeted therapeutic agents have also been developed for
the treatment of colorectal cancer, a leading cause of
cancer-related deaths worldwide [5]. The majority of
patients with colorectal cancer are diagnosed with locally

advanced or metastatic disease which responds poorly to
conventional forms of treatment. The drugs recently
introduced for treating colorectal cancer target the EGFR,
which is overexpressed in 50–80% of colorectal tumors [6–
10]. Although the advent of EGFR-targeted therapies has
improved outcomes for colorectal cancer patients, they are
effective in only a subset of patients [11]. Therefore, a
major challenge in optimizing EGFR-targeted treatment
options in colorectal cancer is to identify reliable bio-
markers that can predict which patients will or will not
respond to these targeted therapies.

It has become clear that mutations in the Kirsten RAS
(KRAS) gene negatively predict success of anti-EGFR thera-
pies. Gain-of-function KRAS mutations lead to EGFR-
independent activation of intracellular signaling pathways,
resulting in tumor cell proliferation, protection against apopto-
sis, increased invasion and metastasis, and activation of tumor-
induced angiogenesis [12]. Unlike HER2 testing in breast
cancer, however, there is a wide variety of testing methods and
a lack of quality assurance schemes for the assessment of
KRAS mutation status in colorectal cancer patients.

The objectives of this paper are threefold: (1) to review
the molecular basis of EGFR-targeted therapies and the
resistance to treatment conferred by KRAS mutations; (2) to
summarize the different methods available for the detection
of KRAS mutations; and (3) to propose guideline recom-
mendations and a European quality assurance (QA)
program for KRAS mutation testing in colorectal carcinoma.

Molecular basis of EGFR-targeted therapies

EGFR and cancer

EGFR is a 170-kDa transmembrane tyrosine kinase receptor
that is present in most epithelial tissues and plays an
important role in cell growth and function. Modulation of
growth factor receptors, such as the EGFR, is a key strategy
used by tumor cells to become self-sufficient and rely less on
growth signals for their transformation, proliferation and
survival. EGFR is overexpressed in many solid cancers and
has been shown by many studies to be involved in the
development and progression of human malignancies [12,
13]. Extensive research over the last few years has improved
our understanding of the oncogenic role of the EGFR and the
mechanisms of receptor activation and function. These
advances have led to the development of new treatment
modalities aimed at targeting the EGFR signaling system.

EGFR belongs to HER family of cell surface receptors
(see Fig. 1a). The HER receptor family consists of four
structurally related proteins: EGFR (also called HER1/
ErbB1), HER2 (ErbB2), HER3 (ErbB3), and HER4
(ErbB4). Each receptor is composed of three domains: (1)
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an extracellular domain that recognizes and binds ligands
specifically, such as epidermal growth factor (EGF), trans-
forming growth factor (TGF)-α and amphiregulin which
bind specifically to EGFR; (2) a hydrophobic transmem-

brane domain that is involved in interactions between cell
surface receptors; and (3) an intracellular domain that
serves as a site of tryosine kinase activity. There are at least
two exceptions to these general principles: HER2 has no
known ligand and is constitutively active, and HER3 does
not possess intrinsic tyrosine kinase activity. However, all
receptors and their specific ligands interact to form an
integrated system in which an initial signal can be amplified
and diversified into multiple cellular responses.

To activate the EGFR signaling system, three sequential
steps are generally required. First, specific ligands bind to
the extracellular domain of EGFR, resulting in a confor-
mational change. Second, this structural change allows the
receptor to form a dimer with another ligand-bound EGFR
(homodimer) or with one of the EGFR-related HER
receptors (heterodimer). Finally, receptor dimerization
causes autophosphorylation of tyrosine kinase residues
within the intracellular domain of the receptors, leading to
activation of signal transduction pathways. EGFR tyrosine
phosphorylation triggers several signaling cascades, includ-
ing the RAS-MAPK, PI3K-Akt and STAT pathways
(Fig. 1b). Together, these EGFR-induced signaling path-
ways control gene transcription, cell cycle progression, cell
proliferation and survival, adhesion, angiogenesis, migra-
tion, and invasion [14].

Activation of downstream signaling pathways without
the involvement or modulation of cell surface receptors is
another mechanism by which tumor cells can lose their
dependence on growth factors. Perturbations in the EGFR
signaling system may lead to the same effects as modula-
tion of the EGFR alone: uncontrolled cell growth and
proliferation, suppression of apoptosis, stimulation of
angiogenesis, and increased metastatic spread (Fig. 1a).
Consequently, the EGFR axis is thought to play a central
role in the regulation of epithelial tumor cell growth,
proliferation, and malignant transformation.

EGFR-blocking therapy

Given the important role of EGFR in tumorigenesis and
disease progression, this receptor has become a relevant and
promising target for anti-cancer therapies. In vitro and in
vivo studies show that blocking EGFR and downstream
signaling may lead to inhibition of carcinoma cell growth,
resulting in potential benefits for cancer patients.

Two classes of EGFR antagonists have been devel-
oped and are currently used in cancer treatment (Fig. 1b).
First, anti-EGFR monoclonal antibodies bind to the
extracellular domain of the EGFR and compete with
natural ligands for binding to the receptor, thus, blocking
ligand-induced EGFR activation. Second, small-molecule
inhibitors of EGFR tyrosine kinases compete with ATP for
binding to the intracellular catalytic domain of the EGFR

Fig. 1 a Cellular responses controlled by EGFR-dependent intracel-
lular signaling. The binding of specific ligands to the extracellular
portion of the EGFR results in the formation of a functionally active
EGFR dimer with another ligand-bound EGFR or one of the EGFR-
related receptors (HER2, HER3, or HER4). Receptor dimerization
causes ATP-dependent phosphorylation of tyrosine kinase residues
within the intracellular domain of the receptors. This tyrosine
phosphorylation triggers activation of downstream signal transduction
cascades which control cell growth, development, and function.
Perturbations in EGFR-dependent intracellular signaling have been
implicated in multiple aspects of the malignant process, including
enhanced tumor cell survival and proliferation, tumor-induced
angiogenesis, and metastasis. b Signal transduction pathways con-
trolled by EGFR activation and two therapeutic approaches to block
the EGFR. Ligand-induced stimulation of EGFR induces activation of
three major signaling cascades: RAS-MAPK, PI3K-Akt, and STAT
pathways. Together, these pathways control gene transcription, cell
cycle progression, cell proliferation and survival, adhesion, angiogen-
esis, and cell migration. To suppress EGFR-dependent signaling, two
classes of EGFR antagonists have been developed. First, anti-EGFR
monoclonal antibodies bind specifically to the extracellular domain of
the receptor and inhibit ligand binding, thus preventing ligand-induced
EGFR activation. Second, small-molecule EGFR tyrosine kinase
inhibitors bind to the intracellular catalytic domain of the receptor,
thereby, inhibiting EGFR tyrosine phosphorylation and downstream
signaling pathways
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tyrosine kinase. This competition inhibits EGFR tyrosine
phosphorylation and hence suppresses downstream signaling
pathways.

Two anti-EGFR antibodies (cetuximab and panitumu-
mab) and two small-molecule EGFR tyrosine kinase
inhibitors (gefitinib and erlotinib) have been evaluated
extensively for the treatment of colorectal cancer, metastatic
non-small-cell lung cancer, squamous-cell carcinoma of the
head and neck, and pancreatic cancer where malignant
transformation depends on EGFR signaling [12]. Addition-
al EGFR-targeting agents, including monoclonal antibod-
ies, small molecules and vaccines, are currently under
investigation [15].

EGFR and colorectal cancer

Several lines of evidence have demonstrated a role for
EGFR in colorectal tumorigenesis. Preclinical data suggest
that EGFR mRNA expression and EGF levels are higher in
malignant areas of colorectal tumors than in the surround-
ing benign mucosa (as reviewed by Lockhart and Berlin
[16]). In experimental models of colon cancer, TGF-α
expression and EGFR activation allow for increased tumor
cell growth and survival [16]. Moreover, mice treated with
EGFR tyrosine kinase inhibitors and mice deficient in
EGFR develop fewer colorectal polyps compared with
untreated and wild-type mice, respectively, after challenge
with colon cancer-inducing agents [16].

In human colorectal cancer, EGFR is also associated
with tumor development and progression. The mechanisms
underlying the role of EGFR in colorectal cancer are not
entirely clear. EGFR is overexpressed in up to 82% of
colorectal cancers [6–10]. EGFR amplification, preferen-
tially of a mutant allele, is correlated with but does not
reliably predict EGFR overexpression [17]. Mutations in
the EGFR gene are rare in colorectal cancer but occur
regularly in other cancer types, such as lung cancer [18–21].

Based on the importance of the EGFR axis in colorectal
cancer, drugs that interfere with various functional domains
of the receptor have been developed, as mentioned above.
Currently, two anti-EGFR monoclonal antibodies have been
approved in several countries for the treatment of colorectal
cancer [12, 22]. Cetuximab, a human–mouse chimeric IgG1
monoclonal antibody, was the first EGFR-targeted agent
approved for the treatment of colorectal cancer [12, 23].
Panitumumab, a fully human IgG2κ monoclonal antibody,
was recently approved in the US and Europe as third-line
treatment of metastatic colorectal cancer [12, 24]. Both
antibodies have been shown to reduce the risk of tumor
progression and to improve overall survival (OS), progres-
sion-free survival (PFS) and quality of life in patients with
refractory colorectal cancer [11, 23, 25–28]. However, only
a small proportion (8–23%) of patients were observed to

achieve an objective response with cetuximab [11, 23, 25]
or panitumumab [26, 28]. Cetuximab or panitumumab
therapy is costly and might cause side effects. To optimize
benefits and reduce the risks as well as contain costs
associated with anti-EGFR treatment, the EGFR has been
evaluated as a potential marker of clinical outcomes.

EGFR overexpression is more common among tumors of
more advanced stage, tumors with worse histological grades,
and tumors with lymphovascular invasion [7, 29, 30].
Patients with colorectal carcinomas showing EGFR staining
by immunohistochemistry (IHC) in >50% of tumor cells
have a poor prognosis [8]. High EGFR expression correlates
with lower response rates in patients with advanced rectal
cancer undergoing preoperative radiotherapy [31]. These
findings suggest that EGFR overexpression is associated
with advanced disease, increased metastatic ability and poor
prognosis, although its impact on patient survival is less
conclusive [10]. However, these data came largely from
studies in which colorectal cancer patients with refractory
and/or metastatic disease were selected for anti-EGFR
therapy on the basis of an EGFR-positive status. It is likely,
with this selection bias in the population tested, that the
frequency of EGFR overexpression and its relationship to
colorectal cancer prognosis might have been overestimated
in the literature thus far. Inter-laboratory variation in the
detection of EGFR levels also contributed to uncertainty
regarding the robustness of previous conclusions. Different
methods for assessing EGFR expression have produced
different results which may or may not correlate with tumor
stage, metastatic potential, and patient outcome. There are
also divergent EGFR expression patterns between primary
and metastatic tumors, regardless of the testing method used.
Taken together, the role of EGFR overexpression in
colorectal cancer remains inconclusive and warrants further
investigation.

While EGFR overexpression is common among colo-
rectal tumors, several studies have shown that EGFR levels
are a poor predictor of response to anti-EGFR therapies. In
clinical trials evaluating the efficacy of cetuximab, treat-
ment response was not related to levels of EGFR
expression [11, 25, 28]. Cetuximab has shown efficacy in
some patients with tumors negative for EGFR as assessed
by IHC [32], while many patients with EGFR-expressing
colorectal tumors fail to respond to cetuximab [11, 25].
Similarly, a number of patients with EGFR-expressing
tumors do not benefit from panitumumab therapy [26–28].
More recently, increased EGFR gene copy number as
detected by fluorescence in situ hybridization (FISH) was
associated with response to cetuximab or panitumumab
[33]. This has been contradicted by findings that FISH
analysis of EGFR amplification does not select all
colorectal cancer patients who may benefit from cetuximab
therapy [34]. These discrepancies could be explained by
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tumor heterogeneity, presence of heterogeneous EGFR
populations with different levels of low- and high-affinity
sites, lack of standardized EGFR testing methods, and poor
correlation between EGFR protein and DNA levels [17,
35].

The EGFR gene is rarely mutated in colorectal cancer.
Less than 1% of colorectal carcinomas show mutations in
the EGFR gene, according to the Cosmic database on
somatic mutations in cancer (www.sanger.ac.uk/genetics/
CGP/cosmic/). For these reasons, EGFR mutations have
limited to no prognostic power and also do not predict
EGFR-targeted treatment outcomes in patients with colo-
rectal cancer [19]. In non-small-cell lung cancer, however,
EGFR mutations and gene amplification are closely linked
with favorable response to small-molecule tyrosine kinase
inhibitors [18, 20, 21, 36]. Of note, a recent study reported
a strong correlation between EGFR mutation status and
phosphorylation of the EGFR at tyrosine 992 (pEGFR-
tyr992) as detected by IHC [37]. Importantly, the expres-
sion of pEGFR-tyr992 also correlates significantly with
clinical responsiveness to gefitinib in pulmonary adenocar-
cinoma [37]. It remains to be determined if this approach
using specific antibodies recognizing EGFR phosphorylat-
ed forms can predict responses to anti-EGFR therapies in
colorectal carcinoma.

Biomarkers in colorectal cancer

A major challenge in selecting appropriate patients for
treatment is to identify reliable biomarkers that can predict
the outcome of anti-EGFR therapies. As discussed above,
EGFR protein expression, gene amplification, and muta-
tions have limited predictive value in colorectal cancer,
although they remain useful markers of treatment response
in lung cancer [10, 13, 18]. The search for predictive
biomarkers in colorectal cancer is now directed mainly
toward key signaling components downstream of the
EGFR.

Potential markers of alterations in EGFR-induced sig-
naling in colorectal cancer include mutations in KRAS,
BRAF, and PIK3CA genes as well as PTEN protein
expression. The role of KRAS mutations, which result in
constitutive activation of downstream EGFR signaling
pathways, as a determinant of colorectal cancer prognosis
and treatment response is discussed below.

Mutations in the BRAF gene, which encodes a serine/
threonine kinase that activates the RAS-MAPK pathway,
have been found in 4–15% of colorectal cancers [38–40].
This frequency increases to 70% in colorectal cancers with
a microsatellite instability (MSI) phenotype due to hyper-
methylation of the MLH1 promoter [41–43]. In MSI
colorectal carcinoma, BRAF mutations occur independently
of KRAS mutations and provide proliferation and survival

signals through activation of several signaling pathways
[44, 45]. Cell lines with RAS/BRAF mutations are highly
resistant to cetuximab in vitro compared with wild-type
cells [46]. One study showed no relationship between
BRAF mutations and median survival of patients with
metastatic colorectal cancer receiving bevacizumab, an
antibody against vascular endothelial growth factor-A
(VEGF) [47]. However, there are no data available on the
role of BRAF mutations in predicting clinical response to
anti-EGFR agents. Lievre et al. screened 30 colorectal
cancer patients receiving cetuximab for several mutations
including BRAF, but none of these patients had a tumor
with a BRAF mutation or a MSI phenotype [48].

The PIK3CA gene encodes the p110α catalytic subunit
of phosphoinositide 3-kinase (PI3K) protein, a critical
component of the PI3K-Akt signaling pathway downstream
of ligand-induced EGFR activation (see Fig. 1b). This
catalytic subunit can be activated by an interaction with
RAS proteins. PIK3CA mutations have been found in 10–
18% of colorectal cancers [38, 46, 49], but it is unclear
whether these mutations can predict response to EGFR-
targeted therapies. According to one in vitro study, cell lines
with activating PIK3CA mutations are resistant to cetux-
imab compared with wild-type cell lines [46]. However,
two studies failed to observe a link between PIK3CA
mutation status and cetuximab response in patients with
colon cancer [33, 48]. These data were based on only five
patients with PIK3CA mutations, possibly precluding the
ability to find a significant link between PIK3CA mutations
and treatment response. The predictive value of PIK3CA
mutations in colorectal cancer needs to be clarified in larger
studies.

PTEN (phosphatase and tensin homolog) acts as a tumor
suppressor protein by inhibiting the PI3K-Akt signaling
pathway (see Fig. 1b). Cell lines deficient in PTEN
expression are more resistant to cetuximab in vitro than
those with normal PTEN expression [46]. The loss of
PTEN protein expression negatively predicts efficacy of
cetuximab therapy in patients with metastatic colorectal
cancer [50]. In this study, 63% (10/16) of patients with
tumors that showed normal PTEN expression were able to
achieve a partial response whereas no response was
documented in 11 patients with tumors that lacked PTEN
expression [50]. Additional studies are warranted to
evaluate PTEN as a marker in the selection of colorectal
cancer patients for anti-EGFR therapies.

KRAS: a downstream target of EGFR signaling

The human KRAS oncogene is mutated in over 30% of
colorectal cancers [51]. Over 3,000 KRAS point mutations
in colorectal cancer have been reported thus far (www.
sanger.ac.uk/genetics/CGP/cosmic/). Somatic missense
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mutations in the KRAS gene lead to single amino acid
substitutions and are generally independent of EGFR
mutations [52]. The most frequent alterations are detected
in codons 12 (∼82% of all reported KRAS mutations) and
13 (∼17%) in exon 2 of the KRAS gene. Mutations in other
positions, such as codons 61 and 146, have also been
reported [51]. However, these alterations account for a
minor proportion (1–4%) of KRAS mutations and their
clinical relevance in colorectal cancer is unclear [51, 53].
KRAS mutations in codons 12 and 13 appear to play a
major role in the progression of colorectal cancer [54–56],
while mutations in codons 12, 13, and 61 are potential
biomarkers in lung cancer [57].

The KRAS gene encodes a small G-protein that functions
downstream of EGFR-induced cell signaling. This G-
protein belongs to the family of RAS proteins that are
involved in coupling signal transduction from cell surface
receptors to intracellular targets via several signaling
cascades, including the RAS-MAPK pathway (Fig. 1b).
RAS proteins normally cycle between active GTP-bound
(RAS-GTP) and inactive GDP-bound (RAS-GDP) confor-
mations (see Fig. 3). RAS proteins are activated by guanine
nucleotide exchange factors (GEFs) which are recruited to
protein complexes at the intracellular domain of activated
receptors. Signaling is terminated when RAS-GTP is
hydrolyzed to the RAS-GDP inactive complex by
GTPase-activating proteins (GAPs). Under physiological
conditions, levels of RAS-GTP in vivo are tightly controlled
by the counterbalancing activities of GEFs and GAPs.
Mutations in genes that encode RAS proteins disrupt this
balance, causing perturbations in downstream signaling
activities.

KRAS mutations result in RAS proteins that are
permanently in the active GTP-bound form (Fig. 2) due
to defective intrinsic GTPase activity and resistance to
GAPs. Unlike wild-type RAS proteins which are inacti-
vated after a short time, the aberrant proteins are able to
continuously activate signaling pathways in the absence
of any upstream stimulation of EGFR/HER receptors.
Oncogenic activation of RAS signaling pathways has
been implicated in many aspects of the malignant
process, including abnormal cell growth, proliferation,
and differentiation. KRAS mutations are, in most cases, an
early event in the development and progression of
colorectal cancers [56, 58, 59]. Consistent with this
concept, several studies have demonstrated that KRAS
mutation status is an important prognostic factor in
colorectal cancer [55, 58–60]. KRAS mutations are associ-
ated with tumors of more advanced stage, increased
metastatic potential, poor prognosis, and decreased PFS
and OS of patients [55, 56, 58, 59]. The prognostic value of
KRAS mutations in colorectal cancer is presently contro-
versial and warrants further confirmation.

KRAS mutation status may have a considerable impact
on therapeutic decisions for colorectal cancer patients.
Considering the molecular basis of EGFR-targeting agents,
blocking EGFR at the receptor level will not ablate
downstream signaling activities in tumors with KRAS
mutations and hence constitutively active RAS proteins.
Indeed, several studies have reported that KRAS mutations
confer resistance to anti-EGFR monoclonal antibodies [24,
48, 61–65]. KRAS mutations are associated with poor
responses to therapy, reduced PFS and shorter OS in
colorectal cancer patients treated with cetuximab alone or
in combination with chemotherapy [48, 62–65]. Similarly,
an analysis of KRAS mutations in tumor samples from 92%
of patients in a registrational clinical trial of panitumumab
for the treatment of metastatic colorectal cancer predicted a
lack of efficacy of panitumumab on PFS and OS in patients
with KRAS mutant tumors [24]. Taken together, these
results indicate that KRAS mutation status is an important
parameter for selecting patients for therapy: patients with
mutant tumors will not benefit from EGFR-targeted
therapies. On the basis of these data, the European
Medicines Agency (EMEA) has approved the use of
cetuximab and panitumumab for the treatment of metastatic

Fig. 2 Role of KRAS mutations in oncogenic activation of intracel-
lular signaling. The human KRAS gene, located on chromosome 12,
encodes a small G-protein that functions downstream of EGFR-
induced cell signaling. This G-protein belongs to the family of RAS
proteins involved in signal transduction pathways that regulate cell
development and function. RAS proteins normally cycle between
active (RAS-GTP) and inactive (RAS-GDP) conformations. Somatic
missense mutations in codon 12 of the KRAS gene, leading to single
amino acid substitutions such as p.Gly12Val, are the most common
alterations found in colorectal tumors. These KRAS mutations result in
RAS proteins that are constitutively in the active RAS-GTP
conformation. Unlike wild-type RAS proteins which are deactivated
after a short time, the mutated RAS proteins cause continuous
activation of RAS signaling pathways in the absence of upstream
stimulation of EGFR/HER receptors. This oncogenic activation of
RAS signaling pathways leads to abnormal cell growth, proliferation
and differentiation
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colorectal cancer in patients who carry a normal, wild-type
KRAS gene [12]. However, as only a fraction of patients
with colorectal tumors that carry a wild-type KRAS allele
can achieve a clinical response with EGFR-targeted
therapies, the search for additional predictive parameters
remains an important challenge.

Methods for KRAS mutation testing

PCR has become the cornerstone of molecular diagnostic
tools, including those developed for KRAS mutation testing.
PCR assays are highly sensitive and can be easily
automated. PCR assays are thus well-suited for large-scale,
high-throughput diagnostic testing. For KRAS mutation
testing, however, standard PCR assays are not sufficient.
The main requirement for conclusive KRAS genotyping by
PCR assay is the ability to discriminate between different
mutant alleles and wild type. There are two main challenges
to achieving a conclusive result: one is the heterogeneity of
the testing material, and the other is differences in the
detection limits for distinct mutations. Depending on the
tissue analyzed, the amount of tumor versus non-tumor area
is variable and heterogeneous, resulting in a template
mixture in which wild-type and mutant DNA are not
present in equimolar amounts. Moreover, a cancer cell may
carry a heterozygous or homozygous KRAS mutation,
increasing the genetic heterogeneity of the tissue material
used. Differences in PCR efficiencies for the detection of
the different mutations can lead to a bias whereby certain
mutations are detected preferentially over others.

A plethora of methods is available for the detection of
mutations in the KRAS gene (see Table 1 for a non-
exhaustive overview). Many of these methods are labora-
tory-based assays and are not commercially available for
use in routine diagnostics. Other methods have been
developed further and are available as commercial test kits
not directly intended for diagnostic purposes. To date, two
KRAS mutation test kits (TheraScreen® by DxS Ltd. and
KRAS LightMix® by TIB MolBiol) have met the essential
requirements of the relevant European Directives (CE-
Mark) for diagnostic use in the European Union. Only one
study, to our knowledge, has evaluated the concordance
between different methods for KRAS mutation testing [66].
In this study, 40 colorectal tumor samples were tested for
seven common mutations in codons 12 and 13 of the
KRAS gene by four commercially available assays and by
direct sequencing as a reference. Two allele-specific PCR-
based methods and one PCR/direct sequencing method
demonstrated high to good agreement with direct sequenc-
ing, whereas an oligonucleotide hybridization method
showed poor agreement. Given the technical requirements
for a conclusive KRAS test result and the potential for

variability between different KRAS genotyping methods, a
thorough analytical validation of testing methods together
with a high standard of quality assurance are critical for
accurate, reliable KRAS mutation testing in clinical
practice. Such an initiative to validate and standardize
KRAS mutation testing will also include the development
of a website (http://esp-pathology.org) providing the latest
information on current diagnostic methods and intended
uses of KRAS mutation testing. Therefore, at present, no
advice is given to which method is preferred. The
advantage of commercially available tests is the validation
process that these have gone through, but obviously the
costs of these tests are higher that in-house developed
methods. Most experience exists in different laboratories
with sequencing after PCR, and this is a relatively
inexpensive method, but requires validation on a large
series of cases. For most other methods, it is too early to
assess the advantages and disadvantages.

Recommended guidelines and European QA program

Guidelines for KRAS mutation testing in colorectal cancer

The optimal use of EGFR-targeted therapies requires
accurate KRAS mutation testing. Testing for KRAS muta-
tions generally comprises three stages: (1) referral for KRAS
mutation testing; (2) selection of the tissue block containing
the tumor area of interest; and (3) DNA extraction and
KRAS mutation analysis. In the current clinical setting,
colorectal cancer patients are not routinely screened for
KRAS mutation status. Pathologists test for KRAS mutations
only upon the specific request of a clinician. Clinicians, in
turn, request KRAS genotyping only if the test results are
intended to guide decisions on patient management. These
practices might not be sufficient for optimal patient care.
The process of requesting KRAS status testing, finding the
original tissue block and reporting the test results is
cumbersome, time-consuming, and prone to errors. There-
fore, routine mutation testing at the time of initial diagnosis
of stage II and III tumors should be considered. There is
also a lack of validated testing methods and standardized
operating procedures for the detection of KRAS mutations.
There are very few studies that have systematically
compared the sensitivity, specificity and reproducibility of
the different techniques for KRAS genotyping. The concor-
dance between different diagnostic methods is also largely
unknown. Therefore, there is an urgent need to establish
and implement clinical practice guidelines and standardized
procedures for KRAS mutation testing in patients with
colorectal cancer.

In recognition of the importance of accurate HER2
testing in breast cancer management, practice guidelines
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and a testing algorithm for HER2 testing have been
formulated by the American Society of Clinical Oncology
and the College of American Pathologists [3]. This expert
panel has recommended validation of all laboratory assays
or modifications, use of standardized operating procedures,
and compliance with new testing criteria. Importantly, the
panel has also recommended that HER2 testing be done in
an accredited laboratory or in a laboratory that meets the
quality assurance and proficiency requirements set forth in
the practice guidelines.

To address the need for standardized KRAS mutation
testing methods and procedures in colorectal carcinoma,
two working groups of the European Society of Pathology
(ESP), the Diseases of the Digestive Tract ESP Working
Group and the Molecular Pathology ESP Working Group,
convened an expert panel to develop guideline recommen-
dations and a proposal for a European QA program for
KRAS mutation testing. This expert panel consisted of
European pathologists, molecular biologists, and oncolo-
gists with expertise in colorectal carcinoma and KRAS
mutation analysis. A panel meeting was held during the

Third Intercontinental Congress of Pathology in Barcelona
in May 2008. The purpose of this meeting was for the panel
members to refine and agree on draft guidelines and an
organizational structure of a European QA program for
KRAS mutation testing. Consensus recommendations and
proposals are summarized here.

Target patient population for KRAS mutation testing

Activating mutations in codons 12 and 13 of the KRAS
gene identify patients who have a poor clinical response to
EGFR-targeted therapies. Ideally, a predictive test should
distinguish between treatment responders and non-respond-
ers accurately and reliably. Such an ideal predictor is
presently not available. The best option available today is a
test that identifies patients who carry two wild-type KRAS
alleles and excludes patients with mutant codon 12 or 13
alleles.

The anti-EGFR antibodies, cetuximab and panitumu-
mab, currently available for clinical use have been
approved in several countries for the treatment of patients

Table 1 Overview of methods used for KRAS genotyping

Method Intended use Ref.

Gel electrophoresis assays
Temporal temperature gradient electrophoresis LBM [67]
Denaturing gradient gel electrophoresis LBM [68]
Constant denaturant capillary electrophoresis LBM [69]
SSCP assay LBM [70]
Sequencing
Dideoxy sequencing LBM, RUO kit [71]
Pyrosequencing LBM [72, 73]
PyroMark™ KRAS RUO kit
Allele-specific PCR assaysa

Allele discrimination based on primer design
ARMS-PCR LBM [74, 75]
KRAS mutation test kit RUO kit
TheraScreen® kit CE-Mark kit for clinical use [76]
KRAS LightMix® kit CE-Mark kit for clinical use
REMS-PCR LBM [77]
FLAG assay LBM [78]
Enriched PCR-RFLP LBM [79]
Allele discrimination based allele-specific ligation detection reaction
PCR-LDR LBM [80]
PCR-LDR spFRET assay LBM [81]
Allele discrimination based on discriminating amplification efficiencies at low melting temperatures
COLD-PCR LBM [82]

Other methods
Surface ligation reaction and biometallization LBM [83]
Multi-target DNA assay panel LBM [84]
Allele-specific oligonucleotide hybridization—Invigene®
KRAS genotyping kit LBM, RUO kit

LBM Laboratory-based method, not commercially available, RUO: research use only, not validated for clinical applications
a Allele-specific assays are also used by vendors offering KRAS genotyping services
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with KRAS wild-type metastatic colorectal cancer. In the
European Union, cetuximab has been approved for use in
combination with chemotherapy or as a single agent in
patients who are refractory or intolerant to irinotecan-based
chemotherapy. Similarly, panitumumab has been approved
as third-line treatment for refractory metastatic colorectal
cancer. Routine testing for KRAS mutations might not be
beneficial for patients with stage I colorectal carcinoma.
However, this expert panel recommends standard KRAS
mutation testing for all patients with stage II to III
colorectal carcinomas.

The role of the primary pathologist in KRAS mutation
testing

The primary pathologist plays a central role in KRAS
mutation testing. The pathologist can either perform the test
at his/her laboratory if it has been accredited for KRAS
mutation testing or send the tissue block to a reference
laboratory for external testing. In both situations, the
pathologist is responsible for at least three important
procedures. First, the pathologist is responsible for choos-
ing the most appropriate tissue block to be tested (see
below for discussion on optimal material for testing).
Second, the pathologist should ensure that the tissue block
selected for KRAS genotyping contains sufficient quantity
of invasive tumor cells needed for analysis. The minimum
amount of tumor versus non-tumor area required will
depend on the KRAS genotyping method. It is the
pathologist’s responsibility to evaluate the tumor content
of the tissue block and to ensure that it fulfills the minimum
criterion of the testing method. To evaluate tumor content,
it is recommended that the pathologist assess a hematoxy-
lin–eosin (HE) stained section of the tissue area of the
paraffin block designated for DNA extraction and KRAS
mutation analysis before and after DNA extraction. This
will ensure that the tissue area has an adequate tumor
density, preferably greater than 70% invasive carcinoma
cells, needed for detection of KRAS mutations. Finally, the
pathologist is responsible for documentation, which should
include results from HE staining analysis as well as from
KRAS mutation testing, and for preparation of the pathol-
ogy report (see below on optimal reporting of KRAS test
results). If the testing is performed by a reference
laboratory, the pathologist should integrate the test results
into the pathology report.

Optimal tissue material for KRAS mutation testing

Based on current knowledge, the most appropriate material
for KRAS mutation testing is primary tumor tissue. This
type of material is commonly archived and thus accessible,
and typically contains sufficient amount of invasive

carcinoma cells required for KRAS mutation testing. If an
endoscopic biopsy of the primary tumor is performed, it is
important that the material obtained contains adequate
amount of adenocarcinoma cells in the area identified.

However, it is estimated that 20% of the target patient
population will present with metastatic disease and will not
have archival material from the primary tumor. This poses
an important challenge for the pathologist in the selection
of appropriate material for KRAS mutation testing. In this
situation, the panel recommends that KRAS mutation testing
is performed using material from the metastatic tumor, for
example, from resected liver metastases or positive lymph
nodes. The pathologist must ensure that the metastatic
tissue block contains adequate amount of adenocarcinoma
cells.

For some patients, both the primary tumor tissue as well
as metastatic tissue specimens might be available for KRAS
mutation testing. At present, there are insufficient data
available to demonstrate the superiority of either primary or
metastatic tissue material for KRAS mutation testing. In the
experience of this expert panel, primary and metastatic
tumor tissues from the same patient can give discordant
results on KRAS mutation status. However, the true
discordance in KRAS genotyping results between primary
and metastatic tumor tissues is presently unknown. More
studies are needed to better define which type of material
can provide the most reliable results in patients with
metastatic disease. Until such data are available, the panel
recommends that, in accordance with existing literature
data, primary tumor tissue is tested, but that, ideally, both
primary and metastatic tumor tissues are analyzed for KRAS
mutation status and that the results are collected in a central
database to increase our knowledge. In case the results are
discordant, presently no evidence is available to advise
standard treatment and the patient needs to be discussed in
a multidisciplinary team.

In general, a paraffin block containing only tissue from
adenoma or non-invasive carcinoma should not be used for
KRAS mutation analysis. If an endoscopic biopsy of the
primary tumor or a biopsy of a metastatic site is performed,
the pathologist should ensure that malignant cells are
present in the biopsy material to be tested and clearly
indicate which blocks or slides should be used for testing.

Optimal procedures for KRAS mutation testing

To ensure accurate KRAS mutation testing, the panel
recommends that each laboratory develops standardized
operating procedures and testing requirements for KRAS
mutation analysis using available information that will be
provided by either the vendors of a commercially available
method or the ESP-website (see below). Recommendations
for specific testing parameters, including method sensitivity
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and specificity, method validation, analysis success rate,
and documentation of costs, are summarized in Table 2.
Some of these recommendations are compatible with ISO
(International Organization for Standardization; http://www.
iso.org) general requirements for the competence of testing
and calibration laboratories (ISO/IEC 17025:2005). These
requirements will become essential components of accred-
itation for KRAS mutation testing. Tests that have a
detection sensitivity of 1% might detect subclones in a
tumor that have acquired a mutation. It is presently
unknown what the consequence of such a finding might be.

Optimal reporting of test results

Result reporting is an integral part of any diagnostic
procedure, including KRAS mutation testing. All KRAS test
results are to be reported to the primary pathologist who is
responsible for preparation of the pathology report for a
specific tissue block or biopsy material. Optimal reporting
of KRAS test results should conform to the OECD Guide-
lines for Quality Assurance in Molecular Genetic Testing
(http://www.oecd.org). In brief, the reports should include
at minimum the following information: (1) identification of
the patient and health care professional; (2) type of material
and percentage of tumor cells present in the sample; (3)
indication for testing and patient-specific medical data; (4)
the testing method used, including its analytical sensitivity
and specificity; and (5) test results (mutant or wild-type
KRAS allele) and interpretation of results in the context of
the indication for testing.

Proposal for a European quality assurance program

During the process of developing a European QA program
for KRAS mutation testing, the expert panel considered the
experience with HER2 testing as an informative example.
While trastuzumab (Herceptin®) became available in 2002
for the treatment of breast cancer, it was another 5 years
before clinical practice guidelines were established for
optimal HER2 testing algorithm and proficiency require-
ments. Another problem encountered with the introduction
of trastuzumab was the lack of adequate financial provi-
sions for diagnostic testing, although some national
authorities required mandatory HER2 testing in breast
cancer patients prior to trastuzumab therapy. Today,
molecular diagnostic tools, testing procedures and the
reimbursement process for diagnostic tests linked to a
specific medication differ greatly across countries in
Europe. Clearly, there is a need to establish a standardized,
evidence-based QA program for molecular diagnostics
across the European Union.

Here, we propose to establish a European QA program
for testing KRAS mutations in colorectal cancer. This
program aims to ensure optimal accuracy and proficiency
in KRAS mutation testing across all countries or institutions
in the European Union. A potential framework for a
European QA program for KRAS mutation testing is shown
in Fig. 3. The program will be organized by the European
Society of Pathology in close collaboration with existing
regional and/or national QA programs. Laboratories can
participate in the European QA program at the regional or

Table 2 Recommendations for KRAS mutation testing

Parameter Recommendation

Sensitivity The lower detection limit of mutant signal should be set at 1% of tumor cells for allele-specific PCR and 25–30% for direct
sequencing.

Specificity A specific test should be able to detect 7 common mutations in codons 12 and 13 of the KRAS gene and not detect mutations
in codon 61. False negatives may occur because of test specificities (e.g. lack of an allele-specific PCR for codon 13
mutation).

Method
validationa

The laboratory should use a validated method for KRAS mutation testing. The objectives of the validation are to:
Determine the minimum tumor tissue area and section thickness for DNA extraction.
Stipulate which fixatives are acceptable for use.
Determine input DNA quantity, quality and concentration.
Determine the cut-off values for discerning KRAS mutant alleles from wild-type alleles.
Evaluate sensitivity of the test, for example by using dilution series cell lines.
Compare the accuracy of test results against a pre-defined reference method (e.g. direct sequencing).
Determine the reproducibility between different testing assays and equipment.
Verify the robustness of the testing method. Robustness may be influenced by several factors, including varying DNA
concentrations and the use of manual or automated protocols or equipment.

Analysis
success rate

A laboratory should obtain the following success rates for accreditation:
95% of samples with successful DNA extraction
97% of samples with correct KRAS test results

Costs Costs of KRAS mutation testing should be calculated and documented for national reimbursement schemes.

a Compatible with accreditation requirements of ISO/IEC 17025:2005

426 Virchows Arch (2008) 453:417–431

http://www.iso.org
http://www.iso.org
http://www.oecd.org


centralized level, depending on the country’s specific
circumstances. Laboratories in countries with existing QA
programs may attain accreditation at the regional level,
whereas a centralized program will be created to coordinate
QA activities for countries or institutions not yet engaged in
a QA program.

The fundamental initiatives of the proposed European
QA program are as follows:

1. The European QA program for KRAS mutation testing
aims to provide timely, standardized, evidence-based
guidelines for the performance of a diagnostic test for
KRAS mutations on colorectal tumor tissues.

2. The European QA program intends to collaborate
with existing regional and/or national QA programs
to develop strategies and standardized procedures that
help to ensure optimal performance, interpretation
and reporting of KRAS mutation analysis. To achieve
this, the European QA program will provide adminis-
trative and logistic support and networking opportuni-
ties for the development and implementation of
standardized operating procedures and QA criteria for
proficiency testing and competency assessments. The
European QA program will also coordinate accredita-

tion of participating laboratories at the European and
regional level.

3. The European QA program will facilitate the adminis-
trative process and reimbursement discussions in each
country in the European Union by providing the
necessary documents and QA schemes for implemen-
tation and performance of diagnostic tests for KRAS
mutation analysis.

To support these proposed initiatives, the European QA
program intends to establish and maintain a website (http://
esp-pathology.org) that will provide the latest recommen-
dations, as well as, potentially, an overview of validated
laboratory methods, standardized operating procedures, and
accreditation criteria relevant for KRAS mutation testing.

As our understanding of the genetics and molecular
biology of colorectal cancer advances, other parameters will
hopefully be identified as predictors of treatment outcome.
Presently, KRAS mutation status must be considered in the
appropriate therapeutic context for each patient. The
guideline recommendations and European QA program
proposed here for KRAS mutation testing will help to
ensure that all patients who may or may not benefit from
EGFR-targeted therapies are identified in a timely and

Fig. 3 Proposed framework for a European quality assurance (QA)
program for KRAS mutation testing in colorectal cancer. The European
QA program, under the direction of a QA council, will be organized
by the European Society of Pathology in close collaboration with
existing regional and/or national QA programs. The QA program,

together with a designated coordinator, will be responsible for
establishing QA guidelines and testing criteria, implementing the
QA program and performing laboratory accreditation. Participating
laboratories can attain accreditation at the regional or centralized level
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consistent manner. Although the proposed QA program is
intended for the standardization of KRAS mutation testing
methods and procedures, this expert panel is of the opinion
that such a program can potentially be adapted to
incorporate other predictive biomarkers in colorectal cancer
as they become available.

Conclusions

Colorectal cancer is a major cause of cancer-related
mortality. The EGFR signaling pathway is frequently
activated in colorectal cancer and has been extensively
investigated as a target for cancer therapy. Therapeutic
agents that target the EGFR have improved outcomes for
patients with colorectal cancer, although they are effective
in only a subset of patients. Point mutations in codons 12
and 13 of the KRAS oncogene are predictive of poor
response to EGFR-targeted therapies. Testing for KRAS
mutation status is, therefore, a potential strategy to select
those patients who will or will not benefit from EGFR-
targeted therapies. Although many robust techniques have
been developed for KRAS genotyping, most of these
techniques or testing procedures have not been validated
in the clinical setting. Thus, there is an urgent need for
validated methods and standardized testing procedures to
ensure accurate testing of KRAS mutation status. Here we
propose guideline recommendations and a European quality
assurance program for KRAS mutation testing in patients
with colorectal carcinoma.
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Abstract In this review article, current trends in thyroid
and parathyroid frozen sections are discussed. In Japan and
other countries, the numbers of thyroid frozen sections have
been dramatically decreasing over the past decade. The
decline in the number of thyroid frozen sections has been
attributed to two major factors: highly diagnostic preoper-
ative fine needle aspiration for papillary carcinomas, the
most frequent type of thyroid cancers, and the acknowl-
edgment in the literature of the disadvantageous frozen
sections for follicular tumors. Several authors have argued
that the frozen section of thyroid nodules should be limited
only to cases that have a preoperative cytology diagnosis as
“atypical” or “suspicious”. In contrast, frozen sections for
parathyroid glands have been increasing in numbers. This
increase is thought to be largely due to the high number of
parathyroidectomies for secondary hyperplasia in dialysis
patients. Frozen sections are usually performed to confirm
the removal of parathyroid tissue for either cyropreserva-
tion or auto-transplantation. It is concluded that thyroid and
parathyroid frozen section examination is restricted to
selected situations.

Keywords Thyroid . Cancer . Parathyroid .

Hyperparathyroidism . Frozen section

Introduction

Frozen sections are performed with the aim to provide a
rapid diagnosis that has immediate impact on surgical
decision making [1, 2]. Frozen section examinations in
endocrine pathology have been most commonly used for
intraoperative assessment of thyroid and parathyroid tumors
and cervical lymph node metastases. In recent years,
however, the number of frozen sections in thyroid surgery
has been steadily decreasing worldwide [3–5]. This decline
has been attributed to two major factors: the high
diagnostic accuracy of fine needle aspiration (FNA)
cytology for papillary thyroid carcinoma (PTC) and the
low sensitivity of frozen section diagnosis for follicular
lesions of the thyroid. Many institutions have therefore
restricted the use of thyroid frozen sections to thyroid
nodules with a preoperative cytology diagnosis of “atypi-
cal” or “suspicious.”

In contrast, frozen sections for parathyroid diseases have
been increasing in number. This is mainly due to an
increase in the number of parathyroidectomies for second-
ary hyperplasia in chronic dialysis patients, while surgery
for parathyroid adenomas has remained fairly constant.
However, in some institutions, the use of rapid intra-
operative determination of the serum level of parathyroid
hormone has decreased the need to confirm the removal of
a parathyroid adenoma by frozen section. Some authors
believe that this serum test may eventually eliminate the
need for frozen section examination in surgical treatment of
parathyroid adenoma [6–8].
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The arguments for and against performing frozen
sections in thyroid and parathyroid surgery are not just
economic and not just based on specificity and sensitivity
rates. Artifacts induced by freezing can substantially alter
the nuclear morphology, and the tissue can be largely
wasted in the course of tissue sectioning. These factors are
particularly important in small lesions, from which only one
or two sections may be obtained.

This review will describe recent trends in frozen section
diagnosis for thyroid and parathyroid lesions and provide
some practical tips and techniques for approaching thyroid
and parathyroid frozen section pathology.

Thyroid frozen sections

Incidence of frozen sections on thyroid glands

Several recent studies have reported a decrease in the num-
ber of frozen section diagnosis for thyroid lesions [3–5, 9].
To some degree, the number and type of thyroid frozen
sections are likely to depend on the experience of the
surgical team, the case volume, and on the prevalent types
of surgeries being performed. To illustrate the trends in
frozen section usage with reference to these variables, the
incidence and practices around thyroid frozen sections at
four different Japanese hospitals were analyzed.

Tokai University Hospital

Tokai University Hospital is a large teaching hospital. In
2006, 55 surgeries were performed for thyroid-related
diseases, and no frozen sections were done. When
analyzed as a trend over time, there was a decrease in
frozen sections noted over the past 15 years (Fig. 1),
despite a near-constant number of surgeries for a similar
disease spectrum.

Itoh Hospital

Itoh Hospital is a specialized hospital that specializes
almost entirely on thyroid management and surgery. In
2006, for a total of 1,358 cases of thyroid-related surgery
performed (Fig. 2), no frozen sections were done.

Kuma Hospital

At Kuma Hospital, another thyroid-specialized facility in
Japan, around 1,800 cases of thyroid-related surgery were
performed in 2006. Approximately 10% of these cases did
have frozen sections. The primary reason for these frozen
sections was to evaluate for direct tracheal invasion by
cancer or to evaluate potential parathyroid tissue for auto-
transplantation during total thryoidectomy.

Isehara Kyodo Hospital

Isehara Kyodo Hospital is a community hospital in Japan
with a limited number of thyroid resections. Between 2002
and 2006, 74 thyroid resections were performed, and of
these, 53% had frozen sections. This series included 22
cases with follicular lesions, eight cases of PTC and seven
cases with miscellaneous diagnoses. This represented 5% of
all frozen sections done in that institution.

Aside from the differences in utilization of thyroid
frozen sections because of experience level and case
volume, there is likely also a contribution from better
education of both surgeons and pathologists around the
standard of care of preoperative FNA and the utility of
thyroid frozen sections, especially regarding diagnostic
sensitivity and specificity.

First, it has become the standard of care to approach
most thyroid nodules with a preoperative FNA [10]. It is
recognized that thyroid FNA cytology is highly sensitive
and specific for a diagnosis of PTC, with diagnostic

Fig. 1 Trend over 14-year peri-
od for the use of frozen section
diagnosis for thyroid surgeries at
Tokai University Hospital. The
red bars demonstrate the num-
ber of frozen sections performed
for thyroids each year, and the
blue line indicates the number of
surgeries performed for thyroid
disease in each year. The num-
ber of frozen sections decreased
dramatically, while the number
of overall thyroid surgeries
remained relatively constant
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features including specific cytologic abnormalities such as
intranuclear inclusions and nuclear grooves (Fig. 3) [11].
For example, between 2002 and 2006 at Tokai University
Hospital, a diagnosis of PTC was made in 105 patients in

which both FNA and histology diagnoses were performed.
In these patients, the preoperative FNA diagnosis was
“PTC” in 91 cases and “suggestive of PTC” in another six
cases. This represents a sensitivity of 92.4% (97/105).
Because of the high sensitivity and specificity of FNA,
LiVolsi and Baloch [12] emphasized that the intraoperative
frozen sections should no longer be performed on thyroid
nodules with a definitive preoperative FNA diagnosis of
PTC.

In contrast, for tumors that do not meet the criteria for a
diagnosis of PTC on FNA but show some suspicious or
worrisome features, there may be a distinct role for frozen
section examination. Mittendorf et al. [13] refined the
conditions in which frozen section can be the most useful.
They reported 45 patients (7%) with preoperative FNA that
was suspicious but not diagnostic of PTC. Eighteen of these
patients (40%) later had histologically proven carcinoma,
whereas the remainder had benign disease. Prominent
nuclear inclusions and/or grooves, papillary formation,
and the absence of colloid were features that were most
highly associated with the final diagnosis of PTC (P<0.05).
Rare intranuclear inclusions and/or grooves alone in an
otherwise benign-appearing specimen were uniformly as-
sociated with benign disease. Importantly, no clinical
features could reliably identify the patients that had true
malignant disease. Frozen section examination was per-
formed in 27 of the surgical patients, and the results of it
altered treatment decision in 15 patients (56%). Therefore,
frozen section examination was thought to be of value for

Fig. 3 Papanicolaou stain: Cy-
tology smear preparations from
a preoperative fine needle aspi-
ration of papillary carcinoma. a
An intra-nuclear inclusion (ar-
row); b nuclear grooves (arrow)

Fig. 2 Incidence of different diseases and diagnoses in surgical
thyroid lesions at Itoh Hospital for Thyroid Diseases in 2006. None of
these cases underwent frozen section
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determining the extent of the thyroidectomy in these
patients. The usefulness of thyroid frozen sections may
also be extended to the cases with other malignancies,
including anaplastic or medullary carcinomas or atypical
lymphoid cells in the aspirated materials.

The second contributing factor to the decreasing rate of
thyroid frozen sections is that both surgeons and patholo-
gists have recognized that frozen section diagnosis has a
very low sensitivity and specificity in most follicular
tumors of the thyroid [3]. These tumors obviously require
careful and complete sampling for an accurate diagnosis of
invasion, and this is not a practical approach for frozen
section examination in most routine pathology laboratories
[12]. In addition to problems induced by incomplete
sampling in frozen sections, another issue is the fact that
nuclear details are obscured by artifacts in frozen sections
(Table 1). Therefore, if only a frozen section is performed
on follicular variant of PTC, it is very unlikely that the
nuclear features of PTC will be recognized (Fig. 4).
Performing intraoperative cytology, which is discussed
below, will help to overcome this limitation (Fig. 5).

Handling of thyroid tissue for frozen sections

In general, we recommend the following procedure for
handling a fresh thyroidectomy specimen. The specimen
should be inspected for an intact capsule and then be inked
along the external surface. Subsequently, the thyroid can be
serially sectioned, usually from superior to inferior.

Recommendations for specific circumstances

Preoperative FNA was “suspicious” or “atypical”

The only way to adequately visualize the nuclear features of
PTC in the intraoperative setting is to perform cytologic
smears. We prefer the use of scrape preparations over touch
preparations. Touch preparations can be heavily contami-
nated with colloid, and the cellular elements may be quite
sparse. In contrast, by carefully blotting away excess
colloid from the surface of a lesion and then gently
scraping and smearing onto a blank slide, abundant cellular

elements can usually be obtained for cytologic interpreta-
tion. Cellularity does not need to be assessed, as the
purpose of the cytologic intraoperative preparation is only
to look for the nuclear features of PTC (Fig. 5; Table 2).

Encapsulated nodules

When an encapsulated lesion is discovered, it is recom-
mended that no frozen section is to be performed. The only
diagnostic findings in encapsulated follicular lesions will
come from assessing the nuclear features and from
assessing the entire capsule. In some circumstances, scrape
preparations can be performed on an encapsulated lesion.
This would be most helpful for ruling out a well-defined
follicular variant of PTC. It is important to recognize,
however, that the follicular variant of PTC remains a
difficult diagnosis intraoperatively even with good cytolog-
ic preparations.

Multinodular goiter

In the case of a multinodular goiter, frozen sections should
not be performed unless one nodule is worrisome or
suspicious based on the gross appearance.

Small lesions (<1 cm)

Lesions smaller than 1 cm should not be examined by
frozen section. It is especially critical to absolutely avoid
freezing an entire lesion. The resulting tissue alterations
may make a diagnosis on permanent sections nearly
impossible.

Fig. 4 H&E stained frozen sections: The background image shows a
frozen section from a clearly invasive tumor with papillary growth.
The insets demonstrate the nuclear artifacts from frozen section, which
both show obscuring of classic nuclear features of papillary carcinoma

Table 1 Advantages and disadvantages of frozen section examination

Advantages Disadvantages

Diagnosis available for immediate
decision making

Tissue wasting secondary to
sectioning
Preliminary nature of the
diagnosis
Sampling errors
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Pitfalls of thyroid frozen section

The most significant pitfall for frozen section in thyroid
nodules is a papillary hyperplastic nodule. These lesions
have papillary architecture, but the nuclear features are
quite bland. Again, using a combination of frozen section
and scrape preparation with cytology will enable the
pathologist to recognize these lesions.

Parathyroid frozen sections

In contrast to the marked decrease in thyroid frozen
sections, there appears to be an increase in the number of

parathyroid frozen sections. Many of these cases are related
to secondary hyperparathyroidism, where multiple glands
are involved (Fig. 6).

At Tokai University Hospital, for example, the numbers
of frozen sections for parathyroid adenomas have not
changed, but the cases of secondary hyperparathyroidism
have increased (Fig. 7). Surgery for secondary hyperpara-
thyroidism, which is often done in the setting of long-
standing dialysis for renal disease, includes a total
parathyroidectomy with removal of all four glands as the
standard of care. Generally, one gland is used for
autotransplantation, with intramuscular reimplantation of
minced parathyroid fragments of about 1 mm in size into
the arm.

Parathyroid frozen sections are typically performed for
several scenarios, including tissue identification in normal-
sized glands for differentiating parathyroid from fat,
thymus, thyroid, lymph node, and other tissue and
identification of intra-thyroidal parathyroid gland.

Even in today’s surgical practice, preoperative localiza-
tion of enlarged parathyroid glands remains difficult. It has
been estimated that the accuracy of preoperative imaging
diagnosis for parathyroids is only about 70% by ultrasound
or 75% by methoxyisobutyl isonitrile and CT [14]. The
overall insensitivity of these imaging studies is partially
responsible for the need for frozen section confirmation of
parathyroid tissue during surgery. Frozen section for para-
thyroids remains an important diagnostic approach when
parathyroid tissue is suspected, but the gross appearance is
not diagnostic. Frozen sections of parathyroid suffer from

Table 2 Situations in which a thyroid frozen examination is likely or
unlikely to be useful

Cytology diagnosis Gross
impression

Frozen
potentially
useful

Frozen
unlikely to be
useful

Any Nodular
goiter

X

Follicular or Hurthle
cell lesion

Encapsulated
nodule

X

Papillary carcinoma Any X
Atypical or suspicious
for papillary
carcinoma

Nodule or
lesion

X

Any Nodule
under 1 cm

X

Fig. 5 H&E stain: Cytology
scrape preparations from thy-
roid nodules obtained intraoper-
atively during frozen section.
Note the easily identified fea-
tures of papillary carcinoma,
including grooves (a) and
inclusions (b)
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similar artifacts as do thyroid frozens (Fig. 8). However, the
nuclear features are not used diagnostically for parathy-
roids, and therefore, the sensitivity and specificity of
parathyroid frozens remain quite high.

Despite the increase in surgical interventions for hyper-
parathyroidism, one qualifying influence on the number of
parathyroid frozen sections has been the incorporation of
rapid intraoperative parathyroid hormone levels (RI-PTH)
into surgical management. In parathyroid adenoma surger-
ies that are coupled with RI-PTH, frozen section confirma-
tion of the hypercellular gland may therefore no longer be
necessary [15–17]. Guarda et al. [16] studied 141 patients
who underwent parathyroid surgery, 125 for adenoma, and
16 for secondary hyperplasia. Their results suggested that

RI-PTH can be an essential guide for the surgeon
performing focused parathyroid surgery. Frozen sections
are no longer needed because a significant drop of PTH
levels after resection of the largest gland is a far better
indicator of adenoma removal and subsequent cure than
histologic confirmation.

Handling of parathyroid tissue for parathyroid frozen
sections

Parathyroids are characterized by assessing the size and the
weight of the glands. Both of these measurements can be
important for identifying enlarged and hypercellular glands.
Representative sections can be frozen from larger glands,

Fig. 8 H&E, frozen section: This image demonstrates the features of
an enlarged hypercellular parathyroid gland at the time of frozen
section. The chief cells (left half of image) and oxyphilic cells (right
half of image) cannot be well seen because they are obscured by
frozen section artifacts

Fig. 7 This graph demonstrates the incidence of parathyroidectomy
frozen sections requested for secondary hyperplasia and for parathy-
roid adenoma over an 11-year period at Tokai University Hospital

Fig. 6 Two separate cases of
parathyroid gland hyperplasia. a
A case where one gland is
significantly more enlarged than
the other three glands, which are
still larger than normal. b A case
of parathyroid hyperplasia in
which the glands are equally
enlarged
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particularly when there are no worrisome features. Partic-
ular attention should be paid if there are grossly visible
broad fibrous bands or if the gland is found to be adherent
to adjacent structures intraoperatively. These features
should alert the pathologist to the possibility of a
parathyroid carcinoma.

Recommendations for specific circumstances

Parathyroid surgery with the use of rapid intraoperative
parathyroid hormone assays

In the setting of parathyroid adenoma surgery, frozen
sections should be performed if rapid intraoperative testing
of serum PTH level is not available or if the surgeon needs
typing of the removed tissue. Frozen section does not need
to be performed in conjunction with RI-PTH serum
measurement, but it is recommended to keep fresh tissue
until the results of the RI-PTH are available. If a significant
drop in the PTH level is achieved, no freezing is necessary.
If there is no significant drop, a frozen section should be
performed in order to guide the surgeon.

Very small fragments

It used to be a standard practice for a surgeon to biopsy an
unaffected parathyroid gland to assess for cellularity. With
the advent of RI-PTH, this practice has become less
important. When very small fragments are sent for freezing,
the major pitfall is cutting through the tissue while
sectioning. Only careful frozen section technique can
reduce this risk.

Thymus sent to rule-out intrathymic parathyroid

There is no good solution to assess the cervical thymus
intraoperatively because the fat tissue in the specimen will
not freeze well. The best approach will be a careful gross
inspection of serially sectioned tissue to identify any
potential enlarged parathyroid glands.

Parathyroids with worrisome clinical or histologic features

It is particularly important to recognize the potential signs
of malignancy in a parathyroid gland intraoperatively.
These would include adherence to local structures, broad
fibrous bands, increased mitotic activity, or increased
pleomorphism. It is not essential to make a diagnosis of
parathyroid carcinoma on frozen section, but it is important
to alert the clinician to this possibility so that this gland is
not used for autotransplantation. Obviously, it is devastat-
ing to re-implant a gland only to discover that the
permanent sections reveal a carcinoma [18]. Furthermore,

identification of the features of a potential carcinoma can
enable the surgeon to perform an en bloc resection of the
gland, which is considered to be the treatment of choice for
parathyroid carcinoma [18].

Conclusions

The number of cases of thyroid frozen sections has decreased
remarkably in recent years. This is, on the one hand, due to
the excellent results of the preoperative diagnosis by FNA
cytology, and on the other hand, the recognition of the low
sensitivity of frozen section examination in case of a follicular
thyroid lesion. However, it is particularly important to note
that thyroid frozen sections are recommended in the cases
“suspicious” for PTC or “atypical” by FNA. The number of
cases of parathyroid frozen sections may be increasing, likely
due to an increasing incidence of parathyroid hyperplasia in
dialysis patients. The use of rapid intraoperative PTH testing
has the potential to decrease the need for frozen sections for
single gland disease. In order to obtain the full benefit of
thyroid and parathyroid frozen sections, clear understanding
between the surgeon and the pathologist of the pitfalls and
risks of frozen section should be a priority in discussions.
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Abstract Gastroenteropancreatic neuroendocrine tumors
constitute a heterogeneous group of neoplasms. Surgical
resection remains the only curative treatment. Frozen
section examination is requested by the surgeon in a large
variety of surgical situations, but its use differs greatly
according to the location of the tumor and the type of
surgery performed. The objective of this review is to
describe the main indications for and pitfalls of frozen
section examination of gastroenteropancreatic neuroendo-
crine tumors.

Keywords Gastroenteropancreatic neuroendocrine tumors .

Frozen section examination . Surgery . Pathology

Gastroenteropancreatic neuroendocrine tumors (GEP-
NETs) are rare tumors that are mainly treated in tertiary
referral centers, especially those in certain locations such as
the pancreas or the liver. Surgical resection remains the best
and the only curative treatment for patients [1]. The surgical
goals are to: (1) prolong survival by resecting the primary
tumor and any nodal or hepatic metastases, (2) control the

symptoms related to hormonal secretion and (3) prevent or
treat local complications. In the context of GEP-NETs,
frozen section examination (FSE) is requested by surgeons
in a variety of situations; its use depends mainly on the
location of the tumor in the digestive system, on the type of
surgery performed and on the presence or lack of hormonal
symptoms. Indeed, small functioning tumors can be
diagnosed clinically very early without an obvious lesion
visualized by imaging techniques [1, 2]. The main reason
then for calling for frozen section examination in the
evaluation of GEP-NETs is to confirm that the tumor has
been resected, to check the diagnosis and to evaluate the
extent of the disease. In contrast to exocrine tumors
(adenocarcinomas), the main purpose is, with few excep-
tions, not to evaluate the adequateness of the resection,
since endocrine tumors are generally well delineated and
require only a limited surgical margin.

It is difficult to analyze the management of frozen
sectioning in GEP-NETs, since these tumors develop in
different locations with very different surgical strategies
and may show a heterogeneous prognosis, being either
benign or malignant with aggressive behavior [3–7]. This
review is based on a review of the pertinent literature and
on the surgical and pathological experience of two authors
from a single institution.

We will first discuss the main histological differential
diagnoses which may be encountered in all locations in the
digestive tract during FSE. Then, since the surgical
management of digestive endocrine tumors and the role
and value of FSE differ greatly according to the localization
in the digestive system, we will discuss successively the
main indications, differential diagnosis, and pitfalls in
relation to the different locations (pancreas, ampulla of
Vater, duodenum, small intestine, appendix, liver, peritone-
um, and other rare locations).
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Frozen section examination: the main histological
differential diagnosis

In most frozen sections, digestive endocrine tumors display
a characteristic histology. Most surgically resected tumors
are well-differentiated, easy to recognize on hematoxylin
and eosin stained slides and accurately typed on frozen
sections (Fig. 1a) [5, 8]. However, in some cases the
histological diagnosis can be challenging. Diagnostic
difficulties are related to both technical and morphological
factors. One crucial differential diagnosis in any digestive
location is versus adenocarcinomas. Aggressive endocrine
tumors may be poorly delineated and contain irregular cells
and thus mimic an adenocarcinoma. In addition, GEP-NETs
may be accompanied by fibrosis, which can mimic the
desmoplastic stroma that is the hallmark of most adeno-
carcinomas (Fig. 1b). Uncommon histological variants of
GEP-NETs are also challenging during FSE. They include
(1) clear cell endocrine tumors (Fig. 1c), which can be very
difficult to recognize and whose differential diagnosis
includes metastatic renal clear cell carcinoma and mucinous
adenocarcinoma [9]; (2) oncocytic endocrine tumors that
contain very irregular and atypical cells whose appearance
does not reveal their endocrine nature (Fig. 1d) [10] and (3)
endocrine tumors with a tubular component, especially
somatostatin cell tumors, that may evoke a mistaken frozen
section diagnosis of adenocarcinoma or, in pancreatic
location, of chronic pancreatitis [11]. Other histological
differential diagnoses depend highly on the location of the

GEP-NETs and will be discussed successively in the
corresponding sections below.

Very rarely, surgically resected tumors are poorly
differentiated endocrine carcinomas. This is only occasional
since they represent less than 5% of all digestive endocrine
tumors, are mainly treated by chemotherapy and usually
present as large, locally advanced and metastatic unresect-
able masses. Their differential diagnosis on frozen section
would include poorly differentiated adenocarcinomas,
metastases from an extrapancreatic primary and lymphomas
[12, 13].

Pancreas

FSE is fairly frequently called for in the surgery of
pancreatic endocrine tumors, since the histological diagno-
sis is sometimes not made preoperatively. Its use depends
on the choice of surgical procedure, of which there are two
main types: enucleation and radical hemi-pancreatectomy
[14–17].

Tumor enucleation can be performed in cases in which
the pancreatic endocrine tumor (PET) is single, capsulated,
of limited size (less than 2 to 3 cm) and peripheral, situated
at a distance from the main duct. It is mainly performed for
insulinomas or incidentally discovered PET [16, 18]. FSE
may be required for enucleation specimens for various
reasons. One is to confirm that the tumor is resected, with
the differential diagnosis including lobular pancreatic tissue
(Fig. 2a), adipose tissue, or ectopic or accessory spleen

Fig. 1 Histological diagnosis
and main differential diagnosis
of digestive endocrine tumors on
frozen sections. a This typical
pancreatic neuroendocrine tu-
mor is composed of regular cells
arranged in small lobules. b A
tumor with a fibrous stroma and
a trabecular pattern, located in
the head of the pancreas, mim-
icking an adenocarcinoma. c A
clear cell pancreatic endocrine
tumor with a fibrous stroma
mimicking an adenocarcinoma
in a patient with a von Hippel–
Lindau disease (VHL). Frozen
section examination was indi-
cated to exclude a serous cys-
tadenoma, which is not an
indication for resection. The
endocrine nature was highly
suspected because of the high
frequency of clear cell endocrine
tumors in VHL disease. d An
oncocytic pancreatic neuroen-
docrine tumor containing irreg-
ular atypical cells
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(Fig. 2b). It is imperative for the surgeon to find and
remove the tumor, especially if it is an insulinoma. A
second reason is to confirm the diagnosis of well-
differentiated endocrine tumor. Indeed, the gross examina-
tion of enucleated PETs, which can present as round and
encapsulated, cystic, or poorly delineated fibrotic lesions
(Fig. 3a and b), is not sufficient to confirm the diagnosis.
The differential diagnosis includes solid pseudopapillary
neoplasms (SPNs), acinar cell carcinomas, adenocarcino-
mas, and moderately to poorly differentiated endocrine
tumors. In such cases, enucleation is contraindicated and a
more radical resection is required. The presence of necrosis
and cellular atypia and the number of mitoses should be
evaluated for the differential diagnosis versus moderately
differentiated PET. These tumors, which present cellular

and structural atypia intermediate between those of well and
poorly differentiated tumors are rare and are not reported in
a separate category in the WHO classification [8]. Acinar
cell carcinomas and pancreatic endocrine tumors can share
characteristic histological features such as a solid, acinar, or
glandular architecture, relatively minimal stroma and
nuclear uniformity. The presence of eosinophilic cyto-
plasms, of numerous mitoses (greater than ten per ten
high-power fields) and widespread acinar formations favor
a diagnostic of acinar cell carcinoma [19]. The differential
diagnosis versus SPN can be very difficult on frozen
sections, especially for small SPNs which do not always
reveal cystic or hemorrhagic changes. In these cases the
pseudopapillary histological pattern is often lacking or may
be present in only limited areas. Successive frozen sections

Fig. 2 Main differential diagno-
sis of endocrine tumors in the
pancreas. Normal pancreatic
lobule (a) or an accessory spleen
(b). A solid pseudopapillary
neoplasm (SPN) that was mis-
diagnosed as a pancreatic endo-
crine tumor at frozen section
examination (c). The presence of
pseudopapillae, when present,
help to make the appropriate
diagnosis in SPN (d)

Fig. 3 Gross examination of
pancreatic endocrine tumors.
Gross examination showing dif-
ferent aspects, fibrous (a) and
round well delimited (b), of two
enucleated pancreatic endocrine
tumors
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could probably help to make the appropriate diagnosis
(Fig. 2c and d). Absence of indented nuclei at a high
magnification can also help in the diagnosis of PETs. It is
still debated whether enucleation is contraindicated in cases
of SPN, but their frequent infiltration through the tumor
capsule and into the adjacent pancreatic parenchyma is the
main argument for radically removing such type of tumor
[20]. A third reason for frozen section evaluation is to
confirm the presence of a lymph node metastasis or other
tumor spread. Analysis of such lymph nodes is important
because were metastasis found, enucleation would be
contraindicated and a more radical resection required.
Evaluation of margin resection by FSE is usually not
performed. Indeed, a positive margin after enucleation of
PET (mainly insulinomas) does not seem to increase the
risk of tumor recurrence [21].

Unlike enucleation, FSE is rarely requested in the case of
radical resections of PETs. Frozen sections can be useful for
various reasons. One is to check the pancreatic margins,
though this is rare. Although there is no data in the
literature about the minimal margin to obtain during
resection of PET, one can suggest that when the tumor is
grossly well delimited, the margin can be very close.
Indeed, in most cases, there is only a need for a small
distance (a margin ranging from few millimeters to 1 cm is
probably sufficient) between endocrine tumor and the
surgical margin because of the well limitation at gross
examination. Frozen sections are performed only in case of
an infiltrative pattern. If it is infiltrated, an additional
pancreatic resection is needed. A second reason is to
confirm the endocrine nature of the tumor. The need for
this has been reduced because of improved radiographic
diagnostic techniques, including somatostatin-receptor scin-
tigraphy and preoperative endoscopic ultrasonography-
guided fine needle aspiration for cytological analysis [22].
However, when, for example, an extended resection is only
achievable by the sacrifice of surrounding organs or by
simultaneous vascular resection, a frozen section is indicat-
ed in order to justify the aggressive treatment if the
diagnosis was not available before surgery [23]. It must
be underlined that FSE of a lesion in the head of the
pancreas after a pancreaticoduodenectomy is generally not
advisable, since sampling a hard-to-find lesion may alter
the macroscopic examination of the specimen after fixation
[17]. A third reason for frozen section analysis is to confirm
peritoneal involvement. This is the exception, and the
surgeon is unlikely to change the planned procedure if there
is limited involvement. A fourth reason is to confirm
diffuse bilobar liver metastases if undiagnosed preopera-
tively. Indeed, this finding can contraindicate a synchro-
nous resection if resection of the primary requires a
pancreaticoduodenectomy, because of an excessively high
operative risk [24].

In von Hippel–Lindau disease (VHL), patients can
present with multiple pancreatic endocrine tumors and
cysts. Pancreatic resection is not indicated for serous
cystadenomas. Thus, FSE may be indicated in the differ-
ential diagnosis between endocrine tumor and atypical solid
serous cystadenoma. Clear cell endocrine tumors, which are
frequent in VHL disease, can be difficult to recognize, as
pointed out above (Fig. 1c). Microadenomatosis has
recently been demonstrated in VHL patients [personal
observation; 11]. In such cases, as well as for multiple
endocrine neoplasia type 1, frozen sections of the pancre-
atic margins may contain small microadenomas. However,
such a finding should not lead the surgeon to modify the
planned surgery.

In persistent hyperinsulinic hypoglycemia (PHH), if one
insulinoma is detected before surgery, FSE is generally not
necessary. Sometimes, the tumor is small and not easily
visible at imaging and perioperative echography can help;
in such cases, FSE can be requested to confirm that the
tumor has been removed. However, in very rare cases (4%
of cases of PHH according to a recent study) PHH can be
secondary to diffuse adult nesidioblastosis [25]. It is almost
impossible to diagnose nesidioblastosis clinically, biochem-
ically, or with imaging. Indeed, only small nodules <5 mm
are present and no tumor is found by the surgeon or by the
pathologist’s gross examination. Since the histological
criteria (i.e., β-cell hypertrophy and islet hyperplasia) of
diffuse nesidioblastosis vary in extent from case to case and
are sometimes minimal, it is not recommended that the
diagnosis be established on frozen sections [26]. The
treatment is operative resection but the optimum pancreatic
resection is difficult to define and multiple procedures may
be necessary [27]. Nesidioblastosis in newborns, in which
the role of frozen sectioning has been well established, will
not be discussed in this review.

Ampulla of Vater

Endocrine tumors of the ampulla are very rare. They may
be associated with von Recklinghausen disease and in this
case they are almost exclusively somatostatin cell tumors
[28, 29]. Small benign ampullary tumors can be resected by
endoscopic or transduodenal ampullectomy. However, this
is restricted to tumors less than 1 cm, without any
detectable lymph node involvement at complete preopera-
tive work-up [8]. In the case of surgical ampullary
resection, which is an effective treatment in the manage-
ment of noninvasive or minimally invasive exocrine
adenomas of the ampulla, it is recommended to evaluate
the surgical margins of the main pancreatic and bile ducts
intraoperatively on frozen sections [30]. Local resection has
been reported in some cases of small endocrine tumors [31–
33], resulting in good long-term survival; and it seems
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reasonable to recommend FSE of surgical margins in the
management of ampullary endocrine tumors. However, it
must be emphasized that the specimen must be handled
carefully so that proper sampling and examination can be
performed subsequently by conventional microscopy. In-
deed, establishing the presence and depth of invasion of an
ampullary lesion is essential for staging and to assess a
prognosis. In addition, FSE is useful to confirm peripancre-
atic lymph node involvement, since metastatic disease
would probably contraindicate a limited ampullary resec-
tion and lead to a pancreaticoduodenectomy.

Duodenum

FSE is frequently needed in cases of Zollinger–Ellison
syndrome. Gastrinomas are usually small (less than 1 cm)
and in some cases, imaging techniques are not able to
visualize the tumor. In multiple endocrine neoplasia type 1,
the duodenal gastrinomas are frequently multifocal with a
high rate of spread and recurrence after excision [5, 34–35].
In this setting, indications for surgical resection are still a
matter of debate [36]. Perioperative exploration includes
palpation, trans-illumination (Fig. 4a), and longitudinal
duodenotomy to allow complete examination of the entire
mucosal surface. The smallest duodenal submucosal tumors
can be removed by mucosal and submucosal dissection;
larger tumors require full-thickness duodenal wall excision.
Frozen sectioning is useful to confirm that the tumor is

resected (Fig. 4b; the differential diagnosis includes
Brunner’s gland hyperplasia (Fig. 4c), pancreatic (Fig. 4d)
or fundic heterotopia, adenomyoma, accessory papilla, and
lymphangectasia). In some cases in which the functioning
tumor is very small, several samples are successively
submitted to the pathologist until the removal of the tumor
is confirmed. A second reason is to confirm lymph node
involvement (the differential diagnosis includes pancreatic
lobules or adipose tissue). Due to the high rate of lymph
node metastasis, surgery for gastrinomas should include
clearance of periduodenopancreatic lymph nodes, which
could be extended if a lymph node metastasis is confirmed
by frozen sectioning.

Small intestine, jejunum–ileum

Ileal endocrine tumors, even if small, are malignant and
frequently complicated by bowel obstruction, mesenteric
invasion, or bleeding. The diagnosis is made in the great
majority of cases before surgery. In this context, intra-
operative exploration includes palpation of the whole
intestine and enteroscopy to look for multiple, usually
small, endocrine tumors which are associated with the main
tumor in 30% of cases [37]. FSE may be necessary to
determine whether small mucosal lesions are associated
endocrine tumors. The differential diagnosis includes
pancreatic heterotopia, lymphangioma, and lymphangecta-
sia. Melanomas, adenocarcinomas, or gastrointestinal stro-

Fig. 4 Diagnosis and differen-
tial diagnosis of gastroentero-
pancreatic neuroendocrine
tumor in the duodenum. a
Transillumination of the duode-
num showing a small endocrine
tumor (arrow). The diagnosis is
confirmed by frozen section
examination (b) showing a small
well delineated endocrine tumor
embedded in Brunner’s glands.
In the duodenum, the differential
diagnosis includes Brunner’s
gland hyperplasia (c) and pan-
creatic heterotopia (d)
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mal tumors may also be found in the small intestine [38]. In
the case of ileal endocrine tumors, FSE is rarely needed to
evaluate the margins.

Appendix

The usual presentation of appendiceal tumors is acute
appendicitis; consequently most of the patients are operated
on an emergency basis. When possible, FSE should be
requested whenever the appendiceal findings are atypical or
if a tumor is suspected by the surgeon. It is required for the
tumor diagnosis as well as for evaluation of the appendiceal
margin, in contrast to most other sites [38]. Primary
appendiceal tumors are of four main types (i.e., well-
differentiated endocrine tumors, goblet cell carcinoids,
mucinous cystadenomas, and adenocarcinomas), which
can be recognized on frozen section [39–41]. The diagnosis
of goblet cell carcinoid (Fig. 5a) or adenocarcinoma on
frozen sections leads to a right hemicolectomy, even when
the appendiceal margin is negative. It is important to
evaluate this proximal margin for endocrine tumors; if the
resection margin is positive, a more distal resection is
required. However, the criteria for an additional right
hemicolectomy are still controversial in some cases and
are difficult to analyze for appendiceal endocrine tumors
<2 cm. An analysis of the permanent sections is required to

determine whether they are fulfilled, and a re-intervention
should be performed in those cases. Other differential
diagnoses encountered at frozen section include appendici-
tis (indeed the fibrosis may look like an infiltrative
malignancy), endometriosis, and diverticulitis [38].

Liver

Liver metastases are evaluated for surgical resection or local
ablation with the aim of reducing the tumor burden and
alleviating a hormonal syndrome. The number of liver
metastases is frequently underestimated by imaging [42].
Frozen sectioning is useful to confirm small liver metastases,
in order to precisely evaluate the extension of an advanced
metastatic disease. The differential diagnosis includes hyali-
nized nodules, von Meyenburg complexes (Fig. 5b), and
foreign-body granulomas. It must be emphasized that
artifacts can lead to difficulties in the analysis of a liver
metastasis, especially when the nodules are small, depending
on the type of resection. This is probably due to the presence
of only a weak stroma in most endocrine tumors (Fig. 5c).

Liver transplantation may be an option in patients with
metastases confined to the liver. Peritoneal carcinomatosis
and distant lymph node metastasis, if confirmed by frozen
section, are generally accepted as contraindication to liver
transplantation.

Fig. 5 Diagnosis and differen-
tial diagnosis of gastroentero-
pancreatic neuroendocrine
tumors in the appendix (a), liver
(b, c), and peritoneum (d). a A
goblet cell carcinoid at the ap-
pendix margin that was detected
on frozen section. b In the liver,
a von Meyenburg complex can
mimic a small endocrine metas-
tasis. c In the liver, artifacts can
lead to difficulties in the frozen
section diagnosis of an endo-
crine metastasis, especially
when the nodules are small,
probably because there is no
abundant stroma to rigidify the
tumor. d Peritoneal metastatic
endocrine tumors can be accu-
rately diagnosed histologically
on frozen sections
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Peritoneum

FSE is usually performed in this location for the diagnosis
of metastastic carcinoma during abdominal surgery for
endocrine tumors (Fig. 5d). The main differential diagnosis
is versus metastatic adenocarcinomas. Mimickers of tumor
metastasis include fibrosis, fat necrosis, hyalinized nodule,
and foreign-body granulomas [38].

Other locations

In other digestive locations, surgery for GEP-NETs is
infrequent and frozen sections are rarely needed. Rectal
tumors, for example, are often small and benign and are
discovered fortuitously at the time of colonoscopic remov-
al. Limited resections are often performed by endoscopy for
small tumors [43–44]. In the stomach, hypergastrinemia-
associated fundic type I or II ECL cell endocrine tumors,
which are the most frequent gastric endocrine tumors, are of
benign behavior and can be removed safely by minimally
invasive techniques [5, 45–46].

Conclusion

In conclusion, the role and value of FSE of GEP-NETs vary
greatly according to the location of the tumors. The main
reasons for performing frozen sections are to identify an
endocrine tumor in order to confirm that it has been
resected, to evaluate the extent of disease (local spread,
metastases, multiple tumors) and, less frequently, to
evaluate the adequacy of resection. As for other tumor
types, the pathologist needs information from the surgeon
and must know what is expected from the FSE and what
decision will be made on the basis of its results because the
consequences can be considerable, particularly in pancreat-
ic surgery [16].
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Abstract The immunohistochemical expression of phos-
phorylated (activated) Akt (pAkt) in 50 advanced gastric
carcinomas has been analyzed and the results correlated
with age, sex, location in the stomach, histotype, stage,
survival, mitotic and apoptotic index, some cell cycle
regulators (cyclin D1, cyclin E, p34/cdc2, p27/kip1), and
cell proliferation. There was a statistically significant direct
correlation between pAkt expression (both cytoplasmatic
and nuclear) and depth of infiltration of the tumor, number
of infiltrated lymph nodes and p34/cdc2 expression, and
between prevalently nuclear pAkt and cyclin D1 and cyclin
E. Conversely, there was a significant inverse correlation
between nuclear pAkt and apoptotic index and between

cytoplasmatic and nuclear pAkt and patient survival. No
correlation was found between pAkt and sex, age, tumor
location, histotype, mitotic index, and cell proliferation.
These findings suggest that pAkt may be considered an
indicator of tumor progression and patient survival in
gastric cancer.

Keywords Gastric cancer . Akt . pAkt .

Tumor progression . Survival

Introduction

Gastric cancer is one of the most common malignancies
worldwide that originates through a multi-stage process
involving multiple interacting genetic and environmental
factors. It is known that chronic gastric infection due to
Helicobacter pylori is associated with a six-fold greater risk
of stomach cancer, although the molecular mechanism by
which H. pylori predisposes to cancer is not well
established [1]. As other cancers, gastric carcinoma devel-
ops through the accumulation of several genetic alterations,
such as the inactivation of tumor suppressor genes and/or
the activation of oncogenes [2, 3], however, the underlying
critical molecular mechanism of its progression is largely
not yet understood. It has recently been demonstrated that
the proto-oncogene Akt/protein kinase B plays an important
role in neoplastic transformation. Overexpression of Akt
has an anti-apoptotic effect in many cell types, resulting in
resistance to, or delay of, cell death. Akt regulates cell
survival through the phosphorylation of downstream sub-
strates that directly or indirectly control the apoptotic
machinery [4–6]. Immunohistochemical studies using spe-
cific antibodies against the activated form, phosphorylated
Akt (pAkt), have shown that Akt activity is detectable in

Virchows Arch (2008) 453:449–455
DOI 10.1007/s00428-008-0676-8

C. Cinti :D. La Sala
Institute of Clinical Physiology,
Consiglio Nazionale delle Ricerche, Siena Unit,
Siena, Italy

C. Vindigni :M. C. Epistolato : P. Tosi (*)
Department of Human Pathology and Oncology,
Division of Pathological Anatomy and Histopathology,
University of Siena, Italy,
Via delle Scotte, 6,
53100 Siena, Italy
e-mail: tosi@unisi.it

A. Zamparelli
Institute of Molecular Genetics,
Consiglio Nazionale delle Ricerche, c/o IOR,
Bologna, Italy

D. Marrelli
Department of Human Pathology and Oncology,
Division of Surgical Oncology, University of Siena,
Siena, Italy

G. Cevenini
Department of Surgery and Bioengineering, University of Siena,
Siena, Italy



many tumors, such as myeloma and breast, colon, ovary,
prostate, lung, kidney, and pancreatic cancers [7–9]. Acti-
vated Akt has been functionally linked to a poor prognosis
in many cancers [10, 11] and it has been shown that it can
promote resistance to chemo- and radiotherapy [12–14]. It
has also recently been demonstrated that pAkt expression is
associated with increased resistance to multiple chemother-
apeutic agents in gastric cancer patients [15].

No gene mutation of Akt has been reported in cancer,
even though its amplification has been found in many
tumors [16–18]. The centrality of Akt to gastric physiology
and neoplastic transformation has been suggested by the
cloning of this oncogene from a gastric adenocarcinoma in
which the gene was amplified and by its potent promito-
genic action on gastric cancer cells in vitro [18, 19]. pAkt
protein modulates the function of numerous substrates
related to the regulation of cell proliferation, such as
cyclin-dependent kinase inhibitors, p21/Waf1/Cip and
p27/Kip1 [20, 21], and cyclin D1 and cyclin E [5]. p27/
Kip1 is a cyclin-dependent kinase inhibitor that mainly
binds cyclin D1/cdk4 and cyclin E/cdk2 complexes, thus
blocking the G1/S transition necessary for cell cycle
progression [22]. p27/Kip1 expression is mainly regulated
through degradation by ubiquitin-dependent proteolysis and
the protein level is up-regulated under stress conditions,
leading to cell cycle inhibition and apoptosis [22, 23].
Additional roles for p27/Kip1 have also been proposed
recently, including tumor suppression [24], regulation of
cell migration [25], and mitosis [26]. It has been shown that
Akt phosphorylates p21/Waf1 and p27/Kip1 and inhibits
their anti-proliferative effects [27–29]. In particular, phos-
phorylated p27/Kip1 is exported from the nucleus to the
cytoplasm and degraded by an ubiquitin system and is
therefore no longer capable of inhibiting the activation of
cyclin/cdk complexes.

In the present study, we examined pAkt by immunohis-
tochemistry in a series of advanced gastric carcinomas and
correlated its expression with clinicopathological parameters,
mitotic and apoptotic index, cell cycle regulators (p27/Kip1,
cyclin D1 and cyclin E, p34/cdc2) and cell proliferation
(Mib1), with the aim of evaluating whether the expression of
pAkt may be related to tumor progression and considered a
prognostic indicator in gastric cancer.

Materials and methods

Patients

50 cases of advanced gastric cancer were analyzed. Patients
had undergone curative resection (R0 gastrectomy with D2
lymphadenectomy) in the Division of Surgical Oncology,
Siena University Hospital, Italy, between 1994 and 1997,

and had been diagnosed at the Division of Pathological
Anatomy and Histopathology, Siena University Hospital,
Italy. None of the patients underwent pre- or post-operative
chemotherapy or radiotherapy. Patients were followed up
from the date of surgery to death or to 31 December 2005
(minimum follow-up period—5 years). The age of the
patients (34 males and 16 females) ranged from 34 to
83 years. Tumor localization was in the gastric cardias (seven
cases), gastric body (14 cases), and antrum (29 cases).

Histopathology

Samples of the surgical specimens were immediately fixed in
10% buffered formalin for 24 h and then processed for routine
paraffin embedding. Five-micrometer-thick sections were
stained with hematoxylin–eosin (HE) to determine the stage
(TNM) [30] and the histotype according to Lauren [31].

According to the TNM classification, 23 cases (46%)
were T2, 26 (52%) T3, and one case (2%) T4. Sixteen cases
(32%) were negative for lymph node invasion and 34
(68%) were positive. In the positive cases, 12 (35%) were
N1, eight (24%) were N2, and 14 (41%) were N3.

At the time of the study, further HE sections were
examined to confirm stage and histotype: 31 cases (62%)
were intestinal and 19 (38%) diffuse. Contiguous sections
were stained with Azur A to count mitoses and apoptoses.
Mitotic index (MI) and apoptotic index (AI) were calculated
as the percentage of cancer cells in mitosis or apoptosis in
15–20 randomly selected fields at 400× [32].

Immunohistochemistry

Five-micrometer-thick sections were deparaffinized, rehy-
drated, immersed in citric acid buffer (pH6.0) and incubated
in a 750 W microwave oven twice for 5 min. Primary
monoclonal antibodies were used for phosphorylated Akt
(Ser-473, New England Biolabs, Ipswich, MA, USA), Ki67/
Mib1 (clone SP6, Neomarkers, Fremont, CA, USA), cyclin
D1 (clone SP4, NeoMarkers, Fremont, CA, USA), cyclin E
(clone CYE05, NeoMarkers, Fremont, CA, USA), p27/
Kip1 (clone DCS-F2F6, NeoMarkers, Fremont, CA, USA)
and p34/cdc2 serine/threonine kinase/cdkAB1 (clone A 17.1.1,
NeoMarkers, Fremont, CA, USA). All slides were incubated
with the primary antibody for 1 h and with the secondary
antibody (Ultra Vision Large Volume Detection System, anti-
polyvalent, HRp, Lab Vision, Fremont, CA, USA) for 20 min.
The binding reaction was detected using 3,3′-diaminobenzidine
(DAB; DAKO Corporation, Carpinteria, CA, USA) and slides
were then counterstained with hematoxylin.

In each case, ten high power (400×) fields were selected
and at least 1,000 cells were evaluated. pAkt staining was
detected in the cytoplasm (pAkt) or in the nuclei (pAktn) of
cancer cells. pAkt expression was considered nuclear
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(pAktn) when nuclear staining was prevalent. For Mib1,
cyclin D1 and cyclin E, the localization had to be
exclusively nuclear; for p27/Kip1, both nuclear and
cytoplasmatic localization were considered for positivity;
for p34/cdc2 the localization had to be cytoplasmatic.

Expression of pAkt, pAktn, and p34/cdc2 was graded on
a semiquantitative scale, ranging from 0 to 3 (for pAkt and
pAktn: 0=0, 1≤15%, 2=15–30%, 3>30%; for p34/cdc2:
0=0, 1≤25%, 2=25–50%, 3>50%). Cancers were also
classified as pAkt/pAktn negative (<10% positive cells) or
pAkt/pAktn positive (>10% positive cells).

For other markers, the positivity was calculated as the
percentage of positive cancer cells out of the total amount
of cancer cells. The staining patterns of cyclin D1 and
cyclin E were classified as follows: negative (none or <5%
of cells positive) or positive (>5% of cells positive). p27/
Kip1 immunostaining was considered positive if 20% or
more of cancer cells were stained.

Reproducibility

The reproducibility of all parameters was assessed by two
independent observers in six cases, by repeating counts
seven times. The correlation coefficient within and between
the two observers was greater than 0.9 for all the parameters.

Statistics

Qualitative data were expressed as frequencies, organized
into contingency tables and evaluated using the chi-square
test to verify the dependence of observations on two or more
categorical variables (Pearson’s chi-square test or the Fisher
exact test). Since the Kolmogorov–Smirnov normality test
applied to the sample data determined that the quantitative
variables could not be considered Gaussian distributed, all
statistical analyses were carried out using non-parametric
tests. The Mann–Whitney U test was used to compare data
using quantitative variables. Survival curves were estimated
using the Mantel–Cox test and differences between survival
curves were determined using the log-rank test. The results
were considered statistically significant for p<0.05.

Statistical analysis was performed using the SPSS 10.0
statistical software (SPSS, Chicago, IL, USA).

Results

Correlation of pAkt/pAktn expression
with clinicopathological parameters

The data related to clinicopathological parameters are
summarized in Table 1. pAkt immunostaining was detected
in 34 (68%) of the 50 cases analyzed, 17 of which (50%)

showed prevalently nuclear positivity (Fig. 1). Among these
34 positive cases, 21 were intestinal type cancers (61.8%)
and 13 diffuse type cancers (38.2%). No significant
correlation was found between pAkt and pAktn expression
and sex, age, tumor location, and Lauren histotype (p>0.05).

On the other hand, a statistically significant direct
correlation was found between pAkt and pAktn expression
and depth of infiltration (p=0.032); patients with high
expression of pAkt and pAktn were prevalently allocated in
categories T3–T4.

There was also a significant direct correlation between
pAkt and pAktn expression and the number of infiltrated
lymph nodes (respectively p=0.011 and p=0.025; Fig. 2).
More than 80% of pAkt/pAktn positive cases had lymph
node metastases and 50% of them had more than 15
positive lymph nodes (category N3).

pAkt and pAktn expression had a significantly negative
correlation with survival rate (respectively p=0.039 and
p=0.011; Fig. 3). Five-year survival probability was 18% in
patients with high pAkt/pAktn expression vs. 58% in
negative cases.

Correlation between pAkt/pAktn expression, cell
proliferation and apoptosis

pAktn was found to be inversely correlated with apoptotic
index (AI; p=0.043; Fig. 4), while no significant correlation
was found between pAkt expression and AI, and between
pAkt and pAktn expression and mitotic index (MI) and
Mib1 positive cells (p>0.05; not shown).

Table 1 Clinicopathological parameters

Variables No. %

Sex
F 34 68
M 16 32
Tumor location
Cardias 7 14
Body 14 28
Antrum 29 58
Depth of invasion
T2 23 46
T3+T4 27 54
Lymph node metastasis
N0 16 32
N+ 34 68
N1 12 35
N2 8 24
N3 14 41
Lauren histotype
Intestinal 31 62
Diffuse 19 38
Total 50 100
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p27/kip1 was positive in 19 (38%) of the 50 cases
analyzed. Nuclear immunolocalization was detected in most
of the cases (68.4%), while only 31.6% of them showed
cytoplasmatic localization. Cases with high pAkt and pAktn
expression showed higher values of p27/kip1 and of p27
cytoplasmatic overexpression, but the differences were not
significant (p>0.05).

Positive expression of cyclin D1 was detected in 12 of
the 50 cases (24%) and of cyclin E in eight cases (16%). A
significant correlation was found between pAktn and cyclin
D1 (p=0.018) and cyclin E (p=0.046). High pAktn
expression was associated with a strong positivity for
cyclin D1 and cyclin E.

As regards p34/cdc2 expression, 26 cases out of 50
(52%) showed positivity in less than 25% of cells, 22 cases

Fig. 2 Correlation between pAkt positivity and nodal status. The
differences are statistically significant (Pearson’s chi-square test: p=0.011)

Fig. 3 Cumulative survival in relation to pAkt positivity. The
difference between the pAkt-negative cases (broken line) and pAkt-
positive cases (solid line) is statistically significant (log-rank test,
p=0.039): number of relapsing (total) patients in pAkt negative=16
(34), number of relapsing (total) patients in pAkt positive=13(16)

Fig. 1 Immunostaining of pAkt
in gastric cancer: a–b cytoplas-
matic and nuclear stains in a
case of intestinal type cancer; c
prevalently nuclear stain in a
case of diffuse type cancer
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(44%) positivity in 25% to 50% of cells, and two cases
(4%) showed positivity in more than 50% of cells. A
significant direct correlation (p=0.019) was found between
pAkt and p34/cdc2 expression

Discussion

Akt modulates the function of numerous substrates related
to the regulation of cell proliferation and apoptosis and is
putatively involved in the development of some cancers.
An elevated Akt activation, the phosphorylated Akt (pAkt),
has been demonstrated in various malignancies [33] and
often correlated with tumor progression, such as in colon
(using western blotting and immunohistochemistry) [34],
prostate [35], lung [36], and thyroid cancer [37]. It has been
shown that Akt activation in cancer cells increases the
motility required for tissue invasion and metastases [38]
and is consequently related to poor prognosis in many
cancers [10, 11, 39, 40]. pAkt can promote resistance to
chemo- and radiotherapy in many tumors [12–14] and it has
been found to be significantly correlated with cancer
progression, cell proliferation and angiogenesis, as well as
with chemoresistance in gastric cancer [32, 41–44]. The
results of Han et al. [42] are obtained by using immuno-
histochemistry, western blotting, and polymerase chain
reaction (PCR) analyzed on gastric cancer cell lines.

In the present study, pAkt was expressed in 34 (68%) of
the 50 tumors analyzed, 50% of which showed a preva-
lently nuclear localization. pAkt/pAktn positivity was
found to be directly correlated with the number of
infiltrated lymph nodes and depth of tumor invasion of
stomach wall, while it was inversely correlated with patient
survival rate. Our data are in agreement with a previous

study, reporting that Akt activation is related to a poor
outcome in gastric cancer [41]. We also analyzed the
relationship between pAkt expression and apoptotic index,
because Akt has been reported to be a signal transduction
protein capable of controlling the balance between cell
survival and apoptosis [5, 45]. It is known that phosphory-
lation of Akt is promoted by phosphatidylinositides con-
verted by PI3K products at the cytoplasmatic level.
Phosphorylated Akt delivers anti-apoptotic survival signals
by phosphorylating Bad and activating caspase-9 at the
cytoplasmatic level [46, 47], as well as by inhibiting the
function of some nuclear proteins at the nuclear level, such
as forkhead transcription factors, which are involved in the
apoptotic response. Akt-dependent phosphorylation of fork-
head proteins leads to their exclusion from the nucleus and
to loss of transcription targets such as Bim and Fas-ligand in
the nucleus [6]. In the present study, we found that high
expression of pAktn is correlated with a low apoptotic index,
confirming that a nuclear localization of pAkt is necessary to
negatively control the apoptotic response in cancer cells.

The Akt pathway has also been implicated in altering
p27/Kip1 activity. The cyclin-dependent kinase inhibitor
p27/kip1 is a putative tumor suppressor factor in human
cancer. It has been demonstrated that the serine/threonine
kinase Akt regulates cell proliferation in cancer by
preventing p27/kip1-mediated growth arrest. p27/kip1
phosphorylation, induced by pAkt, causes retention of
p27/kip1 in the cytoplasm and, thus, prevents cell cycle
arrest induced by p27/kip1. Phosphorylated p27/kip1
accumulates in the cytoplasm of cancer cells in coincidence
with Akt activation and is subsequently degraded by the
ubiquitin system [5, 21, 29]. In this way, the growth
inhibitory properties of p27/kip1 are functionally inactivated
and the proliferation of cancer cells is sustained. Although
we did not find a statistically significant correlation between
pAkt/pAktn and p27/Kip1 expression in our study, we
observed that cases with high pAkt/pAktn expression had a
high level of cytoplasmatic p27/kip1 expression. This result
is in agreement with previous studies [5, 27, 29] performed
on breast cancer, in cell culture, by site-directed mutagenesis
and transfection, by Akt immunoblotting activation, as well
as by immunohistochemistry, BrdU incorporation, and
indirect immunofluorescence.

pAkt is also implicated in controlling cyclin D1 and
cyclin E activity, thus, contributing to the regulation of cell
cycle progression. pAkt prevents the degradation of cyclins
D1 and E, which is induced by an ubiquitin-dependent
proteolysis pathway, because it inactivates GSK3, which is
necessary for their phosphorylation, translocation from
nucleus to cytoplasm and degradation [5]. Both cyclin D1
and cyclin E have been found to be deregulated and
overexpressed in various types of cancers and seem to play
an important role in the progression and biological behavior

Fig. 4 Apoptotic index in relation to nuclear pAkt positivity. The
difference between negative and positive cases is statistically
significant (two independent samples t test: p=0.043)
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of cancer. Overexpression of both these cyclins has also
been found in gastric cancer, but their prognostic value is
still controversial. For cyclin D1, no significant correlation
has been found between its immunohistochemical expression
and any of the more frequently considered clinicopathological
parameters [48–50]. On the other hand, cyclin E over-
expression was found to be directly correlated with the
number of infiltrated lymph nodes and the low incidence of
T1 and stage I tumors, as well as with p53 overexpression in
early gastric cancer [49, 51, 52]. On the basis of these
findings, it may be argued that cyclin E overexpression is a
useful prognostic indicator in gastric carcinoma, quite the
contrary to cyclin D1. In this study, a significant correlation
was found between pAktn and both cyclin D1 and cyclin E
expression, suggesting that the pAkt may promote also
gastric cancer progression by controlling cyclins D1 and E,
which are two critical players in the cell cycle.

In conclusion, our preliminary results indicate that pAkt
controls the activation of p27/kip1, cyclins D1 and E and
apoptosis, which play an important role in the cell cycle.
Hence, it is not surprising that pAkt may be correlated with
cancer progression and patient survival in gastric cancer, as it
may be in other malignancies. However, to reach a conclu-
sion, our results need to be confirmed in larger series of cases.

Conflict of interest statement We declare that we have no conflict
of interest.
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Abstract Soft tissue sarcomas do not generally metastasise
via lymphatics, and the presence or absence of lymphatic
vessels within sarcomas and benign soft tissue tumours is
not known. In this study, we determined whether lymphatic
vessels were present in a wide range of benign and
malignant soft tissue lesions by examining intratumoural
expression of the lymphatic endothelial cell markers, Lyve-
1 and podoplanin. Intratumoural Lyve-1+/podoplanin+
lymphatics were not identified in sarcomas apart from all
cases of epithelioid sarcoma (a tumour which is known to
metastasise to lymph nodes) and a few cases of leiomyo-
sarcoma, rhabdomyosarcoma and synovial sarcoma. Intra-
tumoural lymphatics were also absent in most benign soft
tissue tumours. Reparative and inflammatory soft tissue
lesions contained lymphatics, as did all (pseudosarcoma-
tous) proliferative myofibroblastic lesions including nodu-
lar, proliferative and ischaemic fasciitis, elastofibroma,
nuchal fibroma and deep fibromatosis. Our results show
that most soft tissue sarcomas do not contain intratumoural

lymphatics, a finding which is consistent with the infre-
quent finding of sarcoma metastasis to lymph nodes. In
contrast to fibrosarcoma and a number of other malignant
spindle cell tumours, proliferative fibroblastic/myofibro-
blastic lesions of soft tissue contain intralesional lymphatic
vessels.

Keywords Lymphatics . Sarcoma .

Benign soft tissue tumours

Introduction

The infrequent event of lymphatic metastasis in the natural
history of soft tissue sarcomas is well documented, the
reported incidence being 2.6–5% [1, 2]. In some series,
certain histological subtypes of soft tissue sarcoma, such as
epithelioid sarcoma, synovial sarcoma, angiosarcoma, clear
cell sarcoma, rhabdomyosarcoma and leiomyosarcoma,
have been shown to have a higher incidence of lymph
node metastasis [2–4]. Intratumoural lymphatic vessels are
known to be relatively uncommon in some primary
epithelial malignancies [5, 6], but whether the infrequency
of lymph node metastasis from soft tissue sarcomas can be
explained by the absence of lymphatics in these tumours is
not known as the presence of lymphatic vessels in soft
tissue sarcomas (and their benign counterparts) has not
been systematically analysed.

Lymphatic vessels are known to be present in many
reactive lesions, such as in wound healing and infection
[7–9]. Nodular and proliferative fasciitis are lesions in
which there are numerous plump, proliferative spindle-
shaped cells that lie in well-vascularised connective tissue
reminiscent of reparative fibrous and granulation tissue
[10, 11]; these lesions are thought by some observers to
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represent a reactive proliferative response to trauma [12,
13]. These fibroblastic and myofibroblastic (Fb/MFb)
lesions have been labelled ‘pseudosarcomatous’ as they
can be misdiagnosed for a soft tissue sarcoma on account of
their rapid clinical growth and worrisome histological
features such as high cellularity and increased mitotic
activity [10, 12]. Another proliferative Fb/MFb lesion
which needs to be distinguished from fibrosarcoma and
other malignant spindle cell tumours is deep musculoapo-
neurotic fibromatosis. The pathogenesis of deep fibroma-
tosis is not known but an antecedent history of trauma is
reported in 16% to 28% of cases [14, 15]. Fibromatosis has
an infiltrative growth pattern and tends to recur but does not
metastasise [14, 16]. Fibromatosis contains scattered prom-
inent, thin-walled, evenly spaced vessels, but whether
lymphatics are present within the vascular network of this
and other Fb/MFb lesions of soft tissue is not known.

In this study, our aim has been to determine, using two
highly specific markers of lymphatics endothelial cells,
Lyve-1 and podoplanin [17, 18], whether the relative
infrequency of lymph node metastasis from soft tissue
sarcomas can be explained by the absence of lymphatic
vessels within these tumours. In addition, as lymphatics are
a known component of reparative and inflammatory
lesions, we determined whether the presence of these
vessels could be used as a diagnostic discriminant to
distinguish proliferative Fb/MFb lesions, such as nodular
fasciitis and fibromatosis, from fibrosarcoma and other
malignant spindle cell tumours.

Materials and methods

One hundred eighty cases of benign and malignant soft
tissue tumour were retrieved from the files of the

histopathology departments of the Nuffield Orthopaedic
Centre and the Oxford Radcliffe Hospital, Oxford. The
cases were reviewed by three pathologists (GM, KH,
NAA). The number and histological type of the benign
and malignant soft tissue tumours and tumour-like lesions
examined in this study are shown in Tables 1 and 2. The
histological and other criteria used for tumour diagnosis are
detailed in [19]. One case of epithelioid sarcoma and one
case of leiomyosarcoma, both of which subsequently
developed lymph node metastases, were included in the
study. Two to five representative sections of each tumour
were examined; these included one section of the tumour
margin with surrounding soft tissue. Five-micrometer
sections of formalin-fixed, paraffin-embedded tissue were
cut onto silane-coated slides (Surgipath, UK); the sections
were incubated at 37°C for 24 h prior to staining to improve
tissue adhesion.

All immunohistochemical staining was performed using
an indirect immunoperoxidase technique (ChemMate Envi-
sion, Dako, UK).

Tissue sections were dewaxed and re-hydrated by
successive immersion in xylene, graded ethanol and water.
Antigen retrieval was performed by microwave treatment
(700 W, 2×4 min) in Target Retrieval Solution (Dako, UK).
Endogenous peroxidase was blocked by 0.2% (v/v) hydro-
gen peroxide in 80% ethanol and protein block serum prior
to 30 min incubation with mouse-anti-Lyve-1 and anti-
podoplanin monoclonal antibodies [17, 18]. Immunohisto-
chemistry was also carried out using the monoclonal
antibodies JC70 and QBend10 (Dako, UK) directed against
the vascular endothelial cell markers CD31 and CD34,
respectively. Antigens were detected by incubation with
labelled polymer and diaminobenzidine. The sections were
then counterstained with haematoxylin, dehydrated, cleared
and mounted. Sections of normal skin and lymph node

Table 1 The presence or
absence of intralesional
lymphatic vessels in soft tissue
sarcomas

Total number of cases and
their grading is shown in
parenthesis.
a One case had histologically
confirmed lymph node
metastases.
b Three cases NF1-related.

Type of sarcoma Intralesional
lymphatics present

Intralesional
lymphatic absent

Leiomyosarcoma (total: 20; grade I—7; II—8; III—5) 3/20a 17/20
Fibrosarcoma (adult) (total: 8; grade II—7; III—1) 0/8 8/8
Myxofibrosarcoma (total: 4; grade II—2; III—1) 0/4 4/4
Low-grade fibromyxoid sarcoma (total: 3; grade I—2) 0/3 3/3
Malignant fibrous histiocytoma (total: 8; grade II—4; III—4) 0/8 8/8
Malignant peripheral nerve sheath tumourb (total: 7; grade I—2;
II—3; III—2)

0/7 7/7

Rhabdomyosarcoma (total: 5; embryonal—2; alveolar—2;
pleomorphic—1)

2/5 3/5

Epithelioid sarcoma (total: 4; classic—2; proximal—2) 4/4a 0/4
Soft tissue Ewing’s sarcoma/PNET 0/3 3/3
Liposarcoma (total: 11; lipoma-like—4; sclerosing—1;
myxoid/round cell—5; pleomorphic—1)

0/11 11/11

Synovial sarcoma (total: 13; biphasic—4; monophasic—9) 2/13 11/13
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were used as positive control tissue; these contained both
lymphatic and blood vessels. Negative controls consisted of
sections of normal skin and lymph node stained by the
above immunohistochemical technique using primary anti-
body diluent alone.

Results

Malignant soft tissue tumours

Vascular channels outlined by the lymphatic endothelial cell
markers Lyve-1 and podoplanin were noted in the extrale-
sional connective tissue around all 86 soft tissue sarcomas
examined in the study (Fig. 1). These lymphatics varied in
size from small capillaries to dilated vessels. Intratumoural
Lyve-1+/podoplanin+ lymphatic vessels were noted only in
a few sarcomas (Table 2). These included all four cases of
epithelioid sarcomas examined, including one which devel-
oped lymph node metastases (Fig. 2). Intratumoural Lyve-

Fig. 1 Lyve-1 immunostaining of a leiomyosarcoma showing
numerous extratumoural lymphatic vessels but no intralesional
lymphatics. Original magnification: a ×100, b ×200

Fig. 2 Podoplanin-expressing intratumoural lymphatic vessels in an
epithelioid sarcoma. Original magnification ×100

Table 2 The presence or absence of intralesional lymphatic vessels in
benign soft tissue tumours

Type of benign soft tissue
tumour/lesion

Intralesional
lymphatics
present

Intralesional
lymphatics
absent

Angioleiomyoma (4) 1/4 3/4
Leiomyoma (2) 0/2 2/2
Lipoma (4) 0/4 4/4
Angiolipoma (3) 2/3 1/3
Intramuscular lipoma (2) 2/2 0/2
Spindle cell lipoma (1) 0/1 1/1
Chondroid lipoma (1) 0/1 1/1
Pleomorphic lipoma (1) 0/1 1/1
Hibernoma (3) 3/3 0/3
Myxoma (6) 0/6 6/6
Granular cell tumour (3) 2/3 1/3
Neurilemmoma (6) 0/6 6/6
Neurofibroma (7) 1/7 6/7
Plexiform neurofibroma (5) 5/5 0/5
Solitary fibrous tumour (2) 0/2 2/2
Nodular fasciitis (11) 11/11 0/11
Proliferative fasciitis (3) 3/3 0/3
Ischaemic fasciitis (1) 1/1 0/1
Elastofibroma (2) 2/2 0/2
Nuchal-type fibroma (1) 1/1 0/1
Fibroma of tendon sheath (3) 3/3 0/3
Superficial fibromatosis (3) 3/3 0/3
Deep (desmoid-type) fibromatosis (20) 20/20 0/20
Non-neoplastic Inflammatory/reparative
lesionsa (10)

10/10 0/10

Total number of cases is shown in parenthesis.
a 5 cases—granulomatous inflammation (TB, foreign body); 2 cases—
pyogenic infection; 3 cases—healing wound
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1+/podoplanin+ lymphatic vessels were also noted in three
cases of leiomyosarcoma (including one which metastas-
ised to lymph nodes), two cases of monophasic synovial
sarcoma and two cases of rhabdomyosarcoma (Fig. 3).
Intratumoural lymphatics within these sarcomas were
scattered throughout the tumour and were mainly capillary
in size. None of the intratumoural or extratumoural Lyve-
1+/podoplanin+ vessels in the soft tissue sarcomas exam-
ined contained intraluminal tumour.

Benign soft tissue tumours

Lyve-1+/podoplanin+ vascular channels, ranging in size
from small capillaries to dilated vascular channels, were
seen in connective tissue around all benign soft tissue
tumours. With the exception of a number of benign Fb/MFb
proliferative lesions (discussed below), the majority of
benign soft tissue tumours did not contain intratumoural
Lyve-1+/podoplanin+ lymphatic channels (Table 2). The
presence or absence of intratumoural lymphatics showed
some variation between different benign tumour types and
subtypes. For example, amongst the benign tumours of fat,
with the exception of intramuscular lipoma, angiolipoma
and hibernoma, none of the lipomatous tumours contained
intratumoural lymphatic vessels (Fig. 4a). Fully encapsu-
lated tumours, such as neurilemmoma, did not contain
lymphatic vessels, as did most well-defined but unencapsu-
lated neurofibromas; lymphatic vessels were, however, seen
in one case of intraneural neurofibroma. Two cases of
granular cell tumour and all cases of plexiform neurofibro-
ma also contained lymphatic vessels; in the plexiform
neurofibromas, there were numerous small to medium sized
lymphatic vessels within neurofibromatous tissue that
involved skin and subcutaneous tissue (Fig. 4b). Intralesional Lyve-1+/podoplanin+ lymphatic vessels

were noted in all cases of benign Fb/MFb tumours
examined including nodular fasciitis, proliferative fasciitis,
ischaemic fasciitis, nuchal fibroma, elastofibroma, fibroma
of tendon sheath and superficial and deep fibromatosis.
Intralesional lymphatic vessels in nodular fasciitis and
proliferative fasciitis were predominantly small, thin-
walled, capillary-sized vessels that were scattered through-
out the lesion with a relatively high density at the
periphery; a few dilated lymphatic channels were also
noted in some cases of proliferative fasciitis (Fig. 5a–c). In
contrast to fibrosarcoma and MFH (Fig. 6a), all 20 cases of
deep musculoaponeurotic fibromatosis contained intrale-
sional lymphatic vessels. These lymphatics were mostly
seen as scattered small capillary-sized vessels (Fig. 6b), but
in three cases lymphatic vessels were numerous and
included some small to medium sized lymphatic channels.

Reparative fibrous and granulation tissue in healing
wounds of skin and subcutaneous tissue and foreign body
granulomas and mycobacterial and pyogenic infections of

Fig. 3 Podoplanin-expressing intratumoural lymphatic vessels in a
monophasic synovial sarcoma. Original magnification ×200

Fig. 4 Lyve-1 staining of benign soft tissue tumours showing focally
scattered small intralesional lymphatics in a hibernoma. b Plexiform
neurofibroma. Original magnification: a ×50, b ×100
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soft tissue contained Lyve-1+/podoplanin+ vessels within
areas of inflammation and surrounding connective tissue.

All benign and malignant soft tissue tumours contained
vascular channels which were lined by CD31+/CD34+
endothelial cells, both within the tumour and in the

surrounding connective tissue. CD31 and CD34 are both
known to stain lymphatic endothelium and only a minority
of these vessels were Lyve-1+/podoplanin+. Lyve-1+/
podoplanin+ lymphatic vessels were morphologically sim-
ilar to thin-walled CD31+/CD34+/Lyve-1−/podoplanin−
blood vessels. It was notable that many of the vessels
which did not contain red cells in the lumen were CD31+/
CD34+ but not Lyve-1+/podoplanin+, indicating that the
absence of red cells in the vessel lumen is an unreliable
morphological criterion for distinguishing lymphatic ves-
sels from blood vessels. Staining for Lyve-1 was generally
weaker but more specific for lymphatic vessels compared
with podoplanin, which also stained the neoplastic epithe-
lial component of one biphasic synovial sarcoma, a finding
noted in a previous study [20]. In addition to lymphatic
channels, Lyve-1, as noted previously [9], also stained
tumour-associated macrophages in connective tissue around
some benign and malignant soft tissue tumours.

Fig. 5 Numerous Lyve-1-expressing intralesional lymphatic vessels
of variable size in a nodular fasciitis, and b, c proliferative fasciitis.
Original magnification: a, b ×100 and c ×200

Fig. 6 Lyve-1 immunostaining of a well-differentiated fibrosarcoma
showing absence of intratumoural lymphatics (a), in contrast to deep
fibromatosis which shows multiple intralesional lymphatic vessels (b).
Original magnification: a, b ×100
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Discussion

In this study, we have shown that most soft tissue
sarcomas do not contain intratumoural lymphatic vessels.
Although extratumoural lymphatic vessels were found in
the connective tissue around all malignant soft tissues
tumours, only 12.7% of soft tissue sarcomas contained
intralesional lymphatics. The absence of intratumoural
lymphatics in the majority of the soft tissue sarcomas
examined provides some rationale for the observation that
most soft tissue sarcomas do not metastasise to lymph
nodes. Some support for this conclusion comes from our
finding that intratumoural lymphatics were present in two
cases of sarcoma in which lymph node metastases of the
primary sarcoma were documented. All four primary
epithelioid sarcomas examined in this study were noted
to contain lymphatics; this finding is in keeping with the
reported relatively high incidence of lymph node metasta-
sis of this tumour [21–23]. Other malignant soft tissue
tumours which were noted to contain intratumoural
lymphatics included rhabdomyosarcoma, synovial sarcoma
and leiomyosarcoma; these tumours have been reported in
some series to have a relatively high incidence of lymph
node metastasis [2–4].

To our knowledge, there has been no systematic study of
lymphatics in soft tissue sarcomas. Friedrichs et al. [24], in a
small study, found that 50% of sarcomas contained
lymphatic vessels. They analysed 32 sarcomas, including
sarcomas of the uterus and bone; it is not clear how many
soft tissue sarcomas were analysed in this study but, as in
our study, they found lymphatic vessels in epithelioid
sarcoma, leiomyosarcoma and synovial sarcoma but not in
liposarcoma. Expression of vascular endothelial growth
factor-C (VEGF-C), which promotes lymphangiogenesis,
and its receptor VEGF-R3 was also noted in some sarcomas;
however, there was no correlation between lymphatic
microvessel density and expression of these markers.

Lymphatic metastasis is a well-recognised poor prog-
nostic indicator in many tumours. There is controversy
regarding whether lymph node metastasis by malignant
tumours occurs primarily by invasion of pre-existing
lymphatic vessels or by lymphangiogenesis within these
tumours [25–27]. Some studies have suggested that only
peritumoural lymphatics are sufficient for lymphatic me-
tastasis [27–30]. Few intratumoural lymphatics and no
active lymphangiogenesis were noted in primary human
breast carcinomas which metastasise to lymph nodes,
suggesting that lymphatic metastasis of this carcinoma
proceeds via pre-existing peritumoural tissue lymphatics
[5, 6]. In contrast, the presence of intratumoural lymphatics
has been shown to be associated with a relatively poor
outcome in squamous cell carcinoma of the head and neck,
melanoma and papillary carcinoma of the thyroid, all

tumours which frequently metastasise via lymphatics
[31–33]. The findings of our study would suggest that
peritumoural lymphatics alone are not sufficient for metas-
tasis of sarcomas to lymph nodes as, although numerous
Lyve-1+/podoplanin+ lymphatic vessels were found in
connective tissues surrounding all the primary sarcomas
we examined, only in two cases were lymph node
metastases identified clinically and histologically. It could
be argued that the finding of intralesional lymphatics in
malignant tumours which did not exhibit lymph node
metastasis contradicts this idea, but it is possible that, as in
some murine sarcomas, there may be a paucity or absence of
functional intratumoural lymphatics in these sarcomas [29].

The benign soft tissue tumours we examined showed
some variation with regard to the presence or absence of
lymphatic vessels. However, the majority of benign
tumours did not contain intratumoural lymphatics in
contrast to most benign Fb/MFb proliferative lesions.
Benign tumours which were completely encapsulated, such
as neurilemmoma, did not contain lymphatic vessels, as did
many benign lesions that were well-defined but not
encapsulated such as neurofibroma. Benign tumours that
were relatively poorly defined such as granular cell tumour
and hibernoma contained lymphatic vessels as did plexi-
form neurofibroma, a lesion with a frankly infiltrative
growth pattern. The lymphatic vessels in these tumours
may have represented pre-existing extratumoural lym-
phatics in the surrounding connective tissue which had
become incorporated into the lesion as it continued to grow.

In contrast to most benign and malignant soft tissue
tumours, intratumoural lymphatics were identified in all
benign Fb/MFB proliferative lesions of soft tissue including
nodular fasciitis, proliferative fasciitis, ischaemic fasciitis,
nuchal fibroma, elastofibroma and superficial and deep
fibromatosis. Granulation tissue formation and wound
healing are two pathological processes where lymphangio-
genesis is evident [7–9], and we noted lymphatics in all
inflammatory and foreign body lesions of soft tissue.
Although a direct association between the pathogenesis of
reactive proliferative lesions such as nodular/proliferative
fasciitis and trauma has not been established, several
features are suggestive of this aetiology, including the
natural course of regression of these lesions, their predom-
inance in the upper extremity and their histological
resemblance to healing wounds [10, 12]. Both nodular
and proliferative fasciitis commonly contain inflammatory
cells and it has been shown that macrophages recruited into
inflammatory sites produce VEGF-C and VEGF-D, both of
which are known to promote lymphangiogenesis by
binding to VEGF-R3, which is expressed on lymphatic
endothelial cells [7, 34].

Musculoaponeurotic fibromatosis is considered to be a
lesion that has an intermediate biological behaviour between
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benign Fb/MFb lesions and fibrosarcoma. Although it tends
to recur locally, metastasis is not observed. Genetic,
endocrine and physical factors such as trauma and irradiation
have been implicated in its pathogenesis. An antecedent
history of trauma has been reported in 16–28% of cases of
deep fibromatosis [14, 15], and sporadic cases have been
reported to regress spontaneously [35]. Inflammatory cells
can be seen in some cases of fibromatosis and they may
contribute to lymphangiogenesis in a manner similar to that
postulated above for nodular and proliferative fasciitis. Our
finding of Lyve-1+/podoplanin+ lymphatic vessels in
superficial and deep fibromatosis would suggest that there
may be a reactive component in these lesions. Similarly, the
finding of intralesional lymphatics in all three cases of
fibroma of tendon sheath is in keeping with the observation
that this lesion initially resembles nodular fasciitis and that
it may be at least in part reactive in nature [36].

Benign reactive and locally aggressive myofibroblastic
lesions, such as nodular fasciitis and fibromatosis, are often
difficult to distinguish from sarcomas histologically. Nod-
ular fasciitis contains numerous plump, spindle-shaped cells
with large, hyperchromatic ovoid or spindle-shaped nuclei;
these cells contain prominent nucleoli and frequently show
mitotic activity. Deep fibromatosis often presents as a large
tumour which has a highly infiltrative pattern of growth that
is suggestive of malignancy; it may contain spindle-shaped
fibroblasts and myofibroblasts that show frequent mitotic
activity. In this study, we found that all fibrosarcomas and
fibrosarcoma variants, such as low-grade fibromyxoid
sarcoma and myxofibrosarcoma, as well as all cases of
MFH and malignant peripheral nerve sheath tumour, did
not contain intratumoural lymphatic vessels. In contrast, we
found intratumoural lymphatic vessels in all cases of
nodular and proliferative fasciitis and in deep fibromatosis.
Taken with other clinical, radiological and histological
information, the identification of intratumoural lymphatics
may be useful in identifying proliferative Fb/MFb lesions,
and distinguishing them from fibrosarcoma and other
malignant spindle cell tumours.
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Abstract SOX-9, an essential factor for male sexual
development, can be induced by prostaglandin D2 in a
Sry-independent mechanism. Recent data suggest that the
hedgehog pathway is involved in the differentiation of
normal Sertoli and Leydig cells. The purpose of our study
was to investigate the mechanisms involved in the
differentiation of ovarian sex cord-stromal tumour (SCST)
cells. Two Sertoli–Leydig cell tumours and two granulosa
cell tumours with a minor Sertoli element were studied
using immunohistochemistry on paraffin-embedded tissue
sections. Sertoli cells expressed anti-Mullerian hormone
(AMH), SOX-9, prostaglandin D synthase (Pgds) and bcl-2
(in four of four cases); sonic hedgehog (Shh) and p53 (in
three of four cases) and androgen receptors (AR; in one of
four cases). Ki-67 index ranged from 10% to 50%. Leydig
cells expressed Shh and AR (two of two cases), while they
showed no expression of p53, bcl-2 and 0% Ki-67 index.
Granulosa cells expressed AMH, Pgds, Shh, estrogen
receptors, progesterone receptors, AR and bcl-2 (in two of
two cases) and p53 (in one of two cases). Ki-67 index was
10% and 40%, respectively. Further investigation is
required to clarify the role of the molecules outlined above
in the histogenesis of ovarian SCST, as Pgds-mediated
SOX-9 upregulation could provide a reasonable explanation

for the presence of testicular differentiation in ovarian
SCST.

Keywords Sex cord-stromal tumours .

Differentiation mechanisms . SOX-9 .

Prostaglandin D synthase . bcl-2

Introduction

Sex-cord stromal tumours (SCST) are rare neoplasms of the
ovary, accounting for 8% of all the histological types of
ovarian tumours [1]. Sertoli–Leydig cell tumours constitute
only 1% of ovarian sex-cord stromal tumours and less than
0.5% of all primary ovarian tumours [9]. Finally, granulosa
cell tumours account for approximately 5% of all ovarian
tumours [7].

Ovarian sex cord-stromal tumours may contain Sertoli
cells, granulosa cells, Leydig cells, thecal cells or fibro-
blasts of gonadal stromal origin, either singly or in any
combination and in any degree of differentiation [15].

One of the main questions that remain to be adequately
answered is the origin of Sertoli- and Leydig-like cells as
part of sex-cord stromal tumours. Much research has been
conducted and several theories have been developed over
the years in an attempt to provide a reasonable explanation.
Electron microscopy studies have revealed significant
ultrastructural similarities between Sertoli-like cells of
ovarian sex-cord stromal tumours and follicular granulosa
cells, especially neoplastic granulosa cells [8]. Furthermore,
the same studies have recognised a similar morphological
resemblance between Leydig-like cells in ovarian sex cord-
stromal tumours and follicular thecal cells [8]. Research,
using immunohistochemistry and several molecular biolog-
ical tools, has provided evidence supporting a close
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histogenetic relationship between Sertoli-like cells in
ovarian sex-cord stromal tumours and granulosa cells or
its precursors [8, 12]. Moreover, the origin of the Leydig-
cell component of sex cord-stromal tumours seems to be
controversial; several studies consider Leydig cells to be a
reactive process caused by the presence of the surrounding
neoplastic Sertoli-like cells [11, 12], while recent molecular
genetic evidence supports the neoplastic nature of Leydig
cells [5].

The purpose of this study is to investigate the mecha-
nisms involved in the differentiation of the cells comprising
ovarian sex cord-stromal tumours.

Materials and methods

Four sex cord-stromal tumours of the ovary were included
in our study. Tissue sections were retrieved from archival
material from the Department of Pathology of General
Hospital, “Agios Andreas”, Patras. The ovarian tumours
were all primary and included two Sertoli–Leydig cell
tumours—one well differentiated (Fig. 1) and one poorly
differentiated—and two granulosa-cell tumours [with a
minor (<10%) Sertoli-element] (Fig. 2). Haematoxylin-
and eosin-stained sections were reviewed by two indepen-
dent pathologists, and the diagnosis was confirmed.

Representative tumour tissue blocks were used for
immunohistochemistry; 4-μm thick paraffin-embedded tis-
sue sections were deparaffinized and rehydrated. Where
necessary, for some of the antibodies, tissue sections were
subjected to heat-induced epitope antigen retrieval using
an electric pressure cooker and Trilogy TM (CELL
MARQUE, Hot Springs, AR, 71913, USA). Endogenous
peroxidase activity was blocked with the peroxidase-

blocking solution (DAKO, Glostrup, Denmark). Immunohis-
tochemical staining was performed using the ChemMateTM
Dako EnVisionTM Detection System, Peroxidase/DAB,
Rabbit/Mouse (DAKO, Glostrup, Denmark) in a Dako
autostainer. After the incubation of primary antibodies for
30′–90′, the EnVision reagent—a peroxidase-conjugated
polymer backbone, which also carries secondary antibody
molecules directed against rabbit and mouse immunoglobu-
lins—was applied and incubated for 20′. Diaminobenzidine
was used as a color substrate and Mayer’s haematoxylin as
counterstain.

The following primary antibodies were used: anti-
Mullerian hormone (AMH, CLONE 5/6, 1:15, Serotec,
Kidlington,UK), SOX-9 (CLONE H-90, 1:50, Santa Cruz,
CA, USA), prostaglandin D Synthase (Pgds, CLONE
Lipocalin type; murine, 1:300, Cayman, Ann Arbor, MI,
USA), sonic hedgehog (Shh, cross-reacting with indian and
desert hedgehog, CLONE H-160, 1:20, Santa Cruz, CA,
USA), estrogen receptors (CLONE 1D5, 1:50, DAKO,
Glostrup, Denmark), progesterone receptors (PrR, CLONE
PgR636^1, 1:50, DAKO, Glostrup, Denmark), androgen
receptors (AR, CLONE AR441, 1:50, DAKO, Glostrup,
Denmark), Ki-67 (CLONE MIB-1, 1:30, DAKO, Glostrup,
Denmark), bcl-2 (CLONE 100, 1:50, Biogenex, SanRamon,
USA) and p53 (CLONE DO7, 1:30, DAKO, Glostrup,
Denmark).

Pretreatment with TrilogyTM (CELL MARQUE, Hot
Springs, AR, 71913, USA) was used where appropriate.
Furthermore, appropriate positive controls were used for
each antibody. For negative controls, the primary antibody
was omitted.

Staining intensity and the percentage of positive cells
were taken into account in the immunoreactivity evaluation
process. The degree of immunoreactivity was scored

Fig. 1 Well-differentiated Sertoli–Leydig cell tumour. Solid and
hollow tubules are separated by Leydig-cells with abundant eosino-
philic cytoplasm (H&E stain)

Fig. 2 Granulosa cell tumour with a minor sertoli element (<10%).
Granulosa cells growing in a diffuse pattern, interspersed between
Sertoli-form areas (H&E stain)
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semiquantitatively on a scale of 0–3+ (0: weak or moderate
staining in <10% of cells, 1+: weak or moderate staining in
10–35%, 2+: weak staining in >70% or moderate staining
in 35–70% or strong staining in 10–35%, 3+: moderate
staining in >70% or strong staining in >35%.)

Results

Clinical details and gross findings

The patients ranged from 27 to 63 years of age. Each
patient presented with a history or symptoms most probably
related to estrogen or androgen overproduction. It is
mention-worthy that one case presented with an acute
abdomen due to an ovarian “cyst” rupture and another case
with a synchronous benign (mature) cystic teratoma of the
contralateral ovary. The tumours ranged from 3.5 to 12 cm.
Surgery was the initial treatment for all four patients. At the
time of diagnosis, as well as immediately post-operatively,
no metastatic disease was identified in any of the patients.
Basic clinical and gross pathologic data along with the final
diagnosis are presented in Table 1.

Sertoli cell component

In all four cases studied, Sertoli-like cells were positive for
AMH (cytoplasmic staining—Fig. 3), SOX-9 (mainly
cytoplasmic staining, some positive nuclei—Fig. 4) and

Pgds (cytoplasmic staining—Fig. 5). Furthermore, the
Sertoli cell component was positive for Shh (cytoplasmic
staining—Fig. 6) in three cases. Only the poorly differen-
tiated Sertoli–Leydig cell tumour expressed AR (nuclear
staining), while no immunoreactivity for any of the steroid-
hormone receptors was noted in the well-differentiated
tumour. The Sertoli cell component was strongly positive
for bcl-2 (cytoplasmic staining—Fig. 7) in all four cases
studied, while Ki-67 (nuclear staining) labeling index
ranged from 10% of cells (well-differentiated Sertoli–
Leydig cell tumour and one granulosa cell tumour) to
50% (poorly differentiated Sertoli–Leydig cell tumour). p53
(nuclear staining) was detected in three cases and showed
stronger immunoreactivity in the poorly differentiated
Sertoli–Leydig cell tumour. Immunohistochemical findings
with regards to the Sertoli cell component are summarised
in Table 2.

Leydig cell component

In both cases of Sertoli–Leydig cell tumour, Leydig-like
cells were positive for Shh (cytoplasmic staining—Fig. 6).
Only androgen receptors (nuclear staining) were expressed
in the Leydig cell component of the tumours, which, in
addition, showed no proliferative or anti-apoptotic index
(no expression of p53, bcl-2 and 0% Ki-67 labeling index).
The remaining markers used were not detected in the above
tumours. Immunohistochemical findings with regard to the
Leydig cell component are summarised in Table 3.

Table 1 Diagnosis, clinical and gross pathologic data

Case Diagnosis Age Laterality Size
(cm)

Gross appearance Symptoms/laboratory findings Stage

1 Sertoli–Leydig
cell tumour
(well
differentiated)

27 Left 3.5 Predominantly solid with
focal cystic areas;
lobulated; yellow

6-month history of amenorrhea; hirsutism;
synchronous contralateral benign cystic
teratoma

T1a
N0
M0,
FIGO
Ia

2 Sertoli–Leydig
cell tumour
(poorly
differentiated)

41 Right 12 Partially solid, partially
cystic; focally lobulated;
capsule rupture;
yellowgray

Acute abdomen; 4-month history of
amenorrhea; elevated 17-
hydroxyprogesterone, testosterone

T1c,
N0,
M0
FIGO
Ic

3 Granulosa cell
tumour with a
minor Sertoli
element

61 Left 10 Partially solid, partially
cystic; capsule rupture;
grey

Abnormal vaginal bleeding; Synchronous
complex endometrial hyperplasia and
endometrial polyp

T1c
N0
M0
FIGO
Ic

4 Granulosa cell
tumour with a
minor Sertoli
element

63 Right 11 Partially solid, partially
cystic; capsule rupture;
tan

Abnormal vaginal bleeding; History of
atypical endometrial hyperplasia and
synchronous endometrial adenocarcinoma
(endometrioid type)

T1c
N0
M0
FIGO
Ic
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Granulosa cell component

In both cases of granulosa cell tumours, Granulosa-like
cells showed immunoreactivity for AMH, Pgds and Shh
(all cytoplasmic staining). Interestingly, weaker AMH
expression was noted in the less-differentiated regions of
the tumour (sarcomatoid). In both cases studied, the
granulosa cell component expressed simultaneously all
three types of steroid-hormone receptors (nuclear stain-
ing), as well as bcl-2 molecule (cytoplasmic staining—
Fig. 7); p53 (nuclear staining) was positive in only one
case, while Ki-67 (nuclear staining) was expressed by
10% and 40% of granulosa-like cells, respectively. The
remaining markers used were not detected. Immunohisto-

chemical findings with regard to the Granulosa cell
component are summarised in Table 4.

Discussion

In this study, we investigated the expression of male sex-
determination pathway molecules in ovarian sex cord-
stromal tumours, focusing on the mechanisms involved in
the differentiation of their constituent cells.

It is well known that the Y chromosome gene Sry
encodes a transcription factor required to initiate testis
development. The related autosomal gene SOX-9 (SRY-box
containing gene 9) is upregulated shortly after the onset of

Fig. 3 Sertoli-form area of a granulosa-cell tumour with a minor
(<10%) Sertoli element showing moderate cytoplasmic immunoreac-
tivity for AMH (EnVision/DAB)

Fig. 4 Neoplastic Sertoli cells composing well-differentiated tubules
in a Sertoli–Leydig cell tumour, showing strong cytoplasmic and
occasionally nuclear immunoreactivity for SOX-9, as opposed to the
interspersed stroma (EnVision/DAB)

Fig. 5 Moderate cytoplasmic immunoreactivity for Pgds in a Sertoli–
Leydig cell tumour, as opposed to the interspersed stroma (EnVision/
DAB)

Fig. 6 Moderate granular cytoplasmic immunoreactivity for Shh in
Sertoli cells of a Sertoli–Leydig cell tumour, while intervening Leydig
cells show strong cytoplasmic immunoreactivity for Shh (EnVision/
DAB)

468 Virchows Arch (2008) 453:465–471



sex-determining region Y (Sry) transcription and is thought
to be essential in the differentiation of Sertoli cells [16].
SOX-9 is expressed first at low levels in the bipotent gonad
of both sexes but becomes dramatically upregulated in the
Sertoli cells immediately after the onset of Sry. However, in
contrast to Sry, SOX-9 expression is maintained in the
Sertoli cell until after birth. Experiments using mice have
shown that SOX-9 is not only necessary but also sufficient
on its own for male sexual development, as XX mice
overexpressing SOX-9 develop as males, suggesting that
SOX-9 is the only important target of Sry [19, 22].
Furthermore, AMH is one of the identified targets of
SOX-9 [4].

In our study, SOX-9 expression was detected in all
cases and was restricted to the neoplastic cells compris-
ing the Sertoli-cell component. However, the upregula-

tion of SOX-9 in the apparent absence of Sry still needs
to be explained.

Sry-independent mechanisms of SOX-9 upregulation
have been recently identified. In vitro cell mixing experi-
ments have demonstrated that prostaglandin D2 (PGD2),
produced and secreted by testicular Sertoli cells, is
necessary and sufficient on its own to recruit cells that do
not express Sry and enable them to express SOX-9 and
differentiate into Sertoli cells [21, 22]. Furthermore, it has
been proven recently that prostaglandin D synthase (Pgds)
upregulates SOX-9 expression in human ovarian cancer
cells, via the production of PGD2 [10].

In our study, Pgds was detected in every case studied
and was expressed by both the Sertoli and the granulosa
cell components. The authors cannot give a reasonable
explanation for the cytoplasmic localization of SOX-9, as
its role as a transcription factor would be expected to be
mediated in the nucleus. Further investigation, involving a
large number of cases and more sophisticated techniques, is
required to find a possible correlation between Pdgs and
SOX-9 expression in ovarian SCST. Pdgs-driven upregula-
tion of SOX-9 could provide a reasonable explanation for
the presence of neoplastic Sertoli and Leydig cells.
Neoplastic granulosa cell expression of Pgds and SOX-9
cytoplasmic localisation are two further issues that need
clarifying by further investigation. To our knowledge,
previous to our study, Pgds has not been detected in
Sertoli–Leydig cell tumours of the ovary.

Sertoli, Leydig and granulosa cell subpopulations
showed immunoreactivity for the hedgehog family proteins.
There are data available in the literature suggesting that
hedgehog family members are normally produced and
secreted by pre-sertoli and sertoli cells and that they act
upon indifferent gonadal interstitial cells promoting their
differentiation towards testicular Leydig cells [22]. More-
over, in experiments examining XX/XY chimeras, Sertoli

Fig. 7 Sertoli-form areas of a granulosa-cell tumour with a minor
(<10%) Sertoli element and intervening granulosa cells growing in a
diffuse pattern, showing strong and moderate cytoplasmic immunore-
activity for bcl-2, respectively (EnVision/DAB)

Table 2 Immunophenotype of Sertoli-like cells

Immunophenotype of Sertoli-like cells SLCT well
differentiated

SLCT poorly
differentiated

Granulosa cell
tumour

Granulosa cell
tumour

AMH 2+ 2+ 2+ 1+
SOX-9 3+ 2+ 2+ 1+
Pgds 2+ 1+ 1+ 2+
Shh 3+ 1+ 2+ 0+
ER 0+ 1+ 1+ 0+
PrR 0+ 2+ 1+ 1+
AR 0+ 2+ 0+ 0+
Ki-67 (%) 10 50 40 10
p53 1+ 2+ 0+ 1+
Bcl-2 3+ 2+ 3+ 3+

SLCT Sertoli–Leydig cell tumour, SCST sex cord-stromal tumour, AMH anti-Mullerian hormone, SOX-9 SRY-box containing gene 9, Pgds
prostaglandin D synthase, Shh sonic hedgehog homologue, ER estrogen receptors, PrR progesterone receptors, AR androgen receptors
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cells were found to be the only type of cell in the testis that
showed a strong bias for presence of the Y chromosome.
This observation suggested that the Y-linked gene Sry is
required only in the Sertoli cell lineage and that Leydig-cell
differentiation can potentially be a Sry-independent phe-
nomenon [13, 14]. Further studies will explore the potential
role of hedgehog family proteins in the differentiation of
testicular type cells in ovarian sex cord-stromal tumours.
Immunoreactivity for hedgehog family proteins observed in
the granulosa cell component of the tumours also remains
unclear and needs further investigation. To our knowledge,
previous to our study, no members of the hedgehog protein
family have been detected in normal or neoplastic human
granulosa or Leydig cells.

AMH was detected in the sertoli and granulosa cell
components in each case studied. The authors, based on
published data on the maturation of normal Sertoli cells
[17], hypothesise that the strong immunoreactivity for
AMH combined with the scarcity of AR expression
observed in the Sertoli-cell component could potentially
reflect a significant morphological immaturity of neoplastic
Sertoli cells compared to their normal counterparts. Re-
garding the granulosa cell component, stronger AMH
expression noted in the more differentiated regions of the
tumours when compared to the sarcomatoid regions is
consistent with the gradually increasing expression of
AMH observed in the granulosa layer of the maturing
primordial follicle [20]. Even so, the authors would like to
state that due to the descriptive nature of this study, valid
conclusions on the maturation status of the constituent cells
of ovarian SCSTwill only be produced by studies involving
a large number of cases.

Bcl-2 was significantly expressed in each case by both
the Sertoli and the granulosa cell component. The relatively

low Ki-67 labelling index combined with the high
expression of bcl-2 observed in our study needs to be
confirmed by studies involving a large number of cases.
This could potentially serve as a reasonable explanation of
the slow tumour progression and the late recurrences
observed [3]. The role of p53 expression, as a potential
additional anti-apoptotic mechanism in ovarian SCST,
needs to be further investigated and clarified. To our
knowledge, previous to this study, bcl-2 overexpression
has been detected in only one case of Sertoli–Leydig cell
tumours [18].

Leydig-like cells showed no proliferative activity or anti-
apoptotic properties, as expressed by the Ki-67 labelling
index and bcl-2 immunoreactivity, respectively. Interesting-
ly, among the steroid-hormone receptors, only ARwas found
to be positive in the Leydig cell component of the tumours.
Bearing in mind that a significant number of ovarian SCST
cases are androgen-producing tumours, the authors believe
that clarifying the mechanisms involved in the androgen-
synthesis regulation could provide a better insight in the
diagnosis and treatment of the above tumours. Furthermore,
it is still not clear whether Leydig cells comprise of true
neoplastic entities or just a reactive process.

In conclusion, we have investigated mechanisms involved
in the differentiation of cells in ovarian sex cord-stromal
tumours. We detected SOX-9 expression (a key-role mole-
cule in the male sex determination pathway) in the Sertoli-
cell component in every case studied. Furthermore, we
demonstrated Pgds expression in the Sertoli-cell component
of ovarian sex cord-stromal tumours. Sertoli-like and
granulosa cells showed proliferative and high anti-apoptotic
properties, as opposed to the Leydig-like cells. Finally,
hedgehog family members were detected in all neoplastic
cell subpopulations.

Table 3 Immunophenotype of Leydig-like cells

Immunophenotype of
Leydig-like cells

SLCT well
differentiated

SLCT poorly
differentiated

AMH 0+ 0+
SOX-9 0+ 0+
Pgds 0+ 0+
Shh 3+ 2+
ER 0+ 0+
PrR 0+ 0+
AR 1+ 2+
Ki-67 (%) 0 0
p53 0+ 0+
Bcl-2 0+ 0+

SLCT Sertoli–Leydig cell tumour, AMH anti-Mullerian hormone,
SOX-9 SRY-box containing gene 9, Pgds prostaglandin D synthase,
Shh sonic hedgehog homologue, ER estrogen receptors, PrR proges-
terone receptors, AR androgen receptors

Table 4 Immunophenotype of granulosa-like cells

Immunophenotype of
granulosa-like cells

Granulosa cell
tumour

Granulosa cell
tumour

AMH 1+ 1+
SOX-9 0+ 0+
Pgds 2+ 2+
Shh 1+ 1+
ER 2+ 1+
PrR 2+ 1+
AR 1+ 1+
Ki-67 (%) 40 10
p53 0+ 2+
Bcl-2 2+ 2+

SCST sex cord-stromal tumour, AMH anti-Mullerian hormone, SOX-9
SRY-box containing gene 9, Pgds prostaglandin D synthase, Shh sonic
hedgehog homologue, ER estrogen receptors, PrR progesterone
receptors, AR androgen receptors
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Abstract APC, a tumor suppressor gene in the Wnt
pathway, stabilizes β-catenin and controls cell growth.
Mutation of APC or β-catenin leads to nuclear accumula-
tion of β-catenin and transcription of cyclin D1/cyclin A.
Pulmonary artery sarcoma (PAS) were studied by morpho-
logic, immunohistochemical, and molecular genetic meth-
ods of the Wnt pathway. Eighteen cases were included:
mean age 52 years, primary intraluminal location with
typical clinical presentation. PAS were classified as
epithelioid (n=4) or malignant fibrous histiocytoma
(MFH; spindled/pleomorphic, n=4), myxofibrosarcoma
(n=8), and one each hemangiopericytoma-like or malig-
nant inflammatory myofibroblastic tumor-like. The tumor
cells demonstrated vimentin, focal actins, and rare focal
desmin positivity. All but one were grade 2 or 3 by

FNCLCC grading. Alteration in chromosome 5q21 (APC)
was found in 4/14 PAS by LOH, mostly epithelioid-type;
an MFH-type case demonstrated microsatellite instability
(MSI) and nuclear β-catenin. Cyclin D1 was expressed in
seven tumors, all myxofibrosarcoma-type. No mutations
were detected in APC or β-catenin. In summary, PAS are
predominantly intermediate grade myxofibrosarcoma in
middle-aged males, and fatal in two-thirds of patients.
Despite myofibroblastic phenotype, APC/β-catenin path-
way changes are rare. Cyclin D1, only expressed in the
myxofibrosarcoma-type, is likely transcribed via factors
other than β-catenin.
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Introduction

Primary sarcomas arising in major blood vessels, especially
pulmonary artery sarcoma (PAS), are very rare. A PAS has
been described first by Mandelstamm in 1923 [15].
Immunohistochemical and electron microscopy examina-
tions suggest a myofibroblastic phenotype of intimal type
[4, 17, 26], although at least partial differentiation along
other cell lineages has been documented (e.g. osteocartila-
ginous, [4] smooth muscle, skeletal muscle or vascular
(angiosarcoma) [8, 9, 11]). However, to date, morphologic
classification of these tumors has not been systematically
performed. PAS often show a rapid clinical progression
reflected histologically by high proliferation rates and
frequent areas of necrosis [4, 20]. Numerous cases reported
in the literature were diagnosed at autopsy; many were
thought originally to be blood clots. In recent years, an
increasing number of publications have reported successful
surgical treatment of these patients [16]. Although adjuvant
chemotherapy and/or radiation were applied, most patients
died within a few months.

Zhao and coworkers have reported that the pathogen-
esis of PAS may involve overexpression of platelet-
derived growth factor α, as well as dysregulation of the
cell cycle due to overexpression of mdm2 (an inhibitor of
p53) and cdk4 (cyclin-dependent kinase 4, a regulator of
Cyclin D1, a cell proliferation marker) [3, 28]. Despite
these reports, the knowledge about the pathogenesis of
PAS is very limited.

Since the transcription of Cyclin D1 and Cyclin A are
induced by the Wnt-signaling pathway, we wanted to
investigate its role in the pathogenesis of PAS. Wnt is one of
the most important pathways in regulation of cell-cycle
progression, c-myc, Cyclin D1 and Cyclin A, during
embryonic development and cancer formation. The major
signaling pathway of these secreted, transforming glycopro-
teins involve stabilization of cytoplasmic β-catenin by
activation of Disheveled, which suppresses the negative
regulation of β-catenin by glycogen synthase kinase 3-β
(GSK-3β). Phosphorylation and ubiquitin-mediated degrada-
tion of β-catenin by GSK-3β are also dependent upon
interactions with a protein complex involving the adenoma-
tous polyposis coli (APC) protein. Stabilization leads to
nuclear and cytoplasmatic accumulation of uncomplexed
β-catenin, which binds to Tcf/Lef transcription factors,
subsequently activating the expression of nuclear target genes
(e.g., Cyclin D1 and c-myc) to establish the oncogenic
transformation [10]. Since Alman et al. showed that mutation
of APC frequently occurs in fibromatosis (so-called desmoid
tumor), the exploration of the APC/β-catenin system in
spindle cell neoplasms has attracted attention [1].

Thus, with our group of 18 PAS cases, we wanted to
observe their morphology, determine a useful classification,

and investigate possible involvement of the APC/β-catenin
pathway in these spindle cell tumors.

Materials and methods

Inclusion criteria

Cases coded as “pulmonary artery sarcoma”were culled from
the authors’ files. Excluded were cases that did not meet the
following inclusion criteria: The tumor had to be mesenchymal
and found partially or completely within the pulmonary
artery. The tumors had to show nuclear pleomorphism,
necrosis, and increased mitotic activity, including the
presence of atypical mitoses. Metastatic diseases from other
organs or primary sites were ruled out by clinical and
radiological examination. Patient data and follow-up were
obtained from the patient records and clinical history.

Immunohistochemical examination

Immediately after surgery, all tissue samples were fixed in
buffered formaldehyde (4%) and paraffin-embedded. Five-
micrometer sections were cut from at least two representative
tissue blocks from each tumor and tumor-free tissue. Immu-
nostainings were performed as follows: antibodies against
cytokeratin (1:250, Biomedicals AG Augst Switzerland),
EMA (1:20 DAKO, Hamburg, Germany), vimentin (1:500,
DAKO), desmin (1:20, DAKO), CD31 (1:10, DAKO), factor
VIII (1:1000, DAKO), CD34 (1:20, Serotec Ltd. Oxford
UK), α-smooth muscle actin (1:100, SIGMA-ALDRICH,
Deisenhofen, Germany), HMB45 (1:50, Eurodiagnostics,
NY, USA), S100 (1:500 DAKO), Ki-67 (1:50, DAKO),
Cyclin A (1:100; Clone 6E6 Novocastra, UK), Cyclin D1
(1:50; Clone SP4, LabVision/NeoMarkers, UK), and β-
catenin (1:50; BD Bioscience Inc; NJ, USA) were incubated
overnight using an immunostainer (Ventana NexES IHC,
Ventana, Medical Systems, Tucson, AZ). Microwave antigen
retrieval was utilized (four times for 4 min at 800 W in
0.1 mol/l citrate buffer, pH 6.0). To improve staining
sensitivity, a 3,3′-diaminobenzidine-enhanced detection kit
(Ventana) and an amplification kit (Ventana) were applied.
The tumor-free adjacent lung tissue with pulmonary artery
vessels as well as tissues from colon carcinomas served as
controls. For negative controls, primary antibodies were
omitted or replaced by non-specific immunoglobulins.

Macrodissection

Matched normal and tumor DNAwas isolated from formalin
fixed, paraffin-embedded tissue sections (tumor and
corresponding normal tissue, if available). Three representa-
tive 10-μm sections were cut, stained with methylene blue and
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the tumor was dissected by scalpel scraping under an inverted
microscope. Approximately 1 cm2 of tumor tissue was
digested with Proteinase K at 55°C for 24 h and the DNA
was then purified by the MagnaPure procedure (Roche
Diagnostics, Mannheim Germany).

LOH analysis at the 5q21.1 gene locus

The microsatellite marker used in this study and the
location was taken from the Genome Database (http://
gdbwww.gdb.org). The primers were obtained from Genset
SA (Paris, France). Matched normal/tumor DNA samples
were amplified by PCR in a 25 μl volume containing
0.2 mmol/l dNTP, 0.3 μmol/l primers, 1.5 mmol/l MgCl2,
0.5 U Taq polymerase (Roche Diagnostics GmbH,
Mannheim, Germany), using 100 ng isolated DNA as
template. The reaction mixture was subjected to 3 min of
denaturing at 95°C and 35 cycles of 95°C for 1 min, 55°C
for 1 min and 72°C for 1 min, followed by a final extension
step at 72°C for 10 min. PCR conditions were optimized by
gradient PCR and was carried out in a MJ Research
Thermocycler (PTC 100). Primer sequences were as follows:
D5S346 (5q21): 5′ACTCACTCTAGTGATAAATCG3′ and
5′AGCAGATAAGACAGTATTACTAGTT3′. One microliter
of amplified PCR product was applied to the ABI PRISM™
310 genetic analyzer using POP6 polymer. Automatic
fragment analysis was done using GeneScan™ 3.1.2
software (Applied Biosystems, Darmstadt, Germany).

Sequence analysis for β-catenin and APC

To screen for mutations in exon 3 of the β-catenin gene,
extracted genomic DNA was amplified by PCR. The
primers for exon 3 of the β-catenin gene (CTNNB1) were:

5′-GCTGATTTGATGGAGTTGGA-3′
5′GCTACTTGTTCTTGAGTGAA-3′.

The amplified PCR product included the “degradation
box” shown to contain all mutations in colorectal cancer. The
PCR reaction was performed under the following conditions:
denaturation for 5 min at 94°C, 35 cycles of denaturation for
30 s at 94°C, 30 sec annealing at 55°C and 30 s elongation at
72°C, followed by a final elongation step for 7 min at 72°C.
PCR products were purified by polyethylene glycol precipi-
tation (equal volume of PCR product and PEG-Mix contain-
ing 26% PEG8000, 0.6 mol/l Na acetate, pH 5.5, 6.6 mmol/
l MgCl2). Purified DNA was sequenced in both directions:

forward-primer 5′GGAGTTGGACATGGCCATGG3′
reverse-primer 5′CCTGTTCCCACTCATACAGG3′

in a PTC 100 MJ Research thermocycler (initial incubation
for 2 min at 96°C, 25 cycles of denaturation for 15 s at 96°C,
15-s annealing at 62°C and 4-min elongation at 60°C) using

the PRISM Ready Dye Terminator Cycle Sequencing Kit
(Applied Biosystems, Germany) and an Applied Biosystems
373 sequencer.

Codons 1260–1596 of the APC gene, containing the
mutation cluster region [MCS] were amplified by PCR in
all primary tumors showing LOH on chromosome 5q21:

codon 1260–1359 (5′CAGACTTATTGTGTAGAA
GA3′/5′CTCCTGAAGAAAATTCAACA3′)
codon 1339–1436 (5′AGGGTTCTAGTTTATCTT
CA3′ / 5′TCTGCTTGGTGGCATGGTTT3′),
codon 1417–1516 (5′GGCATTATAAGCCCCAGTG
A3′/5′AAATGGCTCATCGAGGCTCA3′)
codon 1497–1596 (5′ACTCCAGATGGATTTTC
TTG3′ / 5′GGCTGGCTTTTTGCTTTAC3′).

PCR conditions were as follows: denaturation for 3 min at
94°C, 35 cycles for denaturation for 1 min at 94°C, 1 min
annealing at 54, 56, 60, 56°C, and 50-s elongation at 72°C,
following a final step for 10 min at 72°C. Purified PCR
products were sequenced directly in both directions, as
described above, with primers and annealing temperatures
used for PCR amplification. Mutations or polymorphisms
detected were verified by sequencing both DNA strands of a
second independently generated PCR amplicon.

Microscopical analysis

All specimens were analyzed by light microscopy [Zeiss
Axioskop] by at least two of the authors (A.G. and B.B-L.
and J.C.F-S.). The extent of immunohistochemical staining
was estimated by counting the number of positive cells/ten
high-power fields (HPF). Only nuclear staining was
counted for Cyclin D1 and Cyclin A expression. Results
were classified according to five categories: 0, negative; 1,
between 1 and 25% of cells positive; 2, between 26% and
50% of cells positive; 3 between 51% and 75% of cells
positive; 4, between 76% and 100% of cells positive.

Statistical analyses were performed using SigmaPlot
11 (SPSS Software, Germany) and GraphPadPrism 4.0
(USA). Continuous variables not following the normal
distribution were compared between two or more
groups with the Mann–Whitney rank sum test. Survival
analysis of clinical parameters, APC, β-catenin, Cyclin
A and Cyclin D1 were analyzed for overall survival
(OS) and event-free survival (EFS). Univariate analyses
of time to death due to the sarcomas or time of
recurrence were established using the product-limit
procedure (Kaplan–Meier method), with date of histo-
logical diagnosis as the starting point. Patients who
died of other causes were censored at the time of death.
Differences between categories were tested by the log-
rank test. Statistically significant differences were
considered with p<0.05.
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Results

There were 11 males and seven females included in the
study. The patient ages ranged from 30 to 71, with a
median age of 52 years. Tumor sizes ranged from 1.5 to
19 cm. Clinical symptoms were non-specific including
coughing, chest or back pain, and weight loss. No patients
clinically had any other primary tumor. Patient follow-up
time ranged from 1 to 77 months with a median time of
14 months. Three patients developed local recurrence over
15 months (mean), 11 developed metastases to the lung,
one patient each to the brain, pleura, kidney, liver, and
bone marrow, over 16 months (mean) and two patients
were free of disease 42 months (mean) after primary
surgery. Two patients were lost to follow-up. All but one
tumor was completely excised. The exception was a
biopsy-only case. Twelve patients received chemotherapy
and/or radiation. The clinicopathological data are summa-
rized in Table 1.

Macroscopically, all specimens had a polypoid intra-
luminal tumor mass in the main artery or pulmonary trunk
extending distally along the branches of the pulmonary
arteries. In the seven pneumonectomy specimens, lung
infarctions at various stages of organization were present.

On histological examination, the intraluminal growth
pattern of the tumors was confirmed by microscopic
spreading of malignant spindle cells along the intima.

The neoplasms were morphologically categorized into
different subtypes as follows: four cases, designated
epithelioid type demonstrated predominantly pleomorphic
epithelioid tumor cells with cytoplasmic clear cell change in
three cases (Fig. 1a) and sclerosing features in one case
(Fig. 1b). The other tumors demonstrated predominantly
spindle cell morphology. Eight cases, designated myxofi-
brosarcoma-type, as these were morphologically comparable
to the previously described extremity myxofibrosarcoma
[18], revealed tumor lobules with myxoid change and
prominent ropy vasculature, dripping with atypical tumor
cells and observable mitoses (Fig. 1c). Four cases with high
cellularity, mitotic activity and necrosis, and a storiform
growth pattern, were designated as the malignant fibrous
histiocytoma type (MFH-type; Fig. 1d). One of these cases
had prominent myofibroblastic nodular whorls. One case,
demonstrating perivascular hyalinization and staghorn ves-
sels, was cellular with mitotic activity, reminiscent of a
malignant hemangiopericytoma and designated malignant
hemangiopericytoma-like (Fig. 1e) and another case showed
prominent chronic inflammation composed of lymphocytes
and a whorling myofibroblastic proliferation. This latter case
was designated as malignant inflammatory myofibroblastic
tumor-like (MIMFTlike, Fig. 1f). All sarcomas were graded
by the FNCLCC grading scheme, introduced by Coindre
et al. [6], a system based on differentiation, mitotic activity,

and necrosis. These intimal sarcoma subtypes correlated with
grade from low (MIMFTlike) to intermediate (myxofibrosar-
coma-type and the one malignant hemangiopericytoma-like
due to necrosis) to grade 2–3 (MFH-type) to high-grade
(epithelioid-type). The types and their grades are found in
Table 1.

The proliferation index ranged from 5% to 80% in
Ki-67 staining (Fig. 3a). The mitotic activity ranged from
1 to 35/10 HPF. Excessive tumor necrosis (>50%) was
present in four cases; necrosis was absent only in one case.
One case that was subclassified as MFH-type sarcoma
demonstrated focal osseous metaplasia. There was no
neoplastic bone or cartilage in any of the tumors.
Immunohistochemical stains showed consistent immuno-
reactivity for vimentin (18/18), rare to strong focal
immunoreactivity for smooth muscle actin (11/18) and
desmin (5/18). Smooth muscle actin and desmin were only
both positive in three cases, but these had myofibroblastic
rather than smooth muscle morphology and the markers
were only focal and not diffuse (a MFH-type, the
malignant hemangiopericytoma-like case, and a myxofi-
brosarcoma-type). No immunoreactivity was seen with
EMA, factor VIII, CD34, HMB45, or S100 protein. One
case was focally positive for cytokeratin but was also
positive for SMA. In addition, this case had a typically
hemangiopericytoma-like pattern showed clinically no
evidence of a primary carcinoma. Immunostaining with
CD31 was positive in tumor vessels, but one case also
showed rare focal positivity in the tumor cell population.
However, that case did not demonstrate any vasoformative
features of angiosarcoma, was CD34- and factor VIII-
negative, and the morphology was of an epithelioid-type
intimal sarcoma. The immunohistochemical results are
summarized in Table 2.

LOH Analysis of APC at 5q21.1 gene locus

DNA from all primary tumors and from matched normal
tissues from 14 cases was successfully investigated for
allelic deletion. Four cases without normal tissue were
designated non-informative. Allelic loss in the APC gene
locus was found in 4 out of 14 (28%) informative cases.
The occurrence of LOH at chromosome 5q21was present in
three epithelioid-type and one myxofibrosarcoma-type
tumor (Fig. 2a). One high-grade MFH-type sarcoma
displaying microsatellite instability (MSI; Fig. 2a) in this
region showed a wild-type gene for the APC locus.

Sequence analysis of the APC gene

The genomic region spanning codons 1260–1596 was
sequenced in all tumors that showed either allelic loss or
MSI at chromosome 5q21. Common sequence variation was
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Fig. 1 Microphotographs (HE staining) of high-grade epithelioid-type
PAS with clear cell features (a), and epithelioid-type PAS with
sclerosing features; inset shows atypical mitotic figures (arrow) (b).
An example of an intermediate grade myxofibrosarcoma-type PAS;
inset shows a mitotic figure (arrow; c), a spindled pleomorphic
malignant fibrous histiocytoma (MFH) type PAS with high cellularity,
collagenized stroma, necrosis, and numerous mitotic figures (arrow;

d). Another example of PAS with malignant hemangiopericytoma-like
features with high cellularity, cytologic atypia, staghorn vasculature
and prominent perivascular hyalinization and mitoses (arrow; e) and
low-grade chronically inflamed malignant inflammatory myofibro-
blastic tumor-like PAS; inset shows dense inflammatory infiltration
and a mitotic figure (arrow, f)
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found in six tumors displaying a silent single nucleotide
polymorphism (SNP) at codon 1493 [ACA/ACG] (see
Table 3 and Fig. 2b). The allelic distribution (58% wild-
type allele vs. 42% polymorphic allele) was very similar to
that described by Davies and Snover [7]. No other
mutations were detected in these cases.

Mutational analysis of the β-catenin gene
and immunohistochemistry of the β-catenin protein

Direct sequencing was used to detect mutations in exon 3 of the
β-catenin gene. No mutations were found in the 18 pulmonary
artery sarcomas (see Table 3). In addition, immunohistochem-

Fig. 2 Demonstration of LOH
in an epithelioid-type PAS
(case 5) and MSI in a MFH-type
PAS (case 7) at the APC locus
5q21.1 (a). Sequence analysis at
the MCS of the APC gene
revealed no mutations but
frequent single nucleotide
polymorphism (b)

Table 2 Immunohistochemical characterization of the sarcomas of the pulmonary artery

Patient Vimentin CD31 CD34 FVIII Desmin SMA Cytokeratin Ki-67%

#1 +++ − − − − ++ − 40
#2 +++ − − − − − − 40
#3 ++ − − − ++ − − 10
#4 + − − − − − − 40
#5 ++ − − − +++ − − 20
#6 ++++ + − − − − − 30
#7 +++ − − − + + − 60
#8 +++ − − − + + − 5
#9 +++ − − − − + − 70
#10 +++ − − −/+++ − + − 80
#11 +++ − − − − +++ − 20
#12 +++ − − − − ++ − 30
#13 +++ − − − − + + 50
#14 +++ − − − − + − 40
#15 +++ − − − + + − 50
#16 ++ − − − − − − 40
#17 ++ − − − − ++ − 30
#18 +++ − − − − − − 50

− Negative, + between 1 and 25% of tumor cells positive, ++ between 26% and 50% of tumor cells positive, +++ between 51% and 75% of
tumor cells positive, ++++ between 76% and 100% of tumor cells positive
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istry of β-catenin was carried out to investigate the status of
the Wnt-signaling pathway since inactivation of other
components in the Wnt-signaling pathway, such as APC and
Axin, is known to result in accumulation of β-catenin. The β-
catenin protein was present in the cytoplasm in 14 cases and
revealed in addition a partial membrane staining in three cases
(cytoplasm, 77%; membrane, 16%). One MFH-type sarcoma
had also scattered positivity in some nuclei of tumor cells
(Fig. 3b). This case also showed nuclear staining of Cyclin
D1 and A.

Immunohistochemistry of Cyclin D1 and Cyclin A

Immunohistochemistry with Cyclin D1 showed marked
nuclear staining in 1 case and weak signal in seven cases
(marked, 5%, weak, 39%; Fig. 3c) and none of these
cases revealed cytoplasmic staining. Of note is that all
myxofibrosarcoma-type tumors (grade 2/3) and two of the
MFH-type (grade 3/3) variants expressed Cyclin D1, all
associated with better outcome, either prolonged or com-
plete survival, but none of the other tumors demonstrated
Cyclin D1. We also performed immunohistochemistry,
using antibodies to Cyclin A and demonstrated marked
nuclear staining in three cases and weak staining in eight
cases (marked, 16%, weak, 44%; Fig. 3d). There was no
correlation found between Cyclin A and any of the defined
morphologic subtypes. Neither Cyclin D1 nor Cyclin A co-
located with any β-catenin expression.

Survival analysis

A correlation of overall (OS) and event-free survival (EFS)
was performed for Cyclin D1, Cyclin A, APC, and clinical
parameters. No significant difference in OS or EFS could
be detected for Cyclin A (p=0.905; p=0.258). In addition,
we did not observe a significant difference for APC p=0.79
and p=0.59), gender, age (<52 vs. >52 years) and grading
(G3 vs. G2), concerning EFS and OS. However, OS and
EFS were significantly greater in cases displaying at least
some positive cells for Cyclin D1 (OS, p<0.0047; EFS, p<
0.01; Fig. 4a and b). Three patients with a tumor positive
for Cyclin D1 were still alive without disease; four
individuals had much longer survival than patients with
other (Cyclin D1-negative) tumors. We also compared the
predominant phenotype in our series, myxofibrosarcoma-
like tumors with the other phenotypes of the classification.
There was a tendency towards a better survival rate for
MFS, but was not significant different (OS, p=0.113; EFS,
p=0.117; Fig. 4c and d).

Discussion

Pulmonary artery sarcoma (PAS), generally fatal, has
recently been treated surgically with some success and
cases with long-term survival [16]. However, its morphol-
ogy has not been systematically classified nor its patho-

Table 3 Mutation analysis and expression of molecules involved in the ß-catenin pathway in sarcomas of the pulmonary artery

Patient β-catenin nuclear/cytoplasm
membrane

Cyclin A
nuclear

Cyclin D1
nuclear

ß-catenin
mutation

LOH/
MSI

APC
mutation

Polymorphism codon
ACA/ACG

#1 −/+ + + − − − n.t.
#2 −/+ ++ − − LOH − ACG homozygous
#3 −/+ + − − − − n.t.
#4 −/+ + + − − − n.t.
#5 −/++ − − − LOH − ACG homozygous
#6 −/+ − + − − − n.t.
#7 +/+ ++ + − MSI − ACA/ACG heterozygous
#8 −/+ − − − − − n.t.
#9 −/− + ++++ − − − n.t.
#10 −/+++ +++ − − − − n.t.
#11 −/− + + − n.i. − n.t.
#12 −/+ − + − − − ACA homozygous
#13 −/− − − − n.i. − n.t.
#14 −/− − − − LOH − ACA homozygous
#15 −/+ + − − n.i. − n.t.
#16 −/+ − − − LOH − ACG homozygous
#17 −/+ + − − n.i. − n.t.
#18 −/+ + + − − − n.t.

− Negative; + between 1 and 25% of tumor cells positive, ++ between 26% and 50% of tumor cells positive, +++ between 51% and 75% of
tumor cells positive, ++++ between 76% and 100% of tumor cells positive, n.i. not informative, n.t. not tested
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genesis clearly understood. Our goal was to subclassify
these PAS and explore its Wnt pathway to attempt to better
understand the pathogenesis of the disease.

Based on morphology and the immunohistochemical
expression of vimentin and partial presence of either
smooth muscle actin or desmin, the tumors were designated
intimal sarcomas with myofibroblastic differentiation. Al-
though not specific, these findings are compatible with
current knowledge about the morphology of PAS indicated
in the literature [4, 13, 20]. Our findings are in line with the
reported literature emphasizing that the majority of intimal
sarcomas are poorly differentiated myxoid or pleomorphic
sarcomas with immunohistochemical and ultrastructural
signs of myofibroblastic differentiation [4, 13]. Myofibro-
blastic sarcomas comprise up to 80% of all reported intimal
PAS. The remaining tumors are true osteosarcomas,
chondrosarcomas, angiosarcomas, rhabdomyosarcomas or,

very rarely, liposarcomas [4, 11, 13, 20, 21]. None of our
cases contained malignant osteocartilaginous (one case did
demonstrate benign metaplastic bone), vascular, or smooth
muscle phenotype. This notion is also supported by the
absence of endothelial markers (CD31, CD34, or factor
VIII), as well as S100, in our pulmonary artery sarcomas.
McGlennen concluded that polyphenotypic expression of
several mesenchymal lineages suggests that the tumor
progenitor cell has pluripotential properties with several
possibilities of differentiation [17].

In addition, we could further subclassify our sarcomas into
five subcategories with morphologic distinct growth patterns
(clear cell/sclerotic epithelioid-type, pleomorphic malignant
fibrous histiocytoma-type, myxoid myxofibrosarcoma-type,
one case each malignant hemangiopericytoma-like and
malignant inflammatory myofibroblastic-like). Except for
previous reports of female predominance, the clinical

Fig. 3 Scattered tumor cells show nuclear positivity for the
proliferation-associated molecule Ki-67 (case 5, a). Focal nuclear
expression of β-catenin in the case displaying MSI at the APC locus
(case 7, b) was observed. Marked nuclear Cyclin D1 expression is
shown in a subset of tumor cells close to the invasion front (case 7, c).

This patient was alive 77 months after diagnosis emphasizing the good
outcome of these Cyclin D1 positive tumors; Similar results were
observed with staining for the Cyclin A protein (case 7, d; ABC
staining; DAB, magnification 20×)
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features we found including demographics and symptoms
were similar to those described for PAS [20].

TheWnt-signaling pathway, involving the tumor suppressor
gene, APC, aswell asβ-catenin, plays an important role during
embryogenesis and tumor formation. Since some genetic
syndromes (e.g., Gardner syndrome) showed an association
to polyposis and soft-tissue neoplasms, APC mutation has also
been studied in those tumors. It has been shown that mutations
of β-catenin are frequently observed in desmoid fibromatosis,
a spindle cell tumor with aggressive local behavior [5, 24].

In our 18 PAS cases, examination for allelic loss at the
APC locus revealed LOH in 28% of all tumors and only
one case had MSI at this site. Subsequently, tumors with
LOH showed a wild-type sequence (codon 1260 to 1596
containing the mutational cluster sequence) of the APC
gene, [27] and no mutation in exon 3 of β-catenin gene was
found. The only variant we found was a silent polymor-
phism at codon 1493 (ACA/ACG) of APC in six tumors.
The frequency of this polymorphism matches that reported
for the general population [7]. This is in line with Iwao
et al. who analyzed β-catenin mutations in 73 benign and
malignant bone and soft-tissue neoplasms showing muta-
tions in only less than 5% of the tumors [12]. They
demonstrated an accumulation of the β-catenin protein by
Western blot analysis in their series. The PAS in our study
revealed frequent cytoplasmic and membranous staining,
indicating that the protein may be accumulated within the
cell but is only transferred to the nucleus in the one case
with MSI. Others have found β-catenin expression exclu-
sively at the cell membrane of epithelioid sarcomas while
genetic mutations of the β-catenin gene were absent [22].

These data support the view that genetic alterations of the
β-catenin/APC pathway are rare events in spindle cell
neoplasms, except for desmoid fibromatosis [2]. In a
previous investigation, eight tumors from the current series
were studied by CGH analysis, displaying no deletions at
the long arm of chromosome 5 [3]. Results from the current
study emphasize that the infrequent LOH at chromosome
5q21 and the absence of APC mutations, provide arguments
against the involvement of the APC/β-catenin pathway in
the pathophysiology of PAS.

Some proteins of the cyclin family such as Cyclin D1
and Cyclin A are known to be transcriptionally up-
regulated by β-catenin [25]. The current study demon-
strates nuclear expression for Cyclin D1 in eight PAS cases;
all but one of these cases were myxofibrosarcoma-type and
had no alteration of the APC gene, except the MSI case
(MFH-like), which was also positive for Cyclin D1. This
may emphasize that myxofibrosarcoma-type PAS, the most
prevalent type in our series, is a distinct subset of intimal
sarcoma. Cyclin D1 protein is known to be strongly
associated with cyclin-dependent kinase 4 (cdk4) during
cell-cycle progression [23]. Previously, we detected a gene
amplification of the cdk4 gene in these sarcomas, support-
ing a possibility that expression of Cyclin D1 may be
associated with cdk4 overexpression in our PAS series [28].
This warrants further study.

Cyclin D1 has not always been associated with a
favorable prognosis. While Molendini et al. found a poor
EFS and OS in patients with osteosarcoma lacking Cyclin
D1 expression [19] others have shown that Cyclin D1 is
correlated with a worse prognosis in a series of soft-tissue

Fig. 4 Survival analysis
revealed a significant correlation
with overall survival (p=0.0047;
a) and event-free survival (p=
0.01; b) for Cyclin D1. Patients
having a myxofibrosarcoma-like
phenotype had a slightly better
EFS and OS than the other MFH
and epithelioid phenotypes
which was not significant
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sarcomas, supporting the view that Cyclin D1 overexpres-
sion may determine the evolution of an aggressive subset of
soft-tissue sarcomas [14]. However, it is well known that
Cyclin D1 is not only involved in cell-cycle progression
from G1 to the S phase but also in apoptosis. For example,
it has been shown that overexpression of Cyclin D1
sensitizes breast cancer cells to radiation or drug-induced
apoptosis [29]. All except one of our patients, who were
positive for Cyclin D1, received chemotherapy and/or
radiation therapy. Therefore, it is likely that expression of
this molecule may contribute to a better response to
adjuvant therapy.

In summary, PAS in our series is mainly seen in adult men
at the mean age of 52. These tumors are centrally located in
the pulmonary trunk and extend luminally into the main
pulmonary artery branches. Morphologically, they are usually
intermediate- to high-grade epithelioid-type, MFH-type, or
myxofibrosarcoma-type intimal sarcomas. Alternations of the
Wnt/β-catenin pathway do not appear to be causally involved
in the pathophysiology of PAS, although LOH at the APC
locus occurs. Target genes of β-catenin such as Cyclin D1 are
overexpressed particularly in the myxofibrosarcoma-type.
The transcriptional activation of Cyclin D1, however, is most
likely due to factors other than β-catenin.
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Abstract CD34+ fibrocytes are constitutive elements of the
human connective tissue. The stroma associated with
invasive carcinomas is characterized by a stereotypic loss
of CD34+ fibrocytes and a phenotype change towards
CD34− α-Smooth muscle actin (SMA)+ myofibroblasts.
Secreted protein acidic and rich in cysteine (SPARC) is an
important mediator of tumor-associated stromal remodel-
ing. Melanocytic lesions of the skin have not been
investigated as to this aspect up to now. Thus, we
investigated a total of 20 malignant melanomas and 29
melanocytic nevi. The normal dermis and benign melano-
cytic nevi showed numerous CD34+ fibrocytes, whereas
malignant melanomas were devoid of this cell type. α-
SMA-positive myofibroblasts were absent from the normal
dermis, melanocytic nevi, and malignant melanomas.
SPARC was positive in malignant melanoma cells and
negative in their associated stroma, while all melanocytic
nevi were completely negative. The stromal phenotype of
malignant melanomas (CD34− α-SMA−) differs from that of
invasive carcinomas (CD34− α-SMA+) suggesting different
pathogenic mechanisms involved in tumor-associated stro-
mal remodeling. SPARC expression appears to be closely
related to malignancy in melanocytic lesions.

Keywords Melanocytic nevus .Malignant melanoma .

Stroma . CD34 .α-SMA . SPARC

Introduction

CD34+ fibrocytes are widely distributed within the stroma of
the gastrointestinal [1–3], respiratory [4], and upper aero-
digestive [5] and urogenital tract [6, 7]. The breast stroma is
also mainly composed of CD34+ fibrocytes [8–12]. The first
descriptions of this cell type occurred in studies dealing with
the immunohistochemical phenotype of the dermis and
differential diagnosis of cutaneous appendage tumors and
basal cell carcinomas [13–15]. At that time, the histogenesis
of CD34+ fibrocytes as well as their precise function in the
dermal stroma remained unclear. In 1994, Bucala and
coworkers showed that CD34+ fibrocytes are derived from
circulating CD14-positive monocytes and invade areas of
stromal damage [16], where they are involved in tissue repair
owing to their capability of collagen I and III synthesis as
well as antigen presentation [17, 18]. In the stroma adjacent
to and within invasive carcinomas, CD34+ fibrocytes
undergo morphologic and phenotypic alterations character-
ized by the adoption of a plump myofibroblast-like appear-
ance and loss of CD34 expression accompanied by a gain of
α-smooth muscle actin (SMA) expression [1, 5, 6, 8–12].
The underlying mechanisms precipitating this stromal
phenotype change are far from being understood, but the
matricellular secreted protein acidic and rich in cysteine
(SPARC) has been claimed to play a pivotal role in tumor-
associated stromal remodeling as well as in the regulation of
tumor growth [9, 19, 20].

Stromal remodeling characterized by a loss of CD34 and
gain of α-SMA expression virtually occurs in all primary
tumor sites and histologic types of carcinoma [10]. Merely,
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in diffuse gastric carcinomas and a subpopulation of
invasive lobular carcinomas of the breast, stromal CD34
expression appears to be preserved [3, 11]. Nevertheless, it
has been claimed that the analysis of the CD34+ fibrocyte
population might aid in distinguishing benign and malig-
nant lesions of the breast such as radial scars and tubular
carcinomas which may pose severe diagnostic challenges
[21]. Moreover, it has been proposed that early stromal
invasion in in situ carcinomas of the uterine cervix can be
easily visualized by detection of a loss of CD34+ fibrocytes
[6]. However, the precise diagnostic impact of CD34+

fibrocytes as well as the pathogenic mechanism underlying
the tumor-associated stromal phenotype change requires
further scrutiny. As we have stated, the first morphologic
investigations on CD34+ fibrocytes were done regarding
skin appendage and epidermal tumors. Therefore, it is
astonishing that studies pertaining to the CD34+ fibrocyte
population in benign and malignant melanocytic lesions of
the skin have not been published up to now. Therefore, the
present study was undertaken to explore benign and
malignant melanocytic lesions as to the presence of CD34
fibrocytes and α-SMA-positive myofibroblasts. Moreover,
it should be analyzed whether a stromal phenotype change,
comparable to that observed in most invasive carcinomas,
also occurs in melanocytic lesions. We further hypothesized
that SPARC might be involved in the development of
melanocytic nevi and malignant melanomas and thus we
additionally investigated the expression of this matricellular
protein in stromal, nevus, and melanoma cells.

Materials and methods

The present study comprises a total of 49 patients with benign
and malignant cutaneous melanocytic lesions. Twenty-nine
patients had benign melanocytic nevi, comprising of 21
dermal and eight compound nevi. The remaining 20 cases
were malignant melanomas. Among these, ten were superfi-
cially spreading melanomas, three lentiginous melanomas
and seven nodular melanomas. The major patient and tumor
characteristics are summarized in Table 1. In all cases, tumor-
free tissue was available for comparison as the lesions were
completely excised with an appropriate rim of normal skin
providing tumor-free surgical resection margins. After
excision, tissues were fixed in a 10% formalin solution,
embedded in paraffin, cut at a thickness of about 7 μm, and
stained with hematoxylin and eosin for routine purposes.

Immunohistochemistry

CD34, α-SMA, and SPARC were detected immunohisto-
chemically by means of the standard avidin biotin complex
(ABC)-peroxidase method (ABC Elite Kit; Vector, Burlin-
game, CA, USA) using 3,3’-diaminobenzidine as chromo-
gen and, separately, the standard ABC-alkaline phosphatase
method (ABC-AP Kit; Vector, Burlingame, CA, USA) with
Histo Red (Linaris, Wertheim—Bettingen, Germany) as
chromogen. The latter method was chosen since it yields a
bright red reaction product clearly distinct from melanin.
Primary antibodies used and methods of tissue pretreatment
are listed in Table 2. The sections were then seen by three
independent observers with respect to the occurrence of
CD34 and α-SMA-positive stromal cells. SPARC expres-
sion was separately assessed in stromal and tumor cells.

Results

Normal skin

The majority of dermal stromal cells were CD34+ fibro-
cytes. In the reticular dermis, CD34+ fibrocytes were
numerous and exhibited a mostly bipolar shape with
delicate cytoplasmic processes arranged in parallel to the
adjacent epidermis. Sweat glands and hair follicles were
surrounded by densely packed CD34+ fibrocytes forming a

Table 1 Characteristics of malignant melanomas investigated (n=20)

Characteristics Number

Histologic type
SSM 10
LMM 3
NM 7
Clark level
II 1
III 5
IV 7
V 7
Breslow index
<1 mm 7
>1 and <2 mm 3
>2 and <4 mm 6
>4 mm 4

Table 2 Antibodies applied for immunohistochemistry and type of tissue pretreatment

Antibody (clone) Source Dilution Tissue pretreatment

CD34 (Qbend 10) Dako, Hamburg, Germany 1:50 Microwave 3×5 min, 600 W; 10-mM sodium citrate buffer (pH 6.0)
SPARC (15G12) Novocastra, UK 1:40 Microwave 3×5 min, 600 W; 10-mM sodium citrate buffer (pH 6.0)
α-SMA (ASM-1) Progen, Heidelberg, Germany 1:200 0.1% trypsin Tris–HCl 15 min 37°C
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reticular network (Fig. 1a). The highest number of CD34+

fibrocytes was found around the isthmus of the hair follicle
where they were closely located to CD34-reactive epithelial
cells of the external root sheath (Fig. 1a inset). Few CD34+

fibrocytes were detected in the papillary dermis, predom-
inantly neighboring capillaries and the infundibulum of
hair follicles. α-SMA-positive stromal cells were absent
from the normal dermis. SPARC expression was absent
from the epidermis, normal melanocytes, skin appendages,
and dermal stromal cells, but capillary endothelium
displayed cytoplasmic SPARC immunoreactivity (Table 3).

Melanocytic nevi

The stroma adjacent to and within dermal nevi harbored
CD34+ fibrocytes at an amount equal to that observed in
the normal dermis. Individual nevus cells and clusters of
nevus cells were intimately surrounded by a delicate
network of CD34+ fibrocytes resulting in a nest-like
appearance (Fig. 1b). Compound nevi displayed a more
complex distribution of CD34+ fibrocytes. The superficial
portion of compound nevi showed scarce CD34+ fibro-
cytes, whereas the nevus cells located in the reticular

dermis were surrounded by densely packed CD34+

fibrocytes (Fig. 1c). Morphologically, the CD34+ fibro-
cytes associated with nevi resembled those occurring in
the normal dermis. α-SMA-positive myofibroblasts were
not observed in the stroma of melanocytic nevi (Fig. 1d).
According to the normal skin, the stroma associated with
melanocytic nevi displayed no SPARC expression (Fig.
2a). There was also no SPARC expression in the nevus

Table 3 CD34+ fibrocytes, α-SMA-positive myofibroblasts, and
SPARC expression in the normal dermis, melanocytic nevi, and
malignant melanomas

Normal
dermis,
n=49

Melanocytic
nevi,
n=29

Malignant
melanoma,
n=20

CD34+ fibrocytes 49 29 0
α-SMA-positive
myofibroblasts

0 0 0

SPARC Stromal cells 0 0 0
Nevus cells 0
Tumor cells 20

Fig. 1 The dermis harbors nu-
merous CD34+ fibrocytes (a).
Epithelia of the external root
sheath display strong CD34 im-
munoreactivity (a, inset).
CD34+ fibrocytes surround nests
of nevus cells in a melanocytic
nevus (b). Compound nevi show
stromal CD34+ fibrocytes in
their deep portion located within
the reticular dermis (bottom),
whereas in the superficial por-
tion CD34+ fibrocytes are scarce
(top, c). The stroma of melano-
cytic nevi is devoid of α-SMA-
positive myofibroblasts. Note
positive α-SMA staining of
vessels (d). The interface be-
tween melanomas and tumor-
free dermis displays an abrupt
loss of CD34+ fibrocytes (e). No
α-SMA-positive myofibroblasts
occur in melanomas. Note posi-
tive staining of vascular smooth
muscle with α-SMA (f). In e
and f, melanin pigment (brown)
appears in histiocytes and mela-
noma cells
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cells, merely histiocytes located in the dermis and
endothelial cells displayed SPARC reactivity (Table 3).

Malignant melanomas

The stroma of all melanomas investigated harbored neither
CD34 (Fig. 1e) nor α-SMA-reactive stromal cells (Fig. 1f).
In lesions infiltrating the reticular dermis, there was a clear-
cut interface between the tumor and the adjacent tumor-free
stroma characterized by an abrupt loss of CD34 expression
within the tumor-associated stroma (Fig. 1e). CD34
immunoreactivity was not observed in the melanoma cells.
Unlike the nevi, all malignant melanomas displayed strong
SPARC expression in equal to or more than 50% of the
tumor cells. In neither case was stromal SPARC expression
observed (Fig. 2b, Table 3).

Discussion

In the last two decades, several authors reported on the
presence of CD34-positive stromal cells within the dermis
[13–15]. The first of these studies were purely descriptive
and the histogenesis and putative function of this cell
population remained enigmatic. Subsequent studies showed
that dermal CD34+ fibrocytes are derived at least partly
from circulating fibrocytes being capable of tissue invasion
and are implicated in wound healing [16]. CD34+ fibro-
cytes also play an important role in diseases of the skin
such as systemic sclerosis and nephrogenic fibrosing
dermopathy [22]. Moreover, various cutaneous and subcu-
taneous tumors such as dermatofibrosarcoma protuberans
[23], angiomyofibroblastomas and angiomyxomas [24],
lipomatous tumors [25, 26], and trichodiscomas [27] have
been claimed to be histogenetically linked to CD34+

fibrocytes.
The present study is the first to give a description of

CD34+ fibrocytes in the normal dermis and benign and
malignant melanocytic lesions. In the normal dermis, the
distribution of CD34+ fibrocytes closely resembles that
observed in organs such as the breast and pancreas where
CD34+ fibrocytes are found in close vicinity to glands and

ducts as well as vessels [1, 8–12, 21]. The skin recapitulates
this distribution pattern as dermal CD34+ fibrocytes are
mostly found around hair follicles, skin appendages, and
vessels. Merely, the papillary dermis displays only scarce
CD34+ fibrocytes.

The analysis of the dermal CD34+ fibrocyte population has
been shown to be a valuable tool in distinguishing benign
and malignant skin appendage tumors such as trichoepithe-
lioma and basal cell carcinomas [14, 15]. Herein, we show
that this may also be true for melanocytic lesions as
malignant melanomas show a loss of CD34+ fibrocytes
whereas this cell population is preserved in melanocytic
nevi. However, the diagnostic utility of the stromal CD34
expression may be affected by the fact that a subpopulation
of malignant melanoma cells may be CD34 reactive [28]. In
the cited study, up to 30% of malignant melanomas harbored
CD34-positive melanoma cells. Regarding the results of the
present study in which no CD34-reactive melanomas cells
were found, this value appears exceedingly high. Whatever
the reasons of this apparent discrepancy, CD34-positive
melanomas cells should be kept in mind when analyzing
CD34 expression of malignant melanomas and their associ-
ated stroma by means of immunohistochemistry. On the
other hand, the diagnosis of malignancy in a questionable
melanocytic lesion should not be based on the sole loss of
the stromal CD34 expression since in the superficial portion
of dermal nevi CD34 fibrocytes are scarce.

Stromal remodeling associated with malignant melanomas
differs from that observed in most invasive carcinomas as the
loss of CD34+ fibrocytes is not paralleled by a gain of stromal
α-SMA-positive myofibroblasts. Differences were also ob-
served concerning SPARC expression. In contrast to invasive
ductal carcinomas of the breast [9] and urothelial carcinomas
[7], stromal cells associated with malignant melanomas were
devoid of SPARC expression. Vice versa, in all malignant
melanomas investigated, at least 50% of the melanoma cells
displayed strong SPARC expression which was not observed
in the carcinoma cells [7, 9]. SPARC exerts a multitude of
functions such as regulation of tumor cell growth and stromal
deadhesion [18, 19]. Intracellular SPARC in melanoma cells
plays a crucial role in the regulation of tumor cell
proliferation whereas extracellular SPARC does not [29].

Fig. 2 Immunohistochemically,
SPARC is not found in melano-
cytic nevi whereas the vascular
endothelium is SPARC reactive
(a). Melanomas show strong
cytoplasmic SPARC staining.
Stromal cells and the epidermis
(to the left) are devoid of
SPARC immunoreactivity (b)
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Moreover, downregulation of intracellular SPARC in mela-
nomas has been shown to precipitate an inflammatory host
response directed against the tumor [29]. In the cited study,
stromal remodeling was also related to SPARC secretion by
the tumor cells. These data are in keeping with our findings as
all melanomas displayed cytoplasmic SPARC expression
whereas melanocytic nevi did not. Thus, it appears justified
to claim that SPARC plays a pivotal role in stromal
remodeling associated with malignant melanoma. Addition-
ally, SPARC expression in a melanocytic lesion apparently
indicates malignancy.

Meanwhile, it has been well documented in a number of
studies that the loss of stromal CD34 expression is a
common feature of carcinomas irrespective of their primary
site and histologic type. The present study documents that
this is also the fact in malignant melanomas underlining the
assumption that the stereotypic loss of CD34 might be of
importance for the development of invasive tumors.
However, the underlying and precipitating events of the
stromal CD34 loss as well as their consequences for the
course of a malignant tumor are far from being understood
and should prompt further scrutiny.
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Abstract The helicase-like transcription factor (HLTF)
belongs to the SWI/SNF family of proteins that use the
energy from adenosine triphosphate hydrolysis to remodel
chromatin during a variety of cellular processes. HLTF is also
involved in DNA repair. Using computer-assistedmicroscopy,
the immunohistochemical expression of HLTF was deter-

mined using a series of 100 hypopharyngeal and 56 laryngeal
squamous cell carcinomas (SCCs) compared to tumor-free
epithelia (60 cases) and dysplasias (92 cases). In hypophar-
yngeal SCC tumor progression, increased HLTF expression
was associated with the percentage of immunopositive
epithelial tissue areas (p=0.02) and the staining intensity of
the positive area (p=0.0005). In the cases of laryngeal
lesions, the immunolabeling intensity of HLTF significantly
decreased with malignancy (p=0.01). We also observed a
significant shift of HLTF expression from the cytoplasm
toward the nuclear compartment (p=0.0007). Our data reveal
an association between the presence of HLTF and neoplastic
progression of hypopharyngeal and laryngeal SCCs.

Keywords Head and neck carcinoma . HLTF.

SWI/SNF protein . Dysplasia . Malignancy

Introduction

Perturbations in the regulation of gene expression, includ-
ing changes at the level of DNA methylation and chromatin
structure, are associated with carcinogenesis, and several
oncogenes or tumor suppressor genes are affected by such
alterations [1]. Mating type switching/sucrose non-fermenting
proteins (SWI/SNF) are large protein complexes that
contribute to chromatin remodeling by altering nucleosome
positioning [1]. Their enzymatic activity is provided by
SWI/SNF subunits that harbor a DNA helicase-like domain
and function as DNA-dependent adenosine triphosphatases.
Several studies have demonstrated that SWI/SNF proteins
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may be linked to the development of human cancer and
may function as tumor suppressors [2]. For example, the
SNF5 subunit, which is present in all known variants of the
SWI/SNF complex, is specifically inactivated or mutated in
atypical teratoid and malignant rhabdoid tumors, two
highly aggressive cancers of early childhood [3]. HLTF, a
member of the SWI/SNF family, is involved in cancer
progression in two ways involving either epigenetic
silencing by DNA methylation or overexpression [1].
HLTF promoter methylation was first reported by Moinova
et al. in colon cancer [2]. They demonstrated that all colon
cancer cell lines lacking HLTF gene expression exhibited
CpG methylation within the putative HLTF promoter and
also that HLTF gene methylation was detected in 43% of
primary colon cancers [2]. Several studies have confirmed
HLTF promoter hypermethylation in human colorectal
cancers [4–8], and other groups have described the same
features in gastric [9–12], esophageal [13], and uterine
cancers [14], suggesting that HLTF silencing may play a
critical role in cancer. In esophageal squamous cell
carcinoma (ESCC), HLTF methylation was detected in
only one out of 40 samples, suggesting that HLTF was not
a common target for methylation and epigenetic gene
silencing in ESCC [13]. We recently investigated HLTF
expression in a hamster model of kidney tumors induced by
diethylstilbestrol (DES) and demonstrated that HLTF was
induced very early during the tumor progression (after
2 months of DES treatment) in small pre-neoplastic buds
[15]. Our data thus suggested that HLTF gene activation was
linked to the initial steps of carcinogenesis and should be
investigated in early stages (dysplasia) of other human
cancers. HLTF therefore seemed to act as either a positive
or negative regulatory factor in tumor development, depend-
ing on the histological type and stage of the tumor [1].

In the present study, we used quantitative immunohisto-
chemistry to examine 100 cases of hypopharyngeal SCCs
(HSCCs) and 56 cases of laryngeal SCCs (LSCCs) in
comparison to normal controls [60 cases of tumor-free
epithelium (TF_E)] and dysplastic tissues [92 cases grouping
low-grade (Low_D) and high-grade (High_D) dysplasias]
from peritumoral regions to answer the following questions:
(1) Do HLTF expression levels change during the course of
the disease? (2) Where is HLTF detected in the cell, and is
this location altered during disease progression?

Materials and methods

Patient characteristics

The cases of 156 patients, 100 with HSCC and 56with LSCC,
who underwent surgery aimed at curative tumor resection,
were studied. They were obtained by retrospective compila-

tion (January 1989 to December 2001) from the records of the
Ear–Nose–Throat Department of the Hôpital Claude Huriez
(Lille, France). The description of the tumor status was based
on the histopathological grade of tumor differentiation (criteria
defined in [16] and the tumor–node–metastases (TNM)
staging classification [17]). The 100 HSCCs and 56 LSCCS
studied came from patients who did not undergo chemo-
therapy and/or radiotherapy before surgery (see clinical data
in Table 1). Patients suffering from SCCs localized at other
sites of the head and neck area were excluded from the study.

Table 1 Clinical data

Variable High
stage
HSCCs,
stage IV
100 cases

Low stage
LSCCs,
stages I &
II
40 cases

High stage
LSCCs,
stage IV
16
cases

Age (years)
Range 40–78 36–88 43–78
Average 55 57 57
Sex (cases)
Male 90 40 16
Female 10
Site (cases)
Supraglottic area 5 9
Glottic area 30
Supraglottic and glottic areas 5 4
Subglottic and glottic areas 3
Piriform sinus 80
Postcricoid area 17
Posterior wall 3
Histological grade (cases)
Well differentiated 52 34 10
Moderately differentiated 36 5 6
Poorly differentiated 12 1
TNM stage (cases)
T1N0M0 31
T2N0M0 11
T2N2M0 8
T3N2M0 8
T4N0M0 15 9
T4N1M0 9 3
T4N2M0 56 4
T4N3M0 4
Tumor treatment (cases)
Co2 laser cordectomy 8
Frontolateral laryngectomy 2
Vertical partial laryngectomy 4
Supracricoid partial
laryngectomy

23 3

Supraglottic laryngectomy 3
Total laryngectomy 13
Partial pharyngolaryngectomy 9
Total pharyngolaryngectomy 71
Circular pharyngolaryngectomy 10
Esopharyngolaryngectomy 10
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In the vicinity of the tumor, we have also identified (with
the help of XL, a head and neck pathologist) and analyzed
60 cases of tumor-free epithelium and 92 cases of
dysplasia. The 60 cases of TF_E were composed of 27
hypopharyngeal cases and 33 laryngeal cases, whereas the
92 cases of dysplasia were composed of 48 hypopharyngeal
cases (eight cases of low-grade dysplasia and 40 cases of
high-grade dysplasia, defined below under “Definition of
low- and high-grade epithelial dysplasias”) and 44 laryn-
geal cases (11 cases of low-grade dysplasia and 33 cases of
high-grade dysplasia). For the hypopharyngeal epithelia, we
have compared 12 cases of healthy epithelium (these
epithelia were cut off during a procedure of pharyngoplasty
performed for snoring) and 15 cases of TF_E).

Anti-HLTF serum

Two human HLTF variants are expressed from the same
open reading frame and differ only in the translation start
site (Met1 or Met123) [18]. The rabbit antiserum (ART2)
specific for the HLTFMet1 variant was raised against a
peptide (VIPPDDFLTSDEEVD) from the amino-terminal
sequence which is missing in the shorter Met123 variant
(residues 42–56), as described by Debauve et al. [15].

Cell culture

Cell lines (HeLa, Detroit 562, FaDu, RPMI 2650, SCC9,
SCC-VII, and RKO) were maintained at 37°C in an incubator
with 5% CO2. Cells were grown in T75-flasks (Orange
Scientific, Braine-l’Alleud, Belgium) containing Dulbecco’s
modified essential medium for Detroit 562, FaDu, RPMI
2650, SCC9, and SCC-VII cell lines (DMEM, BioWhittaker
Europe, Verviers, Belgium) or McCoy medium for the RKO
cells. Media was supplemented with 10% fetal bovine serum
(FBS, HyClone, Logan, Utah), 2 mM L-glutamine, 100 U/ml
penicillin G, 100 μg/ml streptomycin, and 0.25 μg/ml
amphotericin B (DMEM-FBS; supplements from Bio-
Whittaker or Gibco-Invitrogen, Merelbeke, Belgium). Cell
cultures were passaged once a week (split ratio 1:300) and
fed fresh media every 2–3 days. For routine subculture
and cell plating in preparation of immunofluorescence
studies, cells were incubated with trypsin-ethylenediamine
tetraacetic acid solution, suspended, and counted in a model
Z1 Coulter counter.

Immunohistochemistry

All tumor samples were fixed for 24 h in 10% formalde-
hyde, dehydrated, and embedded in paraffin. Immunohis-
tochemistry was performed on 5-μm-thick sections mounted
on silane-coated glass slides [19]. Before starting the
immunohistochemistry protocol, dewaxed tissue sections

were briefly exposed to microwave pretreatment in a
0.01 M citrate buffer (pH 6.0) for 2×5 min at 900 W. The
sections were then incubated with a solution of 0.4%
hydrogen peroxide for 5 min, rinsed in phosphate-buffered
saline (PBS; 0.04 M Na2HPO4, 0.01 M KH2PO4, 0.12 M
NaCl, pH 7.4), and exposed for 20 min to solutions
containing avidin (0.1 mg/ml in PBS) and biotin (0.1 mg/ml
in PBS). After thorough washing with PBS, the sections were
incubated for 20 min with 0.5% casein in PBS and
sequentially exposed at room temperature to solutions of (1)
the specific primary anti-HLTF antibody; (2) the
corresponding biotinylated secondary antibody (polyclonal
goat anti-rabbit IgG); and (3) the avidin–biotin–peroxidase
complex (ABC kit). Incubation steps were alternated with
washing steps to remove unbound proteins. Antigen-dependent
presence of the peroxidase complex in the sections was
visualized by incubation with chromogenic substrates contain-
ing diaminobenzidine and H2O2. After rinsing, the sections
were counterstained with luxol fast blue and mounted with a
synthetic medium. To exclude antigen-independent staining,
the incubation step with primary/secondary antibodies was
omitted from the protocol in controls. In all cases, these
controls were negative. The biotinylated secondary anti-
bodies and ABC kit came from DakoCytomation (Glostrup,
Denmark). We defined a tumor exhibiting HLTF labeling
exclusively in the cytoplasm of all the cells as having a
cytoplasmic location and a tumor showing at least 5% of the
cells with HLTF in the nucleus as having nuclear localiza-
tion. In this latter group, most cells presented concomitant
nuclear and cytoplasmic labeling.

Definition of low- and high-grade epithelial dysplasias

Morphological characteristics of dysplasia include in-
creased cellular density associated with a large number of
mitotic figures in the vicinity of the basal layer, irregular
maturation, loss of polarity, and dyskeratosis. Cytologically,
dysplasia is characterized by an increased ratio of nuclear to
cytoplasmic area, anisocytosis, poikilocytosis, nuclear
polymorphism, chromatin condensation, and large nucleoli,
features sometimes associated with atypical mitotic figures.
Low-grade dysplasia, comprising mild and moderate
dysplasia, presents atypical features extending over the
lower or middle third of the epithelium [20]. High-grade
dysplasia, covering severe dysplasia and carcinoma in situ,
extend over the entire thickness of the epithelium [20].

Computer-assisted microscopy

After the immunohistochemical steps, the levels of HLTF
expression were quantitatively determined using a comput-
er-assisted KS 400 imaging system (Carl Zeiss Vision,
Hallbergmoos, Germany) connected to a Zeiss Axioplan
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microscope [21]. For each microscopic field, we focused
analysis on the epithelial region using computer-assisted
morphometry after interactive identification. We scanned 15
fields covering a surface area ranging from 60,000 to
120,000 μm2. Quantitative analysis of the immunohisto-
chemical staining for a given marker yielded data on two
variables: the labeling index (LI), i.e., the percentage of
immunopositive tissue areas, and the mean optical density
(MOD), i.e., staining intensity of positive cells [21]. For

each case of dysplasia (low or high grade), an author (XL)
specialized in this diagnostic procedure defined the respec-
tive fields within peritumoral areas.

Immunofluorescence staining of cultured cells

For cell immunostaining, 12-well plates containing sterile
round glass coverslips (15-mm diameter) were seeded at a
density of 5×103 cells/mm2. After 3 days of growth, cell

Fig. 1 a–f Immunohistochemi-
cal staining profile for HLTF in
hypopharynx (a, c, e, g) and
larynx (b, d, f, h), respectively.
The antigen was localized in
normal epithelium (TF_E, a),
low-dysplasia (Low_D, c), and
high-dysplasia (High_D, e) in
areas surrounding hypopharyng-
eal carcinomas (CA, g). b, d, f
HLTF staining demonstrated in
TF_E (b), Low_D (d), and
High_D (f) in areas surrounding
laryngeal CA (h). Hematoxylin–
eosin, magnification a–h ×320
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cultures were rinsed with Dulbecco’s PBS (DPBS) and fixed
at 4°C in 4% paraformaldehyde in DPBS for 15 min. The
fixative was replaced by DPBS, and cells were kept at 4°C
until immunostaining was carried out. HLTF-containing
immunocomplexes were demonstrated by incubating cell
preparations with a mixture of biotinylated swine anti-rabbit
immunoglobulin antibodies and fluorescein isothiocyanate-
conjugated goat anti-rabbit immunoglobulin antibodies [F
(ab)2 fragments; Dakocytomation, Glostrup, Denmark]. The
preparations were mounted in Vectashield (Vector Laborato-
ries, Burlingame, CA, USA). Immunostained sections were
examined on a Leitz Orthoplan fluorescence microscope
(Ploem system), and representative fields were recorded with
a digital camera (Leica DC 300F).

Controls for the specificity of immunolabeling included the
omission of the primary antibody or the substitution of non-
immune sera for the primary antibodies. The specificity of
anti-HLTF immunostaining was also examined with primary
antibodies previously incubated with the synthetic peptide
used as antigen. In each case, these controls were negative.

Data analysis

Independent groups of quantitative data were compared
using the nonparametric Kruskall–Wallis (more than two
groups). In the case of significant Kruskall–Wallis tests,
post hoc tests (Dunn procedure) were used to compare pairs
of groups (to avoid multiple comparison effects). The
relationships between the qualitative (or ordinal) variables

analyzed (e.g., cytoplasmic location vs. nuclear and
cytoplasmic location) were studied by means of contingen-
cy tables. The significance of the potential associations was
evaluated using the χ2 or the exact Fisher test (in the 2×2
cases). All the statistical analyses were carried out with
Statistica software (Statsoft, Tulsa, USA).

Results

Expression of HLTF during tumor progression
of hypopharyngeal and laryngeal SCCs

The morphological examination of different tissue samples
[including tumor-free epithelia, dysplasias, and carcinomas
(CA)] revealed that the clinical course toward hypophar-
yngeal and laryngeal SCCs (HSCCs and LSCCs) was
characterized by different patterns of HLTF immunolabel-
ing (Fig. 1). In tumor-free epithelium, HLTF was found in
the cytoplasm of the basal layer (65% of cases of HSCC
TF_E and 97% of cases of LSCC TF_E; Fig. 1a, b). For
hypopharyngeal epithelia, the comparison of the 12 healthy
cases and the 15 TF_E revealed similar HLTF expression
for both MOD and LI as well as nucleo-cytoplasmic
distribution. Immunohistochemical staining of HLTF was
clearly different in carcinomas (HSCCs and LSCCs) with
respect to TF_E, Low_D, or High_D (Figs. 1 and 2). To
clearly present our data, we first compared all groups
(TF_E, Low_D, High_D, and CA) using the nonparametric

Fig. 2 Labeling index (b, d)
and mean optical density (a, c)
determined by computer-
assisted microscopy for immu-
nohistochemical HLTF expres-
sion in a series of 27 TF_E,
eight Low_D, 40 High_D, and
100 H_CA (a, b), as well as in a
series of 33 TF_E, 11 Low_D,
33 High_D, and 55 LSCCs (c,
d). Data are expressed as means
(columns) ±standard errors
(bars). The significance level
associated with the global multi-
group comparison (Kruskall–
Wallis test) is indicated in the
upper left corner of each frame.
Post hoc comparisons were used
to compare the pairs of groups
indicated by the brackets
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Kruskall–Wallis test and then used post hoc comparisons
for pairs of groups in Fig. 2. In the cases of hypopharyngeal
CA, the use of two different quantitative variables revealed a
similar relation to the clinical course. Increased HLTF
expression was associated with both the percentage of
immunopositive epithelial tissue area (LI variable, Kruskall–
Wallis: p=0.02) and the staining intensity of the positive area
(MOD variable, Kruskall–Wallis: p=0.0005; post hoc
comparisons are detailed in Fig. 2a, b). Interestingly, the
progression seemed to be associated with a slight shift in
HLTF immunolabeling from the nucleus to the cytoplasmic

compartment, exclusively when comparing dysplasias
(grouping Low_D or High_D) to hypopharyngeal carcino-
mas (Fig. 3a, c, e). In quantitative terms, 50% of Low_D
(four of eight) and 45% of High_D (18 of 40) cases
displayed nuclear expression of HLTF. Although only 31%
of HSCCs displayed nuclear expression of HLTF (28 of 90
cases), this variability is not statistically significant.

In the cases of laryngeal lesions, the MOD variable
describing HLTF expression significantly decreased with
malignancy (Kruskall–Wallis: p=0.01; Fig. 2c), whereas a
slight increase in labeling index was observed between

Fig. 3 Dysplasias (Low_D and
High_D; c) presented an HLTF-
dependent nuclear labeling that
tended to decrease in hypophar-
yngeal CA (a, c, e). In LSCCs,
dysplasias and CA revealed a
significant shift of staining from
the cytoplasm to the nucleus (b,
d, f; χ2 test was used after
grouping Low_D, High_D, and
CA groups)
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High_D and CA (post hoc test: p=0.02; Fig. 2d). We also
observed a significant shift of HLTF expression from the
cytoplasm to the nuclear compartment when comparing
TF_E to dysplasias and LSCCs (Fig. 3). In fact, 3% of
TF_E cases (one of 33) displayed nuclear expression of
HLTF versus 45% (five of 11) of Low_D, 39% (13 of 33)
of High_D, and 42% of LSCCs (23 of 55 cases). This
difference was significant after grouping the latter three
(preneoplastic and neoplastic) categories (Fisher test: p=
0.0007; Fig. 3b, d, f).

HLTF immunofluorescence staining pattern in five head
and neck cell lines

The appearance of HLTF immunoreactivity during HSCC
carcinogenesis suggests that it could be closely associated
with neoplastic transformation and tumor progression. It
indicates that HLTF production could be a phenotypic
characteristic of at least one subpopulation of tumor cells.
To further address this issue, HLTF expression was examined
by immunofluorescence staining in the Detroit 562, FaDu,
RPMI 2650, SCC9, and SCC-VII cell lines which were de-
rived respectively from human pharyngeal carcinoma (Detroit
562 and FaDu), human nasal septum carcinoma, human
tongue carcinoma, and human murine carcinoma. HLTF
immunostaining of Detroit 562, FaDu, and RPMI 2650 cell

lines resulted in weak to moderate nuclear and cytoplasmic
fluorescence, whereas SCC9 and SCC-VII exhibited moder-
ate to strong nuclear and cytoplasmic immunoreactivity
(Fig. 4). The RKO cell line (derived from colon adenocar-
cinoma) was used as a negative control as its HLTF gene is
hypermethylated and expressed at neither the RNA nor
protein level (G. Debauve, unpublished data). These obser-
vations not only attest to the stability of HLTF expression in
head and neck SCC cell lines but also indicate intercellular
heterogeneity in the expression of these proteins.

Discussion

Our data reveal a significant up-regulation of HLTF
expression throughout neoplastic progression of hypophar-
yngeal SCCs. This increased expression of HLTF in
carcinomas seems to be accompanied by a shift from the
nuclear compartment (N_E and dysplasias) to the cyto-
plasm. This is indicative of a switch in biological activity,
such as the loss of chromatin/transcription regulation
function or, more importantly in cancer progression, the
lost of post-replication repair. In fact, Unk and co-authors
have recently described that HLTF is required for error-free
post-replication repair of damaged DNA [22]. They
demonstrated that human HLTF functions together with

Fig. 4 Immunofluorescence detection of HLTF using ART2 antibody in Detroit 562, FaDu, RPMI 2650, SCC9, SCC-VII, and RKO cell lines.
Magnification ×320
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Rad6-Rad18 and Mms2-Ubc13 in proliferating cell nuclear
antigen polyubiquitination and that it can complement the
UV sensitivity of rad5_ yeast cells [22]. These data
strongly support a role for HLTF in promoting error-free
DNA damage bypass. Thus, by preventing mutagenesis,
HLTF DNA repair function would contribute to minimizing
the incidence of carcinogenesis in humans.

Gong et al. have demonstrated that HLTF transcript levels
were ∼20-fold higher in a variety of transformed cell lines
compared to non-transformed human fibroblast cells or
human heart tissue [23]. They also showed that HLTF
induction was associated with loss of TP53 heterozygosity in
Li-Fraumeni fibroblasts, suggesting a link between HLTF
expression and cancer progression [23]. Our study, examin-
ing HLTF protein expression by immunohistochemistry in a
hamster model of kidney tumors induced by DES allowed us
to observe strong labeling in small preneoplastic tumor buds
[15]. The latter, which were confirmed by our observations
of a significant up-regulation of HLTF during hypopharyng-
eal carcinogenesis, led to the conclusion that HLTF gene
activation was linked to the initial steps of carcinogenesis
and should be investigated in early stages of cancers.

In a recent review focusing on the implications of HLTF
in cancer progression, we hypothesized that HLTF over-
expression could initiate cancerous transformation by
changing the chromatin structure and activating the tran-
scription of some target genes including PAI1 [1,16].
However, as a further complexity, the expression of HLTF
produces several protein variants, two of which (Met 1 and
Met 123) were previously characterized and shown to
diverge in transcriptional activity [1, 18]. Although no data
are available about the role of the human HLTF RING
domain, its rabbit orthologue binds an inner nuclear
envelope protein (RFBP), which could play a role in
subnuclear trafficking of factors with RING motifs [3,24].

We also reported that the levels of HLTF expression
were very different during laryngeal tumor progression as
compared to hypopharyngeal tumor progression. In fact, we
showed that the MOD variable describing the intensity of
HLTF immunolabeling significantly decreased with laryn-
geal malignancy. This point relates directly to the fact that
cancers of the upper aerodigestive tract are heterogeneous
in their neoplastic processes, each of which requires its own
unique set of epidemiologic, anatomic, pathologic, and
therapeutic considerations. Laryngeal and hypopharyngeal
CAs present several significant clinical and biological
differences which could be considered to partly explain
the observed divergence in HLTF expression: (1) most
hypopharyngeal CA patients (70–80% of cases) presented
advanced stages (III and IV) at the time of diagnosis,
whereas laryngeal CA patients were most frequently
diagnosed at early stages (70–90% of cases presented
stages I and II) [25]; (2) at a similar stage, hypopharyngeal

CAs were associated with worse prognosis than laryngeal
CAs, [25]; (3) well-differentiated CAs were common in
larynx, whereas poorly differentiated tumors were more
frequently located in hypopharynx [26], (4) in laryngeal
CAs, there was a significant relationship between the
presence of intratumoral lymphatics and nodal metastases
which was not the case for hypopharyngeal CAs [27]; (5)
the relationship of galectin-7 (an endogenous lectin with a
wide range of extra- and intra-cellular functions mediated
by protein–carbohydrate and protein–protein interactions)
expression to aggressiveness appeared to depend on the
location in the upper aerodigestive tracts: in hypopharyng-
eal CAs, galectin-7 overexpression was associated with
worse prognosis, while this was not observed in laryngeal
CAs [28, 29]. Previous studies described HLTF promoter
hypermethylation in a significant number of cases of
colorectal and gastric carcinomas, whereas only one case
of esophageal carcinoma presented this silencing [4–13].
HLTF can thus act as either a positive or a negative
regulatory factor in tumor development, depending on the
histological type and the anatomical location.
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Abstract We evaluated six cases of diffuse large B-cell
lymphoma (DLBCL) involving the red pulp of the spleen.
All had B symptoms and an aggressive clinical course. The
lymphoma cells proliferated diffusely and non-cohesively
in the cords of the red pulp. The lymphoma involved the
bone marrow in four of the five patients and the liver in all
four of the patients examined. However, lymph node (LN)
involvement was rare at presentation, and systemic LN
involvement was not observed even in the terminal phase.
The lymphoma cells infiltrated the intrasinusoidal/intravas-
cular and interstitial spaces of the involved tissues and were

detected in the peripheral blood in two of the six patients.
CD5-expressing lymphoma cells were detected in four of
the five patients examined. Because these cases had some
unique clinical features and occurred in distinct splenic
sites, we proposed that primary splenic DLBCL manifest-
ing in red pulp is a distinct clinicopathological entity.

Keywords Large B-cell lymphoma . Splenic red pulp .

Intrasinusoidal lymphomatous infiltration . Bone marrow .

Liver

Introduction

Extranodal diffuse large B-cell lymphomas (DLBCLs) have
specific clinicopathologic features that are dependent on the
organ of origin [1]. Primary splenic DLBCL is a rare type
of lymphoma. The majority of the DLBCLs are derived
from the white pulp of the spleen and form one large, or
multiple nodules [2]. Before the advent of immunohisto-
logical examination, the absence of mass formation and the
diffuse infiltration of large neoplastic cells into the red pulp
might have been diagnosed as malignant histiocytosis [3].
Kuratsune et al. [4] reported the first case of DLBCL that
non-cohesively proliferated into the splenic red pulp and
demonstrated clinicopathological features of malignant
histiocytosis. Since their initial report, only 18 cases of
DLBCLs non-cohesively infiltrating the splenic red pulp
have been reported [4–13]. These reports support the
existence of DLBCL manifesting in the splenic red pulp
(DLBCLRP). Kroft et al. [8] identified two cases of
DLBCLRP involving the bone marrow (BM) and the liver,
and Morice et al. [10] reported two cases of DLBCLRP
with prominent BM intravascular/intrasinusoidal lympho-
matous infiltration.
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Because there have been few case reports of DLBCLRP,
there is no comprehensive list of its clinicopathological
features. To clarify the features of this rare lymphoma, we
describe six new cases of DLBCLRP and present an
analysis of the clinicopathological features of an additional
18 previously reported cases [4–13]. After reviewing the
data, we developed seven characteristic features of
DLBCLRP. Based on these features, we propose that
DLBCLRP is a distinct clinicopathologic entity. Moreover,
we discuss the relationship between DLBCLRP and an
Asian variant of intravascular lymphomatosis (IVL) with
splenomegaly [14].

Materials and methods

Retrospective analyses were conducted for six patients
clinicopathologically diagnosed with primary splenic large
B-cell lymphoma manifesting in red pulp in our hospital
from 2000 to 2007. Two hundred and ninety two patients
were diagnosed with malignant lymphoma, including 228
with B-cell lymphomas (DLBCL 129, follicular lymphoma
58, marginal zone lymphoma 19, mantle cell lymphoma 6,
etc), 45 with T-cell lymphomas, and 12 with Hodgkin’s
lymphomas during this 8-year period. Thirteen patients
were diagnosed with primary splenic lymphoma, two with
splenic marginal zone lymphoma, one with follicular
lymphoma, and ten with DLBCL. Two patients were
diagnosed as having DLBCL with a micronodular pattern.
Eight patients were clinically diagnosed with DLBCLRP;
however, two were excluded based on the unavailability of
splenic tissues. All procedures were performed with
informed consent of the patients.

Tissue specimens obtained from surgery, biopsy, or
necropsy were fixed in formalin and embedded in paraffin.
The paraffin-embedded sections were dewaxed with xylene.
The sections were stained with hematoxylin–eosin (HE) for
light microscopic examination, and by the streptavidin–
biotin–peroxidase method (Nichirei Co., Tokyo, Japan) for
immunohistochemical analysis. The panel of primary anti-
bodies included L26 (CD20), JCB117 (CD79a), F7.2.38
(CD3), UCHL-1 (CD45RO), 1F8 (CD21), 124 (Bcl-2), PG-
B6p (Bcl-6), MIB-1 (Ki-67), MUM1p (MUM1), IgM
polyclonal (DAKO A/S, Glostrup, Denmark), MT1
(CD43), 4C7 (CD5), 56C6 (CD10), 1B12 (CD23), 1G12
(CD30), IgD polyclonal (Novocastra, Newcastle upon
Tyne, UK), and SP4 (Cyclin D1, Lab Vision, Fremont,
CA, USA). The primary antibodies were replaced with
mouse or rabbit serum as a negative control.

Epstein–Barr virus (EBV)-encoded RNA (EBER) was
detected by in situ hybridization (ISH). ISH was performed
using the BioGenex Automated Staining System (i6000;
BioGenex; San Ramon, CA, USA). The paraffin-embedded

sections were dewaxed with xylene, treated with proteinase
K, and hybridized with a fluorescein-conjugated oligonu-
cleotide EBER probe (PR005-10X, BioGenex). To visual-
ize the bound probe, a Super Sensitive polymer-HRP ISH
Detection System (DF300-YCX, BioGenex) was used
according to the manufacturer’s instructions.

Karyotypes were obtained at the time of diagnosis from all
six patients from spleen (n=5), and lymph node (LN; n=1)
samples, as previously described [15]. Chromosomal abnor-
malities were described according to ISCN [16].

Serum samples were analyzed with an immunofluores-
cence kit using anti-EBV capsid antigen (VCA), early
antigen, and EBV-encoded nuclear antigen (TFB Inc.,
Tokyo, Japan). Antibodies against the human immunodefi-
ciency virus (HIV) and HTLV-1 were examined using
chemiluminescent enzyme immunoassay kits (Abbot Japan
and Fuji Rebio Inc., Tokyo, Japan).

We characterized the degree of extramedullary hemato-
poiesis in the splenic samples as erythropoietic (grade 1),
granulopoietic (grade 2), and trilineage hematopoietic
(grade 3). Hemophagocytosis of normal splenic histiocytes
was characterized as grade 1 (<10) and grade 2 (>10)
erythrophagocytes in 10 high power fields. In bone marrow
samples, grade 1 indicated thrombophagocytosis and grade
2 indicated leukoerythrophagocytosis.

Results

Clinical features

In this series, five of the six patients were men (age, 64–
81 years; median, 69 years). At presentation, all patients
were febrile. Four patients (nos. 1, 3–5) had splenomegaly
without lymphadenopathy. One patient (no. 2) had
localized LN swelling at presentation and a second patient
(no. 6) had localized LN swelling at the time of surgery,
which suggested the presence of a primary splenic
lymphoma. All patients had high levels of lactate
dehydrogenase (LDH), soluble interleukin-2 receptor,
hypoalbuminemia, and moderately elevated C-reactive
protein (Table 1). Differential blood counts revealed the
following: Marked lymphocytopenia was detected in all
patients except 1 (no. 5), thrombocytopenia was detected
in five patients (nos. 1–5), and anemia was detected in
four patients (nos. 2, 4–6). In two patients (nos. 1 and 4),
lymphoma cells were detected in the peripheral blood
(Table 2). Cholestasis and hepatocellular damage with
hepatomegaly was observed in four patients (nos. 1, 2, 5,
and 6), suggesting hepatic involvement.

Characteristic clinical features of DLBCLRP (Table 2)
included BM involvement in four of the five patients (nos.
1, 2, 5, and 6; determined at admission), and hepatic
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infiltration in four patients (nos. 1, 5, and 6, and no. 2
determined at biopsy and necropsy, respectively). Enlarged
LN were rare and limited to localized areas. Systemic
lymphadenopathy was not observed even during the
terminal stage of the disease. Hemophagocytosis by normal
histiocytes was observed in the spleen and BM of all six
patients.

We assessed two treatment groups: (a) three patients
(nos. 2–4) were treated with six courses of CHOP

(combination of doxorubicin, vincristine, cyclophospha-
mide, and prednisolone), and (b) the remaining three
patients (nos. 1, 5, and 6) were treated with six courses of
rituximab and CHOP followed by two courses of rituximab,
etoposide, and nimustine hydrochloride with intrathecal
administration of methotrexate, Ara-C, and prednisolone
for prophylaxis of central nervous system lymphoma.

Follow-up (1–75 months; median, 38 months) information
was obtained for all six patients. Two patients (nos. 4 and 2) of

Table 1 Laboratory data, clinical stage, and international prognostic index upon admission

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Age (years)/sex 75 M 68 M 70 M 81 M 64 F 65 M
White blood cell count, ×109/L 2.4 3.9 7.6 7.4 2.3 2.9
Neutrophils, ×09/L 1.8 3.3 6.6 4.4 0.9 2.2
Lymphocytes, ×109/L 0.4 0.2 0.4 0.7 1.1 0.5
Hemoglobin level, g/L 140 116 133 100 87 91
Platelet count, ×109/L 40 83 99 116 38 137
LDH 1,045 4,312 1,822 2,690 460 404
ALP 842 1,677 228 193 2,102 1,168
γ-GTP 489 374 120 26 191 153
LAP 131 225 80 161 138
AST 217 380 55 67 51 49
ALT 34 211 37 11 36 58
CRP 165 122 105 93 58 25
TP 56 53 65 56 60 49
Albumin 27 26 30 29 28 25
sIL-2R 4,050 5,060 5,250 7,790 19,500 15,800
Ferritin 847 na 710 na 276 2,110
Hemophagocytosis in BMa + + + na + ++
Clinical stage 4B 4B 4B 4B 4B 4B
IPI H H H H H H

Abbreviation and normal level (in parentheses): M male, F female, ALP alkaline phosphatase (130–350 in cases 1, 4, 5, and 6; 66–220 in cases 2
and 3), LDH lactate dehydrogenase (80–200 in cases 1, 4, 5, and 6; 255–434 in cases 2 and 3), LAP leucin aminopeptidase (M 11–64, F 8–45),
AST aspirate aminotransferase (0–31), ALT alanine aminotransferase (0–41), CRP C-reactive protein (less 3 mg/L), sIL-2R soluble interleukin-2
receptor (220–530 U/mL), TP total protein (67–83 g/L), albumin (38–53 g/L), ferritin (M 27–320, F 3.4–89 ng/mL), BM bone marrow, na not
available, IPI international prognostic index, H high risk
a Grading of hemophagocytosis of normal histiocytes in bone marrow as grade + and ++ indicating thrombophagocytosis and leukoerythrophagocytosis

Table 2 Clinicopathological features of cases with primary splenic LBC lymphoma diffusely infiltrating the red pulp

Spleen Red pulp HPCa EMHb BM ISI II Liver ISI Portal Lymph node Blood

Weight Cord Sinus Splenic H Syst

Patient 1 75 M 525 + + ++ +++ + + + + + + − − 8%
Patient 2 68 M na +c +c + + + − + +c +c +c na Inguinal −
Patient 3 70 M 900 + + ++ + − − − na na na + − −
Patient 4 81 M 546 + + + + nd na na na na na − − 16%
Patient 5 64 F 675 + + + +++ + − + + + + + − −
Patient 6 65 M 220 + + + + + − + + + + − Abdominal −

ISI intrasinusoidal infiltration, II interstitial infiltration, HPC hemophagocytosis, EMH extramedullary hematopoiesis
a Grading of hemophagocytosis of normal histiocytes in spleens as + and ++ indicating less than ten and more than ten erythrophagocytes in 10
high power fields
b Grading of extramedullary hematopoiesis in spleens as +, ++, and +++ indicating erythropoiesis, granulopoiesis, and trilineage hematopoiesis,
respectively
c Necropsy
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the former group died of lymphoma, within 1 and 5 months of
the onset of the disease, respectively. All three patients of the
latter group survived following first complete remission.

All patients were negative for HIV and HTLV-1. Anti-
bodies to EBV indicated an old infection. M-protein and
autoantibodies, including Coombs’ test, were not detected
in any of the patients.

Pathologic features

Spleen size and weight were abnormally high in all
informative cases (nos. 1, 3, 4, 5, and 6). In one patient
(no. 2), spleen weight was not available (Table 2). The
weight of the spleen, which is 80 to 120 g in healthy
Japanese adults, was 220 to 900 g (median, 546 g) in the
patients. Cut surfaces of the spleens showed beef red color
and a lack of mass formation. In all six patients, the splenic
red pulp was expanded and diffusely infiltrated by non-
cohesive large lymphoma cells (nos. 1, 3, 4, 5, and 6 before
therapy, and no. 2 at necropsy). Lymphoma cells were
present in the cord and had infiltrated the sinuses to various
degrees (Fig. 1a–c). In one patient (no. 5), a small number
of large lymphoma cells were scattered among numerous T
cells/histiocytes, and the patient was diagnosed with T-cell/
histiocyte-rich B-cell lymphoma. All patients had extra-
medullary hematopoiesis of erythroblasts. Trilineage extra-
medullary hematopoiesis was observed in two patients (nos.
1 and 5). In all six patients, there were an abnormally high
number of histiocytes, which were engaged in hemopha-
gocytosis. In two (nos. 1 and 3) of these patients, there was
intensive hemophagocytosis.

In one patient (no. 1), CD20 and CD34 immunohis-
tochemistry revealed large lymphoma cells that were
visible in the sinusoids and a few were present in the
cords (Fig. 2a,b). In the remaining patients, the lymphoma
cells had diffusely infiltrated the interstitial spaces
(Fig. 2e). It is possible that the intravascular lymphoma-
tous infiltration of this lymphoma disappeared due to the
destruction of endothelial cells by lymphoma cells in the
significantly infiltrated lesions. Thrombophagocytosis in
the BM was observed in all patients, and leukoerythro-
phagocytosis was detected in one of the five patients
examined (no. 6).

In four patients examined (nos. 1, 5, and 6 at biopsy, and
no. 2 at necropsy), lymphoma cells had infiltrated into the
sinusoidal and portal areas of the liver (Fig. 2c).

In one patient (no. 2), the lymph nodes were replaced
completely by lymphoma cells. Intravascular infiltration of
lymphoma cells was not visible in the HE-stained samples.
However, diffuse infiltration into the vascular spaces was
clearly detected by immunostaining for CD34 (Fig. 2d).
Furthermore, in one patient (no. 4), intravascular infiltration
of lymphoma cells was prominent in the adipose tissue of

the splenic hilus (Fig. 2f), and in another patient (no. 1)
infiltration into the subcutaneous vessels was observed. In
three patients (nos. 2–4), lymphoma cells had infiltrated
below the endothelial cells or into the vascular wall
(Fig. 1d).

Immunohistochemistry of lymphoma cells

All patients had lymphoma cells positive for CD20 and
Bcl-2 and negative for EBER, Cyclin D1, and CD23
(Table 3). The cells in two patients (nos. 3 and 6) were
positive for CD10. Of the remaining four patients with
CD10-negative lymphoma cells, the cells were negative for
bcl-6 in three patients (nos.1, 4, and 5), and positive for bcl-
6 and MUM1 in one patient (no. 2). CD5-positive cells
were found in four of five patients by flow cytometry and
three of five patients by immunohistochemistry. Cells of
five patients examined were positive for surface membrane
(sm) IgM and negative for smIgD (Table 3). Positive rate of
Ki67 varied from 10% to 80%.

Chromosomal analysis

Chromosomes were analyzed in all six patients. Two
patients (nos. 5 and 6) had normal karyotypes. The
remaining four patients (nos. 1–4) were CD5-positive and
carried complex chromosomal aberrations. One of these
patients (no. 4) showed the 11q13 aberrations, whereas
another (no. 2) showed the 3q27 abnormality (Table 4).

Discussion

Here, we have reported six cases of DLBCLRP. To further
clarify the clinicopathological characteristics of DLBCLRP,
we analyzed a total of 24 cases (Tables 5 and 6) of
DLBCLRP, including six cases encountered by one of the
authors (M. Kashimura). In the present series, 18 of the 24
patients were men and the age range of all the patients was
40–81 years (median, 64.5 years).

The size and weight of the spleens that were examined
had increased in all informative cases. Spleen weight
data were not available for five of the 24 patients. The
weight of the spleen, which is 80–120 g and 110–170 g in
healthy adults of Japan and western countries, respective-
ly, was 220 to 2,600 g (median, 1,300 g) in the present
cases.

We found that DLBCLRP has seven characteristic
clinicopathological features as shown in Table 7 and a
pattern of infiltration of the spleen. Lymphoma cells were
present in the cord in all but one case of the 24 cases of
splenic infiltration. In the remaining patient, the lymphoma
cells were restricted to the sinusoids [7].
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At presentation, lymphoma cells were frequently found
in the BM (13/20, 65%) and the liver (11/17, 65%).
However, LN involvement was rare and limited to a
localized area (10/21, 48%), and LN swelling was not
significant. Systemic LN swelling was not observed, even
during the terminal phase of the disease.

Another characteristic of DLBCLRP is an intrasinusoidal
infiltration of lymphoma cells in the BM (3/7, 43%) and the
liver (8/8, 100%) as well as interstitial infiltration of
lymphoma cells in the BM (10/11, 91%) and the liver (7/8,
88%). Furthermore, we observed intravascular infiltration of
lymphoma cells in the LN (no. 2) and the adipose tissue
(nos. 1 and 4), and the presence of lymphoma cells in the
peripheral blood (10/23, 43%). This rate appears higher than
that observed for nodal DLBCL.

Moreover, we observed lymphoma cell surface expres-
sion of the CD5 antigen in eight of the ten patients (80%)
[8, 10, 12], including four of our original six patients. Low
intensity of the lymphoma cell CD5 antigen might not be
detectable by immunohistochemistry (Tables 3 and 6).

None of the patients had a history of chronic lympho-
cytic leukemia. Transformation of splenic marginal zone
lymphoma (SMZL) into DLBCL [17, 18], which might be
associated with CD5-positive transformation, must be ruled
out in order to diagnose DLBCLRP as the de novo
DLBCL. Despite a careful study, we were unable to find
proliferative lesions of medium-sized lymphoma cells in
any of our cases, which is usually observed when DLBCL
transforms from SMZL. Lymphoma cells of all five patients
examined were positive for smIgM; however, they were

Fig. 1 Lymphoma cells infiltrate the Billroth’s cords and sinuses of
the splenic red pulp and the vascular wall. a Medium power field of
the affected spleen. The tumor cells have diffusely infiltrated the
Billroth’s cords of red pulp, case 3 HE staining. Original magnifica-
tion, ×100. b Medium power field of the affected spleen. Tumor cells
have diffusely infiltrated the Billroth’s cords as well as the sinusoid,
case 4 HE staining. Original magnification, ×100. c High power

magnification of PAS-stained sections showing the basement mem-
brane of the sinusoid. Note the intrasinusoidal and extrasinusoidal
lymphoma cell infiltrations, case 1. Original magnification, ×350. d
Monomorphous lymphoma cell infiltration in the vascular wall. Short
arrows indicate the vascular endothelial cells and long arrows indicate
the arterial adventitia. Case 3 HE staining. Original magnification, ×40
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Fig. 2 Intrasinusoidal/intravascular lymphoma cell infiltration in the
bone marrow, liver, lymph node, and adipose tissue. a CD20 immunos-
taining showing the predominantly intrasinusoidal pattern of marrow
infiltration by large B-cell lymphoma, case 1. Original magnification,
×450. b CD34 immunoperoxidase staining of bone marrow sinusoidal
cell lining (arrow). Large lymphoma cells are present in a sinus, case 1.
Original magnification, ×350. c High power field of affected liver. Note
an intrasinusoidal infiltration of large lymphoma cells, case 1 HE

staining. Original magnification, ×350. d CD34 immunoperoxidase
staining highlights the intravascular lymphoma cells from diffuse
lymphomatous infiltration of lymph node parenchyma. Arrows show
sinusoidal cell lining, case 2. Original magnification, ×400. e Medium
power field of the affected BM. The tumor cells diffusely infiltrated in
the cords of BM, case 6. Original magnification, ×100. f Perisplenic
adipose tissue. Note the intravascular infiltrate of large lymphoma cells,
case 4 HE staining. Original magnification, ×150
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negative for smIgD, which is unusual for SMZL cells [19, 20].
Although four of the six patients (nos. 1–4) showed complex
chromosomal aberrations, none of them had trisomy 3 or
allelic loss of 7q21-32, which is usually observed with
SMZL [21, 22]. Clinically, autoimmune phenomena and the
presence of M-protein have been frequently observed in
SMZL patients [17, 20, 23–25], but these were not observed
in our cases. Therefore, our cases are not likely to be
associated with SMZL transformation.

Therefore, these four patients (nos. 1–4) were diagnosed
with de novo CD5-positive DLBCL [26]. Two of these
patients with complex chromosomal aberration had chro-
mosome abnormalities involving 3q27 (no. 2) and 11q13
(no. 4), which have been previously reported in CD5-
positive DLBCL [27]. Yamagichi et al. [28] recently
reported four morphological variants of de novo CD5-
positive DLBCL. Using the molecular classification system
by Hans et al. [29], lymphoma cells of 82% of the patients
were of the non-germinal center B-cell type and the others
were germinal center B-cell type. Interestingly, intravascu-
lar and/or intrasinusoidal lymphomatous infiltration was
observed in 38% of the cells. Although data were not
shown, the bone marrow, liver, and spleen were reported to
be the most frequently involved anatomical sites. De novo
CD5-positive DLBCL is heterogeneous in morphological,

molecular, and clinical aspects. A potion of the cases with
de novo CD5-positive DLBCL with splenomegaly may be
DLBCLRP. While lymphoma cells of two other patients
(nos. 5 and 6) in this study were CD5 negative, clinico-
pathological features other than CD5 were identical in these
six patients (Table 7).

This high rate of CD5-positive lymphoma cells may be
an aberrant expression of the aggressive lymphoma cells
[30–32]. In previous genetic studies, it was suggested
that de novo CD5-positive DLBCL originates from somat-
ically mutated CD5 progenitor B cells [33, 34]. The
mechanism of expression of CD5 in this lymphoma remains
unsolved.

The lymphoma cells positive for CD10 in two patients
(nos. 3 and 6) were considered germinal center B-cell type.
Of the remaining four patients that were negative for CD10,
three were negative for bcl-6 (nos. 1, 4, and 5) and one was
positive for bcl-6 and MUM1 (no. 2). Therefore, later these
were considered non-germinal center B-cell type (Table 3)
[29]. Clinicopathological features were not clearly distin-
guishable among patients with germinal center B-cell-like
DLBCL and those with non-germinal center B-cell-type
DLBCL, except for the appearance of the lymphoma cells
in the peripheral blood. However, our limited sample size
makes it difficult to regard this feature as significant.

Table 3 Immunophenotype of primary splenic LBC lymphoma diffusely infiltrating the red pulp

CD20 CD5:
FCM

CD5:
IHC

CD10 Cyclin
D1

bcl-2 CD23 MUM1 Ki67 (%) bcl-6 EBER-
ISH

smIg
FCM

IgM
IHC

IgD
IHC

Patient 1 + + Weak+ − − + − − 20 − − M-κ + −
Patient 2 + + + − − + − + 20 + − κ na na
Patient 3 + + − + − + − + 30 − − λ + −
Patient 4 + + + − − + − − 10 − − M-λ + −
Patient 5 + na − − − + − − 80 − − na + −
Patient 6 + − − + − + − − 20 + − na + −

FCM flow cytometry, IHC immunohistochemistry, ISH in situ hybridization, smIg surface membrane immunoglobulin

Table 4 Chromosomal analysis of DLBCLRP

Patient
1

47, XY, der(1)del(1)(p?)dup(1)(q25q32), add(6)(q21), der(9)add(9)(p13)add(9)(q34), add(10)(q26),+16,−19,+r 20/20

Patient
2

44, XY, t(3;14)(q27;q32),−4, add(5)(p11),−9, −10,add(12)(p13),−13,−15, add(18)(p11), add(21)(p11), +der(?)t(?;13)(?;q12),
der(?)t(?;15)(?;q11); +mar

5/20

46, XY 15/20
Patient
3

48,X, −Y, add(2)(p23), del(6)(q?), +add(7)(q11), add(7)(q22)x2, +11, +add(18)(q21) 20/20

Patient
4

46, X, -Y, der(2)add(2)(p13)t(2;11)(q37;q13),add(4)(q35),del(6)(q?), add(8)(p11), add(11)(q13), +18 4/4

Patient
5

46,XX 20/20

Patient
6

46,XY, inv(9)(p12q13) 20/20
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DLBCLRP is a clinically highly aggressive lymphoma
compared with conventional CD5-negative DLBCL and de
novo CD5-positive DLBCL. The patients with de novo CD5-
positive DLBCL showed more aggressive clinical features
and parameters (LDH level, clinical stage, and international
prognostic index (IPI) score) than those with CD5-negative
DLBCL [26]. All six patients in this study had fever, high
LDH levels, clinical stage 4B, and a high-risk IPI score.

Another characteristic feature of DLBCLRP is hemopha-
gocytosis of normal histiocytes observed in all the BMs
(intensive cases; 1/5, 20%) and spleens (intensive cases; 2/6,
33%). This might be due to the high cytokine concentrations
produced by these aggressive lymphoma cells [35]. But none
fulfilled the criteria for adult hemophagocytic syndrome
[36–38]. Moreover, the frequent presence of B symptoms
(14/15) was a characteristic of DLBCLRP. On the basis of

these clinicopathological features, we propose that
DLBCLRP is a distinct clinicopathological entity.

The clinicopathological features of the cases of the Asian
variant of IVL (AIVL) with splenomegaly are similar to
those of DLBCLRP. Splenectomy samples from two
patients with AIVL had cut surfaces that were beef red in
color and there was a diffuse, large, B-cell lymphoma cell
infiltrate in the red pulp [14]. However, the international
consensus meeting of intravascular large B-cell lymphoma
(IVLBCL) proposed a new definition of IVLBCL, which
included cases from both western and Asian countries [39].
They added the criterion of a concomitant minimal
extravascular location of the neoplastic cells [40] to the
WHO criteria, which states that the neoplastic lymphocytes
might only be present in the lumina of the small vessels,
such as capillaries [41]. DLBCLRP produced interstitial
infiltration as well as intrasinusoidal lymphomatous infil-
tration in the BM, liver, and LN (Fig. 2d and Table 5). The
infiltration of DLBCLRP lymphoma cells into the liver and
BM was a more characteristic feature of the SMZL than
AIVL. However, further studies are required to clarify these
relationships.

Briefly, DLBCLRP is an aggressive lymphoma with B
symptoms. During the early phase, it spreads to the liver
and/or BM via intrasinusoidal and/or interstitial infiltration.
Because our characterization of DLBCLRP was based on
the observations of a limited number of patients, further
studies are required to confirm that DLBCLRP is a distinct
clinicopathologic entity.
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financial interests.
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Table 5 Summary of the clinical findings DLBCLRP including our
cases [4–13]

Age distribution (years) 40–81 (median 64.5)
Male/female 18:6
B symptom 14/15 (93%)
Weight of the spleen (g) (19 cases) 220–2,600

(median 1,300)
Appearance of tumor cells in peripheral blood 10/23 (43%)
Bone marrow involvement 13/20 (65%)
Liver involvement 11/17 (65%)
Lymph node involvement
Splenic hilus 5/16 (31%)
Abdominal 6/21 (29%)
Other 4/21 (19%)
Systemic lymph node involvement 0/21 (0%)

Table 6 Summary of pathological and phenotypic findings [4–13]

Pattern of splenic infiltration
Splenic sinus 14/19 (74%)
Splenic cord 23/24 (96%)
Pattern of liver infiltration
Intrasinusoidal 8/8 (100%)
Portal area 7/8 (88%)
Pattern of bone marrow infiltration
Intrasinusoidal 3/7 (43%)
Interstitial 10/11 (91%)
Hemophagocytosis in spleen 11/12 (92%)
Hemophagocytosis in bone marrow 4/5 (80%)
Extramedullary hematopoiesis
in spleen

7/10 (70%)

Tumor cell phenotype
B-cell marker 24/24 24/24 (100%)
CD5 (FCM) 8/10 (80%)
CD5 (IHC) 3/12 (25%)
CD10 (IHC) 4/14 (29%)

Table 7 Clinicopathological characteristics of DLBCLRP

Lymphoma cells infiltrate diffusely and non-cohesively in the cords of
splenic red pulp
Lymphoma cells frequently involve the bone marrow and the liver at
presentation
Lymph node involvement is rare and limited to the local area, and
lymph node swelling is not significant. Systemic lymph node
swelling is not observed even in the terminal phase of the disease.
Intrasinusoidal as well as interstitial lymphomatous infiltration is
observed in involved tissues
Lymphoma cells are often found in the peripheral blood
Lymphoma cells frequently express surface CD5 antigen
Hemophagocytosis of normal histiocytes is observed in the bone
marrow and the splenic red pulp
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Abstract Integrin-linked kinase (ILK) has been implicated
in the development and progression of several human
malignancies. Previous in vitro studies also implicate ILK
in the activation of Akt and β-catenin as well as in the
regulation of E-cadherin expression. However, the role of
ILK in human laryngeal cancer and its possible in vivo
downstream effectors in the disease are currently unknown.
We examined by immunohistochemistry the protein expres-
sion of ILK, phosphorylated-Akt (p-Akt), E-cadherin, and
β-catenin in 97 invasive squamous laryngeal carcinomas.
Increased cytoplasmic and nuclear expression of ILK and
p-Akt decreased membranous expression of E-cadherin and
nuclear accumulation of β-catenin was found in 87.6%,
85.6%, 71.1%, and 43.3% of cases, respectively. Our
results suggest that ILK expression may be implicated in
human laryngeal carcinoma and its localization in the
nucleus possibly proposes novel nuclear functions of this
molecule. In addition, enhanced ILK expression correlates
with activation of Akt but not with downregulation of E-
cadherin and activation of β-catenin. Finally, in our
material while activated Akt seems to characterize well-
differentiated tumors, loss of E-cadherin and activation of
β-catenin correlated with high grade carcinomas.

Keywords ILK . p-Akt . E-cadherin .β-catenin .

Laryngeal carcinoma

Introduction

Laryngeal carcinoma, classified as squamous cell carcino-
ma in 90% of the cases, is a common cause of morbidity
and mortality worldwide, representing 2.4% of new cancer
diagnoses annually in men [1]. As in other malignancies,
identification of molecular mechanisms involved in laryn-
geal cancer progression contributes to the better under-
standing of its biological behavior and perhaps to the
development of novel targeted anticancer therapies.

Integrin-linked kinase (ILK) which is normally located
in the focal adhesion plaques is a cytoplasmic serine/
threonine kinase implicated in integrin, growth factor, and
Wnt signaling pathways [2–6]. ILK is known to have a
nodal role in bidirectional cell–extracellular matrix signal-
ing and to regulate several important biological processes
such as cell proliferation, survival, cell adhesion, and
angiogenesis [5]. Overexpression of ILK has been shown
to induce tumor formation in nude mice [6]. Increased
expression of ILK has also been reported in many types of
tumors including melanoma, colon, prostate, anaplastic
thyroid carcinoma, nonsmall cell lung cancer, and head
and neck squamous cell carcinomas [5, 7–9]. To the best of
our knowledge, there are no reports of ILK expression in
human laryngeal carcinoma.

Several in vitro studies have implicated ILK in the
regulation of E-cadherin expression as well as in the
activation of Akt andβ-catenin [3, 4, 10] signaling pathways.
It has been well documented that downregulation of E-
cadherin and activation of β-catenin, represent key molec-
ular events in the development and progression of several
human malignancies including laryngeal cancer [11, 12]. It
is also known that the protein kinase Akt is involved in
several processes thought to be critical in carcinogenesis,
including aberrant cell proliferation, evasion from apoptosis,
promotion of angiogenesis, and tumor cell invasiveness [13].
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In a series of 97 invasive human laryngeal squamous cell
carcinomas, we studied by immunohistochemistry the
expression of ILK, phosphorylated-Akt (p-Akt; Ser 473),
E-cadherin, and β-catenin and correlated our results with
clinicopathological parameters such as tumor grade, stage,
and location.

Materials and methods

Tissue specimens

The study was performed in accordance with the institu-
tional ethical guidelines and has been approved by the
Committee on Research and Ethics and the Scientific
Committee of the University Hospital of Patras, Greece.
Formalin-fixed paraffin-embedded tissue samples from 97
primary human invasive squamous laryngeal carcinomas
(63 glottic and 34 supraglottic) were obtained from the
Department of Pathology, Agios Andreas General Hospital,
Patras, Greece. Adjacent nonneoplastic laryngeal tissue was
used as control. Two of the patients were women and 95
were men. Ages ranged from 40 to 86 years, with an
average age of 60 years. The WHO classification of tumors
was used to determine the histological grade: 25/97 tumors
(25.8%) were classified as grade I, 40/97 (41.2%) as grade
II, and 32/97 (33%) as grade III [14]. Thirty-two out of 97
(33%) tumors were stage I, 26/97 (26.8%) stage II, 17/97
(17.5%) stage III, and 22/97 (22.7%) stage IV A according
to tumor–node–metastasis (TNM) staging.

Immunohistochemistry

Immunohistochemistry was performed as previously de-
scribed [15]. Antigen retrieval was enhanced by micro-
waving the slides in 0.01 M citrate buffer (pH=6). Primary
antibody used were rabbit anti-ILK (Santa Cruz Biotech-
nology, CA, USA; dilution 1:500), rabbit anti-p-Akt
(Ser473; Cell Signaling, Beverly, MA, USA; dilution
1:40), mouse anti-β-catenin (BD Biosciences, CA, USA;
dilution 1:2,000), and mouse anti-E-cadherin (BD Bioscien-
ces, CA, USA; dilution 1:2,000). The antibody used for
detection of p-Akt detects Akt1, Akt2, and Akt3 only when
phosphorylated at Ser 473. Bound primary antibodies were
detected with the biotin–streptavidin–peroxidase method
(Envision detection kit, DAKO, Hamburg, Germany).

Immunohistochemical evaluation

All slides were assessed by one pathologist (H.P.) and one
investigator (A.G.) independently and blinded to the case.
Cytoplasmic, membranous, and nuclear staining for each
protein was evaluated separately. Cytoplasmic staining of

ILK, p-Akt, and β-catenin as well as membranous staining
of β-catenin was homogenously distributed among tumor
cells and it was scored based on the intensity of staining as
follows: score 0—negative staining, 1—weak staining, 2—
moderate staining, and 3—strong staining. Negative stain-
ing corresponds to complete absence of staining, strong
corresponds to staining that can be easily recognized with
light microscope at magnification (×4), weak corresponds
to staining that can be recognized only at magnification
(×20), and moderate is the staining with intensity values
intermediate of weak and strong. Nuclear expression of
ILK, p-Akt, and β-catenin and membranous expression of
E-cadherin showed no significant variations in intensity
of staining and the following scoring system was applied
based on the percentage of positive cells: score 0—staining
in less than 10% of tumor cells, 1—staining in 10-40% of
tumor cells, score 2—staining in 40–70% of tumor cells,
and score 3—staining in more than 70% of tumor cells.
Cases with score 0 were considered negative and cases with
scores 1, 2, or 3 were considered positive. In case of
cytoplasmic β-catenin, increased cytoplasmic expression
was defined as score >1 since in adjacent nonneoplastic
laryngeal mucosa, expression of cytoplasmic β-catenin had
a score 1. In case of membranous β-catenin and membra-
nous E-cadherin, decreased membranous expression was
defined as score <3 since adjacent nonneoplastic laryngeal
mucosa had a score 3 for membranous localization of both
proteins.

Statistical analysis

Statistical analysis was performed with the SPSS for
Windows, release 15.0 (SPSS Inc., Chicago, IL, USA).
Correlations of protein expression levels with clinicopath-
ological parameters were analyzed with the nonparametric
Kruskal–Wallis or Mann–Whitney tests for ordinal data and
chi-square test for nominal data. Correlations between
expression of proteins (immunohistochemical scores) were
evaluated by the Spearman rank-order correlation coeffi-
cient. Parametric tests were performed with correction for
ties. The significance level was defined as p<0.05.

Results

ILK is expressed in laryngeal cancer

Immunohistochemical staining for ILK was performed in
97 tumors and adjacent nonneoplastic laryngeal tissue. In
adjacent nonneoplastic laryngeal tissue, none or weak
cytoplasmic expression of ILK was detected in epithelial
cells in accordance with previous reports of negative/low
immunohistochemical staining of ILK in other normal
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epithelia (Fig. 1a) [9, 15]. In contrast, 85/97 (87.6%) of
laryngeal tumors were positive for ILK. Immunoreactivity
for ILK was observed in the cytoplasm and/or the nucleus
of cancer cells (Fig. 1b). Cytoplasmic localization of ILK
was found in 79/97 (81.4%) carcinomas, while nuclear
staining was detected in 56/97 (57.7%) cases with six out of

97 (6.2%) cases presenting sole nuclear staining and 29/97
(29.8%) cases presenting sole cytoplasmic staining. How-
ever, there was no statistically significant correlation
between cytoplasmic or nuclear ILK expression and tumor
grade, TNM stage, nodal metastases, or tumor location
(Table 1).

Fig. 1 Adjacent nonneoplastic
laryngeal mucosa—negative
immunostaining for ILK (a) and
p-Akt (c) and membranous
staining of β-catenin (e) and E-
cadherin (g). Laryngeal squa-
mous carcinoma—cytoplasmic
and nuclear staining for ILK (b),
p-Akt (d), and β-catenin (f) and
loss of membranous E-cadherin
(h) (×200)
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Activation of Akt is higher in well-differentiated laryngeal
carcinomas and strongly correlates with ILK expression

ILK has been shown in vitro to phosphorylate Akt at Ser
473 leading to its activation [10, 16]. Increased expression
of phosphorylated Akt (ser 473) that is indicative of Akt
activation has also been previously reported in human
cancer [13, 15, 17]. We therefore examined expression of
p-Akt (Ser 473) in our series of laryngeal carcinomas and
adjacent nonneoplastic laryngeal tissue. Immunoreactivity
for p-Akt in adjacent nonneoplastic laryngeal tissue was
either absent or barely detectable consistent with absent/
low expression levels observed in other normal epithelia
(Fig. 1c) [15, 17]. In contrast, positive p-Akt immunos-
taining was found in 83/97 (85.6%) carcinomas examined.
Immunoreactivity of tumor cells was cytoplasmic and
nuclear (Fig. 1d). Cytoplasmic p-Akt was observed in

74/97 (76.3%) carcinomas and nuclear staining was
also found in 74/97 (76.3%) cases. Cytoplasmic p-Akt
expression significantly correlated with tumor grade with
well-differentiated carcinomas showing higher p-Akt
expression compared to moderately and poorly differenti-
ated tumors (p=0.01; Fig. 2). There was no statistically
significant correlation between cytoplasmic or nuclear p-
Akt expression and other clinicopathological parameters
under evaluation (Table 2). Notably cytoplasmic ILK
expression significantly correlated with cytoplasmic
p-Akt (r=0.303, p=0.003) and nuclear ILK correlated
with nuclear p-Akt (r=0.231, p=0.023; Fig. 3). Finally, a
marginally significant correlation was found between
p-Akt (Ser 473) and E-cadherin expression (r=0.175,
p=0.086), while cytoplasmic p-Akt (Ser 473) expression
correlated with membranous β-catenin (r=0.226, p=
0.026).

Table 1 ILK expression in human laryngeal carcinomas

Number Cytoplasmic ILKa Nuclear ILKa

0 1 2 3 p valueb 0 1 2 3 p valueb

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Total 97 18 (18.6) 35 (36.1) 21 (21.6) 23 (23.7) 41 (42.3) 20 (20.6) 21 (21.6) 15 (15.5)
Location 0.680 0.537
Glottic 63 11 (17.5) 26(41.2) 11 (17.5) 15 (23.8) 26 (41.2) 11 (17.5) 16 (25.4) 10 (15.9)
Supraglottic 34 7 (20.6) 9 (26.5) 10 (29.4) 8 (23.5) 15 (44.1) 9 (26.5) 5 (14.7) 5 (14.7)
Grade 0.774 0.906
I 25 2 (8) 12 (48) 5 (20) 6 (24) 11 (44) 3 (12) 6 (24) 5 (20)
II 40 8 (20) 13 (32.5) 9 (22.5) 10 (25) 18 (45) 8 (20) 9 (22.5) 5 (15.5)
III 32 8 (25) 10 (31.2) 7 (21.9) 7 (21.9) 12 (37.5) 9 (28.1) 6 (18.7) 5 (15.6)
TNM 0.342 0.455
I 32 2 (6.3) 15 (46.9) 6 (18.8) 9 (28) 14 (43.7) 4 (12.5) 11 (34.4) 3 (9.4)
II 26 6 (23.1) 11 (42.3) 4 (15.4) 5 (19.2) 10 (38.5) 5 (19.2) 5 (19.2) 6 (32.1)
III 17 2 (11.8) 5 (29.4) 6 (35.3) 4 (23.5) 6 (35.3) 4 (23.5) 3 (17.6) 4 (23.4)
IV 22 8 (36.4) 4 (18.2) 5 (22.7) 5 (22.7) 11 (50) 7 (31.8) 2 (9.1) 2 (9.1)

Correlation with clinicopathological parameters
a ILK expression was scored as described in “Materials and methods”.
b Kruskal–Wallis or Mann–Whitney test; p<0.005 was considered statistical significant.

Fig. 2 P-Akt cytoplasmic ex-
pression in relation to tumor
grade. a Low grade tumor
showing strong immunoreactiv-
ity for p-Akt. b Negative p-Akt
expression in a high grade tumor
(×400)
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Activation of β-catenin in laryngeal cancer correlates
with advancing tumor grade

Immunohistochemical analysis of β-catenin protein expres-
sion in 97 laryngeal carcinomas revealed nuclear localiza-
tion (score >0), cytoplasmic pooling (score >1), and
diminished membrane expression (score <3) of β-catenin
in 43.3%, 75.3%, and 77.3% of cases, respectively

(Fig. 1f). Adjacent nonneoplastic laryngeal tissue showed
strong membranous (score 3), weak cytoplasmic (score 1;
Fig. 1e), and negative nuclear β-catenin localization (score
0) consistent with the role of β-catenin in adherens
junctions in normal epithelial cells [18, 19]. Nuclear
localization, cytoplasmic accumulation, and decreased
membrane expression of β-catenin were all significantly
correlated with advancing tumor grade (p=0.008, p=0.002,

Table 2 Expression of p-Akt in human laryngeal carcinomas

Number Cytoplasmic p-Akta Nuclear p-Akta

0 1 2 3 p valueb 0 1 2 3 p valueb

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Carcinomas total 97 23 (23.7) 18 (18.5) 25 (25.8) 31 (32) 23 (23.7) 32 (33) 19 (19.6) 23 (23.7)
Location 0.649 0.122
Glottic 63 15 (23.8) 10 (15.9) 17 (27) 21 (33.3) 17 (27) 21 (33.3) 14 (22.2) 11 (17.5)
Supraglottic 34 8 (23.5) 8 (23.5) 8 (23.5) 10 (29.5) 6 (17.6) 11 (32.4) 5 (14.7) 12 (35.3)
Grade 0.01 0.241
I 25 2 (8) 2 (8) 10 (40) 11 (44) 5 (20) 7 (28) 10 (40) 3 (12)
II 40 8 (20) 9 (22.5) 11 (27.5) 12 (30) 9 (22.5) 12 (30) 8 (20) 11 (27.5)
III 32 13 (40.6) 7 (21.9) 4 (12.5) 8 (25) 9 (28.1) 13 (40.6) 1 (3.2) 9 (28.1)
TNM 0.082 0.241
I 32 6 (18.7) 4 (12.5) 10 (31.3) 12 (37.5) 5 (15.6) 11 (34.4) 7 (21.9) 9 (28.1)
II 26 9 (34.6) 8 (30.8) 4 (15.4) 5 (19.2) 5 (19.2) 11 (42.3) 4 (15.4) 6 (23.1)
III 17 2 (11.8) 4 (23.5) 3 (17.7) 8 (47) 4 (23.5) 4 (23.5) 4 (23.5) 5 (29.5)
IV 22 6 (27.3) 2 (9.1) 8 (36.3) 6 (27.3) 9 (40.9) 6 (27.3) 4 (18.2) 3 (13.6)

Correlation with clinicopathological parameters
a p-Akt expression was scored as described in “Materials and methods”.
b Kruskal–Wallis or Mann–Whitney test; p<0.005 was considered statistical significant.

Fig. 3 ILK expression in laryn-
geal carcinomas correlates with
activation of Akt. a, b Adjacent
sections of a tumor showing
weak immunoreactivity for ILK
(a) and p-Akt (b). c, d Adjacent
sections of a tumor with strong
ILK (c) and p-Akt cytoplasmic
expression (d) (×200)
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and p=0.001, respectively). The expression of β-catenin
did not correlate with other clinicopathological parameters
(Table 3). Nuclear β-catenin expression also correlated with
cytoplasmic (r=0.494, p<0.001) and membranous β-
catenin (r=−0.300, p=0.003).

Downregulation of E-cadherin in laryngeal cancer
correlates with advancing tumor grade and TNM stage

Expression of E-cadherin was evaluated in 97 laryngeal
carcinomas and adjacent nonneoplastic tissue. Normal
epithelial cells of adjacent nonneoplastic tissue showed
fine membranous staining (score 3) consistent with the role
of E-cadherin in adherens junctions in normal epithelia
(Fig. 1g) [18, 19]. Reduced expression of E-cadherin (score
<3) was detected in 69 of 97 tumors (71.1%) examined
(Fig. 1h). Diminished membrane expression of E-cadherin
correlated significantly with advancing tumor grade (p<
0.001) and TNM stage (p=0.014), while no correlation with
tumor location was observed (Table 4).

Activation of β-catenin in laryngeal carcinomas correlates
with loss of E-cadherin but not with ILK expression

In the 97 cases of laryngeal carcinomas examined both
nuclear and cytoplasmic localization of β-catenin correlated
significantly with downregulation of E-cadherin (r=0.344,
p=0.001, and r=0.241, p=0.017, respectively). In addition,
a strong positive correlation was found between E-cadherin
and membranous β-catenin staining (r=0.353, p<0.001).
However, there was no statistically significant correlation of

ILK expression with activation of β-catenin or down-
regulation of E-cadherin.

Discussion

ILK has been implicated in various aspects of the process
of carcinogenesis particularly those concerning tumor
progression [5]. The recent identification of small molecule
ILK inhibitors that show encouraging results in suppression
of tumor growth and invasion renders ILK a promising
target for novel cancer therapies [5, 7, 9].

Although ILK is normally located in focal adhesions, our
study showed none/weak immunohistochemical staining of
ILK in adjacent nonneoplastic laryngeal mucosa. This
finding has been previously reported in other normal
epithelia including tongue, colon, and gastric epithelium
[9, 15, 20]. In contrast to adjacent nonneoplastic laryngeal
mucosa, we demonstrated overexpression of ILK in
laryngeal squamous cell carcinomas. This finding suggests
a possible role for ILK in laryngeal carcinoma. However, in
contrast to studies in other human malignancies, ILK
expression in our material was not correlated with tumor
progression parameters such as grade and TNM stage [5].

Importantly, we found that ILK in addition to its
cytoplasmic localization, in many instances (57.7%), was
localized in the nucleus of laryngeal cancer cells. This
finding is interesting since immunohistochemical studies in
other human malignancies showed exclusively cytoplasmic
expression of ILK [5, 7, 15]. Nuclear localization of ILK
has, however, been recently reported in nonsmall cell lung

Table 3 Expression of β-catenin in human laryngeal carcinomas

Number Membranous β-catenina Nuclear β-catenina

0 1 2 3 p valueb 0 1 2 3 p valueb

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)

Carcinomas total 97 30 (30.9) 30 (30.9) 15 (15.5) 22 (22.7) 55 (56.7) 36 (37.1) 6 (6.2) 0 (0)
Location 0.025 0.506
Glottic 63 14 (22.2) 21 (33.3) 12 (19.1) 16 (25.4) 37 (58.7) 23 (36.5) 3 (4.8) 0 (0)
Supraglottic 34 16 (47.1) 9 (26.5) 3 (8.8) 6 (17.6) 18 (53) 13 (38.2) 3 (8.8) 0 (0)
Grade 0.001 0.008
I 25 6 (24) 4 (16) 4 (16) 11 (44) 20 (80) 4 (16) 1 (4) 0 (0)
II 40 7 (17.5) 16 (40) 9 (22.5) 8 (20) 23 (57.5) 15 (37.5) 2 (5) 0 (0)
III 32 17 (53.1) 10 (31.2) 2 (6.3) 3 (9.4) 12 (37.5) 17 (53.1) 3 (9.4) 0 (0)
TNM stage 0.146 0.654
I 32 7 (21.9) 11 (34.4) 3 (9.3) 11 (34.4) 20 (62.5) 11 (34.4) 1 (3.1) 0 (0)
II 26 8 (30.8) 11 (42.3) 2 (7.7) 5 (19.2) 12 (46.2) 13 (50) 1 (3.8) 0 (0)
III 17 4 (23.5) 5 (29.4) 3 (17.7) 5 (29.4) 11 (64.7) 4 (23.5) 2 (11.8) 0 (0)
IV 22 11 (50) 3 (13.6) 7 (31.8) 1 (4.6) 12 (54.5) 8 (36.4) 2 (9.1) 0 (0)

Correlation with clinicopathological parameters
aβ-catenin expression was scored as described in “Materials and methods”.
b Kruskal–Wallis or Mann–Whitney test; p<0.005 was considered statistical significant.
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cancer, cell lines of esophageal squamous cell carcinoma,
and in kidney-derived cell lines (COS-1) [8, 21, 22]. In the
later instance, a mechanism involving ILK–caveolin-1
interaction has been suggested [21]. Recently, nuclear
localization of ILK has also been reported in breast cancer
cell lines and attributed to a mechanism involving activa-
tion of PAK-1 [23]. In this study, the presence of ILK
nuclear localization was postulated to be implicated in the
maintenance of nuclear integrity and also in the regulation
of gene expression [23]. Additionally, ILK has been shown
to be a member of a tubulin-based multiprotein complex at
the centrosome regulating the organization of the mitotic
spindle, a finding suggesting significant implications for
ILK mitotic role in cancer [24, 25]. Taken together, these
data indicate that ILK may exert novel yet unidentified
nuclear functions in laryngeal cancer.

We also demonstrated enhanced expression of phosphor-
ylated Akt in laryngeal carcinomas. There was a strong
correlation of p-Akt expression with ILK suggesting that in
laryngeal carcinomas ILK is probably implicated in the
activation of Akt as it has been reported in other human
malignancies [8, 13, 15]. Consistent with our findings, ILK
has been shown to phosphorylate in vitro Akt at Ser 473 [5,
16]. Inhibition of ILK kinase activity and conditional
knockout of ILK have also demonstrated an essential role
of ILK in activation of the protein kinase Akt [5, 9, 10].
However, in contrast to other malignancies [8, 15], high
levels of p-Akt were correlated with well-differentiated
laryngeal carcinomas. It is interesting that similar findings
were reported in the cases of non-small cell lung cancer and
cholangiocarcinoma [26, 27]. There was no correlation

between nuclear p-Akt and tumor grade in our material.
This may be attributed to the fact that the various
subcellular localization of p-Akt may differently influence
laryngeal cancer biology. In this respect, it is of interest to
note that an important role for the subcellular localization
of Akt in determining downstream signalling and subse-
quent cellular events has been previously suggested [28].

As in previous studies, we demonstrated an activation of
β-catenin and downregulation of E-cadherin which corre-
lated with advancing tumor grade and TNM stage [11, 12].
We also documented a statistically significant correlation
between downregulation of E-cadherin and nuclear accu-
mulation of β-catenin. Apart from its role in E-cadherin-
mediated cell adhesion, β-catenin is a central component of
the Wnt signaling pathway [18, 19]. The catenin/cadherin
adherence complex is known to play a significant role in
cell adhesion, signaling, and cancer [18, 19]. In addition to
mutations of Wnt signaling pathway components, loss of
E-cadherin has also been shown to induce nuclear translo-
cation of β-catenin and activation of its transcriptional
activity [29]. Taken together, our findings probably indicate
a causative relation between loss of E-cadherin and
activation of β-catenin signaling in laryngeal cancer.

Although previous in vitro studies implicate ILK in the
regulation of β-catenin signaling and E-cadherin expres-
sion, there was no significant in vivo correlation of ILK
expression with β-catenin or E-cadherin in our material
[3, 4]. This finding suggests that in laryngeal carcinogen-
esis mechanisms other than overexpression of ILK account
for the observed deregulation of β-catenin and E-cadherin.
In line with this hypothesis, we showed that activation of

Table 4 E-cadherin expression in human laryngeal carcinomas

Number Membranous E-cadherina

0 1 2 3 p valueb

n (%) n (%) n (%) n (%)

Carcinomas total 97 37 (38.1) 16 (16.5) 16 (16.5) 28 (28.9)
Location 0.226
Glottic 63 21 (33.3) 10 (15.9) 13 (20.6) 19 (30.2)
Supraglottic 34 16 (47.1) 6 (17.6) 3 (8.8) 9 (26.5)
Grade <0.001
I 25 3 (12) 3 (12) 7 (28) 12 (48)
II 40 11 (27.5) 8 (20) 7 (17.5) 14 (35)
III 32 23 (71.9) 5 (15.5) 2 (6.3) 2 (6.3)
TNM stage 0.014
I 32 10 (31.3) 4 (12.5) 4 (12.5) 14 (43.7)
II 26 7 (26.9) 8 (30.8) 5 (19.2) 6 (23.1)
III 17 5 (29.4) 2 (11.8) 4 (23.5) 6 (35.3)
IV 22 15 (68.2) 2 (9.1) 3 (13.6) 2 (9.1)

Correlation with clinicopathological parameters
a E-cadherin expression was scored as described in “Materials and methods”.
b Kruskal–Wallis or Mann–Whitney test; p<0.005 was considered statistical significant.
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β-catenin may due to the loss of E-cadherin [29]. Mutations
of the Wnt signalling pathway components may also
account for the nuclear accumulation of β-catenin in
laryngeal carcinomas [18, 19, 30]. Moreover, loss of E-
cadherin in laryngeal cancer may be attributed to genetic or
epigenetic alteration of the E-cadherin gene [18, 19, 30, 31].

Our study shows a marginal correlation of cytoplasmic
p-Akt with membrane E-cadherin (p=0.086) and a statis-
tically significant correlation between cytoplasmic p-Akt
and membrane β-catenin expression (r=0.226, p=0.026).
The later finding is in contrast to previous studies [15, 32],
but it is interesting to note that in our material, cytoplasmic
p-Akt, membrane E-cadherin, and membrane β-catenin,
they are all correlated with low tumor grade.

In conclusion, we demonstrated cytoplasmic and nuclear
expression of ILK in human laryngeal squamous cell
carcinomas suggesting a possible role for ILK in the
development of these tumors. In addition, we found that
ILK expression in laryngeal carcinomas correlates with
p-Akt but not with the loss of E-cadherin or activation of
β-catenin. Finally, we provided evidence that expression of
p-Akt correlates with well-differentiated laryngeal tumors.
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Abstract The aim of this study was to survey Cdx2
expression in pyloric gland adenoma (PGA) of the
gallbladder. We reviewed 29 PGA cases, ten (34.4%) and
seven (24.1%) of which showed intestinal metaplasia (IM)
and squamous morule (SM), respectively. The immunos-
taining for Cdx2, beta-catenin, MUC5AC, MUC2, MUC6,
and M-GGMC-1 was performed and scored (0=negative,
1+=<10%, 2+=10% to <30%, 3+=30% to <50%, 4+=50%
to <70%, 5+=70–100%). Although its scores were rela-
tively low (1+ or 2+), Cdx2 was frequently expressed in 27
cases (93.1%). Not only goblet and/or Paneth cells were
positive but also non-IM cells in PGAs, as opposed to the
lack of staining in the background mucosa. Cdx2 scores
were not correlated with those of IM (p=0.485) and MUC2
(p=0.868). Of note, Cdx2 was positive in foci of SM in all
seven cases, and there was a significant difference in Cdx2
scores between PGAs with and without SM. Furthermore,
the p value of scores between Cdx2 and beta-catenin was
0.051, and both mean labeling indices (LIs) were correlated
(r=0.736). With Cdx2, higher morular LIs than glandular
LIs were observed (p=0.001). Finally, we concluded that
aberrant Cdx2 expression in PGAs is closely associated
with nuclear beta-catenin expression and SM in contrast
with IM.

Keywords Cdx2 . Beta-catenin . Pyloric gland adenoma .

Gallbladder . Immunohistochemistry

Introduction

The Cdx2 protein is an intestine-specific homeobox gene
transcription factor that plays an important role in regulat-
ing the differentiation of the intestinal epithelium [1]. The
expression in adult normal tissue is restricted to the nuclei
of the intestinal epithelium from the duodenum to the
rectum [2, 3]. Its expression, however, is not limited to
normal mucosa because it has also been reported in colonic
adenocarcinoma [2, 4]. Furthermore, Cdx2 expression has
been documented in adenocarcinomas at other sites such as
the stomach, pancreas, urinary bladder, and ovary; this
expression has been interpreted as intestinal differentiation
[4–8].

In gallbladder, Cdx2 expression has been observed in the
mucosa in chronic cholecystitis, cholelithiasis, and adeno-
carcinoma and has been found to be related to MUC2
expression [9–12]. These phenomena have also been
interpreted as intestinal differentiation. In tubular adenoma,
the pyloric gland-type (or pyloric gland adenoma; PGA) of
the gallbladder, which is composed of lobules that contain
closely packed pyloric type tubular glands, only a report of
Cdx2 has been published [13]. According to that, none of
the 58 PGA cases showed Cdx2 expression.

We have clarified that Cdx2 protein is frequently
aberrantly expressed in endometrial lesions with squamous
differentiation, especially morular-type differentiation, and
strongly correlates with nuclear expression of beta-catenin
[14]. Furthermore, Saegusa et al. proved that in cell lines of
endometrial carcinomas, overexpression of the active form
of beta-catenin results in a significant increase in endoge-
nous Cdx2 expression at both mRNA and protein levels
[15]. They concluded that an association between Cdx2 and
beta-catenin signaling might participate in an induction of
transdifferentiation of endometrioid carcinoma cells. In
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PGA, squamous morules (or spindle cell metaplasias; SMs)
are also present in 23% of cases [16]. SM is defined as
having discrete nests or uniformly demarcated sheets of
nonkeratinizing (immature) squamous cells, which are oval
or spindle-shaped cells appearing bland and uniform and
lacking prominent nucleoli [17–19]. These cells sometimes
contain biotin-rich optically clear nuclei [18, 20]. Mitotic
figures are usually not seen. Immunohistochemically,
nuclear expression of beta-catenin, estrogen-beta receptor,
p53, cyclin D1, and low MIB-1 index is shown in the foci
of SM [18, 21] In addition, the gene mutation of beta-
catenin in PGA has been established as well as in
endometrial lesions [22, 23]. Given that PGA and endome-
trial lesions have SM in common, aberrant Cdx2 expression
in PGA can also be presumed in a mode other than
intestinal differentiation.

The aim of the present study was to survey Cdx2
expression in PGA of the gallbladder and to determine
whether Cdx2 expression is related to intestinal differenti-
ation, beta-catenin expression, or SM.

Materials and methods

We retrieved 29 cases of PGAs from the files of Kurashiki
Central Hospital and Himeji Red Cross Hospital. We
reviewed HE slides to note the size of the lesion and
the presence or absence of IM and SM. With IM, a small
number of admixed cells (Paneth cells and/or goblet

cells) were also noted. In immunohistochemistry, paraffin-
embedded sections cut at 4 μm were deparaffinized and
rehydrated, and endogenous peroxidase was blocked in 3%
hydrogen peroxidase. In all specimens, immunostainings
were performed for beta-catenin and for mucin markers
such as MUC5AC for gastric foveolar-type epithelium,
MUC6, M-GGMC-1 for the pyloric-gland type, and MUC2
for the intestinal goblet-cell type, using suitable antigen
retrieval for each, and detection was carried out with the
Envision plus detection system (DAKO, Kyoto, Japan;
Table 1). Diaminobenzidine was employed as a chromogen.
The immunostaining was scored as follows: 0=negative,
1+=<10% positive cells, 2+=10% to <30%, 3+=30% to
<50%, 4+=50% to <70%, 5+=70–100%. In a closer survey
of the relationship between Cdx2 and beta-catenin, the
number of positive nuclei for Cdx2 and beta-catenin was
counted in the well-labeled high power fields (HPFs). The
mean labeling indices (LIs; %) were calculated by counting
1,000 cells in three different HPFs. Moreover, with SM
cases, morular and glandular LI (%) were also calculated by
counting positive cells in all foci of SM and in the
surrounding glandular cells (at least 1,000 cells per a focus
of SM).

All statistical analyses were carried out using the SPSS
software package version 15.0 (SPSS Inc., Chicago, IL,
USA). Comparative data were analyzed using Pearson’s chi
square test, Linear-by-Linear association, Spearman’s cor-
relation coefficient, and the Mann–Whitney U test. A p
value of <0.05 was considered statistically significant.

Table 1 Immunohistochemical panel

Primary antibody Clone Company Dilution Antigen retrieval

Cdx2 CDX2–88 BioGenex, San Ramon, CA, USA 1:100 MW (EDTA, pH 7.0)
Beta-catenin 17C2 Novocastra, Newcastle, UK 1:50 MW (citrate, pH 6.0) + PC
MUC2 Ccp58 Novocastra, Newcastle, UK 1:100 MW (citrate, pH 6.0)
MUC6 CLH5 Novocastra, Newcastle, UK 1:100 MW (citrate, pH 6.0)
M-GGMC-1 HIK1083 Kanto Chemical, Tokyo, Japan 1:25 MW
MUC5AC CLH2 Novocastra, Newcastle, UK 1:100 MW (citrate, pH 6.0)

MW microwave, PC pressure cooker

Table 2 Immunohistochemical results

Antibody Score

0 % 1+ % 2+ % 3+ % 4+ % 5+ %

Cdx2 2 6.9 19 65.5 8 27.6 0 0.0 0 0.0 0 0.0
Beta-catenin 1 3.4 11 37.9 5 17.2 9 31.0 3 10.3 0 0.0
MUC6 0 0.0 0 0.0 2 6.9 5 17.2 3 10.3 19 65.5
M-GGMC-1 0 0.0 1 3.4 2 6.9 10 34.5 8 27.6 8 27.6
MUC2 24 82.8 5 17.2 0 0.0 0 0.0 0 0.0 0 0.0
MUC5AC 1 3.4 16 55.2 9 31.0 3 10.3 0 0.0 0 0.0
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Results

PGA ranged in size from 3 to 16 mm (mean 8.2 mm).
Seven cases (24.1%) contained foci of SM. Ten cases
(34.4%) had small but distinct foci of goblet cells and/or
Paneth cells. Of these, only two cases contained both
metaplasias. The immunohistochemical results are listed in

Table 2. In the background mucosa of all 18 cases
assessable, Cdx2 expression was completely absent. Al-
though its scores were low (1+ or 2+), Cdx2 was frequently
expressed in 27 cases (93.1%). Not only goblet and/or
Paneth cells, but also other cells in PGAs were found to be
positive for the marker, in contrast with the absence of
staining in the background mucosa (Figs. 1a–c, 2a–d). Of

Fig. 1 PGA without IM
(A HE ×100; B HE ×400). PGA
showing the expression of
mucin markers MUC6
(C, ×200), M-GGMC-1
(D, ×400), and MUC5AC
(E, ×200), lacking MUC2
expression (F, ×200). Likewise,
beta-catenin (G, ×400), nuclear
Cdx2 expression (H, ×400) is
identified in the minority of
glandular cells
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note, Cdx2 was also positive in foci of SM in all seven
cases (100%; Fig. 2f,h). Statistically, Cdx2 scores were not
correlated with those of IM (p=0.485) and MUC2 (p=
0.868; Tables 3 and 4; Fig. 1g). However, only a small
number of goblet and/or Paneth cells in five cases were

positive for MUC2 (17.2%), where Cdx2-positive cells
were also seen (Table 2; Fig. 2b). The Cdx2 score was
not statistically correlated with that of MUC6 (p=0.871),
M-GGMC-1 (p=0.878), and MUC5AC (p=0.499; Table 4;
Fig. 1e,f,h). In contrast, there was a significant difference in

Fig. 2 PGAwith IM (A–D) and
SM (E–H). Cdx2 stain is seen in
both Goblet (arrow) and Paneth
cells containing granules (arrow
head; A HE ×200; B, ×400),
despite there being no staining
in the background mucosa
(C HE ×100; D, ×200). In
morular foci (E HE ×200), Cdx2
expression (F, ×200; H, ×200)
closely resembles nuclear
expression of beta-catenin
(G, ×200)
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Cdx2 scores between PGAs with and without SM (Table 3).
Furthermore, the p value of scores between Cdx2 and beta-
catenin was just around a cut-off level (0.051; Table 4;
Fig. 1d); however, both of the mean LIs, which were
counted in well-labeled fields, were correlated (r=0.736;
Fig. 3). With both Cdx2 and beta-catenin in SM cases, the
morular LIs were significantly higher than the glandular LIs
(p=0.001, 0.038, respectively; Fig. 4).

Discussion

In gallbladder, Cdx2 expression, a well-known intestinal
marker, has been observed in the mucosa in chronic
cholecystitis, cholelithiasis, and adenocarcinoma and has
been found to be related to MUC2 expression [9–12].
These phenomena have also been interpreted as intestinal
differentiation. As to PGA, frequent Cdx2 expression
(92%) has also been considered to be specific to PGA
without any expression in the background mucosa of 18
cases. Our results were completely different from the data
by Nagata et al., who described that no 58 PGA cases
showed Cdx2 expression [13]. The reason for the dissoci-
ation of these results remains unclear. In their study, the
number of PGA cases with SM or IM was not elucidated.

They might have experienced some PGA cases with a small
number of Cdx2-positive cells, corresponding to our “Score
1” cases because they considered that Cdx2 expression was
positive when the percentage of positively stained cells was
10% or more. In general, PGA contains tumor cells
showing differentiation to goblet cells, Paneth cells, or
endocrine cells, which are often admixed, and these
admixed cells mean a kind of intestinal metaplasia of
PGA [16]. It seems plausible that Cdx2 expression may
correspond to the number of metaplastic cells. Indeed, in
the present study, Cdx2 expression was focally identified in
areas showing goblet and/or Paneth cell-type intestinal
differentiation, but it was very limited. PGAs with Paneth
cells or endocrine cells showed unquestionable positivity
for Cdx2, whereas Cdx2 did not correlate to MUC2
expression (all but five were completely MUC2-negative).
This miscorrelation between the two markers is unique and
has never been reported in other gallbladder lesions
(chronic cholecystitis or carcinoma) [10, 11]. In addition,
Cdx2 expression was not confined to the areas or cases
clearly showing intestinal metaplasia. Considering the
identification of Cdx2 in most PGA cases without IM,
Cdx2 expression in PGAs does not largely seem to indicate
true intestinal differentiation. Furthermore, neither does it to
correlate to expressions of MUC6 and M-GGMC-1 (pyloric
phenotypes) nor MUC5AC (gastric foveolar phenotype).

Of note, Cdx2 was positive in foci of SM in all seven
cases, and there was a significant difference in scores
between cases with and without SM (p=0.015). The
correlation of scores between Cdx2 and beta-catenin was
just around a cutoff level value (p=0.051), and the
correlation of mean LIs between Cdx2 and beta-catenin

Table 3 Comparison of Cdx2 scores between PGA cases with and
without metaplasia

Cdx2

0 1 2 p Value

PGA with IM 0 8 2 0.485
PGA without IM 2 11 6
PGA with SM 0 2 5 0.015*
PGA without SM 2 17 3

Statistical analysis was performed with Pearson’s chi square test (p<
0.05)
PGA pyloric gland adenoma, IM intestinal metaplasia, SM squamous
morule

Table 4 Correlations of scores between Cdx2 and other markers

Cdx2

Beta-catenin p=0.051
MUC2 p=1.000
MUC6 p=0.871
M-GGMC-1 p=0.878
MUC5AC p=0.499

Statistical analysis was performed with Linear-by-Linear Association

Fig. 3 Correlation between mLIs of Cdx2 and beta-catenin in PGA.
Statistical analysis was performed with Spearman’s correlation
coefficient
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was also identified. Comparing the mean LIs for both
markers, LIs of beta-catenin were likely to higher than
those of Cdx2. However, foci of SM in all seven cases
expressed both markers. In addition, morular LIs of Cdx2
were significantly higher than glandular LIs (p=0.001), as
seen in beta-catenin (p=0.038). These observations in PGA
have never been reported previously. Recently, we clarified
that Cdx2 protein is aberrantly expressed in endometrial
lesions with squamous differentiation, especially morular-
type differentiation, and strongly correlates with nuclear
expression of beta-catenin [14]. In addition to some
previous reports with beta-catenin mutation in PGAs [22,
23], our results of the correlation of mean LIs between the
two and their common expression in SM foci raise the
intriguing possibility that the mutation of beta-catenin
genes promotes Cdx2 expression, as Saegusa et al.
indicated in endometrial lesions [15]. They proved that in
cell lines of endometrial carcinomas, overexpression of the
active form beta-catenin results in a significant increase in
endogenous Cdx2 expression at both mRNA and protein
levels. They concluded that an association between Cdx2
and beta-catenin signaling might participate in induction of
transdifferentiation of endometrioid carcinoma cells. Fur-
ther molecular study in PGAs will be necessary to confirm
this speculation. In any event, Cdx2 expression has
previously only been considered to be “intestinal differen-
tiation” in gastrointestinal and pancreatobiliary systems. We
will describe a new aspect of Cdx2 expression related to
SM and stable beta-catenin, probably due to the latter gene
mutation. Our study can also offer the expression of Cdx2
as one of the traits of PGA.

In summary, we documented frequent Cdx2 expression
in PGA of the gallbladder. Unlike other gallbladder lesions

(chronic cholecystitis, cholelithiasis, and adenocarcinoma),
IM in itself plays a minor role of Cdx2 expression in PGA.
Moreover, Cdx2 expression did not correlate to MUC2
expression. Besides, significantly high levels of Cdx2
expression in morular foci and a correlation of mean LIs
between Cdx2 and beta-catenin are noteworthy. We, there-
fore, concluded that aberrant Cdx2 expression in PGAs is
closely associated with beta-catenin expression and SM.
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resurfacing hip arthoplasties: evidence for a type IV immune
response

H. Pandit & M. Vlychou & D. Whitwell & D. Crook &

R. Luqmani & S. Ostlere & D. W. Murray &

N. A. Athanasou

Received: 29 March 2008 /Revised: 21 July 2008 /Accepted: 18 August 2008 / Published online: 4 September 2008
# Springer-Verlag 2008

Abstract Clinical, radiological and histological findings
were analysed in four patients who developed bilateral
pseudotumours following metal-on-metal (MoM) resurfacing
arthroplasties of both hips. Using a panel of monoclonal
antibodies directed against HLA-DR, macrophages (CD14,
CD68), dendritic cells (DC-SIGN, S100, CD11c), B cells
(CD20), and Tcells (CD3, CD4, CD8), the nature of the heavy
inflammatory response seen in these cases was examined.
Bilateral masses developed in periprosthetic soft tissues
following the second MoM arthroplasty; these were charac-
terised histologically by extensive coagulative necrosis, a
heavy macrophage infiltrate and the presence of granulomas
containing macrophages and giant cells; there was also a
diffuse lymphocyte and variable plasma cell and eosinophil
polymorph infiltrate. Immunohistochemistry showed strong
expression of HLA-DR, CD14 and CD68 in both granuloma-
tous and necrotic areas; lymphocytes were predominantly
CD3+/CD4+ T cells. The clinical, morphological and immu-
nophenotypic features of these necrotic granulomatous pseu-
dotumours, which in all cases develop following a second
resurfacing hip arthroplasty, is suggestive of a type IV immune
response, possibly to MoM metal alloy components.

Keywords Metal-on-metal (MoM) resurfacing hip
arthroplasty . Pseudotumours . Immunohistochemistry .

Type IV immune response

Introduction

Resurfacing hip arthroplasties containing second-generation
cobalt–chromium–molybdenum alloy metal-on-metal
(MoM) components are now being increasingly employed in
the treatment of arthritic disease. This component combina-
tion is particularly useful for the treatment of end-stage
osteoarthritis of the hip in relatively young patients when
conventional total hip replacement (THR) may not last a
lifetime and the patient is likely to require revision surgery.
The advantages of MoM resurfacing hip arthroplasty include
relative conservation of bone, improved wear characteristics,
lower dislocation rate and the ability to meet the higher
demands and expectations of more active patients.

MoM articulations produce a high concentration of metal
ions and wear particles that induce a foreign body macro-
phage response as well as a variable but often heavy infiltrate
of lymphocytes and plasma cells, many of which are found
around small vessels [5, 11, 18]; this inflammatory reaction
has been termed an “aseptic lymphocyte-dominated vascular
associated lesion” (ALVAL), and is considered by some
investigators to develop as a result of a delayed hypersen-
sitivity response to wear debris derived from the metal
implant components [5, 9, 10]. However, several features
characteristic of a type IV immune response, including a
history of previous exposure to the antigen prior to
development of the reaction and a granulomatous response
[14], have not been documented in these cases.

In this study, we report a series of four patients who
presented with an identical history of development of
granulomatous pseudotumours following bilateral MoM
resurfacing hip arthroplasty. The clinical, morphological and
immunohistological findings in these cases would appear to
provide evidence for a type IV hypersensitivity response
being associated with the pathogenesis of these lesions.
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Clinical history

Patient 01 This 50-year-old female patient presented with
bilateral osteoarthritis (OA) secondary to hip dysplasia. She
underwent staged hip resurfacings 34 months apart (left
Birmingham hip resurfacing and right Conserve +). The
patient experienced significant pain in her first hip resurfacing
6 weeks after the second hip resurfacing and subsequently
sustained a fracture of the neck of the femur on that side after a
trivial fall. At the time of revision surgery, a large mass was
noticed posterior to the joint. The lesion was cystic; it
contained fluid within thickened walls and communicated
with the hip joint. The failed resurfacing was revised to a
conventional THR and the patient made an uneventful
recovery. The pain on the revised side settled completely.
The patient has started experiencing pain on the right side for
several months and magnetic resonance imaging (MRI) scans
have confirmed the presence of a pseudotumour (similar to the
contralateral side) posterior to the hip joint.

Patient 02 This 64-year-old female patient with bilateral
primary OA underwent simultaneous bilateral resurfacings
(Birmingham Hip Resurfacings). She was asymptomatic for
58 months, at which time she developed intermittent groin
pain in the left hip and noticed a lump under the scar. This
lump was a large fusiform cystic mass which was non-
tender to touch and was not associated with any lymph-
adenopathy. Ultrasound examination confirmed bilateral
pseudotumours—partly solid, partly cystic with thickened
wall and a large fluid collection. Repeated aspirations of the
hip joints have kept the symptoms under control but the
patient may need revision surgery in future. Percutaneous
biopsy has confirmed typical features of pseudotumour
associated with MoM hip resurfacing (see below).

Patient 03 This 47-year-old female patient with bilateral
OA secondary to trauma underwent staged hip resurfacings
(both Birmingham hip resurfacings) 10 months apart.
Following the second hip resurfacing, within 2 months the
patient developed bilateral hip pain worse in the first hip
resurfacing. An MRI scan of the pelvis revealed the
presence of bilateral pseudotumours anterior to the hip
joint. There was a fluid collection as well as the presence of
thickened synovium. The patient underwent revision
surgery on one side with uneventful recovery and complete
resolution of symptoms. She is awaiting revision surgery on
the other side.

Patient 04 This 65-year-old female patient with bilateral
primary OA underwent staged resurfacings (bilateral
Birmingham hip resurfacings) 4 months apart. Six months
after the implantation of the second resurfacing, she presented
with pain and femoral nerve palsy on the first hip resurfacing

side. An MRI scan confirmed the presence of pseudotumour
on both sides posterior to the hip joint. She underwent staged
revision, which relieved her pain, but the nerve palsy did not
recover. Subsequently, she developed pain on the contralateral
side with inability to bear weight, this was also revised to a
conventional THR and the patient made an uneventful
recovery.

Materials and methods

The clinical, radiological and investigative findings in four
female patients who had osteoarthritis and underwent
bilateral MoM resurfacing arthroplasty employing second-
generation metal components are summarised in Table 1.

Samples of the pseudotumour, the pseudocapsule and
acetabular and femoral pseudomembrane were examined
histologically. All samples were fixed in 10% neutral buffered
formalin prior to processing and embedding in paraffin wax.
Five-micrometer-thick tissue sections were stained with
haematoxylin and eosin and examined by light microscopy.

Representative sections of the pseudotumours were ana-
lysed by immunohistochemistry using a large panel of
antibodies to T lymphocytes (CD3, CD4, CD8), B lympho-
cytes (CD 20), macrophages (CD14, CD 68), plasma cells
(VS38c), dendritic cells (DCSIGN) and HLA-DR to charac-
terise the immunophenotype of inflammatory cells. Details of
monoclonal antibodies used are shown in Table 2.

Results

With the exception of a raised ESR and CRP in one patient
and a slight eosinophilia (0.5×109/l) in another patient, the
white cell count, immunological and other investigations
were normal. Radiological investigations, including MRI,
computed tomography (CT) and ultrasound, showed the
presence of a mass located posterolateral to the joint in
three of the four patients; the other patient had a mass
anterior to the joint, involving the psoas bursa and muscle
(Fig. 1). Further imaging revealed a similar mass abnor-
mality around the contralateral hip implant. No reactive
lymph nodes were noted on imaging or at operation.

Three of the four patients (four hips, one being revised
on both sides) underwent excision of the mass and revision
to a conventional total hip replacement. Histology of these
masses showed a number of common features. There was
extensive (>50%) coagulative necrosis of periprosthetic
connective tissue and muscle in which the ghost-like outlines
of large numbers of infiltrating macrophages were evident;
many of these macrophages appear to lie in small (granuloma-
like) aggregates in the necrotic areas (Fig. 2). Focal areas of
cystic degeneration were noted in the necrotic areas.
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Surrounding the necrotic areas, there was a very heavy
macrophage infiltrate; this took the form of a pseudotuber-
culoid granulomatous response with aggregates of macro-
phages and giant cells forming a mantle around the large
areas of necrosis (Fig. 2). There were also small discrete
granulomas which appeared to represent a viable counter-
part of the collections of non-viable macrophages found in
necrotic areas of the lesion. There was a diffuse, focally
heavy lymphocytic infiltrate and scattered lymphoid aggre-
gates around the necrotic areas. There were also occasional
plasma cells and eosinophil polymorphs in two of three
cases (Fig. 3). Scattered tiny black particles, presumed
aggregates of metallic wear particles, were seen in necrotic
connective tissue, but this was not a prominent feature in
any of the cases examined.
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Fig. 1 Coronal T2 STIR-weighted image showing bilateral cystic
masses, more extensive on the left side. The left-sided mass has a
markedly irregular inner wall and extends from the posterior aspect of
the hip into the region of the hamstrings, the lateral compartment and
the adductors

Table 2 Monoclonal antibodies employed in this study

Antigen Mouse monoclonal antibodies Source

CD3 F7.2.38 Dakopatts (UK)
CD4 NCL-L-CD4-368 Novocastra (UK)
CD8 C8/144B Dakopatts (UK)
CD20 L26 Dakopatts (UK)
CD14 CD14-223 Novocastra (UK)
CD68 KPI Dakopatts (UK)
DC SIGN 120507 R&D (UK)
HLA-DR CR3/43 Dakopatts (UK)
Plasma cell VS38c Dakopatts (UK)
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No organisms were isolated on microbiological culture
of periprosthetic tissues or identified on Ziehl-Neelsen,
Grocott, PAS and Giemsa staining. Immunohistochemistry
showed prominent HLA-DR expression in both the necrotic
and viable (granulomatous) areas of the tumours in which
there were numerous CD14+/CD68+ macrophages. Lym-
phocytes were mainly CD3+/CD4+ T cells (Fig. 4); there
were scattered CD20+ B cells, and a few dendritic cells
(CD11c+, S100+, DC SIGN+).

Discussion

All four cases in this series presented with an identical
history of a large pseudotumoural mass developing after a

second bilateral hip resurfacing arthroplasty employing
second-generation MoM components. CT, MRI and ultra-
sound imaging showed that the masses were partly solid
and partly cystic. The masses were largely composed of
areas of coagulative necrosis in which there were large
numbers of macrophages; these areas were surrounded by
macrophage and giant cell granulomas as well as T
lymphocytes, plasma cells and eosinophil polymorphs. This
necrotic granulomatous response and inflammatory infil-
trate is typically seen in the context of a delayed
hypersensitivity reaction and, taken with the strikingly
similar chronological history in all cases of the lesions
developing after implantation of a second MoM resurfacing

Fig. 3 Eosinophil polymorph infiltrate in inflammatory tissue of the
pseudotumour

Fig. 4 Immunohistochemical staining around a granuloma adjacent to
an area of necrosis of the pseudotumour with monoclonal antibody
NCL-L-CD4-368 showing the presence of numerous CD4+ T
lymphocytes

Fig. 2 There is extensive
coagulative necrosis which is
rimmed by granulomas. The
inset shows a high power view
of the granulomas which contain
macrophages and giant cells
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arthroplasty, would suggest that a type IV immune response
plays a role in their pathogenesis.

A type IV response develops when primed memory T
cells, recognise an antigen (often intracellular) which is
presented by appropriate HLA-DR-expressing cells such as
macrophages; the T cells are then stimulated to undergo
blastic transformation, resulting in the release of lympho-
kines which attract and activate macrophages that may
aggregate together to form granulomas [14]. In all the
pseudotumours in our series, there were granuloma-like
collections of macrophages in areas of coagulative necrosis
and well-formed granulomas in the surrounding viable
tissue. This pseudotuberculoid macrophage and giant cell
reaction and the presence of numerous HLA-DR+/CD14+/
CD68+ macrophages in both the viable and necrotic areas
of the pseudotumours are consistent with a type IV
response. Also typical of a type IV reaction is the fact that
all the pseudotumours in our series developed after a
second resurfacing arthroplasty, i.e. following previous
exposure to MoM implant components. It is upon second
exposure to the antigen that the series of events triggered by
antigen-sensitised T cells leads to the tissue destruction and
inflammation characteristic of a type IV response; it is also
in keeping with this response that the pseudotumours were
bilateral, developing around both MoM implants.

In addition to lymphocytes and macrophages, scattered
plasma cells and eosinophil polymorphs were noted in the
pseudotumours. These inflammatory cells have been noted
in periprosthetic tissues around failed MoM arthroplasties
in previous studies which concluded that this inflammatory
infiltrate, particularly the ALVAL component, is associated
with a hypersensitivity response to cobalt–chrome particles
[5, 9, 10]. Metal wear particle deposition in periprosthetic
tissues was not extensive in these studies or in the
pseudotumours in our cases; this is not surprising as,
although MoM articulations generate huge numbers of
cobalt–chromium wear particles, these particles are submi-
cron in size and not visible by light microscopy unless they
form tiny aggregates. It has been shown that phagocytosis
of these cobalt–chrome particles can induce cytotoxicity
and chromosomal damage [10]. Necrosis was a prominent
feature of all the pseudotumours in our study. Both necrosis
and what some observers have termed “necrobiosis” (on the
basis that the connective tissue changes resemble those seen
in necrobiosis lipoidica diabeticorum) have previously been
noted in periprosthetic tissues around first- and second-
generation MoM bearings [6]. It is thus possible that a
cytotoxic effect on macrophages which had phagocytosed
metal particles may have contributed to the extensive
necrosis seen in these pseudotumours.

Skin tests for metal allergy and lymphocyte transforma-
tion tests have provided indirect evidence that hypersensi-
tivity to metal alloys may play a role in MoM implant

loosening [2, 9, 12]. Morphological and immunophenotypic
features of a necrotising granulomatous response, similar to
that seen in the MoM-associated pseudotumours, can be
seen in the hypersensitivity response to contact metal
allergens in cheap jewellery containing nickel and chromate
[1, 4]; MoM implants contain only very small amounts of
nickel but it should be noted that 13% of patients presenting
with contact dermatitis to nickel are sensitised to both
nickel and chromium [16, 17]. In this regard, it may be of
significance that all of the patients in our series were female
and that a recently reported benign psoas mass which
formed around a unilateral MoM implant also occurred in a
female patient [3]; histologically, this lesion showed tissue
necrosis and a heavy lymphocytic infiltrate (but no
evidence of a granulomatous response).

The pseudotumours noted in the present series of cases
are distinct from those previously reported as granuloma-
tous pseudotumours associated with metal–polymer arthro-
plasties [7, 8, 15]. These lesions, which are also called
aggressive granulomatous lesions or aggressive granuloma-
tosis, have been reported to develop in association with
both cemented and cementless hip arthroplasties. They may
occur in patients with well-fixed prostheses and may present
as soft tissue masses adjacent to the prosthesis. In most cases,
these lesions are associated with extensive osteolysis.
Histologically, these lesions are distinct from the necrotic
granulomatous pseudotumours described in this paper in that
they contain a heavy macrophage and giant cell response to
particulate debris, particularly ultra-high molecular weight
polyethylene particles. Granulomatosis has been reported in
both males and females, unlike necrotic granulomatosis
pseudotumours, which appear to arise almost exclusively in
females [13]. Inflammation in aggressive granulomatosis
lesions and in periprosthetic tissues around metal–polymer
implants does not contain a prominent lymphocytic
infiltrate; scattered T lymphocytes have been noted but
these do not express interleukin-2 or transferrin receptors,
indicating that these cells are resting T lymphocytes [15].
Extensive tissue necrosis is not generally associated with
aggressive granulomatous pseudotumours which are
thought to form on the basis of a pronounced foreign body
macrophage response to deposited wear particles rather
than a hypersensitivity immune response.

The similar chronological history of previous exposure
to MoM implant components preceding development of all
the pseudotumours in our series, taken with the morphological
findings of a granulomatous response and a lymphocytic
infiltrate, predominantly T cell in nature, would argue in
favour of a cell-mediated immune response playing a role in
the formation of these lesions. Clinically, these patients
presented with a mass that resembled a neoplasm and caused
some diagnostic difficulty. The initial biopsy in some of our
cases showed only extensive necrosis which was difficult to
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distinguish morphologically with certainty from a necrotic
tumour; even in those cases where a pseudotuberculoid
granulomatous response could be identified, it was difficult
to distinguish this reaction from that seen in other necrotic
granulomatous conditions, such as mycobacterial or fungal
infections, or Wegener’s granulomatosis. Clinicians should be
aware that necrotic granulomatous pseudotumours can devel-
op around a MoM resurfacing hip arthroplasty and that these
lesions can be bilateral in patients with two MoM implants.
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Could the truncated variant of ERBB2 be present
in the squamous carcinomas of the cervix?
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Abstract ERBB2, a ligand-less membrane receptor, is
frequently overexpressed in a number of human tumors,
contributing to uncontrolled cell proliferation. In some
cases, gene amplification correlates with protein over-
expression and predicts response to trastuzumab. We
analyzed the expression of ERBB2 in a group of 40
patients diagnosed with infiltrating squamous cervical
carcinomas (ISCC) using a microarray. Immunochemistry
was performed using two different antibodies, one against
the extramembrane domain and the other one for the
intramembrane domain. Ten of the 40 cases included in
the study could not be evaluated. Of the 30 remaining
biopsies, 13 (42%) showed immunoreactivity only with the
antibody against the intramembrane domain. In 5 (16.12%),

both intramembrane and extramembrane immunoreactivity
was observed, and 12 (40%) were negative for both
antibodies. Looking at our results, we propose that, in
some ISCC, there is a rupture of the ERBB2 receptor, and
this event, with slight genetic amplification, could explain
the unfavorable response to trastuzumab observed in some
ISCC descript for some authors.

Keywords Cervical lesions . IHC . ERBB2

ERBB2, a ligand-less membrane receptor, is frequently
overexpressed in a number of human tumors, contributing
to uncontrolled cell proliferation. It is encoded by the
ERBB2 genes, located at 17q11–2q12. The ERBB2 status is
routinely determined in breast cancer patients, either by
immunohistochemistry—with antibodies against the extra-
membrane domain of the protein—or fluorescence in situ
hybridization. Gene amplification, present in 25% of the
patients, correlates with protein overexpression and predicts
a good response to the therapeutic monoclonal antibody
trastuzumab (Herceptin®), which binds to p185ERBB-2 at
the cell surface [1].

Although the number of infiltrating squamous cervical
carcinomas (ISCC) with ERBB2 amplification is low, three
or four copies of the gene have been reported in some
patients [2–3]. With respect to protein expression, the
percentage of tumors with immunoexpression increases
with the grade of the dysplasia with the highest values in
the ISCC group [4].

We analyzed the expression of ERBB2 in a group of 40
patients diagnosed with ISCC using a microarray that
included two cylinders of 1 mm per case. Immunochemistry
was performed using a semiautomated system (TechMate
500 Dako Corporation, Golstroup Denmark) after antigen
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retrieval at 110°C for 1 min in an autoclave. The method
involved the incubation with an anti-ERBB2 antibody using
the dextran peroxidase technique (Dako Envision, Glostrup,
Denmark) and an automated system (Ventana, Tucson, AZ,
USA). Antibodies against the extramembrane (anti-ERBB2
Dako, Glostrup, Denmark) and the intramembrane domain of
ERBB2 (anti-ERBB2 CB11 Zymed Lab, San Francisco, CA,
USA) were used. Two independent observers scored each
biopsy.

Ten of the 40 cases included in the study could not be
evaluated. Of the 30 remaining biopsies, 13 (42%) showed
immunoreactivity only when using the antibody against the
intramembrane domain. In 5 (16.12%), both intramembrane
and extramembrane immunoreactivity was observed, and
12 (40%) were negative for both antibodies.

The ERBB2 receptor undergoes a proteolytic shedding of
its ectodomain that can be detected in the serum of advanced
breast cancer patients. In addition, this process leaves in the
cell membrane an NH2-terminally truncated fragment,
p95ERBB2, which has in vitro kinase activity and is
probably constitutively active. This fragment cannot be
detected using antibodies against the ERBB2 extramembrane
domain, and trastuzumab cannot bind to it. In breast tumors,
the presence of p95ERBB2 correlates with a worse prognosis
[1] and a poor response to treatment with Herceptin® [5].

Rosty et al. [3] postulated an unfavorable response for
cases of SCC to treatment with anti-ERBB2 due to the

slight genic amplification. Looking at the results obtained
in this study and keeping in mind the writings of other
authors, we could propose that the rupture of the receptor,
as well as the slight genetic amplification, could explain the
unfavorable response to trastuzumab observed in ISCC.
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Abstract Steroid hormone receptor expression and HER2
status have become an integral part of histopathologic
characterization of breast cancer and corresponding bio-
marker assays have gained important prognostic and
predictive impact. Because testing inaccuracy could provide
a major hazard to modern breast cancer therapy, a
laboratory proficiency testing program has been imple-
mented in Germany using tissue microarrays (TMAs). In
four consecutive annual trials with 142 laboratories partic-
ipating on average per trial, estrogen receptor (ER), proges-
terone receptor (PR), and human epidermal growth factor
receptor 2 (Her2) were determined immunohistochemically
by participating laboratories followed by central review of all
immunostains. Performance strongly depended on the ambi-
guity of expression of the target molecule in the test samples.
In clearly positive (Allred score 7–8; Her2 3+) or negative
tissue samples, the majority of participants (86%) achieved
concordance rates exceeding 85%. By contrast, low expres-
sion of ER or PR (Allred score 3–4) as well as Her2 status 2+
led to considerable lower concordance rates ranging from
41% (Her2 2+) to 75% (PR). Poor reproducibility was

predominantly due to inadequate laboratory performance
whereas interobserver agreement (weighted kappa statistics)
usually was high (>0.81). Laboratories that participated in
more than one of the four subsequent trials (n=110) showed a
highly significant improvement of performance. In conclu-
sion, a TMA-based proficiency testing of biomarkers in breast
cancer has been implemented in Germany over a 5-year
period and revealed reliable assessment of unambiguously
positive and negative test samples. Low-expressing tumor
samples with regard to steroid hormone receptor expression
and Her2 status 2+ led to inaccurate evaluations by up to 59%
of participants. Regularly participating laboratories showed a
significant improvement of performance.

Keywords Steroid receptor . HER2 .

Immunohistochemistry . Quality assurance

Introduction

Steroid hormone receptor expression is one of the most
important biomarkers in breast cancer, which provides the
basis for the selection of alternative therapeutic strategies in
adjuvant breast cancer treatment [1]. In recent years, the
human epidermal growth factor receptor 2 (Her2) has gained
a similar impact as prognostic and predictive marker which
is meanwhile evaluated on a regular basis and influences
therapeutic decisions in the management of breast cancer
patients [2, 3]. For several reasons both biomarkers usually
are determined by pathologists applying tissue sections and
immunohistochemistry (IHC). In particular, differentiation
of invasive cancer cells in heterogeneous tissue encompass-
ing normal epithelial cells, stroma, and potentially in situ
lesions or necrosis requires microscopic correlation. Immu-
nohistochemical biomarker assays, however, do not represent
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a simple extension of traditional histopathologic evaluation
because they include quantitative assessments whereas the
unquestioned strength of histopathology lies in qualitative
analysis. In order to cope with the new challenge of target
molecule detection in the age of personalized medicine,
pathologists have to prove that quantitative biomarker assays
done by them on breast cancer tissue are accurate and reliable.

Testing inaccuracy remains a major issue with both IHC
and fluorescence in situ hybridization (FISH) and it has
been estimated that approximately 20% of current Her2
testing may be false [4]. There is widespread concern that
inaccuracy in detection methods and interpretation may
lead to an unacceptably high error rate in determining the
true hormone receptor status [5]. Comparison of centrally
versus locally assessed estrogen receptor (ER) and proges-
terone receptor (PR) revealed divergent results in a
substantial proportion of patients [6]. Obviously, there is a
great need to standardize immunohistochemical biomarker
assays to further ensure that similar results are obtained by
different institutions. External proficiency testing has been
proposed as one potential instrument to enable accurate
biomarker determination in a noncentralized approach [7,
8]. Yet the most effective setting for external proficiency
testing has not been determined. Open issues refer to selection
of material to be distributed, adequate number of challenges
(cases), type of challenge (cell lines, cancer tissue), and mode
of evaluation.

In this report, the implementation of a nationwide external
proficiency testing of ER, PR, and Her2 assessment during
five consecutive years from 2002 to 2006 in Germany is
described. Unlike previously reported trials [7, 8], tissue
microarrays (TMAs) were applied [9, 10] and all immuno-

histochemical stains done by participants underwent central
review in order to enable assessment of interlaboratory and
interobserver concordance.

Materials and methods

During the years 2002–2006, four TMAs were generated
and distributed to participating laboratories on demand.
Tissue cores from routine surgical pathology samples
retrieved from the archives of three institutes of pathology
in Germany (Hannover, Kassel, Wiesbaden) were used for
the construction of TMA. Cases were retrieved from the
archives with particular emphasis on low steroid hormone
receptor expression (Allred Score 3–4) [11] and equivocal
positivity for Her2 (2+). The Allred score combines three
grades of staining intensity with five percentage categories
(proportion of labeled cells). Thus, a sum results with a
maximum value of 8 and a threshold for positivity of ≥3
(e.g., intermediate staining intensity of 0–1% cells leads to
2 points (pts) plus 1 pt=3) [11]. Besides equivocal cases,
clearly positive or negative samples were included. Only
samples that received identical testing in all three labora-
tories mentioned above entered the final trial. The methods
used by the reference laboratories are described in Table 1.
From the 2003 to the 2006 run, all test cases with Her2 status
of 2+ and 3+ underwent fluorescence in situ hybridization.
Among the 3+ tissue samples, 100% revealed amplification
of Her2. Among the 2+ tissue samples, 33–56% were
polysome and up to 14% (2004, 2006) displayed amplified
copy numbers of the Her2 gene. Between 20 and 24 samples
were included in the TMAs which were generated exactly as

Table 1 Immunohistochemical methods applied by the reference laboratories

Reference
laboratory

Methods ER PR Her2

1 Retrieval method Pressure cooker at 125°C,
5 min, Citrat buffer pH 6

Pressure cooker at 125°C,
5 min, Citrat buffer pH 6

Citrat buffer pH 6, water bath
95–99°C, 40 min

Primary antibody Clone 1D5 und ER-2-123 Clone PGR1294 Rabbit antihuman Her2 protein
Detection system PharmDX, DAKO PharmDX, DAKO Hercep-test DAKO
Automat DAKO Autostainer Plus DAKO Autostainer Plus DAKO Autostainer Plus

2 Retrieval method Specific heat-based antigen
retrieval

Specific heat-based antigen
retrieval

Specific heat-based antigen
retrieval

Primary antibody Clone 6F11 Clone PR312 Clone SP3
Detection system XT UltraView DAB XT UltraView DAB UltraView Universal DAB
Automat Ventana Benchmark XT Ventana Benchmark XT Ventana Benchmark XT

3 Retrieval method Pressure cooker at 125°C,
3 min, Citrat buffer pH 6

Pressure cooker at 125°C,
3 min, Citrat buffer pH 6

Pressure cooker at 125°C,
3 min, Citrat buffer pH 6

Primary antibody Clone SP1 Clone PR636 Polyclonal rabbit antibody
(NCL-cerbB-2p)

Detection system ZytoChem Plus HRP Polymer
Kit (mouse/rabbit)

ZytoChem Plus HRP Polymer
Kit (mouse/rabbit)

ZytoChem Plus HRP Polymer
Kit (mouse/rabbit)

Automat Manual Manual Manual

538 Virchows Arch (2008) 453:537–543



described [9]. Pathology departments volunteering to
participate in external proficiency testing could order up
to three slides which were freshly cut and shipped unstained.
Within 2 months, immunohistochemical stainings had to be
performed and a protocol of the assessment as well as the
stained slides had to be returned to the organizers of the trial.
Participants were free to perform only one of the three tests
or all of them. Unstained slides could be ordered during a 10-
month-long period during which the trial was open for
participation.

The composition of the TMAs used as test material for
all three biomarkers from 2003 to 2006 is depicted in
Table 2.

Evaluation

For ER and PR, the Allred score was recorded by the
participants and reviewers. For statistical analysis, this
score was further simplified likewise with previous studies
into four categories: negative cases (Allred 0, 2) or low-
(Allred 3, 4), medium- (Allred 5, 6), and high-expressing
cases (Allred 7, 8). All scorings and statistics shown are
based on this four-tier classification. Each tissue spot was
scored. When the expected staining result was achieved or
nearly achieved by the participating laboratory, a score of
three points was given. In highly steroid hormone receptor
positive cases, participants’ staining results corresponding
to Allred values 7 or 8 were scored 3 pts; Allred values 5 or
6 were scored 2 pts; Allred values 3 or 4 were scored 1 pt;
and a negative result was scored 0 points. The scoring
system applied for Her2 discriminated between 0 (no
staining or membrane staining in less than 10% of invasive
tumor cells), 1+ (faint and partial membrane staining in more
than 10% of invasive tumor cells), 2+ (weak to moderate
complete membrane staining in more than 10% of invasive
tumor cells), and 3+ (strong complete membrane staining in
more than 10% of invasive tumor cells) [2]. According to
steroid hormone receptor evaluation, participants’ staining
results were reevaluated and accuracy was graded in a 0–3
point system. In case of a Her2 3+ challenge, 3+ was scored
with 3 pts, 2+ with 2 pts, 1+ and 0 with 0 point,
respectively. With regard to equivocal Her2 cases (2+), 3+
was scored with 1 pt, 2+ with 3 pts, 1+ and 0 with zero

points, respectively. False-positive or -negative results were
graded as 0 point with regard to steroid hormone receptors
as well as Her2. Lost tissue spots (floaters) or tissue fields
with obvious technical problems were excluded from
evaluation and did not influence the results. According to
this procedure, for each participant and marker tested, the
maximum sum of achievable points for a specific slide was
determined (e.g., 22 tissue spots, one floater, one spot at the
edge wiped off: 20 evaluable spots, maximum point score
3×20=60=100%). Based on this information, the achieved
sum of points per slide could be transferred into a percentage
score. A result of 80% or more was regarded as successful
participation (0–59% poor; 60–69% unsatisfactory; 70–79%
moderate; 80–89% good; 90–100% excellent). The results
are shown as overall performance per marker tested.
Moreover, we subdivided the analysis into the different
groups of expected results (low-, medium-, and high-
expressing cases) to enable a more profound insight into
staining capabilities.

Interobserver agreement was assessed using kappa
statistic, which takes into account the agreement expected
solely on the basis of chance and can be used if more than
two categories are classified. Total agreement is indicated
by a value of 1.0, but agreement by chance only results in a
0 value.

Although there is no generally accepted value of kappa in
the literature that indicates sufficient (i.e., good) agreement,
we applied the following guidelines: kappa<0.4 represents
poor-to-fair agreement; 0.4–0.6 moderate agreement; 0.6–
0.8 substantial agreement; and >0.8 almost perfect agree-
ment. To measure the grade of agreement, a weighted kappa
statistic was performed using the statistic software package
SAS, version 8.0.

A standardized questionnaire with routing questions
about protocol procedures as well as the participants’
personal opinion about the program, problems, and poten-
tial improvements was included.

Results

From about 400 laboratories of pathology in Germany, an
average of 142 participated in the four proficiency tests

Table 2 Composition of tissue microarrays (percent of tissue spots in TMA, %)

ER low ER medium ER high PR low PR medium PR high Her2 0/1+ Her2 2+ Her2 3+

2003 26 33 19 31 19 17 52 7 40
2004 26 26 26 11 21 37 36 36 28
2005 14 29 43 19 33 33 33 33 33
2006 27 23 27 27 23 27 36 32 32

ER- and PR-negative samples are not included and will add to 100%
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which took place between 2002 and 2006 (Table 1). A total
of 12,411 immunohistochemical ER stains underwent
central review. In case of PR and Her2, the number was a
little bit smaller. A comparison between central review and
evaluation by participants revealed an excellent concor-
dance with very low interobserver variability. Interobserver
agreement was calculated for 86 participants. Weighted
kappa statistics showed a very good overall concordance
between participating pathologist and reviewer for all three
markers tested: ER 0.84, PR 0.81, and HER2 0.86. These
results did not differ from previous trials and did not vary
between the different expectancy groups of low-, medium-,
and high-expressing cases (detailed data not shown).
Therefore, the interlaboratory differences in staining effi-
ciency were the major cause of discordant results. Conse-
quently, the quality of staining and not the reading emerged
as the decisive item to be controlled by external proficiency
testing. In order to give participants information on the
performance of their immunohistochemical detection
methods, all analyses were based on the results of the central
review of immunostains.

The unequivocally positive samples were detected with
high fidelity by participants. Allred scores 7 and 8 were
reproduced by 86% of participating laboratories with regard
to ER ad PR. More than 92% of participating laboratories
achieved correct results with regard to Her2 3+ cases. By
contrast, the equivocal cases of Her2 were stained with
considerable variation and only 41% of participants scored
correctly. Low-expressing ER and PR samples were
correctly identified by 61% and 75%, respectively.

The detailed results of all three markers, subdivided into
low-, medium-, and high-expressing cases, are depicted in
Figs. 1, 2, and 3. Furthermore, the figures display the results
for the runs 2002–2003, 2004, 2005, and 2006 sorted by
expressing groups. Whereas during the first two runs the rate
of poor performers (<60%) was as high as 40% in the group
of low-expressing ER cases, this rate has declined in 2005
and 2006. A similar effect could be observed for PR and
HER2 2+ cases. With regard to ER and PR, the number of
laboratories showing good and excellent results increased
from 2002 to 2006. For HER2, false-positivity rates as high
as during the first runs (2002, 2004) were reduced in 2005
and disappeared in 2006. The 0/1+ category and the 3+
category in HER2 were correctly diagnosed by the majority
of participating laboratories (Figs. 1, 2, and 3.)

Duplicate or triplicate participation in the four subse-
quent trials was performed by 110 laboratories. A compar-
ison was made based on the percentage score per marker
for all cases (overall performance) and for the difficult
cases encompassing low ER- and PR-expressing cases and
the HER2 2+ category. With regard to ER (all cases),
participants obtained significantly better results in the
second trial when compared to what they had achieved
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Fig. 1 Results of estrogen receptor staining in four consecutive trials
from 2002 to 2006 (vertical columns), subdivided according to the
level of expression into low, medium, and highly immunopositive
cases. The proportion of participants (%) achieving different levels of
concordance with expected results is indicated on the left. Each
column encompasses 100% of participants. The black segments of the
column indicates the proportion of participants with poor concordance
(<60%) whereas the white segment represents the proportion of
participants with good performance (≥90%). Intermediate concordance
results (60–<90%) are indicated by different gray tones in order to
illustrate the difficulty and consequences of setting different thresholds
for successful participation. Negative cases had concordance rates of
>95% and are not depicted. In all runs from 2002 to 2003, medium-
and high-expressing cases had similar results with regards to the good-
performance group (>90%, white segment) whereas the proportion of
participants with poor concordance rates (<60%, black segments) were
always lowest in the high-expressing group
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Fig. 2 Results of progesterone receptor staining in four consecutive
trials from 2003 to 2006 (vertical columns), subdivided according to
the level of expression into low, medium, and highly immunopositive
cases. The proportion of participants (%) achieving different levels of
concordance with expected results is indicated on the left. Each
column encompasses 100% of participants. The black segments of the
column indicates the proportion of participants with poor concordance
(<60%) whereas the white segment represents the proportion of
participants with good performance (≥90%). Intermediate concordance
results (60–<90%) are indicated by different gray tones in order to
illustrate the difficulty and consequences of setting different thresholds
for successful participation. Negative cases had concordance rates of
>95% and are not depicted
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before in their first trial (p=0.008; Wilcoxon test). An
improvement of performance could also be seen in case of
triplicate participation (p<0.001; Friedman test). This
improvement could be observed irrespective of which of
the four subsequent trials were passed by the laboratories.
Hence, the improvement appeared not to be due to different
levels of difficulty between the subsequent trials. If low-
expressing cases only were included in the analysis, the
improvement of the percentage score was 10.8% on average.
There was a significant improvement again with regard to
duplicate (p=0.008) as well as triplicate participation (p<
0.001). When PR is considered, there was a significant
improvement of 7.2% from the first to the second run and to
the third run (both p<0.001). With regard to the low-
expressing PR cases, the effect was even more pronounced
with an improvement of 33.1% (p=0.001 and p=0.003,
respectively).

Similarly, the results for HER2 improved when laborato-
ries participated in duplicate or triplicate. When all challenges
are considered, a mean improvement of 10.2% was seen in
case of duplicate and triplicate participation (p<0.001 and p<
0.001, respectively; Fig. 4). As has been seen with steroid
hormone receptors, the improvement of performance with
duplicate or triplicate participation became even more
obvious when equivocal challenges were taken into consid-
eration. In the 2+ subgroup, there was an increase of 24.9%
(p=0.004; one versus two runs) and also when three runs
were performed (p<0.001).

Discussion

Breast cancer in recent years has functioned as a pioneer
tumor, setting the stage for a new era of diagnostic and
therapy in oncology. Steroid hormone receptors and Her2
provided the first examples for targeted therapy and marked
the beginning of the age of personalized medicine. There
are different modes of determining potential target mole-
cules in cancers. Besides tissue-extract-based quantitative
protein and mRNA assays, there are in situ methods which
apply IHC or FISH. In most countries, the latter methods
are predominantly used to assess target molecules in breast
cancer [12]. However, there are a number of caveats and
open issues which have to be kept in mind when in situ
techniques are applied. First, the demand for quantification
has to be met and thresholds for categorization have to be
defined [13, 14]. The biological significance and justifica-
tion of these thresholds is particularly unclear in a gray
zone between unequivocal positive and negative cases [1,
4, 15]. Whether this gray zone could be diminished if the
corresponding assays were more reliable is a matter of debate
[15]. Second, the issue of reproducibility and reliability of
these assays emerges. The findings of a number of studies
indicate that significant interlaboratory variability for
steroid hormone receptor and Her2 testing does occur [6,
15, 16]. Despite these potential hazards, IHC offers a
number of decisive advantages like correlation to number
of tumor cells and their viability as well as to admixture
of normal, noninvasive, and stromal cells. In addition,
alternative extract-based methods did not yet prove a higher
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Fig. 4 Percentages of maximum concordance with expected results
achieved by individual laboratories in up to four consecutive
participations over time. Regardless of the year in which the first
participation took place, a duplicate or triplicate participation led to
higher concordance scores over time as can be seen from most of the
ascending lines, each of which represents one single laboratory.
Results are shown for HER2 but were similar for ER and PR
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Fig. 3 Results of Her2 staining in four consecutive trials from 2003 to
2006 (vertical columns), subdivided according to the level of
expression into negative (0, 1+), equivocal (2+), and positive (3+)
cases. The proportion of participants (%) achieving different levels of
concordance with expected results is indicated on the left. Each
column encompasses 100% of participants. The black segments of the
column indicates the proportion of participants with poor concordance
(<60%) whereas the white segment represents the proportion of
participants with good performance (≥90%). Intermediate concordance
results (60–<90%) are indicated by different gray tones in order to
illustrate the difficulty and consequences of setting different thresholds
for successful participation
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degree of reproducibility when applied on a similarly large
scale like IHC.

Apart from these considerations, pathologists who apply
IHC and clinicians who rely on the results of IHC assays
need information on how secure with regard to sensitivity
and specificity the method in individual use really is.
External proficiency testing is a useful tool to provide this
information [4] and national external quality assessment
schemes for immunohistochemistry like NEQUAS-ICC
have been founded [7, 8]. Whereas the potential benefit of
quality assurance trials is unquestioned, there are many
open questions with regard to composition of test samples
and evaluation. In this report, we have described the
German approach and the experiences derived thereof. In
order to increase the number of challenges and to diminish
the variability of individual tumors or modes of fixation, we
have applied TMA with tissues from three different
institutions. The usefulness of TMA in interlaboratory trials
has been demonstrated before [9, 10, 17]. The compliance
of participants with the TMAwas very good and reading of
the immunostained spots was not a cause of trouble. As has
been described previously, the overall concordance was high
in unequivocally positive or negative cases [8]. Discordant
results with a high percentage of false-negative scorings
were encountered in the low steroid hormone receptor
positive group and Her2 2+ cases. In each of the four trials,
these kinds of borderline cases were enriched in the TMA
in order to provide effectively discriminatory challenges
[17]. This overrepresentation of difficult cases led to a
higher proportion of underperforming laboratories than
would have been expected with a more representative
composition of challenges in the TMA. Because no generally
accepted benchmark criteria are available which could be
adapted to the level of difficulty and arbitrary bench marks
have to be set, the results are prone to misunderstanding
when communicated to nonpathologists, e.g., clinicians. On
the other hand, the TMAs enriched for difficult borderline
cases will more effectively alert pathologists to potential
shortcomings in their immunohistochemistry laboratories.
Indeed, it became evident from the analysis of laboratories
participating in duplicate or triplicate that the performance
significantly improved. These findings demonstrate that,
besides testing, external proficiency trials exert a training
function and improve overall performance [17]. Further-
more, participants benefited from the information derived
from the questionnaires as it became evident which steps of
the immunohistochemical staining procedure are particularly
crucial. For example, heat pretreatment for antigen retrieval
was found to be very heterogeneous with microwaving being
overrepresented in the low-performance group. Again, these
differences became effectively visible when the difficult
challenges were considered. The obvious relevance of
antigen retrieval is particularly suited to demonstrate a

dilemma which proficiency testing programs in pathology
are facing. Whereas standardized material, e.g., cell lines,
with known content of the target protein in question would
be ideal to evaluate and compare sensitivity of detection
methods, diagnostic routine pathology is usually challenged
with heterogeneous tissues modified by fixation and embed-
ding. Thus, fixed tissue from resection specimens suffers
from the drawback of not being standardized but as test
material it covers more and relevant steps of the diagnostic
process than would be possible with cell lines.

In conclusion, external proficiency testing as described
here fulfills two different functions which have to be
considered with regard to selection of challenges and
composition of test samples in the TMA as well as with
regard to the terms of evaluation. First, it provides information
about the current status of laboratory performance. This
information should be based on a representative selection of
cases resembling everyday practice. Second, it enables
training and improvement of laboratory performance. In order
to achieve the latter positive effect, the challenges within the
TMA have to be enriched for difficult and borderline cases
with low steroid hormone receptor expression or Her2 2+
status. Because both aims antagonize each other, TMA for
interlaboratory trials should be composed of two sets of cases
which should be evaluated and communicated separately.
Accordingly, in future trials, there should be a training set and
a test set of challenges. Benchmarks to categorize the results
on the latter type of challenges need to be developed.
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Abstract Integration of human papillomavirus DNAs into
the host genome is crucial to the development of cervical
cancer. Overexpression of the P16 protein has been
reported in cervical intraepithelial neoplasia (CIN) as well
as cervical cancer. Such molecular biomarkers have been
utilized for ancillary testing of liquid-based cytology
specimens; however, their clinical application remains
controversial. To detect CIN 2 or more advanced lesions,
153 liquid-based cytology (LBC) specimens were investi-
gated to determine the physical status of the human
papillomavirus (HPV) DNA by in situ hybridization (ISH)
and to detect overexpression of the P16 protein by
immunocytochemistry combined with HPV genotyping by
polymerase chain reaction. The combination of ISH, P16
immunocytochemistry, and LBC showed high sensitivity
(89.3%) as well as high specificity (92.6%). We confirmed
the usefulness of P16 immunocytochemistry combined with
ISH and HPV genotyping as ancillary molecular–biological
tests of LBC specimens for identifying patients at high risk
of cervical cancer.

Keywords In situ hybridization . Integration . P16 .

Liquid-based cytology . Human papillomavirus .

Cervical cancer screening

Introduction

Cervical cancer is the second most frequently encountered
cancer in women around the world [1]. Human papilloma-
virus (HPV) DNA is found in more than 90% of cervical
cancers [2, 3], and a recent review article described the
molecular interactions between the viral and host proteins
[4]. Integration of the HPV genome into the host cells is
thought to be one of the causes of cancer progression.
Integration of the viral DNA into the host genome disrupts
some early genes, such as the E1 and E2 open reading
frames (ORFs), while others, such as the E6 and E7 ORFs,
remain intact. The E6 protein binds to and degrades the
tumor suppressor P53 protein via ubiquitin pathways [5].
The E7 protein binds to the tumor suppressor Rb protein.
Duensing et al. [6] reported that the E7 protein is capable of
causing aneuploidy in stratified squamous cells. E7 protein
plays an important role in the onset of dysplastic change,
and the level of expression of the E7 protein may depend
on the physical status of the HPV genome in the cells. In an
in vitro study, Jeon et al. [7] found that the integration of
HPV16 results in an increase in the level of E7 transcripts
in cultured cells. Thus, it is very important to determine the
physical status of the HPV genome in patients of cervical
neoplasia to elucidate the mechanisms underlying the
development of cervical cancer.

P16 protein is one of the cyclin-dependent kinase
inhibitors that prevent phosphorylation of the Rb protein
and therefore play an important role in the regulation of the
mammalian cell cycle [8–10]. In addition, some studies have
demonstrated that the P16 protein is strongly induced and
plays an important role in replicative senescence or in
premature senescence provoked by the oncogenic ras [11–
13]. Thus, P16 protein is considered to be very important as
a tumor suppressor. In contrast, an inverse relationship has
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been reported between the presence of functional Rb protein
and overexpression of the P16 protein [14, 15]. High levels
of P16 protein expression are associated with dysfunction of
the Rb protein caused by gene mutations or its binding to the
HPV16 E7 protein [14, 16]. In this scenario, dysfunction of
the Rb protein induced by infection with the high-risk HPV
E7 protein might result in both abnormal cell cycle
progression and P16 protein overexpression [17–23]. Over-
expression of the P16 protein has frequently been observed
in cervical intraepithelial neoplasia 2 (CIN2) cells and more
advanced lesions [19, 24]. Therefore, it is considered that
evaluation of the association between the physical status of
the HPV genome and overexpression of the P16 protein
would be of great interest.

Recently, stored exfoliated cells for liquid-based cytol-
ogy (LBC) have been reported to be useful for molecular
analysis. Examination of exfoliated cells rather than biopsy
specimens is more convenient for the screening of patients
at high risk of cervical cancer. While a number of
independent articles on the usefulness of in situ hybridiza-
tion (ISH) or P16 immunocytochemistry have been pub-
lished [25–39], there have been no reports of the usefulness
of these techniques applied together to LBC specimens,
with the results interpreted in relation to confirmed
histological findings. We examined the physical status of
the HPV DNA by ISH and the level of expression of the
P16 protein by immunocytochemistry in 153 LBC speci-
mens, along with the corresponding biopsy specimens that
were available for 106 patients. It is true that not all CIN2
lesions are precursors of cervical cancer: Only some of
these lesions progress to cervical cancer, while most regress
spontaneously. Follow-up studies over years have shown
that CIN 2 lesions progress to cervical cancer in approx-
imately 5% of the patients [40]. In this study, we adopted
the recent trend in which CIN2 lesions are considered as the
surrogate endpoint in cervical cancer screening and inves-
tigated whether such molecular assays might be worthwhile
for the identification of patients at high risk of progression
to cervical cancer.

Materials and methods

A total of 153 LBC specimens were collected from patients
visiting Keio University Hospital, Tokyo, Japan from June
2005 to March 2006. The patients ranged in age from 21 to
80 years, with a median of 37 years. The patient population
consisted of a mixture of asymptomatic women and those
who were being followed up for previous atypical smears
or were under treatment for previously diagnosed as CIN.
Written informed consent was obtained from the patients
prior to their enrolment of this study. This study was
approved by the institutional ethics board (registration

number 15-64-4). The 2001 Bethesda System [41] was
adopted for cytology, and a total of 153 specimens,
consisting of 53 negative for intraepithelial lesions or
malignancy (NILM), four with atypical squamous cells of
undetermined significance (ASCUS), 29 with low-grade
squamous intraepithelial lesions (LSIL), 57 with high-grade
squamous intraepithelial lesions (HSIL), and ten with
invasive cervical cancer (CA). Colposcopy-guided biopsy
was performed in 106 patients on the same day as the
collection of the cytology specimens. Among the biopsy
specimens, there were 24 with chronic cervicitis, 17 with
CIN1, 21 with CIN2, 31 with CIN3, and 13 with squamous
cell cancer. LBC specimens were collected using the
ThinPrep Cytology Collection System (Hologic Corpora-
tion, MA, USA) and processed using ThinPrep 2000
(Hologic Corporation, MA, USA) for Papanicolaou stain-
ing, the CINtec™ P16INK4a cytology kit (Dako Norden A/
S, Glostrup, Denmark) for P16 immunocytochemistry, and
using the GenPoint™, catalyzed signal amplification
system (Dako Norden A/S) for ISH.

HPV genotyping

Exfoliated cells were recovered from the residue of
PreservCyt media (Cytic Corporation, Boxborough, USA).
Approximately 10 ml of PreservCyt media was centrifuged
at 3,000 rpm for 30 min. The pellet was washed in
phosphate-buffered saline, followed by genomic DNA
extraction using proteinase K and phenol–chloroform treat-
ments. The presence of HPV DNA was determined by
polymerase chain reaction (PCR) using consensus primer
pairs (L1C1; 5′-CGTAAACGTTTTCCCTATTTTTTT-3′,
L1C2; 5′-TACCCTAAATACCCTATATTG-3′) designed to
amplify an approximately 250-bp segment of the L1 region
of HPV [42]. For the internal control, beta-globin primers;
KM29(5′-GGTTGGCCAATCTACTCCCAGG-3′) and
KM38 (5′-TGGTCTCCTTAAACCTGTCTTG-3′) were
employed to amplify 262-bp segment of the human beta-
globin gene. As a positive control for PCR, template
placental DNAwith a PK114/K plasmid containing a variant
HPV 16 genome was employed. A 50 μl volume of a
mixture containing 20 mM Tris–HCl buffer (pH 8.0), 50 mM
KCl, 0.2 mM dNTP mix, 2 mM MgCl2, 0.5 mM each of the
L1 and L2 primer, and 0.25 U of Taq polymerase (Takara,
Otsu, Japan) was used for each reaction. After an initial
period of denaturation at 95°C for 10 min, the amplification
was carried out over 43 cycles, each consisting of denatur-
ation at 95°C for 1.5 min, annealing at 48°C for 1.5 min, and
extension at 70°C for 2 min. The HPV genotype was
determined by L1-PCR restriction fragment length polymor-
phism analysis. In patients whose genotype could not be
determined by this method, the HPV genotyping was
determined by the direct sequencing method [43].
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P16 immunocytochemistry

ThinPrep slides were stained with antibodies to the P16
protein. Slides were stained on a Dako Autostainer (Dako
Norden A/S) using a CINtec ™ P16INK4a cytology kit
(Dako Norden A/S) according to the manufacturer’s
instructions. Briefly, antigen retrieval was performed by
heating in a water bath at 95°C for 5 min. After blocking
endogenous peroxidase activity, the slides were incubated
with the primary antibody (E6H4 clone). A secondary
antibody reagent system based on EnVision+ (Dako
Norden A/S) was employed. The slides were incubated
with DAB (3,3′-diaminobenzidine) substrate–chromogen
solution and counterstaining was performed with Mayer’s
hematoxylin before coverslipping. As a control experi-
ments, cervical cancer cells, HeLa cells in which HPV18
DNA was positive as a positive control, and endometrial
cancer cells, SNG-II which were established in our
laboratory and showed HPV DNA negative as a negative
control, were employed. In practice, P16 immunocyto-
chemistry was then categorized as positive or negative.
Cases in which the nuclei of the atypical cells showed
positive staining were judged as showing positive, while
cases in which only cytoplasm was stained or the number of
positive cells was less than ten cells in the slides were
judged as showing negative [30, 32].

In situ hybridization

ThinPrep slides were counter-fixed with 10% formalin for
30 min at room temperature. The slides were incubated
with 1.25 μg/ml proteinase K solution for 10 min at room
temperature, washed with water, and then quenched with
0.3% H2O2 in methanol for 20 min at room temperature
before being finally washed again with water. Excess
liquid was removed by air drying, and one drop of the
high-risk HPV probe, consisting of a cocktail directed
against the high-risk HPV types 16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, and 68 (Dako Norden A/S), was
applied. The slides were coverslipped. Denaturation was
performed using a hybridizer (Dako Norden A/S) at 90°C
for 5 min, and hybridization was allowed to take place
overnight at 37°C. Detection was performed using a Dako
Autostainer (Dako Norden A/S) and a Dako GenPoint™,
catalyzed signal amplification system (Dako Norden A/S)
involving tyramide signal amplification. Counterstaining
was performed with Mayer’s hematoxylin. Comparison of
the ISH signal patterns by these assays demonstrated that a
punctate pattern, consisting of one or a few discrete signal
(s) in the nucleus, indicated HPV integration into the
cellular genome. A diffuse nuclear pattern represented
multiple copies of episomal HPV and has been shown to
be correlated with viral replication [44, 45]. The signal

patterns of ISH were thus classified into the punctate (P),
diffuse (D), and mixed type (D+P), corresponding to
integrated DNA into the genome, episomal DNA, and a
combination of both, respectively. HPV 16 positive
specimen by PCR from HSIL or CA were selected to be
positive control, and HPV negative from NILM were
selected to be negative control in each experiment because
it could not be the appropriate condition for the positive
control by using cultured cells, such as HeLa cells,
described in detail in “Discussion”.

Combination of assays

The sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) of LBC,
P16 immunocytochemistry, ISH, and PCR for detection of
the CIN2 or more advanced lesions were investigated
with each or the combinations of two or three of these
assays: combination-A, high-risk HPV genotyping and
P16 immunocytochemistry; combination-B, ISH(D, D+P
or P) and P16 immunocytochemistry; combination-C,
integration pattern on ISH (P or D+P) and P16 immuno-
cytochemistry; combination-D, ISH (D, D+P or P), P16
immunocytochemistry, and LBC; and combination-E,
integration pattern on ISH (P or D+P), P16 immunocy-
tochemistry, and LBC. In the combination assays, a posi-
tive test implied that all the selected assays were positive,
and a negative test implied that all selected assays were
negative. If one of the assays was negative, the result was
labeled as equivocal and excluded in the analysis.

Statistical analysis

Fisher’s exact test was used to assess the association among
the P16 immunocytochemistry, the ISH, HPV genotyping,
and the cytological diagnosis.

Results

Examination of LBC

Corresponding to the 153 LBC specimens, colposcopically
directed biopsies were obtained from 106 patients. We
estimated LBC as the most suitable screening test to detect
CIN2 or more advanced lesions. The results on the
concomitantly obtained biopsy specimens were regarded
as the gold standard for the diagnosis. HSIL or CA was
classified as positive LBC. The sensitivity of the cytology
was 87.7% (57/65), and the specificity, PPV, and NPV were
85.4% (35/41), 90.5% (57/63), and 81.4% (35/43), respec-
tively (Tables 1 and 4). The representative photos of the
ISH and P16 immunocytochemistry were shown in Fig. 1.
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HPV genotyping

Eighteen HPV genotypes, 6, 16, 18, 31, 33, 35, 39, 42, 51,
52, 54, 55, 56, 58, 59, 66, 84, 91, and an unknown type
(X), were identified. According to the genotyping [46],
high-risk HPVs and low-risk HPVs were identified in
71.2% (109/153) and in 5.2% (8/153), respectively. Both
high-risk and low-risk HPV genotypes were determined in
41.5%(22/53), 50.0%(2/4), 93.1%(27/29), 98.2% (56/57),
and 100%(10/10) of the patients with the cytology results
of NILM, ASCUS, LSIL, HSIL, and CA, respectively. The

high-risk HPV genotypes were determined in 37.7% (20/
53), 50.0% (2/4), 89.7% (26/29), 89.5% (51/57), and 100%
(10/10) of the patients with the cytology results of NILM,
ASCUS, LSIL, HSIL, and CA, respectively (Fig. 2 and
Table 4).

Association among the cytological diagnosis
and the physical status of the viral genome

Positive ISH signals were observed in 1.9% (1/53), 0% (0/4),
44.8% (13/29), 50.9% (29/57), and 20.0% (2/10) of patients

Table 1 Association between histological and cytological diagnosis

Histology

N.D. Cervicitis CIN1 CIN2 CIN3 SCC Total

Cytology NILM 32 13a 5a 3b 0b 0b 53
ASCUS 1 2a 0a 1b 0b 0b 4
LSIL 10 8a 7a 4b 0b 0b 29
HSIL 4 1c 5c 13d 30d 4d 57
CA 0 0c 0c 0d 1d 9d 10
Total 47 24 17 21 31 13 153

Cytology; terminology according to the 2001 Bethesda System. The calculated sensitivity; D/(C+D), specificity; A/(A+B), PPV; D/(B+D) and
NPV; A/(A+C) were shown in Table 4
CA invasive carcinoma, N.D. not determined, SCC squamous cell carcinoma
a Cytology was LSIL or less advanced and histology was CIN1 or less advanced, (A;35)
b Cytology was LSIL or less advanced and histology was CIN2 or more advanced condition, (C;8)
c Cytology was HSIL or more advanced and histology was CIN1 or less advanced, (B;6)
d Cytology was HSIL or more advanced and histology was CIN2 or more advanced, (D;57)

Fig. 1 P16 immunocytochemistry and in situ hybridization with high-
risk HPV probes: LBC specimens were analyzed by ISH with a
GenPoint catalyzed signal amplification system (1–3): 1 D pattern, 2

D+P pattern, 3 P pattern; and a CINtec P16ink4a cytology kit (4–6): 4
negative, 5 LSIL, positive, 6 HSIL, positive. Described in detail in
“Materials and methods”
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with the cytology results of NILM, ASCUS, LSIL, HSIL,
and CA, respectively (Fig. 3). Of the 100 abnormal smears,
44 (44%) were ISH-positive. Of the patients with HSIL and
CA lesions, the D pattern was observed in 33.3% (19/57)
and 10.0% (1/10), the D+P pattern in 14.0% (8/57) and 0%
(0/10), and the P pattern in 3.5% (2/57) and 10.0% (1/10),
respectively. Namely, 17.5% (10/57) and 10.0% (1/10) of
HSIL and CA showed a P-containing pattern. In patients
with HSIL or CA, the D+P pattern was observed in patients
with detection of the HPV16, 51, and 58 (Table 2). The P
pattern was observed in patients with detection of the only
HPV16 and 52. Viral integration into the host genome was
observed in some patients with HSIL and CA, and the
HPV16, 51, 52, and 58 were determined to be the most high-
risk genotypes for integration. In contrast, there were no
patients showing either the P or the D+P pattern among the
patients with NILM, ASCUS, or LSIL.

Association among P16 immunocytochemistry, in situ
hybridization, and the cytological diagnosis

The positive P16 immunocytochemistry was observed in 0%
(0/53), 25.0% (1/4), 44.8% (13/29), 93.0% (53/57), and
80.0% (8/10) of patients with NILM, ASCUS, LSIL, HSIL,
and CA, respectively, as shown in Fig. 4. We investigated
association between P16 immunocytochemistry and ISH.
The positive P16 immunocytochemistry was found in 36.1%
(39/108), 73.5% (25/34), 100% (8/8), and 100% (3/3) of the
patients who showed ISH negativity, the D pattern, the D+P
pattern, and the P pattern, respectively. Strikingly, all (11/11)

of the patients showing the P or the D+P pattern on ISH
showed the positive P16 immunocytochemistry (Fig. 5).

Association among the HPV genotyping, P16
immunocytochemistry, and cytological diagnosis

Among the patients with HSIL and CA, 91.8% (56/61) who
were positive for high-risk HPVs showed the positive P16
immunocytochemistry in Fig. 6. In contrast, of the total 48
patients with LSIL or less advanced lesions showing
detection of the high-risk HPVs, 29.2% (14/48) showed
the positive P16 immunocytochemistry, indicating that the
results of P16 immunocytochemistry were better correlated
with the type of cellular abnormality than with the HPV
genotyping. Thus, P16 immunocytochemistry appears to be
a more appropriate method for screening than HPV
genotyping.

HPV genotyping or P16 immunocytochemistry compensate
for the discrepancies between cytology and histology

We examined whether HPV genotyping or P16 immuno-
cytochemistry compensated for the discrepancies between
the results of cytology and histology (Table 3). The HPV
genotype was identified in three of the five patients
(patients 1–5) with NILM and CIN 1. P16 immunocyto-
chemistry was negative in this group. The HPV genotype
was identified in all of the three patients with NILM and
CIN2 (patients 6–8). P16 immunocytochemistry was
negative in this group. In the only one of CIN2 with the

Fig. 3 The rate of positive signals by in situ hybridization: The
vertical bar indicates the number of the patients, and the horizontal
bar indicates the cytological diagnosis. Either D diffuse, D+P diffuse
+punctate, or P punctate pattern were defined as positive signals. The
black shaded, vertical line, horizontal line, or white box indicates P,
D+P, D, or negative signals, respectively. Asterisk indicated statisti-
cally significant (P<0.001) between positive (rate indicated) and
negative signal group

Fig. 2 The rate of HPV genotype group in cytological diagnosis: The
HPV genotypes were determined by PCR-RFLP or direct sequencing.
HPV genotypes were classified into high-risk or low-risk group based
on the classification [46]. The vertical bar indicates the number of the
patients, and the horizontal bar indicates the cytological diagnosis.
The black shaded, vertical line or white box indicates the high-risk,
low-risk, and negative HPVs, respectively. *P<0.001 indicated statis-
tically significant between high-risk HPV-positive (rate indicated) and
other (both low-risk and HPV-negative) group
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cytology result of ASCUS (patient 9), HPV genotyping
identified detection of HPV 52 and the patients showed the
positive P16 immunocytochemistry. The HPV genotype
was identified in six of the eight patients with cervicitis and
the cytology result of LSIL (patients 10–17) and in all the
four patients with LSIL and CIN2 (patients 18–21), and
three of the latter four patients showed positive P16
immunocytochemistry. The HPV genotype was also iden-
tified in one patient with HSIL and chronic cervicitis
(patient 22), which showed positive P16 immunocytochem-
istry, and in all five patients with HSIL and CIN1 (patients
23–27); these latter five patients also showed positive P16
immunocytochemistry. There were eight CIN2 patients with
the cytology results of NILM, ASCUS, or LSIL. All
patients were identified to have detection of high-risk
HPV genotypes, and four of the eight (50.0%) patients
showed positive P16 immunocytochemistry. Thus, P16
immunocytochemistry and HPV genotyping compensated
for under-diagnosis by cytology. Of the six HSIL patients,
one had cervicitis and five had CIN1. All patients were

found to have detection of high-risk HPV genotypes and
four (66.7%) showed positive P16 immunocytochemistry.
Among the patients showing discrepancies, seven patients
were ISH-positive (D or D+P), of which, six (85.7%) had
either CIN2 or HSIL. It was considered that careful and
close follow-up of these patients would be necessary. All of
the patients showing discrepancy, shown in Table 3, had a
past history of CIN, suggesting that HPV genotyping and
P16 immunocytochemistry, as well as ISH, were useful as
auxiliary diagnostic tools for patients previously diagnosed
to have CIN lesions.

Usefulness of combined assays for identifying patients
at high risk

LBC, P16 immunocytochemistry, ISH, and PCR were
assessed to be useful as screening tests for the detection
of CIN2 or more advanced lesions. LBC and P16
immunocytochemistry showed equivalently high sensitivity

Fig. 5 Association between P16 immunocytochemistry and ISH: The
vertical bar indicates the number of the patients, and the horizontal
bar indicates the signal pattern of the P16 immunocytochemistry. The
black shaded, vertical line or white box indicates the positive or
negative P16 immunocytochemistry. *P<0.001 indicated statistically
significant. #P=0.059 indicated marginally significant possibly due to
the small number of the patients

Table 2 Association among the dominant HPV genotypes, cytological diagnosis and results of ISH

HPV NILM ASCUS LSIL HSIL CA Total

Type – D D+P P – D D+P P – D D+P P – D D+P P – D D+P P

16 5 0 0 0 0 0 0 0 2 2 0 0 10 5 3 1 4 1 0 1 34
51 3 0 0 0 0 0 0 0 4 2 0 0 4 3 3 0 1 0 0 0 20
52 2 0 0 0 1 0 0 0 2 4 0 0 1 5 0 1 0 0 0 0 16
56 1 0 0 0 0 0 0 0 4 2 0 0 2 4 0 0 0 0 0 0 13
58 2 1 0 0 1 0 0 0 0 3 0 0 0 2 1 0 0 0 0 0 10

ISH pattern: D; diffuse, D+P; diffuse + punctate, P; punctate signal pattern

Fig. 4 The rate of positive P16 immunocytochemistry: The vertical
bar indicates the number of the patients, and the horizontal bar indicates
the cytological diagnosis. The black shaded, vertical line or white box
indicates the positive (rate indicated) or negative P16 immunocyto-
chemistry. *P<0.001 and **P<0.01 indicated statistically significant
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and specificity; therefore, both assays were considered to be
equally appropriate as screening tests. In contrast, ISH
showed high specificity but low sensitivity. PCR genotyp-
ing to identify high-risk genotypes showed high sensitivity
but low specificity. Therefore, we sought to determine
whether the use of a combination of the assays might
compensate for the deficiencies of the individual assays.
Combination-A showed the highest sensitivity (100%), but
low specificity. Combination-D showed high sensitivity
(89.3%) as well as specificity (93.1%). Combinations-A, D,
and E showed high NPV (100–88%), indicating that these
were excellent combinations for the excluding cervical
neoplasia. Double combinations, especially combination-A,
showed the highest sensitivity, and the triple combination,
combination-D, showed excellent sensitivity, specificity,
PPV as well as NPV (Table 4).

Discussion

Use of LBC specimens enabled us to apply a variety of
molecular diagnostic tools concomitantly, including P16
immunocytochemistry, ISH, and HPV genotyping. Com-

Table 3 Discrepant patients between cytological and histological diagnosis

Patient no. ID Cytology Histology HPV genotype P16 ISH

1 133 NILM CIN1 – − –
2 151 NILM CIN1 39 − –
3 92 NILM CIN1 42 − –
4 59 NILM CIN1 51 − –
5 149 NILM CIN1 − − –
6 150 NILM CIN2 18 − –
7 63 NILM CIN2 51 − –
8 152 NILM CIN2 52 − –
9 121 ASCUS CIN2 52 + –
10 21 LSIL Cervicitis 56 + –
11 62 LSIL Cervicitis − − –
12 82 LSIL Cervicitis − − –
13 95 LSIL Cervicitis 33 + –
14 100 LSIL Cervicitis 51 + –
15 103 LSIL Cervicitis 58 + D
16 113 LSIL Cervicitis 54 − –
17 114 LSIL Cervicitis 56 − –
18 89 LSIL CIN2 52 − D
19 99 LSIL CIN2 16 + D
20 131 LSIL CIN2 51 + –
21 117 LSIL CIN2 52 + D
22 107 HSIL Cervicitis 51 + –
23 15 HSIL CIN1 52 − D
24 90 HSIL CIN1 16 − –
25 119 HSIL CIN1 31 + –
26 25 HSIL CIN1 51 + D+P
27 112 HSIL CIN1 51 + D

Fig. 6 Correlation between P16 immunocytochemistry and cytology
in high-risk HPV genotypes: One hundred and nine patients who had
high-risk HPV genotypes were investigated with P16 immunocyto-
chemistry. The vertical bar indicates the number of the patients, and
the horizontal bar indicates ≤LSIL; NILM, ASC-US and LSIL, and
≥HSIL; HSIL and CA, respectively. The black shaded, vertical line or
white box indicates positive (rate indicated) or negative P16 immuno-
cytochemistry. The rate of positive P16 immunocytochemistry was
higher in ≥HSIL than ≤LSIL. The difference was statistically significant
*P<0.05
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bined data from all three assays using LBC specimen in
relation to the cytological and histological diagnosis have
not been reported previously. We investigated the associa-
tion among overexpression of the P16 protein, the HPV
genotyping, and the physical status of the HPV genome in
LBC specimens and showed that the combined data from
these molecular assays were useful for the identification of
patients at high risk for cervical cancer.

The physical status of the HPV DNA is known to be
closely related to malignant transformation and has been
investigated in tissue specimens by Southern blot hybrid-
ization, real-time PCR, and ISH [45, 47–49]. Since speci-
mens from pre-malignant lesions are usually scanty, it is
considered that Southern blot hybridization may not be the
most suitable for the analysis of the physical status of the
HPV genome. We reported a good coincidence between the
results of integration of the viral genome assessed by ISH
in tissue specimens and those of real-time PCR of
exfoliated cells from the cervix despite the starting
materials being different [50]. In order to investigate the
physical status of the HPV genome by real-time PCR, it is
necessary to prepare individual HPV genotype-specific
primers and determine the experimental conditions for each
high-risk HPV genotype. About 15 high-risk anogenital
HPVs have been identified, and it is difficult to set up these
conditions for each individual genotype. In regard to the
GenPoint ISH system, while there is one report of the use
of cultured cells for the sensitivity test, the use of exfoliated
cells from the cervix has never been reported. Therefore,
we set up ISH conditions for the detection of the high-risk
HPV genotypes from the LBC specimens. It was, however,
difficult initially to establish these conditions for the LBC
specimens. The initial condition of the concentration of the
proteinase K according to the protocol for tissue specimens
was not appropriate. The concentration of proteinase K for
cultured cells has been reported to be 100 μg/ml [25], but
under the conditions in our study, it was 1.25 μg/ml. We
obtained a more distinct ISH signal, as shown in Fig. 1, by
accidental improvement of the concentration of proteinase
K, as described in “Materials and methods”. We then
realized that there would be difference in the optimal
conditions between LBC specimens and cultured cells [25].

Positive ISH signals were detected in fewer CA than
HSIL lesions. In LBC specimens, cellular clumping and
degeneration occurred more commonly in cancer cells than
in dysplastic cells, interfering with ISH. Hesselink reported
a low detection rate of HPV by ISH in high-grade CIN
lesions, as these lesions often show a relatively low viral
load [4]. Since there is no gold standard yet in terms of the
method, the finding of discrepancies among different
protocols has not been resolved. Integration of the HPV
DNA was found in some HSIL and CA lesions, but not in
any patients with the cytology results of LSIL or NILM,T
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suggesting that the event of integration may begin at some
stage of LSIL. A recent paper described observing the S
pattern using their system in almost half of the HSILs and
even in some patients of ASCUS or LSIL [51]. The
sensitivity of their ISH was similar to that of PCR. A
high-sensitive assay occasionally contrasts with a low
specificity. Another system of ISH was reported in that it
showed a sensitivity of almost half of that of hybrid capture
II [52]. Despite the low sensitivity of our ISH, the results of
the physical status of the HPV genome as determined by our
ISH support those of the P16 immunocytochemistry. The
most prevalent genotypes found in our study were HPV16,
51, 52, 56, and 58. It was striking that the P pattern was
observed in all the specimens in which HPV16 or 52 was
detected. HPV16 was the dominant genotype in our speci-
mens and the most frequently integrated type into the host
genome. As integration occurs, expression of the E7 protein
is up-regulated [7]; therefore, this integration event is crucial
for malignant transformation in the cervical tissues. In
contrast, the D pattern was also observed in CA patients
with HPV16. We previously reported detection of the
episomal form in cervical cancers with HPV16 [50]. In
general, HPV16 is believed to be capable of integration into
the host genome and to consequently promote cell prolifer-
ation. On the other hand, HPV16 in the episomal form is
capable of inducing cell proliferation by itself, which is
unique among the high-risk HPV genotypes [47, 48].

We investigated the association between the overexpres-
sion of P16 and the pattern of integration on ISH.
Overexpression of the P16 protein was more frequently
observed in patients showing the P pattern rather than those
showing the D pattern. Integration of the viral genome into
the host genome results in overexpression of the E7 protein.
Overexpression of E7 protein, which was not shown,
presumably results in overexpression of the P16 protein.
This theory supports the notion that overexpression of the
P16 protein is a surrogate marker for overexpression of the
E7 protein from high-risk HPV genotypes. As shown in
Table 2, HPV 16 was detected as the predominant genotype
in patients with HSIL, CA, as well as NILM. Over-
expression of the P16 protein tended to be recognized
more frequently in higher grade rather than in lower grade
lesions. While HPV16 is notorious as a high-risk genotype,
it must be noted that information about only the HPV16
detection by itself could be rather harmful for the general
population. As a surrogate maker of viral activity, determi-
nation of overexpression of the P16 protein in combination
with HPV genotyping would be useful. The most frequently
encountered HPV genotype capable of integration into the
host genome was HPV 16. All specimens that were
determined by ISH to show integration showed over-
expression of the P16 protein. It is known that integration
of the HPV genome induces overexpression of the E7

protein and that in turn, E7 protein induces overexpression
of the P16 protein. Our study showed a series of dynamic
molecular mechanisms from pre-malignant patients. P16
immunocytochemistry combined with ISH may currently
be the most reliable for identifying CIN patients who are
candidates for a high risk of progression.

In regard to screening tests, appropriate selection of the
target population is crucial. This study included selected
high-risk patients visiting university hospitals. Most of the
patients were detected to have abnormal cytology or
histology in the clinics or a previous history of cervical
neoplasia. This is the reason why the rate of HPV detection
was relatively high, that is, 41.5% in patients of NILM and
50% in patients of ASCUS were identified to have HPV
detection. This meant that persistent detection of HPV was
common among CIN follow-up patients even in those who
were cytology- and histology-negative. Therefore, it would
not be appropriate to extrapolate our results to screening of
the general population. However, it may be worthwhile
discussing our conclusion with reference to screening of the
follow-up patients as long as the cost is not a problem. Our
data suggested that LBC is the most appropriate tool for
cervical cancer screening because of its high sensitivity and
specificity. The sensitivity of PCR-based HPV genotyping
was too high to make the test useful as a screening test for
cervical cancer. ISH showed significantly high specificity;
however, the low NPV and sensitivity indicated that it was
unsuitable as a screening test. However, the signal pattern
was correlated with overexpression of the P16 protein,
suggesting that the latter might be a useful indicator of the
viral activity. As a screening test, sensitivity as well as
specificity of P16 immunocytochemistry was equal to LBC.
The advantage of P16 testing is that it is easy to recognize
the atypical cells microscopically by their color. Despite the
reports of a high rate of false positive results in benign or
metaplastic cells [29], it was easy to recognize atypical
positive cells under the microscope by their color. From the
balance of the results on the sensitivity and specificity, the
idea of using combination assays emerged. The double
combination assay, combination-A, showed the highest
sensitivity and NPV, indicating that it is probably the most
suitable for high-risk populations. A triple combination assay
showed a high specificity and NPV, suggesting that it would
be excellent as an additional screening tool. In relation to the
starting material, combinations-B, C, D, and E directly
utilize LBC specimens, whereas combination-A requires
extraction of DNA from the exfoliated cells for PCR
genotyping and is therefore technically more complicated.

To the best of our knowledge, this is the largest study to
date in which the molecular markers of cervical neoplasia,
namely, P16 immunocytochemistry and ISH, were evaluat-
ed in combination with HPV DNA genotyping, and P16
immunocytochemistry was revealed to be a potentially
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powerful tool for ancillary molecular testing of LBC
specimens.
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Abstract It is thought that the growth of uterine leiomyomas
may be mediated by the interaction of estrogen receptor alpha
(ERα) and growth factor pathways and that phosphorylation
of ERα at serine 118 (ERα-phospho-Ser118) is important in
this interaction. In this study, immunoblotting and immuno-
histochemistry were used to investigate the expression of
ERα-phospho-Ser118, phosphorylated p44/42 mitogen-
activated protein kinase (phospho-p44/42 MAPK), and
proliferating cell nuclear antigen (PCNA) in human leio-
myoma and myometrial tissues during the proliferative and
secretory phases of the menstrual cycle. We found that tumors
taken from the proliferative phase expressed significantly
higher levels of ERα-phospho-Ser118, phospho-p44/42
MAPK, and PCNA compared to patient-matched myometria
and had significantly higher ERα-phospho-Ser118 and PCNA
expression compared to secretory phase tumors. Also, enhanced

colocalization and association of phospho-p44/42 MAPK and
ERα-phospho-Ser118 were observed in proliferative phase
tumors by confocal microscopy and immunoprecipitation,
respectively. These data suggest that ERα-phospho-Ser118
may be important in leiomyoma growth and is possibly
phosphorylated by phospho-p44/42 MAPK.

Keywords Uterine leiomyoma .

Estrogen receptor alpha phosphorylated serine 118 .

Phosphorylated mitogen-activated protein kinase

Introduction

Uterine leiomyomas (fibroids; myomas) are one of the most
common benign gynecologic tumors in women of reproduc-
tive age. These tumors represent a significant public health
problem, since they are responsible for approximately
200,000 hysterectomies per year and are the leading cause
of hysterectomy in the United States [2, 15, 39]. Fibroids
have also been associated with clinical disease with moderate
to high frequency in women in Europe [30], Africa [14], and
Japan [33].

Uterine leiomyomas tend to grow during the reproduc-
tive years, but regress after menopause, suggesting that
these tumors are hormonally regulated [10]. The ovarian
steroid hormones, estrogen and progesterone, are believed
to play an important role in the growth of uterine
leiomyomas [10, 28, 31]; however, there is increasing
evidence that sex steroids are not the only modulators of
leiomyoma growth [28, 35]. Studies have shown that
circulating steroid hormone levels are similar in women
that have or do not have leiomyomas, indicating that
specific local, tissue-regulated factors maybe involved in
the pathogenesis of these tumors [5]. The heterogeneity of
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leiomyoma growth within a given uterus, despite identical
exposure of these tumors to similar circulating sex steroid
concentrations, suggests the involvement of local cytokines
and/or growth factors [13, 28].

Estrogen exerts its physiological effects by binding to
estrogen receptor alpha and beta (ERα and β). In addition
to the traditional ERα activation (hormone binding), this
receptor can be activated by growth factor signaling
pathways via phosphorylation of the ERα at specific
serines [11, 25]. In human breast cancer cells, it has been
shown that in the presence or absence of estradiol binding,
human ERα is predominately phosphorylated on Ser-118
and to a lesser extent on Ser-104 and Ser-106 [4, 7, 25].
Phosphorylation of ERα influences its activity and may
lead to ERα-mediated transcription. To our knowledge,
there are no studies that have reported the role of
phosphorylation of ERα at Ser-118 in human or rodent
uterine leiomyomas.

Progesterone has also been shown to be involved in
fibroid growth, having both inhibitory and stimulatory
effects on growth [8, 9, 26, 40]. Evidence shows that
progesterone can induce leiomyoma cell proliferation and
up-regulate the growth factor, epidermal growth factor [34].
Progesterone has also been shown to down-regulate insulin-
like growth factor-I messenger RNA and protein expression
in cultured leiomyoma cells [42]. There is also considerable
biological evidence for “crosstalk” between the estrogen
and progesterone hormone receptor signaling pathways
[23]. In many cases, progestins suppress the stimulatory
effects of estrogens in target tissues, although estrogen up-
regulates the progesterone receptor [19, 24]. In a study
using tissue from women with endometrial hyperplasia,
which is also a hormonally regulated disease, ERα protein
expression was down-regulated after use of the progestins,
levonorgestrel, and medroxyprogesterone [38]. Progesterone
has been shown to have a negative effect on ERα
expression [16, 24], and ERα expression has been reported
to be higher in myometrial and leiomyoma tissue from
women in the proliferative versus secretory phase of the
menstrual cycle based on immunohistochemisty and west-
ern blotting. The mechanisms involved in the “crosstalk”
between the progesterone and estrogen hormone receptor
pathways and how they interact with growth factor receptor
pathways have not been fully elucidated in uterine
leiomyomas.

Studies have indicated that hormones and growth factor
signaling pathways are mediators of leiomyoma growth
[28, 35, 37]. In uterine leiomyoma cell cultures, the
mitogen-activated protein kinase (MAPK) pathway inter-
acts with the estrogen system via the ER [1]. Constitutively
activated MAPK (phospho-p44/42 MAPK) is highly
expressed in leiomyoma and myometrial tissues and is
increased in leiomyomas compared to normal myometrial

tissues [6]. A study has indicated that MAPK activity
increases in leiomyoma cells after treatment with estradiol
and that an indirect interaction between the ER and growth
factor pathways exists, because uterine leiomyoma cells
treated with estradiol have increased secretion of platelet-
derived growth factor and activation of the MAPK pathway
[1]. In breast cancer cells, phosphorylation of ERα at Ser-118
occurs in response to activation of MAPK (phospho-p44/42)
[1, 18, 25]. To date, there are no reports of whether ERα is
phosphorylated in fibroids. Furthermore, if present, the
molecular mechanism(s) by which phosphorylation occurs
remains to be understood.

In this study, we evaluated the expression of ERα-
phospho-Ser118, phospho-p44/42 MAPK, and proliferating
cell nuclear antigen (PCNA) in uterine leiomyomas and
patient-matched myometrial tissue and determined if there
was differential expression during the menstrual cycle
phases. We also examined colocalization and the interaction
of ERα-phospho-Ser118 and phospho-p44/42 MAPK in
tumors versus myometrial tissue.

Materials and methods

Patients

Uterine leiomyomas (n=26) and unaffected patient-matched
myometrial tissue (n=16) samples were taken from 16
premenopausal women (six for western blot analysis×one
tumor each and ten for immunohistochemistry×two tumors
each) who underwent hysterectomy for symptomatic
fibroids. The women had not taken hormonal medication
at least 3 months prior to surgery. Informed consent was
obtained, and the Institutional Review Board of the NIEHS
NIH approved the study. All uterine leiomyoma and
unaffected myometrial samples were confirmed by histo-
logical evaluation. The menstrual cycle phases were
determined as either proliferative or secretory based on
endometrial histology (case 11) or menstrual cycle history
(cases 1–10 and 12–16) for each patient (Table 1). All
patients had multiple fibroids that were typical in histo-
morphology and located in the intramural (60%), subserosal
(25%), or submucosal (15%) regions of the myometrium.
Tumor sizes were classified as <2 cm (n=10) or ≥2 cm
(n=10) (Table 1), and the age of the patients ranged from
41 to 47 years, with a mean age of 43.5 years.

Western blotting

Western blotting was performed to detect ERα-phospho-
Ser118 expression in the leiomyoma and patient-matched
myometrial tissue lysates, which were taken from six
women in the proliferative (three) and secretory (three)
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phases of the menstrual cycle. Aliquots of 30 μg of protein
were electrophoresed on a 4–12% Bis–Tris Gel (Invitrogen,
Carlsbad, CA, USA) under reducing conditions as previously
described [37]. The proteins were electrotransferred onto
0.45 μm polyvinylidene fluoride membranes (Immobilon-P,
Millipore, Bedford, MA, USA). Blots were incubated with a
mouse monoclonal antibody (Cell Signaling Technology,
Danvers, MA, USA) against ERα-phospho-Ser118 diluted at
1:500. Antibody binding was detected with horseradish
peroxidase-conjugated anti-mouse (Amersham Biosciences,
Arlington Heights, IL, USA) diluted at 1:2,000. Antigen-
antibody complexes were detected with the ECL western
blot detection system (Amersham Biosciences). A densitom-
eter (Fluor Chem™8900, Alpha Innotech, San Landro, CA,
USA) was used for quantitation of ERα-phospho-Ser118
band densities.

Immunohistochemistry

ERα-phospho-Ser118, ERα, and phospho-p44/42 MAPK
expression

Uterine leiomyoma (20) and myometrial (10) tissue
samples were fixed overnight in 10% neutral-buffered

formalin. Tissues were then processed through a graded
series of alcohols, embedded in paraffin, sectioned at 6 μm,
and mounted onto charged glass slides (ProbeOn Plus,
Fisher Scientific, Pittsburgh, PA, USA). Tissues were
deparaffinized, and endogenous peroxidase activation was
blocked using 3% H2O2 for 15 min at room temperature.
Antigen retrieval was performed by microwaving for 10 min
(ERα and ERα-phospho-Ser118 staining) or by incubation
for 20 min in a decloaker (phospho-p44/42 MAPK
staining). Tissues were blocked using normal horse or goat
serum at room temperature for 1 h. The tissues used for ERα
and ERα-phospho-Ser118 were additionally blocked using an
Avidin/Biotin Blocking Kit (Vector Laboratories, Burlingame,
CA, USA). Tissues were incubated with phospho-estrogen
receptor α (Ser-118) monoclonal antibody (1:30 dilution),
estrogen receptor monoclonal antibody (1:25 dilution;
Immunotech Beckman Coulter, Fullerton, CA, USA), or
phospho-p44/42 MAPK polyclonal rabbit IgG (1:50
dilution; Cell Signaling Technology) overnight at 4°C.
Negative controls consisted of normal mouse or rabbit
serum at a concentration the same as the respective
primary antibody. The tissues were incubated in the
secondary antibody (horse anti-mouse or goat anti-rabbit;
Elite Vectastain ABC Kit, Vector Laboratories) for 30 min
at room temperature. Immunoreactive complexes were
detected by avidin–biotin affinity system (Elite Vectastain
ABC Kit, Vector Laboratories) and visualized using 3,3′-
diaminobenzidine tetrahydrachloride substrate chromogen
system (Dako Cytometry, Carpinteria, CA, USA). Tissues
were counterstained with Mayer’s hematoxylin (Poly
Scientific, Bay Shore, NY, USA), dehydrated, coverslipped,
and observed by light microscopy.

A semiquantitative method described by Detre et al.
[12], which incorporates the overall percent of positive
staining and intensity of immunostaining, was used for
assessing ERα-phospho-Ser118, ERα, and phospho-p44/42
MAPK protein expression in leiomyoma and myometrial
tissue samples. Slides were evaluated blindly with a light
microscope and a ×20 objective. Quickscores were assigned
independently by two scorers and then averaged to obtain a
mean quickscore. Sections were scanned at ×40 using an
Aperio ScanScopeXT model (Aperio Technologies, Vista,
CA, USA).

Proliferating cell nuclear antigen (PCNA) labeling

For PCNA staining, the deparaffinization and rehydration
were done similarly to the immunohistochemical proce-
dures described above. After inactivation of endogenous
peroxidases, antigen retrieval was performed by micro-
waving the samples for 10 min in dH20. Samples were
blocked using 0.5% milk for 20 min and then a primary
antibody, monoclonal mouse anti-PCNA IgM (1:500

Table 1 Tumor size and menstrual cycle phase of premenopausal
women with fibroids

Case # Menstrual cycle phase Tumor ID Tumor size (cm)

1 Proliferative 1a <2
1b ≥2

2 Proliferative 2a <2
2b ≥2

3 Proliferative 3a <2
3b ≥2

4 Proliferative 4a <2
4b ≥2

5 Proliferative 5a <2
5b ≥2

6 Secretory 6a <2
6b ≥2

7 Secretory 7a <2
7b ≥2

8 Secretory 8a <2
8b ≥2

9 Secretory 9a <2
9b ≥2

10 Secretory 10a <2
10b ≥2

11 Proliferative 11a ≥2
12 Proliferative 12a ≥2
13 Proliferative 13a ≥2
14 Secretory 14a ≥2
15 Secretory 15a ≥2
16 Secretory 16a ≥2
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dilution; Chemicon, Temecula, CA, USA), was placed on
the tissues for 1 h at room temperature. After rinsing, the
tissues were incubated with a secondary antibody (Biotin-
SP-conjugated AffiniPure Goat anti-mouse IgM, μ chain
specific; Jackson Immunoresearch, West Grove, PA, USA)
for 30 min at room temperature. Tissues were labeled with
supersensitive conjugated streptavidin peroxidase (BioGenex,
San Ramon, CA, USA). Immunoreactive complexes were
visualized, and tissues were counterstained and coverslipped
using the procedures mentioned in the previous section.

The percentage of PCNA labeling in the tissue samples
was later determined using a light microscope, ×40
objective and an ocular grid. Approximately eight to 12
high power fields per tissue section were counted to reach a
total cell count of 1,000 cells in uterine leiomyoma and
myometrial tissues. Nuclei that stained intensely brown
were counted as positive. Percent PCNA labeling was
determined by the number of cells having positively stained
nuclei divided by 1,000 cells (labeled and unlabeled) and
multiplied by 100. A mean percent PCNA labeling was
determined by averaging the numbers from the independent
scorers.

Immunoflourescence

Frozen samples of uterine leiomyoma and patient-matched
myometrial tissue were sectioned at 5 μm, thawed for
15 min at room temperature, and fixed in 4% paraformal-
dehyde at 4°C for 10 min followed by −20°C methanol for
20 min. The sections were then blocked for 1 h in 5% milk,
1% BSA, and 1.5% normal goat serum (Vectastain Kit) in
1× automation buffer. Tissues were incubated in primary
antibodies for both ERα-phospho-Ser118 and phospho-
p44/42 MAPK together overnight (4°C) at dilutions as
stated above in the “Immunohistochemistry” section. The
sections were then incubated with Alexa Fluor 488 goat
anti-mouse IgG (green fluorescence) and Alexa Fluor 594
goat anti-rabbit IgG (red fluorescence; Molecular Probes,
Carlsbad, CA, USA) for 45 min at room temperature in the
dark. Tissues were counterstained using 4′, 6-diamidino-2-
phenylindole (DAPI; Molecular Probes, Carlsbad, CA,
USA) in the dark for 30 min at room temperature. Sections
were coverslipped with aqueous anti-fade fluorescent
mounting medium (Vector Laboratories). The tissue sec-
tions were observed with a laser scanning confocal
microscope (LSM 510 UV mounted on Axiovert 100M
microscope, Carl Zeiss) and analyzed using LSM Image
Examiner v3.2 software.

Immunoprecipitation

To assess the association of ERα-phospho-Ser118 and
phospho-p44/42 MAPK in myometrial and leiomyoma

tissues, phospho-p44/42 MAPK was immunoprecipitated
and immunoblotted for ERα-phospho-Ser118 and phospho-
p44/42 MAPK (as a control). Aliquots of 500 μg of
leiomyoma and myometrial tissue lysates were cleared by
adding 50 μL of Protein A-Sepharose beads (Zymed
Laboratories, San Francisco, CA, USA) and incubated for
30 min at 4°C with gentle rotation. The protein lysates were
immunoprecipitated with 5 μg of phospho-p44/42 MAPK
polyclonal rabbit antibody (Cell Signal Technology) over-
night at 4°C with gentle rotation. Protein A-Sepharose
beads (50 μL) were added to each tube, the mixtures were
incubated overnight at 4°C, and the immune complexes
were collected by centrifugation. The beads were washed
with RIPA buffer (10 mL of 50 mM Tris HCL pH 7.4 with
150 mM NaCL, 1 mM EGTA, 1 mM NaF, and 1% triton X
100, 250 μL of 10% sodium deoxycholate, 50 μL of
200 mM activated sodium vanadate, 50 μL of 10 mM
sodium molybdate, 20 μL of aprotinin and leupeptin, and
20 μL of 2 μg/mL of A-PMSF), and the supernatant was
discarded. The sepharose beads were resuspended in 30 μL
of Laemmli sample buffer (Bio-Rad Laboratories, Hercules,
CA, USA) and then centrifuged. Amounts of 15 μL of the
supernatant were used for western blotting as previously
described (mouse monoclonal ERα-phospho-Ser118 anti-
body at 1:500 dilution and rabbit polyclonal phospho-p44/
42 MAPK antibody at 1:1000 dilution (Cell Signaling
Technology)). Antibody binding was detected with horse-
radish peroxidase-conjugated anti-mouse and anti-rabbit
(Amersham Biosciences) diluted at 1:2000. Antigen-
antibody complexes were detected with an ECL western
blot detection system (Amersham Biosciences).

Statistics

Statistical comparisons were performed for mean of quick-
scores and intensities for western blot bands of uterine
leiomyoma and patient-matched myometrial samples. Signif-
icant differences were determined using Wilcoxon signed
ranks tests (p≤0.05) and Mann–Whitney tests (p≤0.05).

Results

ERα-phospho-Ser118 expression by western blot
and densitometry

Western blot analysis showed significantly increased
expression of ERα-phospho-Ser118 in uterine leiomyomas
compared to myometrial samples from the proliferative
phase (Fig. 1a and b). The overall mean expression of ERα-
phospho-Ser118 was slightly higher in uterine leiomyomas
from the secretory phase compared to myometrial samples,
although this difference was not significant (Fig. 1a and b).
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Also, ERα-phospho-Ser118 expression was higher in both
tumors and myometrial samples from the proliferative phase
compared to those from the secretory phase (Fig. 1a and b).

ERα phospho-Ser118 and ERα expression by
immunohistochemistry

Proliferative phase

Immunohistochemistry confirmed that leiomyoma samples
from the proliferative phase had increased protein expression
of ERα-phospho-Ser118 compared to matched myometrial
tissue (Fig. 2). ERα-phospho-Ser118 was expressed in the
nuclei of myometrial and leiomyoma cells (Fig. 2a and b).
Also in this phase, ERα expression was increased in the
tumors compared to myometrial tissue and was expressed
predominantly in the nuclei of myometrial and leiomyoma
cells with minimal staining in the cytoplasm (Fig. 2c and d).
Scores of immunostaining intensity showed significant

differences in ERα-phospho-Ser118 expression in myome-
trial versus leiomyoma samples with mean quickscores of
2.4±1.0 and 8.0±1.3, respectively (Fig. 2e). Mean quick-
scores for ERα immunoexpression in myometrial and
leiomyoma samples were 7.7±2.0 and 16.6±0.6, respectively
(Fig. 2e).

Secretory phase

Both leiomyoma and myometrial tissues from the secretory
phase showed expression of ERα-phospho-Ser118 (Fig. 3);
however, ERα-phospho-Ser118 expression was significantly
lower in the myometrium (0.1±0.1) compared to leiomyoma
(3.6±0.5) tissues (Fig. 3a and b). ERα expression was also
significantly lower in myometrial tissue compared to
leiomyomas (myometrium=6.4±1.3; leiomyoma=12.7±
2.2; Fig. 3e).

When ERα-phospho-Ser118 expression in leiomyomas
from the secretory phase was compared to those from the
proliferative phase, we found that ERα-phospho-Ser118 was
expressed at significantly higher levels in the leiomyomas
from the proliferative (8.0±1.3) versus secretory (3.6±0.5)
phase (Figs. 2e and 3e). Also, no significant differences in
ERα and ERα-phospho-Ser118 immunoexpression were
observed between small leiomyomas (<2 cm) and large
leiomyomas (≥2 cm) when tumors from both phases were
combined or evaluated independently by phase (data not
shown).

Expression of phospho-p44/42 MAPK
by immunohistochemistry

Due to increased expression of ERα-phospho-Ser118 in
leiomyomas, we evaluated phosphorylated p44/42 MAPK
(phospho-p44/42 MAPK) expression in leiomyomas and
myometrial tissue samples from the same ten patients used
for the ERα and ERα-phospho-Ser118 studies (Fig. 4).
Overall, phospho-p44/42 MAPK was expressed in the
nuclei of myometrial and leiomyoma cells (Fig. 4a and b).
In the proliferative phase, phospho-p44/42 MAPK was
expressed at significantly higher levels in leiomyomas (9.2±
2.4) compared to myometrial (4.8±2.3) tissues (Fig. 4c). No
significant difference was observed in the expression of
phospho-p44/42 MAPK in myometrial (4.4±1.4) and leio-
myoma (4.4±0.9) samples from women in the secretory
phase. Although phospho-p44/42 MAPK was higher in
leiomyomas from the proliferative phase, when mean
expression data were compared between the two phases,
there was no statistical difference in expression. Interestingly,
a significant difference (p≤0.05) in phospho-p44/42 MAPK
immunoexpression was observed between myometrial sam-
ples and small leiomyomas (≤2 cm) from the proliferative
phase (4.8±2.3 and 11±3.1, respectively).

Fig. 1 Immunoblot of ERα-phospho-Ser118 and HPRT (loading
control) in uterine leiomyoma (L) and patient-matched myometrial
(M) tissue lysates from women (n=6) in the proliferative or secretory
phase of the menstrual cycle. a ERα-phospho-Ser118 is expressed in
leiomyoma and myometrial tissue. b The bar graph represents the
mean±SE intensity of western blot bands for ERα-phospho-Ser118
protein. Increased expression of ERα-phospho-Ser118 was observed
in the leiomyomas compared to the myometrial tissue samples from
the proliferative phase of the menstrual cycle. *p≤0.05; a significant
difference versus myometrial samples (n=3)
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Colocalization of ERα-phospho-Ser118
and phospho-p44/42 MAPK

To determine if significantly increased levels of ERα-
phospho-Ser118 and phospho-p44/42 MAPK observed in
the tumors from the proliferative phase were colocalized,
we conducted immunoflourescence and confocal microscopy
studies to evaluate the localization of ERα-phospho-Ser118
(Fig. 5a and b) and phospho-p44/42 MAPK (Fig. 5c and d)
in tumor and myometrial tissues from the proliferative phase.
Both ERα-phospho-Ser118 and phospho-p44/42 MAPK
were present in the nuclei of myometrial and leiomyoma
tissue samples (Fig. 5a,b,c,d). Colocalization was more

apparent in the nuclei of leiomyoma cells compared to
myometrial cells in tissue samples (Fig. 5e and f).

Immunoprecipitation of ERα-phospho-Ser118
and phospho-p44/42 MAPK

To show the interaction of ER-phospho-Ser118 and
phospho-p44/42 MAPK in myometrial and leiomyoma
tissues from the proliferative phase, phospho-p44/42
MAPK was immunoprecipitated from myometrial and
leiomyoma tissues and then immunoblotted for ER-phospho-
Ser118 and phospho-p44/42 MAPK (control; Fig. 6). There
was an increased association of ERα-phospho-Ser118 and

Fig. 2 Representative immuno-
histochemical staining of ERα-
phospho-Ser118 and ERα in
patient-matched myometrium
and uterine leiomyoma tissue
samples from women in the pro-
liferative phase of the menstrual
cycle. a and b ERα-phospho-
Ser118 expression in myome-
trium (a) and leiomyoma (b)
tissue samples. c and d ERα
expression in myometrium (c)
and leiomyoma (d) tissue sam-
ples. Arrows show positively
stained nuclei of cells. e The bar
graph represents the mean±SE of
quickscore values for ERα-
phospho-Ser118 and ERα in
myometrial tissue and tumors.
*p≤0.05; a significant difference
versus myometrial samples
(n=10 for myometrial samples
and n=20 for leiomyoma sam-
ples; original magnification, ×40)
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phospho-p44/42 MAPK in leiomyomas compared to myo-
metrial tissue.

Proliferating cell nuclear antigen (PCNA) labeling

Based on our findings of increased ERα-phospho-Ser118
expression in leiomyomas and the abundant association and
colocalization of phospho-p44/42 MAPK and ERα-phos-
pho-Ser118 in tumors during the proliferative phase, we
conducted PCNA labeling studies to assess whether there
would be differential expression of this cell proliferation
marker in tumors versus myometrial samples from the
proliferative and secretory phases. PCNA was highly
expressed in tumors compared to myometrial tissue in both

the proliferative and secretory phases with more expression
in the proliferative phase tumors compared to those from
the secretory phase (Fig. 7a–d). We found that the mean
PCNA labeling indices were significantly higher in tumors
versus myometrial tissue in both the proliferative and
secretory phases of the menstrual cycle (Fig. 7e). Also,
PCNA labeling in tumors from women in the proliferative
phase was significantly higher than in tumors from the
secretory phase (28.60±3.20 and 18.39±3.20, respective-
ly). No significant differences were observed in the PCNA
labeling in small leiomyomas (<2 cm) compared to large
(≥2 cm) leiomyomas when combined or evaluated inde-
pendently by phase, although in both phases, the mean
labeling indices were higher in the smaller leiomyomas.

Fig. 3 Representative immuno-
histochemical staining of ERα-
phospho-Ser118 and ERα in
patient-matched myometrium and
uterine leiomyoma tissue samples
from women in the secretory
phase of the menstrual cycle.
a and b ERα-phospho-Ser118
expression in myometrium (a)
and leiomyoma (b) tissue. c and
d ERα expression in myome-
trium (c) and leiomyoma (d)
tissue samples. Arrows show
positively stained nuclei of cells.
e The bar graph represents the
mean±SE of quickscore values
for ERα-phospho-Ser118 and
ERα in myometrial tissue and
tumors. *p≤0.05; a significant
difference versus myometrial
samples (n=10 for myometrial
samples and n=20 for
leiomyoma samples; original
magnification, ×40)
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Discussion

To our knowledge, this is the first study to evaluate ERα-
phospho-Ser118 expression in uterine leiomyomas. These
data show that ERα is a phosphoprotein that is phosphory-

lated at serine 118 residues in uterine leiomyomas. Phosphor-
ylation of ERα at serine 118 has been extensively studied in
breast cancer cells and is enhanced in response to estradiol
binding and through the action of second messenger signaling
pathways [25]. Previous in vitro and in vivo studies have
demonstrated that ERα is phosphorylated at serine 118 in the
presence or absence of estradiol and by growth factor
peptides and their receptors through activation of the MAPK
(ERK 1/2) pathway, which can lead to transcription [7, 11].
ERα from calf uterus is phosphorylated at serine residues in
response to estradiol [11]. Also, phosphorylation of mouse
uterine ERα at serine residues is enhanced in response to
estrogen [41].

In our study, ERα-phospho-Ser118 immunoexpression
was significantly higher in tumors from women in the
proliferative phase of the menstrual cycle compared to
those in the secretory phase, although expression was
present in tumors and significantly higher than the
myometrium in samples from both the secretory and
proliferative phases. Increased phosphorylation of ERα at
serine 118 observed in tumors from the proliferative
(estrogen dominant) phase may indicate that phosphoryla-
tion may be regulated by higher concentrations of estrogen
and lower concentrations of progesterone. There is evi-
dence suggesting that estradiol can increase the expression
of ERα-phospho-Ser118 in breast cancer cells [7]. Estrogen
has also been shown to increase uterine leiomyoma cell
proliferation and progesterone receptor mRNA and protein
expression [1, 16, 19], whereas progesterone has been
shown to have a dual effect on the growth of uterine
leiomyomas by decreasing and increasing the size of some
fibroids through regulation of the local growth factor milieu
in women treated with the progestin, levonorgestrel [27]. In
our study, the phosphorylation of ERα was lower in the
secretory phase where progesterone is the dominant
hormone. Also, other studies comparing estrogen receptor
protein expression in leiomyomas from women in the
proliferative and secretory phases have shown that ER was
expressed at lower levels during the secretory phase. This
supports the concept that progesterone may be decreasing
the levels of ERα, thereby making less receptor available
for phosphorylation [3, 22, 43].

In this study, we used immunohistochemistry and found
nuclear expression of phospho-p44/42 MAPK to be
significantly increased in leiomyomas compared to myo-
metrial tissue from the proliferative phase of the cycle.
Chegini et al. have demonstrated that phospho-p44/42
MAPK is expressed more in leiomyomas compared to
myometrial tissue, but this difference was not significant,
and no menstrual phase data were reported in their study. In
our study, there was no significant difference in phospho-
p44/42 MAPK expression in tumors in the secretory phase
compared to patient-matched myometrial samples, and

Fig. 4 Representative immunohistochemical staining of phospho-p44/
42 MAPK in patient-matched myometrial and uterine leiomyoma tissues
from the proliferative phase of themenstrual cycle. a and b Phospho-p44/
42 MAPK expression was expressed in the nuclei (arrows) of myometrial
(a) and tumor (b) smooth muscle cells, although it was significantly
increased in tumors from the proliferative phase. c The bar graph
represents the mean±SE of quickscore values for phospho-p44/42 MAPK
in myometrial tissue and leiomyomas from the proliferative and secretory
phases of the menstrual cycle. *p≤0.05; a significant difference versus
myometrial samples in the proliferative phase (n=10 for myometrial
samples and n=20 for leiomyoma samples; original magnification, ×40)
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when tumors from both phases of the cycle were combined,
this resulted in a lack of significance of expression of
phospho-p44/42 MAPK in leiomyoma versus myometrial
tissue. This is most likely due to significant phospho-p44/
42 MAPK expression being phase specific and could be
missed if data from the two phases are combined.

In breast cancer cells, phospho-p44/42 MAPK has been
found to phosphorylate the ER at serine 118 in response to
estrogen [7]. In this study, we found higher expression and
colocalization of phospho-p44/42 MAPK and ERα-phospho-
Ser118 in leiomyomas from the proliferative phase, which is
the phase of the cycle where the estradiol/progesterone ratio is

Fig. 5 Colocalization of ERα-
phospho-Ser118 and phospho-
p44/42 MAPK in myometrium
and uterine leiomyoma tissue.
Arrows show nuclei in the inset
(top right corner) that are posi-
tively stained for ERα-phospho-
Ser118 (green fluorescence; a and
b), phospho-p44/42 MAPK (red
fluorescence; c and d), and both
ERα-phospho-Ser118 and phos-
pho-p44/42 MAPK (white/yellow
fluorescence; e and f) in myome-
trial (a, c, and e) and leiomyoma
(b, d, and f) tissues. DAPI was
used to stain the nuclei (blue
fluorescence; e and f; original
magnification, ×40/zoom of 1)
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high. These data imply that in leiomyomas, phospho-p44/42
MAPKmay be the kinase that phosphorylates the ER at serine
118, and this phosphorylation may be enhanced during the
proliferative phase by higher concentrations of estradiol and
lower concentrations of progesterone.

Previously, we found PCNA expression to be signifi-
cantly higher in leiomyomas than in matched myometrial
samples [13]. In this study, PCNA expression was also
significantly higher in leiomyomas than in matched
myometrial samples. On average, PCNA labeling was

Fig. 6 Immunoprecipitation of ERα-phospho-Ser118 and phospho-
p44/42 MAPK in myometrial (M) and uterine leiomyoma (L) tissue
lysates from the proliferative phase. Phospho-p44/42 MAPK was

immunoprecipitated (IP) from leiomyoma and myometrial tissue and
then immunoblotted (IB) with the anti-ERα-phospho-Ser118 (66 kDa)
and phospho-p44/42 MAPK (44 and 42 kDa; control) antibodies

Fig. 7 Representative PCNA im-
munohistochemical staining in
patient-matched myometrium and
uterine leiomyoma tissue samples
from the proliferative (a and b)
and secretory (c and d) phases
(original magnification, ×40).
e Bar graph represents the
mean±SE of percent of cells
labeled with PCNA in myome-
trial (white bar) and leiomyoma
(black bar) tissues. *p≤0.05; a
significant difference versus
myometrial tissue, and “a” rep-
resents significance (p≤0.05)
between leiomyomas of the
proliferative versus secretory
phase of the menstrual cycle
(n=10 for myometrial samples
and n=20 for leiomyoma
samples)
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0.77% in the myometrium and 23.50% in leiomyomas.
PCNA labeling of cells in tumors from women in the
proliferative phase (28.60%) was significantly higher
compared to tumors from women of the secretory phase
(18.39%). These data show that leiomyomas proliferate at a
higher rate than normal myometrium and that proliferation
is increased in tumors from the proliferative phase
compared to those from the secretory phase of the
menstrual cycle. The PCNA labeling indices in this study
were higher compared to the values from a previous study,
which was most likely due to the increased sensitivity of
the primary antibody used in this study compared to our
earlier studies. More importantly, however, the overall trend
of increased PCNA labeling in leiomyomas versus myometria
and increased labeling of proliferative phase tumors versus
secretory phase are in agreement with our earlier findings and
others, respectively [13, 20]. Also, although PCNA labeling
was increased overall in the leiomyomas, there was variation
of PCNA expression between tumors from individual
women, which supports the importance of hormones in up-
or down-regulating local cytokines and growth factors that in
turn may control autonomous tumor growth. In this study, it
appears that phosphorylation of ER at serine 118 is a
predominant feature of the proliferative phase, and this may
be an important factor in increased transcription, translation,
and proliferation observed in uterine leiomyomas during this
phase.

No significant differences in ERα-phospho-Ser118,
ERα, and PCNA immunoexpression were observed be-
tween small leiomyomas and large leiomyomas when
tumors from both phases were combined or evaluated
independently by phase, which may be due to the abundant
amount of extracellular matrix proteins that is involved in
the expansion of fibroids [36]. Many uterine leiomyomas
contain an abundant amount of fibrous connective tissue
and extracellular matrix proteins (collagen, proteoglycans,
and fibronectin) [36]. ERα-phospho-Ser118, ERα, and
PCNA are expressed predominantly in the nuclei of smooth
muscle tumor cells, which may not be the main contributor
to size in larger leiomyomas containing an abundance of
extracellular matrix proteins.

In summary, the mechanisms whereby ER and growth
factor signaling pathways interact and promote leiomyoma
growth are not known and have not been widely studied. In
this study, we found that ERα-phospho-Ser118 and
phospho-p44/42 MAPK protein expression levels were
significantly increased independently and highly coex-
pressed in leiomyomas from women in the proliferative
phase of the menstrual cycle compared to myometrial tissue
samples. In addition, leiomyomas from the proliferative
phase had significantly increased PCNA labeling compared
to patient-matched myometrial tissue samples and tumors
from the secretory phase.

Our data suggest that there are interactions between ER and
growth factor signaling pathways in uterine leiomyomas. Also,
these data show that ERαmay be phosphorylated by phospho-
p44/42 MAPK at Ser-118 and possibly play an important role
in the growth of fibroids. Additionally, the expression of ERα-
phospho-Ser118 may be, in part, regulated by high amounts of
estrogen and low amounts of progesterone. To provide further
evidence that ERαmay be phosphorylated by phospho-p44/42
MAPK at Ser-118 in fibroids, immunoprecipitation assays
were done and showed an increased association of ERα-
phospho-Ser118 and phospho-p44/42 MAPK proteins in
leiomyomas compared to myometrial tissue. The pathways
involved in phosphorylation of ERα in uterine leiomyomas
have not been studied. In Fig. 8, we propose a possible
mechanism of interaction between the ERα and growth
factor signaling pathways and the regulation of these
pathways by estradiol (E2) and progesterone (P4), which is
highly supported by the data reported in this paper. This
schematic shows that activation of ERα via phosphorylation
at serine 118 by phospho-p44/42 MAPK is regulated by E2

(positively) and P4 (positively or negatively) through the up-

Fig. 8 Proposed pathway for the interaction between ERα and
growth factor (GF) signaling pathways and regulation by estradiol
(E2) and progesterone (P4). The ERα is activated by classical E2

binding and/or by phosphorylation at serine 118 by activated MAPK.
Activated ERα then activates gene transcription and translation of a
GF. The GF will bind to its receptor (GFR), and the activated GFR
will in turn activate the MAPK pathway, which can result in
proliferation and also possible phosphorylation of ERα at serine
118. E2 can up-regulate GFs and GFRs with an increase in
downstream MAPK activation and possible ERα-phospho-Ser118
phosphorylation, whereas P4 can decrease or increase ERα, GF, and
GFR production, which in turn results in up- or down-regulation of
activated MAPK and ERα-phospho-Ser118 expression
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or down-regulation of local cytokines, growth factors, and
growth factor receptors [17, 21, 29, 32]. Future studies are
underway to test this hypothesis.
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Abstract The immunohistochemical expression of caveolin-
1 (cav-1) was evaluated in a series of gastric carcinomas (GC)
and in the adjacent normal gastric mucosa. Cav-1 immuno-
expression was found in most GC (94%) with a significantly
higher amount in the Lauren intestinal type in comparison to
the diffuse-type carcinomas. Interestingly, gastric intestinal
metaplasia as well as the cells at the base and neck of gastric
pits within all fundic mucosal fragments showed an evident
cav-1 immuno-staining, suggesting a histogenetic derivation
of these lesions from the trans-differentiation of chief cells
or from a cryptic progenitor population at the base of fundic
glands, as recently hypothesized by other authors. The
absence of significant correlations between cav-1 immuno-
expression and the other clinico-pathological parameters,
such as the stage of disease or the patients overall survival,
indicates that the role of cav-1 in GC is neither stage-
specific nor related to prognosis.

Keywords Caveolin-1 . Gastric cancer . Histogenesis .

Fundic mucosa . Prognosis

Introduction

Caveolin-1 (cav-1) is a 22-kDa protein which is mainly
expressed by fibroblasts, adipocytes, and endothelial and

smooth muscle cells [1]. It is involved in transmembrane
transport processes [2] and signal transduction mechanisms
[3].

An ambivalent role in tumorigenesis has been attributed
to cav-1. Indeed, even if it may exert a tumor suppressor
activity by inhibiting the signalling products of several
proto-oncogenes [4], its tyrosine-14 phosphorylation results
in growth stimulation [5], suggesting that cav-1 may also
behave as a pro-tumorigenic factor.

When cav-1 expression has been investigated in human
neoplasms, cav-1 down-regulation has been found in
certain tumors [6, 7], whereas its over-expression has been
documented in others [8–10], thus indicating a tissue-
dependent behavior of cav-1 in cancerogenesis.

Among the digestive system neoplasms, cav-1 over-
expression has been shown in colorectal adenocarcinoma
[11] and esophageal squamous cell carcinoma [12, 13],
consistently with a pro-tumorigenic action in both malig-
nancies; moreover, an additional role in tumor progression
and aggressiveness has been demonstrated in esophageal
squamous cell carcinoma [12, 13]. By contrast, recent data
seem to indicate that cav-1 acts as a tumor suppressor factor
in gastric carcinoma (GC) [14]. Indeed, cav-1 down-
regulation has been documented in association with the
acquisition of a tumor phenotype in gastric mucosa [14].
Nonetheless, since a high cav-1 expression has been found
in cell lines derived from GC distant metastases, it has been
proposed that cav-1 is down-regulated during gastric
epithelial cell transformation, and then regained in GC
cells undergoing detachment from the basal membrane and
invasion into the underlying stroma [14].

In view of this, in the present study, cav-1 immunohis-
tochemical expression has been investigated in a series of
surgically resected GC and correlated with clinico-patho-
logical parameters, in an attempt to verify its eventual
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changes in association with the stage, histotype, presence of
lymph node metastases, or overall survival of the patients.

Materials and methods

Forty nine cases of surgically resected GC, obtained from
27 male and 22 female patients (mean age 63 years; age
range 37–81 years), were taken from the files of the
Department of Human Pathology, University of Messina,
Italy. Patients who had received preoperative neo-adjuvant
therapy were excluded from the study. Thirty six cases
(74%) contained adjacent non-neoplastic and not infiltrated
gastric mucosa; specifically, a cardiac or antral mucosa was
present in twenty-seven cases, whereas fundic gastric
mucosa was found in nine cases. Moreover, in 22/49
(45%) cases, intestinal metaplasia (IM) was evidenced in
the normal mucosa adjacent to the tumor.

For each case, the age and gender of the patients, the site
as well as the World Health Organization (WHO) [15] and
Lauren [16] histotypes of the tumors were considered.
Histological grading and tumor staging were based on the
criteria of the WHO classification [15] and TNM system.
Well and moderately differentiated GC were grouped
together for the statistical analyses and considered as low
grade tumors in contraposition to high grade GC. In
addition, tumors were subdivided into early gastric cancers
(EGC) (limited to the mucosa or the submucosa) and
advanced gastric cancers (AGC) (infiltration beyond the
submucosa) [15], with our cohort comprising eight EGC
and 41 AGC.

Follow-up data concerning the patients specific survival
to GC were available in 47/49 (96%) cases. Follow-up
ranged from 4 to 168 months (mean 58.8 months).

Immunohistochemistry

All specimens, fixed in 10% neutral formalin for 24 h at
room temperature, and embedded in paraffin at 55°C, were
cut into 4-μm-thick sections for the immunohistochemical
procedures. Briefly, the intrinsic endogenous peroxidase
activity was blocked with 0.1% H2O2 in methanol for
20 min; then, normal sheep serum was applied for 30 min
to prevent unspecific adherence of serum proteins. Sections
were successively incubated at 4°C overnight with the
polyclonal rabbit antibody against Cav-1 (Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA; working
dilution 1:500); a sheep anti-rabbit immunoglobulin antise-
rum (Behring Institute; w.d. 1:25) was applied and the
bound primary antibody was visualized by avidin-biotin-
peroxidase detection using the Vectastain Rabbit/Mouse
Elite Kit, according to the manufacturer’s instructions. To
reveal the immuno-staining, the sections were incubated in42
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darkness [17] for 10 min with 3–3′ diaminobenzidine tetra
hydrochloride (Sigma Chemical Co., St. Louis, MO, USA),
in the amount of 100 mg in 200 ml 0.03% hydrogen
peroxide in phosphate-buffered saline. Nuclear counter-
staining was performed by Mayer’s hemalum. Specificity of
the Cav-1 binding was assessed by (1) omitting the primary
antiserum and (2) replacing it with normal rabbit serum.
Specimens of adipose tissue as well as the endothelium and
smooth muscle of the vessels present within the examined
tissue were used as positive controls for the immunohisto-
chemical reactions [10, 18].

Immunostained sections were examined by light micros-
copy using a ×20 and ×40 objective lens and ×10 eyepiece.
Two pathologists (V.B. and G.T.) using a double-headed
microscope performed the assessment of immunostained
sections on a consensus basis. Cav-1 expression was based
on the presence of cytoplasmic and/or membranous stain-
ing. The intensity of staining (IS) was graded as (0)
negative, (1) weak, (2) moderate, and (3) strong; the area
of staining positivity (ASP), recorded as percentage of
positive cells, was assessed by providing the following
values: 0 (<10%), 1 (11–25%), 2 (26–50%), 3 (51–75%), 4
(>75%), according to the procedure described by Joo et al.
[8], already applied in our previous papers on cav-1
immuno-expression in human meningiomas [10, 19]. For
each case, a cav-1 intensity distribution (ID) score was
generated by multiplying the values of IS and ASP. Cases
displaying a score 0 were considered as negative.

For the statistical analyses, samples were subdivided into
low (cav-1 ID score 0–4) and high (cav-1 ID score 6–12)
cav-1 expressing GC on the basis of their ID scores, with
the median ID score value (ID score 4) used as the cut-off
[10, 19]. Chi-squared and Fisher exact tests were used to
analyze the correlations between cav-1 immuno-expression

Fig. 1 a A positive cav-1 immuno-expression was encountered in
intestinal type GC and, specifically, in both a tubular (cav-1 stain;
original magnification ×200) and b mucinous (cav-1 stain; original
magnification ×200) histotypes according to the WHO classification. c
Cav-1 staining was also found in diffuse-type (signet ring carcinoma,
according to the WHO classification) GC (cav-1 stain; original
magnification ×100)

Fig. 2 A diffuse-type GC showing no cav-1 immuno-labelling in the
neoplastic cells (cav-1 stain; original magnification ×200)
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as reflected by cav-1 ID scores, ASP and IS, and the
clinico-pathological parameters.

Overall survival was assessed by the Kaplan–Meier
method, with the date of primary surgery as the entry data.
The end point was the length of survival to death for GC.
The Mantel–Cox log rank test was applied to assess the
strength of association between survival time and cav-1 ID
scores, ASP, and IS of the tumors. A P value less than 0.05
was considered to be statistically significant.

Results

The clinico-pathological characteristics as well as the cav-1
immuno-expression data relative to the GC of the cohort are
illustrated in Table 1.

In all cases, cav-1 immuno-expression was evidenced in
the endothelial cells and smooth muscle cells of the vessels
within the specimens. A variable cav-1 immuno-expression
was found in the neoplastic cells of 46/49 (94%) cases
(Fig. 1). More specifically, a low cav-1 immuno-expression
(cav-1 ID score 0–4) was encountered in 36/49 (73%) GC,
whereas 13/49 (27%) displayed a high cav-1 immuno-
expression (cav-1 ID score 6–12). All cav-1 negative (3/3)
GC were characterized by a Lauren diffuse histotype and a
signet ring WHO one (Fig. 2); by contrast, cav-1 highly
expressing GC (cav-1 ID score 6–12) all (13/13) showed an
intestinal histotype (tubular or mucinous according to the
WHO classification).

As expected, a positive cav-1 immunoreaction was
evidenced in the adipose tissue used as a positive control
for the immunoassay. On the contrary, negative controls did
not show any staining for cav-1.

Normal gastric cardiac and antral mucosa was negative
for cav-1 in 27/27 (100%) cases (Fig. 3a). By contrast, in 9/

9 (100%) cases, a strong positive cav-1 immunoreaction
was uniformly evidenced in the cytoplasm of the cells at the
base and neck of the pits within the fundic gastric mucosa
(Fig. 3b). A variable (cav-1 ID score 2–8) positive cav-1
immuno-staining was encountered in IM in 17/22 (77%)
cases (Fig. 4) (Table 2).

When the correlations between cav-1 immuno-expression
in GC and the various clinico-pathological parameters were
investigated, GC showing an intestinal histotype were
found to display significantly higher cav-1 ID scores (P=
0.010816) and ASP (ASP>2) (P=0.021457) in comparison
to diffuse GC (Tables 2 and 3). Consistently, significantly
higher cav-1 ID scores and ASP (P=0.0187; P=0.0212)
were encountered in the WHO tubular and mucinous
histotypes in comparison to the signet ring one. By contrast,

Fig. 3 a Normal gastric antral
mucosa adjacent to the tumor
did not show any staining for
cav-1 (cav-1 stain; original
magnification ×100). b By
contrast, a strong cav-1
immuno-reactivity was evident
in cells at the base and neck of
the fundic pits (cav-1 stain;
original magnification ×100)

Fig. 4 An IM area nearby GC showed a positive cav-1 immuno-
staining in the cytoplasm of metaplastic glands (cav-1 stain; original
magnification ×200)
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cav-1 IS did not show any significant correlation with the
GC histotype (Table 4). No significant associations were
evidenced between cav-1 ID scores ASP and IS in GC and
the other parameters (age and gender of the patients, the
site, histologic grade, and stage of the tumors). In addition,
the overall survival of the patients to GC did not differ on
the basis of cav-1 ID score, ASP, and IS in their tumors (P=
0.2618; P=0.3873; P=0.9885).

Discussion

Since the first report of its involvement in cancerogenesis,
cav-1 expression has been investigated in a number of
human malignancies [6–9, 10, 12, 13]. An ambivalent,
tissue-dependent role has been shown for this protein in
tumorigenesis; indeed, the significant down-regulation of

Table 2 Fisher exact test and chi-squared test were used to assess the
statistical correlations between cav-1 ID scores and the clinico-
pathological characteristics of the 49 analyzed gastric carcinomas

Cav-1 ID score P value

0–4 6–12

Age
≤50 years 7 1 0.308
>50 years 29 12
Sex
Male 17 10 0.062
Female 19 3
Location
Cardia 4 3 0.4758
Body 7 3
Antrum-body 4 0
Antrum 21 7
Type
EGC 6 2 1.00
AGC 30 11
WHO histotype
Tubular 22 11 0.0187
Mucinous 1 2
Signet ring 13 0
Lauren histotype
Intestinal 23 13 0.0108
Diffuse 13 0
Histologic grade
G1–G2 (LG) 15 6 0.4712
G3 (HG) 7 5
Pt
T1 6 2 0.7192
T2 14 5
T3 13 6
T4 3 0
pN
N0 14 3 0.4979
N1–N2 22 10
Stage
1 12 4 0.8749
2 10 4
3 13 4
4 1 1
Survival
Alive 14 3 0.321
Dead 20 10

EGC early gastric cancer, AGC advanced gastric cancer, LG low
grade, HG high grade

Table 3 Fisher exact test and chi-squared test were used to assess the
statistical correlations between cav-1 ASP and the clinico-pathological
characteristics of the 49 analyzed gastric carcinomas

Cav-1 ASP P

0–2 3–4

Age
≤50 years 7 1 0.659
>50 years 30 11
Sex
Male 18 9 0.181
Female 19 3
Location
Cardia 4 3 0.410
Body 7 3
Antrum-body 4 0
Antrum 22 6
Type
EGC 6 2 1.00
AGC 31 10
WHO histotype
Tubular 23 10 0.021
Mucinous 1 2
Signet ring 13 0
Lauren histotype
Intestinal 24 12 0.021
Diffuse 13 0
Histologic grade
G1–G2 (LG) 15 6 0.487
G3 (HG) 8 4
pT
T1 6 2 0.790
T2 14 5
T3 14 5
T4 3 0
pN
N0 14 3 0.502
N1–N2 23 9
Stage
1 12 4 0.852
2 11 3
3 13 4
4 1 1
Survival
Alive 14 3 0.492
Dead 21 9

ASP area of staining positivity, EGC early gastric cancer, AGC
advanced gastric cancer, LG low grade, HG high grade
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cav-1, reflecting its tumor suppressor action, has been
demonstrated in ovarian adenocarcinomas [6] and soft
tissue sarcomas [7], whereas cav-1 over-expression, sug-
gestive of a pro-tumorigenic function, has been documented
in esophageal squamous cell carcinomas [12] and colorectal
adenocarcinomas [11].

In contrast to Burgermeister and colleagues [14] who
recently described cav-1 loss in GC, in the present study,
we found that cav-1 is frequently expressed in both the
diffuse and intestinal types of this malignancy. Differently
from these authors, who analyzed frozen samples with a
monoclonal antibody [14], we assessed cav-1 immuno-
expression on formalin-fixed and paraffin-embedded speci-
mens of GC by using a polyclonal antibody. Specifically,
we evidenced a significantly higher cav-1 immuno-
expression in the Lauren intestinal type GC in comparison
to the diffuse one, and, accordingly, in the mucinous as
well as the in the tubular WHO histotypes if compared to
the signet ring one. The different expression of cav-1 in
relation to the neoplastic histotype is not a novel finding.
Indeed, whereas cav-1 loss characterizes the pulmonary
adenocarcinoma [20], cav-1 over-expression has been
demonstrated in the squamous cell lung carcinoma [20].
As known, diffuse GC can be discriminated from the
intestinal form on the basis of its abnormal expression of
the cell-to-cell adhesion molecule E-cadherin [21], which
is more commonly lost in the former. Since the co-
localization and co-immunoprecipitation of cav-1 with E-
cadherin has been demonstrated in normal epithelial cells
[22], we may speculate that the simultaneous down-
regulation of these proteins may occur in diffuse GC
cancerogenesis. Such a mechanism may provide a suitable
explanation for the lower cav-1 immuno-expression which
we observed in the diffuse histotype in comparison to the
intestinal type GC; nonetheless, further studies are needed
to better elucidate the mechanisms underlying the differ-
ence in terms of cav-1 expression between the diffuse and
intestinal GC.

When we analyzed the normal gastric mucosa adjacent
to the tumors, no cav-1 labelling was observed in the antral
or cardiac specimens in all cases, whereas a strong cav-1
positive immunoreaction was evidenced in the cells at the
neck and at the base of gastric pits within all fundic
mucosal fragments. In addition, a variable cav-1 immuno-
expression was found in the majority of IM areas nearby
the tumors, in accordance with the findings already reported
by Burgermeister et al. [14]. In terms of histogenesis, it is
generally accepted that the Lauren’s intestinal type GC is
preceded by the sequential steps of chronic atrophic
gastritis, intestinal metaplasia, and dysplasia [23], whereas
the diffuse-type GC seems to arise via hyperplastic or de
novo changes, with or without concurrent non metaplastic
dysplasia [24]. Nonetheless, both GC types are supposed to
originate from gastric progenitor cells, present within the
fundic gastric mucosa [25]. Our findings showing cav-1
expression in the cells at the base or neck of fundic gastric
glands and its maintenance in GC as well as in IM are in
line with a histogenetic origin of the these lesions from the
trans-differentiation of chief cells or from a cryptic

Table 4 Fisher exact test and chi-squared test were used to assess the
statistical correlations between cav-1 IS and the clinico-pathological
characteristics of the 49 analyzed gastric carcinomas

Cav-1 IS P

0–2 3

Age
≤50 years 7 1 1.00
>50 years 37 4
Sex
Male 22 5 0.056
Female 22 0
Location
Cardia 6 1 0.526
Body 10 0
Antrum-body 4 0
Antrum 24 4
Type
EGC 8 0 0.577
AGC 37 5
WHO histotype
Tubular 28 5 0.259
Mucinous 3 0
Signet ring 13 0
Lauren histotype
Intestinal 31 5 0.30
Diffuse 13 0
Histologic grade
G1–G2 (LG) 18 3 1.00
G3 (HG) 10 2
pT
T1 8 0 0.241
T2 18 1
T3 15 4
T4 3 0
pN
N0 16 1 0.642
N1–N2 28 4
Stage
1 15 1 0.849
2 12 2
3 15 2
4 2 0
Survival
Alive 15 2 1.00
Dead 27 3

IS intensity of staining, EGC early gastric cancer, AGC advanced
gastric cancer, LG low grade, HG high grade
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progenitor population at the bases of fundic glands, as
recently suggested by Nozaki et al. [26].

In the present study, we evaluated for the first time the
existence of eventual correlations between cav-1 immuno-
expression and the clinico-pathological parameters of GC,
in an attempt to verify whether cav-1 expression may be
considered as related to GC biological aggressiveness,
similarly to what already observed in other tumors [7, 9,
10, 12, 13]. In addition, we aimed to test the assumption
that cav-1 expression in GC is stage specific, as proposed
by other authors [14]. No significant associations were
evidenced between cav-1 expression and the age and
gender of the patients or the site, histologic grade, and
stage of the tumors. Thus, cav-1 amount does not seem to
be connected to the biological behavior of GC. Moreover,
the absence of significant differences in terms of cav-1
immuno-expression in the various stages of GC seems to
confute the hypothesis according to which cav-1 acts as a
stage-specific GC tumor modulator, which is down-regulated
during gastric cancerogenesis and then regained during GC
progression [14]. Finally, we assessed for the first time the
prognostic value of cav-1 immuno-expression on the
patient’s overall survival to GC, and showed, in contrast
to what observed in other tumors [8, 10, 12], the lack of a
significant association between cav-1 expression and the
length of survival to GC. Thus, in conclusion, on the basis
of our data, the role of cav-1 in GC does not appear to be
stage specific neither related to prognosis.

Conflict of interest statement We declare that we have no conflict
of interest.

References

1. Scherer PE, Lewis RY, Volontè D et al (1997) Cell-type and
tissue-specific expression of caveolin-2. Caveolins 1 and 2 co-
localize and form a stable hetero-oligomeric complex in vivo. J
Biol Chem 272:29337–29346

2. Anderson RG, Kamen BA, Tothberg KG et al (1992) Potocytosis:
sequestration and transport of small molecules by caveolae.
Science 255:410–411

3. Anderson RG (1993) Caveolae: where incoming and outcoming
messengers meet. Proc Natl Acad Sci U S A 90:10909–10913

4. Razani B, Engelman JA, Wang XB et al (2001) Caveolin-1 null
mice are viable but show evidence of hyperproliferative and
vascular abnormalities. J Biol Chem 276:38121–38138

5. Lee H, Volonte D, Galbiati F et al (2000) Constitutive and growth
factor-regulated phosphorylation of caveolin-1 occurs at the same
site (Tyr-14) in vivo: identification of a c-Src/Cav-1/Grb7
signaling cassette. Mol Endocrinol 14:1750–1775

6. Wiechen K, Diatchenko L, Agoulnik A et al (2001) Caveolin-1 is
down-regulated in human ovarian carcinoma and acts as a
candidate tumor suppressor gene. Am J Pathol 159:1635–1643

7. Wiechen K, Sers C, Agoulnik A et al (2001) Down-regulation of
caveolin1, a candidate tumor suppressor gene, in sarcomas. Am J
Pathol 158:833–839

8. Joo HJ, Oh DK, Kim YS et al (2004) Increased expression of
caveolin-1 and microvessel density correlates with metastasis and
poor prognosis in clear cell renal cell carcinoma. BJU Int 93:291–
296

9. Yang G, Timme TL, Frolov A et al (2005) Combined c-myc and
caveolins-1 expression in human prostate carcinoma predicts
prostate carcinoma progression. Cancer 103:1186–1194

10. Barresi V, Cerasoli S, Paioli G et al (2006) Caveolin-1 in
meningiomas: expression and clinico-pathological correlations.
Acta Neuropathol 112:617–626

11. Fine SW, Lisanti MP, Galbiati F et al (2001) Elevated expression
of caveolin-1 in adenocarcinoma of the colon. Am J Clin Pathol
115:719–724

12. Kato K, Hida Y, Miyamoto M et al (2002) Overexpression of
caveolin-1 in esophageal squamous cell carcinoma correlates
with lymph node metastasis and pathologic stage. Cancer 94:929–
933

13. Ando T, Ishiguro H, Kimura M et al (2007) The overexpression of
caveolin-1 and caveolin-2 correlates with a poor prognosis and
tumor progression in esophageal squamous cell carcinoma. Oncol
Rep 18:601–609

14. Burgermeister E, Xing X, Röcken C et al (2007) Differential
expression and function of caveolin-1 in human gastric cancer
progression. Cancer Res 67:8519–8526

15. Fenoglio-Preiser C, Carneiro F, Correa P et al (2000) Gastric
carcinoma. In: Hamilton SR, Aaltonen LA (eds) Tumours of the
digestive system. IARC, Lyon, pp 39–52

16. Lauren T (1965) The two histologic main types of gastric
carcinoma. Acta Pathol Microbiol Scand 64:34

17. Weir EE, Pretlow TG, Pitts A (1974) A more sensitive and
specific histochemical peroxidase stain for the localization of
cellular antigen by the enzyme–antibody conjugate method. J
Histochem Cytochem 22:1135–1140

18. Barresi V, Grosso M, Barresi G (2008) Immunohistochemical
evidence of caveolin-1 expression in human fetal and neonatal
striated muscle and absence in the adult’s. Appl Immunohisto-
chem Mol Morphol 16:267–273

19. Barresi V, Cerasoli S, Tuccari G (2008) Correlative evidence that
tumor cell-derived caveolin-1 mediates angiogenesis in meningi-
omas. Neuropathology 28:472–478

20. Kato T, Miyamoto M, Kato K et al (2004) Difference of caveolin-
1 expression pattern in human lung neoplastic tissue. Atypical
adenomatous hyperplasia, adenocarcinomas and squamous cell
carcinoma. Cancer Lett 214:121–128

21. Karayiannakis AJ, Syrigos KN, Chatzigianni E et al (1998) E-
cadherin expression as a differentiation marker in gastric cancer.
Hepatogastroenterology 45:2437–2442

22. Galbiati F, Volonte D, Brown AM et al (2000) Caveolin-1
expression inhibits Wnt/betacatenin/Lef-1 signaling by recruiting
beta-catenin to caveolae membrane domains. J Biol Chem
275:23368–23377

23. Uchino S, Noguchi M, Ochiai A et al (1993) p53 mutation in
gastric cancer: a genetic model for carcinogenesis is common to
gastric and colorectal cancer. Int J Cancer 54:759–764

24. Correa P (1992) Human gastric carcinogenesis: a multistep and
multifactorial process—First American Cancer Society Award
Lecture on Cancer Epidemiology and Prevention. Cancer Res
52:6735–6740

25. Syder AJ, Guruge JL, Li Q et al (1999) Helicobacter pylori
attaches to NeuAc alpha 2,3Gal beta 1,4 glycoconjugates
produced in the stomach of transgenic mice lacking parietal cells.
Mol Cell 3:263–274

26. Nozaki K, Ogawa M, Williams JA et al (2008) A molecular
signature of gastric metaplasia arising in response to acute parietal
cell loss. Gastroeneterology 134:511–522

578 Virchows Arch (2008) 453:571–578



ORIGINAL ARTICLE

Immunophenotyping and oncogene amplifications in tumors
of the papilla of Vater

Daniel Baumhoer & Inti Zlobec & Luigi Tornillo &

Wolfgang Dietmaier & Peter H. Wuensch &

Arndt Hartmann & Fausto Sessa & Petra Ruemmele &

Luigi M. Terracciano

Received: 27 June 2008 /Revised: 15 August 2008 /Accepted: 28 August 2008 / Published online: 21 October 2008
# Springer-Verlag 2008

Abstract Carcinomas of the ampulla of Vater are rare and
assumed to generally arise from preexisting adenomas
(adenoma–carcinoma sequence). Histologically, distinct
subtypes can be distinguished that were shown to differ
significantly in terms of clinical outcome. Since patholo-
gists usually receive bioptic tissue samples of ampullary
tumors obtained during endoscopy, accurate classification
of carcinoma subtypes can sometimes be difficult on
morphological criteria alone. We therefore performed
immunohistochemistry using a panel of established marker
proteins (CK7, CK20, p21, p27, ESA, bax, and ephrin-B2)
on 175 carcinoma, 111 adenoma, and 152 normal mucosa
specimens of the ampulla of Vater and identified distinct
immunoprofiles for every carcinoma subtype. Fluorescence

in situ hybridization analyses of therapeutic target genes
(c-myc, EGFR1, CCND1, HER2) found CCND1 to
represent the most frequently amplified gene in our series
(7.5%).

Keywords Ampullary carcinoma . Papilla of Vater . FISH .

TMA . Amplification . CCND1

Introduction

The papilla of Vater is a complex anatomical unit composed
of highly specialized mucosa and musculature and repre-
sents the orifice of the pancreatic and bile duct within the
duodenum. It contains the border between two completely
different types of mucosa (intestinal mucosa of the
duodenum and pancreatico-biliary duct mucosa) and regu-
lates the flow of bile and pancreatic secretions with its
sphincteric muscle (sphincter of Oddi) [1].

Tumors of the ampulla of Vater are rare, with an
incidence of approximately 5.7 cases per million population
per year, but are still more common than tumors of the rest
of the small intestine [2–4]. Among periampullary tumors,
they rank second after tumors of the pancreatic head and
account for 6–20% of cases [5, 6]. In 30–91% of ampullary
carcinomas, residual adenomatous areas are detectable,
indicating an adenoma–carcinoma sequence with stepwise
accumulation of genetic alterations, similar to that observed
in colorectal cancer [7, 8]. Due to the crucial function of the
ampulla of Vater, neoplastic lesions early lead to an
occlusion of the papillary orifice and therefore result in
congestion of bile and pancreatic secretions. Patients
generally present with obstructive jaundice, and histologic
diagnosis can be achieved after biopsy during endoscopic
retrograde cholangiopancreatography [9]. Early detection
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but also biologic differences are thought to be responsible
for the better prognosis of ampullary tumors following
pancreaticoduodenectomy compared to other periampullary
tumors [10–12]. Concerning ampullary carcinomas, several
surgical series have reported a median survival of 30 to
50 months and 5-year survival rates between 21% and 64%
[6, 13–15].

The histopathology of ampullary carcinomas includes a
broad spectrum of distinct subtypes, deriving from the
different types of mucosa adjoining in the papilla of Vater
[3, 5]. According to the classification by the Armed Forces
Institute of Pathology (AFIP), an intestinal type (IT),
resembling carcinomas of intestinal origin, and a pancrea-
tico-biliary type (PBT), resembling carcinomas of the
extrahepatic bile ducts or the pancreas, are the most
common subtypes and account for 70–95% of cases [5, 6,
16–21]. Other subtypes include an intestinal-mucinous type
(IMT), an invasive papillary type (IPT), a poorly differen-
tiated adenocarcinoma (G3AC), and several rather uncom-
mon entities [18]. Interestingly, the distinct subtypes were
shown to differ significantly in cumulative survival, with IT
demonstrating a mean survival of 76 months compared to
41 months in PBT (Ruemmele et al., submitted for
publication). Since classification of ampullary tumors,
particularly in bioptic material, can sometimes be difficult
on histological criteria alone, we investigated 175 carcino-
ma, 111 adenoma, and 152 normal mucosa specimens of
the papilla of Vater for their immunohistochemical expres-
sion of marker proteins commonly altered during carcino-
genesis, including cytokeratins 7 and 20, cell cycle
inhibitors p21 and p27, epithelium-specific intercellular
adhesion molecule [epithelial specific antigen (ESA)],
promoter of apoptosis bax, and regulator of angiogenesis
ephrin-B2, and created immunoprofiles of the distinct
subtypes. Additionally, fluorescence in situ hybridization
(FISH) analyses were performed to determine whether
known oncogenes, that can serve as potential target genes
for current or future gene-specific therapies (c-myc,
EGFR1, CCND1, HER2), participate in genomic rearrange-
ments and could therefore be of clinical significance in
ampullary carcinoma.

Materials and methods

Tissue samples and patient characteristics

The files of the Institute of Pathology, University Hospital
Basel (Switzerland), the Institute of Pathology, University
of Regensburg (Germany), the Institute of Pathology
Nuernberg, and the Anatomic Pathology Unit, Department
of Human Morphology, University of Insubria, Varese
(Italy) were searched for adenomas or carcinomas of the

ampulla of Vater over the period from 1985 to 2005. In
total, 175 carcinoma, 111 adenoma, and 152 normal mucosa
samples were retrieved. Sufficient paraffin-embedded tissue
for tissue microarray (TMA) construction was available in
all cases. The male-to-female ratio was 3:2; mean age at
diagnosis was 63 years (range 15–81 years).

TMA construction

Tissue samples were fixed in buffered 4% formalin,
embedded in paraffin, and used to construct a TMA.
Briefly, hematoxylin–eosin (H&E)-stained sections were
made from each selected primary block (donor blocks) to
define representative tissue regions. Tissue cylinders
(0.6 mm in diameter) were then punched from the region
of the donor block with the use of a custom-made precision
instrument (Beecher Instruments, Silver Spring, USA).
Tissue cylinders were transferred to a 25×35 mm paraffin
block to produce the TMA block used for the study. The
resulting TMA block was cut into 3 μm sections that were
transferred to glass slides by use of the Paraffin Sectioning
Aid System (Instrumedics, Hackensack, USA). Sections
from the TMA block were used for immunohistochemistry.
The number of punches per patient ranged from one to
three for both normal tissue and carcinoma and from one to
five for patients with adenomas. One punch was collected
per patient on average (median 1.0) for each of the tissue
types.

Histology and immunophenotyping

All tissue samples were reviewed by two experienced
surgical pathologists (P.R. and L.M.T.) based exclusively
on H&E staining. Carcinomas were subclassified according
to the criteria published by the AFIP [18]. Tumors
essentially indistinguishable from colorectal carcinomas
were classified as intestinal types, whereas carcinomas
showing a dense desmoplastic stroma surrounding small
glands or solid nests of tumor cells were referred to as the
pancreaticobiliary subtype. Invasive papillary carcinomas
typically formed papillary and micropapillary structures in
their invasive component, and poorly differentiated adeno-
carcinomas lacked histologic features of glandular or other
differentiation. Additionally, an intestinal-mucinous sub-
type, characterized by any mucinous differentiation, was
defined. Characteristics of antibodies are listed in Table 1.

Evaluation of immunohistochemistry

Immunoreactivity for each protein marker was scored semi-
quantitatively by evaluating the number of positive tumor
cells over the total number of tumor cells. Scores were
assigned using 5% intervals and ranged from 0% to 100%.
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The reproducibility of this scoring method between
pathologists has previously been demonstrated for TMAs
[22, 23]. In order to select the cut-off score for protein
marker positivity, receiver operating characteristic curve
(ROC) analysis was performed [24]. Using this method, the
sensitivity and 1-specificity of the protein marker for the
outcome at each protein expression score is plotted, thus
generating the ROC curve. The (0,1 criterion) was used to
identify the point on the curve maximizing the sensitivity
and specificity for the outcome and thereby having the
shortest distance to the coordinate (0,1). The protein
expression score corresponding to this point was thus
selected as the threshold value above which a tumor was
considered “positive”.

Fluorescence in situ hybridization

Five-micrometer sections of the TMA were made and
treated according to the paraffin pretreatment reagent kit
protocol before hybridization (Vysis, IL, USA). Spectru-
mOrange-labelled gene-specific probes were used together
with SpectrumGreen-labelled probes for the respective
centromere as a reference. The probe combinations were:
c-myc/centromere 8 (Vysis), EGFR1/centromere, 7 (Vysis)
CCND1/centromere 11 (Vysis), and HER2/centromere 17
(Vysis). Hybridization was performed according to the
manufacturer’s instructions (Vysis). Tumors were consid-
ered amplified if the ratio between oncogene and
corresponding centromere was >2.0. Polysomy on the other
hand was defined as more than two oncogene and
centromere copies per nucleus without an increase in the
ratio between oncogene and corresponding centromere.

Statistical analyses

Differences in negative and positive expression between
tumor types were evaluated by the chi-square test. The
predictive and independent value of the immunohistochem-
ical markers to discriminate between tumor types was

carried out by univariate and multiple logistic regression
analysis. The odds ratio (OR), 95%CI, and p values were
used to determine the effect of each marker on outcome. All
analyses were carried out using SAS V9 (The SAS
Institute, Cary, NC, USA), and p values <0.05 were
considered statistically significant.

Results

Histologic classification of ampullary carcinomas

Classification of 175 ampullary carcinomas investigated in
our series identified 85 intestinal types, 42 pancreatico-
biliary types, 23 poorly differentiated adenocarcinomas, 16
intestinal-mucinous types, and nine invasive papillary types
(Fig. 1).

Grading of adenomas and association to carcinoma
subtypes

Histologic grading was evaluable in 76 of 111 (68%)
adenomas of our series and disclosed low-grade dysplasia
in 57 of 76 (75%) and high-grade dysplasia in 19 of 76
(25%) cases. All adenomas demonstrated tubular or
tubulovillous architecture. Seventy-eight of 111 (70%)
adenoma samples were derived from patients suffering
from coexisting carcinoma. The corresponding subtypes
were 49 IT, 13 IMT, 8 PBT, 6 G3AC, and 2 IPT.

Immunophenotyping of ampullary carcinomas, adenomas,
and normal mucosa

The immunoprofiles of all investigated carcinoma, adeno-
ma, and normal mucosa samples are shown in Table 2 and
Fig. 2, respectively. The most discriminating results were
demonstrated for CK7 and bax. Whereas normal, pre-
malignant and malignant tissue samples stained increasing-
ly positive for CK7 (2.6%, 12.8%, and 44.7%), bax
revealed an opposite trend (55.6%, 64.3%, and 37.6%).
Additionally, p21 and p27 showed significant differences in
their expression values between the three groups.

Immunophenotyping of ampullary carcinoma subtypes

Of the eight immunohistochemical marker proteins inves-
tigated, CK7 (p<0.001), p27 (p=0.012), ESA (p=0.038),
and bax (p<0.001) expression demonstrated significant
differences among the tumor types (Table 3 and Fig. 3).
More than 75% of PBT and 72.2% of G3AC showed no
expression of bax, while 92.3% of IMT were negative for
CK7. IT stained negative for CK7 in 67.5% of cases and
were never positive for CK7, p27, and ESA and negative

Table 1 Characteristics of antibodies

Antibody Dilution Detection Manufacturer

CK7 1:200 Bond Dako Cytomation
CK20 1:50 Bond Dako Cytomation
p21 1:25 Bond Dako Cytomation
p27 1:200 Bond Dako Cytomation
ESA 1:200 Bond Novocastra
bax 1:100 Bond Neomarkers
ephrin-B2 1:200 ABC R&D Systems

ESA epithelial specific antigen, Bond Bond Vision Biosystems, ABC
avidin–biotin–peroxidase-complex
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for bax simultaneously. The association of p27, ESA,
bax, and CK7 were evaluated in univariate and multi-
variable analysis in order to establish immunophenotypes
specific for each tumor subtype. Findings are summa-
rized in Fig. 4.

CK7 negativity [p=0.002; OR=0.37 (0.2–0.7)] and
positivity of bax [p=0.003; OR=2.76 (0.4–5.4)], p27 [p=
0.044; OR=2.0 (1.2–4.2)] and ESA [p=0.012; OR=2.3
(1.2–4.2)] were significantly associated with the IT tumor
type. Multivariable analysis demonstrated, however, that

Fig. 1 Gross findings of an ampullary carcinoma showing a sessile exophytic tumor at the ampullary orifice (a). Histologic findings of ampullary
carcinoma subtypes: IT (b), PBT (c), IMT (d), IPT (e), and G3AC (f) (H&E ×400)
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only CK7 (p<0.001) and bax (p<0.001) were independent
predictors of this phenotype and useful in the discrimination
of IT from other tumors (sensitivity 0.69, specificity 0.58).

In contrast, CK7 positivity [p<0.001; OR=5.03 (2.2–
11.3)] and absence of bax [p<0.001; OR=0.22 (0.1–0.5)],
p27 [p=0.001; OR=0.22 (0.1–0.6)], and ESA [p=0.004;
OR=0.31 (0.1–0.7)] were significantly associated with the
PBT tumor type compared to the remaining subtypes. CK7,
bax, and p27 were independently predictive (p<0.001) of
PBT (sensitivity 0.92, specificity 0.48).

The discrimination of IMT tumors could be best
performed by assessing CK7. Absence of CK7 [p=0.023;
OR=0.09 (0.01–0.7)] expression was very strongly predic-
tive of IMT and was the only marker found to discriminate
IMT from the remaining tumor types (sensitivity 0.87,
specificity 0.65).

None of the immunohistochemical markers were signif-
icantly predictive of either G3AC or IPT.

FISH analyses

The results of the FISH analyses are presented in Table 4.
The number of evaluable cases varied between different
FISH probes due to insufficient hybridization, absence of
unequivocal tumor cells in the arrayed tissue, as well as
lack of tissue on serial sections of the array. CCND1
showed the highest amplification frequency among the
analyzed genes (two of 74 adenomas and ten of 134
carcinomas) in our series, whereas c-myc, EGFR, and
HER2 were amplified only infrequently. There were no
associations between gene amplifications and distinct
histologic subtypes of ampullary carcinomas.

Table 2 Immunoprofiles of normal mucosa, adenoma, and carcinoma tissue samples

Protein Expression Cutoff (%) Histologic type p value

Normal Adenoma Carcinoma
N=152 N=111 N=175

CK7 80
Negative 113 (97.4) 82 (87.2) 89 (55.3)

<0.001*
Positive 3 (2.6) 12 (12.8) 72 (44.7)

CK20 50
Negative 58 (46.4) 52 (53.6) 76 (47.5)

0.524
Positive 67 (53.6) 45 (46.4) 84 (52.5)

p21 0
Negative 90 (74.4) 61 (62.9) 96 (59.6)

0.031**
Positive 31 (25.6) 36 (37.1) 65 (40.4)

p27 5
Negative 39 (32.5) 33 (35.5) 75 (52.8)

0.002***
Positive 81 (67.5) 60 (64.5) 67 (47.2)

ESA 90
Negative 63 (50.4) 51 (52.0) 78 (48.7)

0.874
Positive 62 (49.6) 47 (48.0) 82 (51.3)

bax 10
Negative 51 (44.4) 30 (35.7) 93 (62.4)

<0.001****
Positive 64 (55.6) 54 (64.3) 56 (37.6)

ephB2 75
Negative 76 (65.5) 48 (62.3) 72 (51.4)

0.058
Positive 40 (34.5) 29 (37.7) 68 (48.6)

*Significant difference between normal and adenoma (p<0.001) and normal and carcinoma (p<0.001)
**Significant difference between normal and carcinoma (p=0.01)
***Significant difference between normal and carcinoma (p=0.001) and adenoma and carcinoma (p=0.009)
****Significant difference between normal and carcinoma (p=0.004) and adenoma and carcinoma (p<0.001)
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Discussion

Carcinomas of the small intestine represent only 1% of all
gastrointestinal malignant tumors but are most common

around the papilla of Vater [25–28]. There is good evidence
for an adenoma–carcinoma sequence since ampullary
carcinomas demonstrate residual adenomatous areas in up
to 84% of cases [29–31]. On the other hand, up to 65% of

Fig. 2 CK7/bax immunostaining in normal mucosa (a, d), adenoma (b, e), and carcinoma (c, f) (×400)
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patients suffering from adenoma were shown to have
coexisting carcinoma [32]. Ampullary carcinomas are
heterogeneous in terms of their histomorphological differ-
entiation, probably due to the distinct epithelial subtypes
adjoining in the ampulla of Vater [16–18]. In our series, IT
(85 of 175, 49%) and PBT (42 of 175, 24%) were the most
common subtypes, followed by G3AC (23 of 175, 13%),
IMT (16 of 175, 9%), and IPT (nine of 175, 5%). This is in
line with most of the reported series in the literature with
only some smaller studies demonstrating PBT to be more
common than IT [5, 6, 16–18, 20, 21]. Importantly, the
distinct histologic subtypes were shown to exhibit signifi-
cant differences in clinical outcome, with IT and IMT
demonstrating a favorable prognosis [cumulative survival
(CS) 97 and 76 months] compared to IPT, PBT, and G3AC
(CS 59, 41, and 19 months; Ruemmele et al., submitted for
publication). The favorable prognosis of IT compared to
PBT has previously been shown in several studies [16, 17,
20]. During staging procedures in patients with ampullary
tumors, pathologists generally receive endoscopically

obtained biopsies that can be difficult to interpret and to
classify on histomorphological criteria alone. Our study
therefore aimed to delineate immunohistochemical and
genomic profiles of the distinct carcinoma subtypes using
FISH analyses and an immunohistochemical panel of
common marker proteins.

Carcinoma, adenoma, and normal ampullary mucosa
samples demonstrated statistically significant differences in
the expression of CK7 and bax. Whereas CK7 expression
increased from normal to malignant tissue samples, bax
expression decreased in the same manner. The remaining
protein markers, particularly p27, also revealed significant
differences in their expression values between the three
groups but not as unequivocally as CK7 and bax.
Concerning the histologic subtypes of ampullary carcino-
mas, the expression levels of CK7, p27, ESA, and bax
demonstrated the most distinctive results. Whereas more
than 75% of PBT and 72.2% of G3AC were negative for
bax, IMT was negative for CK7 in 92% of cases.
Accordingly, multivariable analysis showed lack of CK7

Table 3 Immunoprofiles of carcinoma subtypes

Protein Expression Cutoff Histologic type (N=175) p value

IT N=85 IMT N=16 PBT N=42 G3AC N=23 IPT N=9

CK7 80
Negative 54 (67.5) 12 (92.3) 10 (26.3) 10 (47.6) 3 (33.3)

<0.001
Positive 26 (32.5) 1 (7.7) 28 (73.7) 11 (52.4) 6 (66.7)

CK20 50
Negative 33 (41.8) 7 (50.0) 19 (51.3) 11 (52.4) 6 (66.7)

0.588
Positive 46 (58.2) 7 (50.0) 18 (48.7) 10 (47.6) 3 (33.3)

p21 0
Negative 41 (52.6) 7 (50.0) 28 (71.7) 14 (66.7) 6 (66.7)

0.27
Positive 37 (47.4) 7 (50.0) 11 (28.3) 7 (33.3) 3 (33.3)

p27 5
Negative 32 (44.4) 5 (45.5) 26 (78.8) 7 (38.9) 5 (62.5)

0.012
Positive 40 (55.6) 6 (54.6) 7 (21.2) 11 (61.1) 3 (37.5)

ESA 90
Negative 31 (38.7) 7 (50.0) 26 (70.3) 10 (50.0) 4 (44.4)

0.038
Positive 49 (61.3) 7 (50.0) 11 (19.7) 10 (50.0) 5 (55.6)

bax 10
Negative 29 (39.2) 3 (25.0) 28 (77.8) 13 (72.2) 4 (44.4)

<0.001
Positive 45 (60.8) 9 (75.0) 8 (22.2) 5 (27.8) 5 (55.6)

ephB2 75
Negative 36 (50.0) 9 (75.0) 15 (46.9) 7 (46.7) 5 (55.6)

0.526
Positive 36 (50.0) 3 (25.0) 17 (53.1) 8 (53.3) 4 (44.4)
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to be strongly predictive for IMT, whereas CK7 positivity
and negativity for bax, p27, and ESA were significantly
associated with PBT. Expression of CK7 was rather
uncommon in IT (32.5%). Multivariable analysis consis-

tently demonstrated CK7 negativity and positivity for p27,
ESA, and bax to be strongly correlated with IT. IPT
represented the rarest subtype in our series, and therefore,
only limited conclusions can be drawn concerning a

Fig. 3 Immunostaining of CK7 in IT (a), bax in IT (b), CK7 in PBT (c), bax in PBT (d), CK7 in IMT (e), and bax in G3AC (f) (×400)
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representative immunoprofile. Nevertheless, IPT tended to
stain positive for CK7 and negative for p27 in most of the
investigated cases.

FISH analyses demonstrated amplification of c-myc,
EGFR1, CCND1, and HER2 only infrequently with no
obvious correlations to carcinoma subtypes. From all
investigated oncogenes, CCND1 showed the highest am-
plification frequency in our series (two of 74 adenomas and
ten of 134 carcinomas). The CCND1 gene is coding for a
cyclin which is known to be translocated, amplified, and
overexpressed in many different tumor types including
mantle cell lymphoma, head and neck carcinoma, breast
carcinoma, hepatocellular carcinoma, gastrointestinal stro-
mal tumors, and various sarcomas [33–36]. Since CCND1
has been shown to be essential for malignant transformation
of epithelial cells, it could play an important role in
tumorigenesis in a distinct subset of ampullary carcinomas.
C-myc, that we demonstrated only recently to be amplified
in up to 14.2% of colorectal carcinomas, showed no
amplification in any of the ampullary carcinomas investi-
gated [37]. Whereas EGFR was only amplified in one case,
HER2 showed amplification in 6% of adenomas and

carcinomas (two IT, two IPT, one G3AC). A small fraction
of patients with ampullary carcinomas could therefore be
candidates for a targeted therapy with Herceptin.

Taken together, accurate classification of ampullary
carcinomas is of crucial importance since the distinct

Fig. 4 Flow chart demonstrating immunoprofiles of carcinoma subtypes

Table 4 Amplification of oncogenes

Oncogene Amplification

Normal Adenoma Carcinoma

c-myc N=26 N=36 N=70
0/26 1/36 0/70

EGFR N=83 N=79 N=137
0/83 1/79 1/137a

CCND1 N=88 N=74 N=134
0/88 2/74 10/134b

HER2 N=46 N=45 N=82
0/46 3/45 5/82c

a One IT
b Six IT, two PBT, one G3AC, one IPT
c Two IT, one G3AC, two IPT
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subtypes were shown to differ significantly in clinical
outcome. Using an immunohistochemical panel of estab-
lished marker proteins including CK7, p27, ESA, and bax
can improve and facilitate differential diagnosis, especially
in small and fragmented biopsy samples. A subset of
ampullary tumors, furthermore, shows amplification of
CCND1 and HER2 which could represent potential targets
for cancer therapy. The large number of tumors included in
this study highlights the presence of rare molecular events
that can be of potential therapeutic relevance.

Conflict of interest statement We declare that we have no conflict
of interest.
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Abstract Intraductal papillary neoplasm of bile duct
(IPNB) is one of the precursor lesions of cholangiocarci-
noma. Although hepatolithiasis has been extensively
studied in its association with IPNBs, there had been no
comprehensive study of IPNBs with Clonorchis sinensis

infection. Twelve IPNBs were selected from 20 surgically
resected cholangiocarcinomas, positive for C. sinensis tests
(60%) and compared with eight IPNBs, selected from 51
resected cholangiocarcinomas, negative for C. sinensis tests
(16%), by histologic and immunohistochemical studies of
mucin core proteins and cytokeratin panels. The predom-
inant immuno-phenotype of IPNB cases with Clonorchiasis
was pancreatobiliary type (MUC1+/MUC2-/CDX2-; 9/12
cases), while that of IPNB cases with negative for C.
sinensis was intestinal type (MUC1-/MUC2+/CDX2+; 6/8;
p=0.04). The prevalence of IPNBs was higher when
patients with cholangiocarcinoma had Clonorchiasis.
IPNBs with Clonorchiasis tended to have a more pancrea-
tobiliary phenotype, which suggests IPNBs with Clonorch-
iasis may have a different tumorigenesis pathway from
IPNBs with other etiologies.

Keywords Clonorchis sinensis . Intraductal papillary
neoplasm of bile duct

Introduction

Papillary forming tumors in the biliary tract are uncommon,
but have a better survival than other types of cholangio-
carcinoma [2, 11, 29]. Intraductal papillary neoplasms of
the bile duct (IPNBs) show the common histopathologic
features of papillary proliferations such as dysplastic, tall,
columnar, mucin containing biliary epithelia with fibrovas-
cular cores frequently accompanied by overproduction of
mucin [4]. These histopathologic characteristics of IPNBs
are also commonly observed in intraductal papillary
mucinous neoplasms (IPMNs) of the pancreas. However,
unlike its histopathologic counter part in the pancreas,
which already has a defined nomenclature and histologic

Virchows Arch (2008) 453:589–598
DOI 10.1007/s00428-008-0682-x

Drs. Kee-Taek Jang and Seung-Mo Hong contributed equally to this
work.

This work was supported by Samsung Medical Center Clinical
Research Development Program grant, # CRS-105-43-2.

K.-T. Jang
Department of Pathology, Samsung Medical Center,
and Center of Clinical Research, Samsung Biomedical Research
Institute, Sungkyunkwan University School of Medicine,
Seoul, Korea

S.-M. Hong
Department of Pathology, Johns Hopkins Medical Institutions,
Baltimore, MD, USA

K. T. Lee : J. G. Lee
Department of Medicine, Samsung Medical Center,
and Center of Clinical Research, Samsung Biomedical Research
Institute, Sungkyunkwan University School of Medicine,
Seoul, Korea

S. H. Choi : J. S. Heo :D. W. Choi
Department of Surgery, Samsung Medical Center,
and Center of Clinical Research, Samsung Biomedical Research
Institute, Sungkyunkwan University School of Medicine,
Seoul, Korea

D. Choi : J. H. Lim (*)
Department of Radiology and Center for Imaging Science,
Samsung Medical Center, and Center of Clinical Research,
Samsung Biomedical Research Institute, Sungkyunkwan
University School of Medicine,
#50 Irwon-dong, Gangnam-gu,
Seoul 135-710, South Korea
e-mail: jhlim@skku.edu



subtype [8], there has not been any consensus on the name
and classification for IPNBs. Papillary forming biliary
tumors have been called many other names by different
groups around the world, including mucin hypersecreting
bile duct tumor [16], biliary papillomatosis [20], intraductal
mucosal-spreading mucin-producing peripheral cholangio-
carcinoma [21], noninvasive, and minimally invasive
papillary carcinoma [2], intraductal papillary neoplasia of
the liver [4], intraductal papillary neoplasm of the bile duct
[1, 34], mucin-producing bile duct tumor [26, 32], and
mucin-secreting bile duct adenoma [23]. The current World
Health Organization classification of gastrointestinal tract
tumors categorized papillary forming biliary tumors into
two groups: biliary papillomatosis, as a benign neoplasm,
and papillary cholangiocarcinoma, as a malignant counter
part [9].

IPNBs share several etiologic factors with infiltrating
cholangiocarcinoma for its development, such as hep-
atolithiasis, infection to liver fluke (Clonorchis sinensis
and Opisthorchis viverrini), primary sclerosing cholangi-
tis, von Meyenberg complexes, and choledochal cysts [4,
19, 32]. IPNBs with hepatolithiasis are often known to
have a characterization of intestinal phenotype (MUC2+/
CK20+) and are frequently associated with colloid
carcinoma [4, 34]. However, there has not been a
comprehensive phenotypic study regarding IPNBs associ-
ation with other risk factors, including Clonorchiasis.
Here, we report 12 cases of IPNBs associated with C.
sinensis infection in conjunction with an immunohisto-
chemical survey of mucin core proteins and cytokeratin
panels.

Materials and methods

Study materials and confirmation of C. sinensis infection

A schematic flow chart of inclusion and exclusion criteria for
this study is summarized in Fig. 1. A total 130 patients with
cholangiocarcinoma were screened for C. sinensis infection
from January, 2001 to December, 2005 at the Departments
of Medicine and Pathology, Samsung Medical Center,
Sungkyunkwan University, Seoul, Korea. Screening tests
for C. sinensis included serologic test of enzyme-linked
immunosorbent assay (ELISA), skin test for C. sinensis,
and microscopic detection of eggs for C. sinensis in the bile
juice or stool. An ELISA with specific serum antibodies for
C. sinensis was tested as previously described, which is
known to have a higher sensitivity (92.5%) and specificity
(93.1%). On the other hand, skin test and stool examina-
tions have lower sensitivity and specificity than those of
ELISA [6]. Skin test with crude C. sinensis antigen was
examined as described elsewhere [22]. The microscopic
examination of bile juice and stool were used for detection
of parasite eggs. The C. sinensis infection was considered
as positive when more than one positive result was present
among the four screening tests, and it was considered as
negative when ELISA and one of three other tests (bile
cytology, stool or skin tests) were negative.

Immunohistochemistry

Tissue sections on glass slides were deparaffinized with
xylene, rehydrated in serially diluted alcohol, and subse-

Fig. 1 Flow chart of inclusion
and exclusion criteria for select-
ing intraductal papillary neo-
plasms of bile duct cases with or
without C. sinensis infection
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quently processed in a microwave for 15 min with pH 9
Tris-ethylene diamine tetraacetic acid (TE) buffer for
antigen retrieval. After blocking of endogenous peroxidase
with 3% H2O2, the sections were immersed in 3% goat
serum diluted with phosphate-buffered saline for 60 min.
The slides then were incubated with one of the primary
antibodies described as follows for 60 min at room
temperature: CK7 (clone OV-TL 12/30; 1:100 dilution;
Dako Cytomation, Glostrup, Denmark), CK20 (clone
Ks20.8; 1:100 dilution; Dako Cytomation), MUC1 (clone:
Ma695; 1:100 dilution; Novocastra, New Castle, UK),
MUC2 (clone Ccp58, 1:100 dilution; Novocastra),
MUC5AC (clone CLH2; 1:100 dilution; Novocastra), and
CDX2 (clone: CDX2-88, 1:40 dilution; Novocastra). After
rinsing three times with distilled water containing 0.1%
Tween 20, the tissue sections were incubated with HRP-
conjugated streptavidin for 20 min at room temperature.
Slides were then washed, developed for 5 min with liquid
3,3′-diaminobenzidine tetrahydrochloride, counterstained
with Meyer’s hematoxylin, dehydrated, and mounted with
Permount for histologic examination.

Interpretation of mucin core protein and cytokeratin
expression

Positive immunostaining patterns of MUC1, MUC2, CDX2,
MUC5AC, CK7, and CK20were identified as follows;MUC1
was expressed mainly in the apical membrane, MUC2 in the
cytoplasm, CDX2 in the nuclei, and MUC5AC in the
cytoplasm and apical membrane of tumor cells. Expression
of MUC1, MUC2, CDX2, MUC5AC, CK7, and CK20 was
evaluated semiquantitatively into four scores according to the
percentage of positive cells in the individual lesion: negative,
0%; 1+ (focal), 1% to 10%; 2+ (moderate), 11–50%; 3+
(extensive), more than 50%. Two independent pathologists
(KTJ and SMH) scored tumors separately. A consensus score
was achieved to reduce inter-observer variation in the
evaluation of staining patterns. Scores equal to or greater than
1+ were considered positive, which was described elsewhere
for previous IPNB study [34]. The immunostaining patterns
were separately recorded in both intraductal and invasive
components. When no invasive component was present, only
the intraductal component was evaluated.

Statistical analysis

Statistical analyses were performed using SPSS version 11
(SPSS Inc., Chicago, IL, USA). Analysis of the prevalence
of IPNBs with or without Clonorchiasis was examined by
two-sample Z test for proportions. Associations between
categorical variables were examined by the Pearson’s chi-
square and Fisher’s exact tests. A p value of less than 0.05
was considered statistically significant.

Results

Prevalence of IPNBs accompanying Clonorchiasis

An ELISA with specific serum antibodies for C. sinensis
was known to be the most sensitive and specific test for
diagnosis of Clonorchiasis (sensitivity 92.5%, specificity
93.1%), while bile cytology has higher specificity but low
sensitivity for evaluation of eggs of C. sinensis. On the
other hand, skin test and stool examinations have lower
sensitivity and specificity than those of ELISA [6].
Although bile cytology was negative in patients number
5, 8, and 11, those cases were positive not only by ELISA
but also by skin test and stool examinations (Table 2).
Therefore, we considered those three cases positive for
Clonorchiasis.

The prevalence of IPNBs with C. sinensis from patients
with cholangiocarcinomas was summarized in Fig. 1 and
Table 1. C. sinensis infection was detected by four
screening tests and was finally confirmed in 43 cases from
130 screened patients with clinical suspicion of cholangio-
carcinoma (33%). Surgical resection of biliary tumors was
performed in 20 cases of the 43 patients with cholangio-
carcinoma with C. sinensis infection. Eight cases from 20
resected patients were excluded because histopathologic
characteristics of IPNBs were not observed. Therefore 12
IPNB cases (60%) were finally included in this study from
20 surgically resected cholangiocarcinoma cases which
were positive for screening tests for C. sinensis infection.

Among the remaining 87 cases from the 130 screened
patients whose test results were negative, eight cases were
excluded because ELISA test was not performed. ELISA
tests were performed in 122 cases and negative in 79
patients. Surgical resection was performed in 51 of 79
cholangiocarcinoma cases, which were negative for C.
sinensis tests. Forty-three patients from the 51 resected
cases were excluded because histopathologic characteristics
of IPNBs were not observed. Therefore, eight IPNB cases
(16%) selected as the control group from 51 resected
cholangiocarcinoma cases with negative screening tests for
C. sinensis. When cholangiocarcinoma patients had a

Table 1 Incidence of IPNB with or without Clonorchiasis in patients
of surgically resected cholangiocarcinomas

Histology Tests for C. sinensis

Positive Negative

IPNB 12 (60%)a 8 (16%)
Other than IPNB 8 43
Total 20 51

a IPNB with Clonorchiasis showed high incidence than IPNB without
Clonorchiasis (p=0.001)
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Clonorchiasis infection, the prevalence of IPNB was
significantly higher than that of cholangiocarcinoma cases
without accompanying infection to C. sinensis (two sample
Z test, p=0.001, Table 1).

Clinicopathologic characteristics of IPNB cases
with Clonorchiasis

The clinicopathologic characteristics of the IPNB cases
with Clonorchiasis are summarized in Table 2. Eight
patients were men and four were women. Their ages
ranged from 51 to 70 years (mean, 63 years; SD, 5.6 years).
The tumor locations were the extrahepatic bile duct (EBD)
in seven cases, intrahepatic duct (IHD) in four cases, and
both IHD and EBD in one case. Representative figures of
EBD and IHD tumors are depicted in Fig. 2. Four cases

were noninvasive IPNBs and eight contained invasive
carcinoma components. Of four cases with noninvasive
IPNBs, one was borderline neoplasm and three were
carcinoma in situ (CIS). When we analyzed the histologic
subtypes of IPNBs according to those of IPMNs of the
pancreas, the histologic subtypes of noninvasive IPNB
components consisted of three intestinal and nine pancrea-
tobiliary types (Figs. 3 and 4). Histologic subtypes of the
eight invasive carcinoma components were seven tubular
carcinomas and one colloid carcinoma. Differentiation of
the invasive component was well differentiated in one,
moderately differentiated in five, and poorly differentiated
in two cases. T classifications of eight invasive cholangio-
carcinoma cases were two T1, three T2, and one T3.
Metastasis to lymph nodes was observed in three invasive
IPNB cases, and all three were accompanied by tubular
carcinoma. Types of surgery included segmental bile duct
resection (n=4), standard pancreaticoduodenectomy (Whip-
ple’s operation, n=2), pylorus preserving pancreaticoduo-
denectomy (n=1), right lobectomy (n=2), right posterior
segmentectomy (n=1), hemihepatectomy (n=1), and left
lateral segmentectomy (n=1).

MUC1, MUC2, CDX2, and MUC5AC expression of IPNB
cases with Clonorchiasis

Results of immunohistochemical studies for MUC1, MUC2,
CDX2, and MUC5AC are summarized in Table 3, and
representative figures are presented in Figs. 3 and 4. MUC1
was positive in seven of 12 total cases (58%). Seven of
eight invasive IPNBs cases were positive for MUC1 (88%),
while one carcinoma and four noninvasive IPNBs were
negative, which showed statistically significant difference
of MUC1 expression between invasive IPNBs and nonin-
vasive IPNB groups (p=0.01). Both MUC2 and CDX2
expressions were observed in two of three cases with
intestinal type of noninvasive IPNB component (67%),
while both MUC2 and CDX2 were negative in all
pancreatobiliary type (0/9 cases, p=0.04). MUC5AC was
expressed in 11 IPNB cases with diffuse staining pattern
(92%).

Combined MUC1 and MUC2 expression of IPNB cases
with Clonorchiasis

Combined expression patterns of MUC1 and MUC2
protein between noninvasive and invasive components of
IPNBs were evaluated. The predominant MUC1/MUC2
immuno-phenotype of IPNBs with Clonorchiasis was
MUC1+/MUC2− (pancreatobiliary type, 7/12, 58%), while
MUC1-/MUC2+ (intestinal type, two cases, 17%) and
MUC1−/MUC2− (three cases, 25%) were significantly less
(p=0.02). One of the MUC1−/MUC2+ cases showed

Fig. 2 Intraductal papillary neoplasms of the intrahepatic and
extrahepatic bile ducts. a A 2.5-cm mass with numerous papillary
projections fills entire dilated intrahepatic bile duct (case 8). b Serial
sections of tumor with papillary projections in extrahepatic bile duct
(case 11)
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invasive colloid carcinoma as an invasive component (Case
7 in Table 2). All seven cases of MUC1+/MUC2−
phenotype were observed solely in invasive carcinoma
cases. MUC1−/MUC2+ (two cases) phenotype are noted,
one in invasive carcinoma and one in CIS case, while all

three MUC1−/MUC2− patterns were observed only in
noninvasive carcinoma (one borderline and two CIS cases;
p=0.008). In the case with invasive carcinoma, the
expression pattern of the intraductal component was similar
to that of invasive carcinoma component.

Fig. 3 Pancreatobiliary type
intraductal papillary neoplasm
of bile duct (case 6). a Tumor
cells with micropapillary pro-
jections display round nuclei.
Tumor cells are immuno-labeled
for b MUC1, however negative
to c MUC2 and d CDX2 (×200
original magnification)

Fig. 4 Intestinal type intraduc-
tal papillary neoplasm of bile
duct (case 7). a Tumor cells with
elongated and stratified nuclei
contain abundant mucin in their
cytoplasm. Tumor cells are b
MUC1 negative, but c MUC2
and d CDX2 positive (×200
original magnification)
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CK 7 and CK20 expression of IPNB cases
with Clonorchiasis

Results of immunohistochemical studies for CK7 and
CK20 are summarized in Table 2. CK7 was observed in
11 of the 12 IPNB cases with Clonorchiasis (92%), and
CK20 expression was observed in five cases (42%).

Combined CK7 and CK20 expression of IPNB cases
with Clonorchiasis

Combined expression patterns of CK7 and CK20 in
noninvasive and invasive components of IPNB cases with
Clonorchiasis were evaluated. The predominant CK7/CK20
immuno-phenotype of IPNBs was CK7+/CK20− (seven of
12 cases, 58%). Four cases had CK7+/CK20+ (33%), and
one had CK7−/CK20+ pattern (9%). When CK7/CK20
phenotype was compared in invasive carcinoma compo-
nent, CK7+/CK20− phenotype was observed in five of the
seven tubular carcinomas (71%). CK7+/CK20+ was ob-
served in two tubular carcinomas, while CK7−/CK20+ pheno-
type was observed in only one colloid carcinoma (p=0.02).

Comparison of expression pattern between IPNB cases
with and without Clonorchiasis

The predominant histologic subtype of IPNB cases with
Clonorchiasis was pancreatobiliary type (nine of 12 cases,
75%), which was validated by immunohistochemical
results (MUC1+/MUC2−/CDX2−; nine of 12 cases), while
that of IPNB cases negative for C. sinensis were intestinal
type (six of eight cases, 75%), which showed MUC1−/
MUC2+/CDX2+. There was significant difference of
histologic subtype between IPNB cases with and without
Clonorchiasis (Fisher’s exact test, p=0.04). However, when
other clinicopathologic factors, such as patients’ age,
location of tumor, depth of invasion and lymph node
metastasis, were compared, there was no difference
between IPNB cases with and without Clonorchiasis.

Discussion

Although IPNBs are a minor proportion of the biliary tract
neoplasms, recently, they have received much attention due
to their association with a better prognosis as compared to
invasive cholangiocarcinoma [33]. Many researchers de-
scribed that IPNBs and IPMNs of the pancreas share many
commonalities. First, on gross examination, both IPNBs
and IPMNs showed an intraductal growth pattern with
papillary proliferation and occasional mucin hypersecretion
[33]. Second, they both have the same histologic features,
including papillary proliferation with fibrovascular stalks.

Third, IPNBs and IPMNs have four distinct histologic
subtypes, including gastric, intestinal, pancreatobiliary, and
oncocytic types [7, 15, 28, 30]. Finally, both have a better
prognosis than their invasive carcinoma counter parts [33].
Because of their distinct histologic characteristics and better
prognosis, several researchers proposed that IPNBs should
be considered a distinguished disease entity like IPMNs of
the pancreas [15, 33]. However, unlike IPMNs of the
pancreas which has a defined nomenclature and histologic
subtypes [8], a consensus for IPNB naming and histologic
classification has yet to be reached. Therefore, in this study,
we adopted the currently accepted histologic grading
system of IPMNs [13] and observed a significant pheno-
typical MUC1/MUC2 difference between IPNB cases with
and without Clonorchiasis. The IPNB cases accompanying
Clonorchiasis showed more pancreatobiliary phenotype
(MUC1+/MUC2−) while on the other hand, intestinal
phenotype (MUC1−/MUC2+) was predominantly observed
in cases without Clonorchiasis infection.

Clonorchiasis, a chronic parasitic infection by C.
sinensis, is an important etiologic factor in carcinogenesis
of the cholangiocarcinoma, in areas of the Far East Asia,
including Korea, China, Russia, and Vietnam [5]. Although
cholangiocarcinoma associated with Clonorchiasis does not
have a great impact on public health of Western people, the
recognition about this Clonorchiasis and its complication is
important, because the prevalence of this disease is
increasing in immigrants or travelers from those endemic
areas [24, 25]. Biliary hyperplasia is one of the character-
istic histologic pathologic findings of Clonorchiasis [12].
Papillary biliary epithelial hyperplasia was also described
as a histologic feature in a case with Clonorchiasis [17].
The exact mechanism of development of cholangiocarci-
noma with parasitic infection has not been fully deter-
mined; however, chronic exposures to biochemically
altered bile by C. sinensis or persistent irritations by adult
worms have been proposed as a contributor to biliary
epithelial proliferation [18].

There are a few previous descriptions regarding IPNB
accompanied with Clonorchiasis [19, 29]. In the present
study, the prevalence of IPNBs from surgically resected
cholangiocarcinoma with Clonorchiasis was 60% (12 of 20
cases). This result was much higher than the prevalence of
one previous study (five of 16 cases, 31%) [29]. On the
other hand, the prevalence of IPNBs from resected
cholangiocarcinoma without Clonorchiasis was only 16%
(eight of 51 cases). Therefore, our study supports that
IPNBs are more frequent when cholangiocarcinoma is
accompanied with the C. sinensis infection. Due to this
high prevalence of IPNBs from cholangiocarcinomas with
Clonorchiasis, a high degree of suspicion about patients
carrying Clonorchiasis is warranted, when pathologists
examine cases cholangiocarcinomas with IPNBs.
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Although one previous study reported that five out of 16
cases of intraductal growth pattern of intrahepatic chol-
angiocarcinoma had a history of Clonorchiasis infection
[29], there was no histopathologic phenotypical information
of the mucin proteins regarding IPNB with Clonorchiasis.
In the present study, MUC2 and CDX2 expression were
rarely identified and frequent MUC1 expression was noted
in IPNB with Clonorchiasis when it accompanied invasive
tubular adenocarcinoma. The main immuno-phenotype of
IPNB with Clonorchiasis was MUC2−/CDX2−/CK7+/
CK20− with an enhanced MUC1 expression in this study.

The expression of two well-characterized mucin anti-
gens, MUC1 and MUC2, correlated well with their
aggressiveness in the pancreaticobiliary tumors. MUC1
expression was more frequent in invasive conventional
carcinoma with poor prognosis, whereas MUC2 expression
was higher in the colloid carcinomas with a favorable
outcome [3, 10, 31]. IPNB cases are known to mainly
present with gastrointestinal phenotype with MUC2,
MUC5AC, and CDX2 expression, especially when it is
accompanied by intrahepatic bile duct stones [4, 14, 27,
34]. In the present study, we observed that IPNBs with
Clonorchiasis had the predominant pancreatobiliary type
(75%), while the intestinal type (25%) was much less. In
addition, invasive IPNBs with Clonorchiasis cases in this
study tended to have more tubular adenocarcinomas (7/
8 cases, 88%) than colloid carcinoma (1/8 case, 12%).
Regardless of Clonorchiasis status, IPNBs with pancreato-
biliary type showed modest tendency to have a higher T
classification (either T2 or T3, eight of 11 cases), while
intestinal type tumors had a lower T classification (either
Tis or T1, five of eight cases, p=0.09). These results were
also different from the previous studies of IPNBs with
hepatolithiasis, which was more frequently related to
colloid carcinoma (47%) and had better prognosis [33].
Lee et al. reported that patients with mucin-hypersecreting
biliary papillomatosis (IPNB with intestinal phenotype) had
a significantly higher prevalence of accompanying symp-
toms of acute cholangitis, while those with non-mucin
producing papillomatosis tended to be asymptomatic [20].
Combining the aforementioned description and the results
of the present study, it is possible to assume that IPNB
patients with biliary stones may express a more intestinal
phenotype, which presents with secretory mucin protein
(MUC2) into bile duct, and give rise to early symptoms of
cholangitis. Due to these early symptoms, patients with
IPNBs may detect their tumors earlier, leading to a better
survival of the patients. On the other hand, IPNB patients
with Clonorchiasis may not produce and secrete enough
mucin into the bile from their papillary epithelia. Therefore,
their infiltrating carcinomas may be detected in a later
disease stage, because these patients did not present with
any other symptoms. However, to test this hypothesis,

clinicopathologic examination with a larger number of
IPNBs with Clonorchiasis cases is required.

In this study, we observed different mucin and cytoker-
atin expression patterns in IPNB patients with Clonorch-
iasis. However, there are several questions still remaining to
be answered. First, when Clonorchiasis patients with IPNBs
progress to an invasive carcinoma, do they have similar
biologic behavior or clinical manifestation to that of
Clonorchiasis patients with invasive carcinomas without
accompanying IPNBs? Second, do Clonorchiasis IPNB
cases have similar genetic or epigenetic changes to those
IPNBs associated with hepatolithiasis? Third, do other risk
factors of IPNBs, such as Opisthorchiasis, primary scleros-
ing cholangitis, von Meyenberg complexes, and choledo-
chal cyst, show their own unique mucin and cytokeratin
phenotyping? Because IPNB is now a spotlighted-disease
entity in carcinogenesis of cholangiocarcinoma, a consen-
sus should be agreed upon for its nomenclature and
histologic grading in order to facilitate communications
among the researchers.

In summary, the prevalence of IPNBs was higher when
patients with cholangiocarcinoma and Clonorchiasis.
Therefore, a high degree of suspicion about Clonorchiasis
is warranted when pathologists examine cholangiocarcino-
mas with IPNBs. The pancreatobiliary type was mainly
observed in IPNB patients with Clonorchiasis. For more
concrete conclusions, further studies with a larger number
of IPNB cases with Clonorchiasis are required.
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Abstract Thirty-nine glial tumours (28 glioblastomas (GB)
and 11 low-grade gliomas) were investigated with DNA
microarrays to reveal a possible specific gene expression
profile. Unsupervised classification through hierarchical
cluster analysis identified two groups of tumours, the first
composed of low-grade gliomas and the second mainly
composed of GB. Nine genes were identified as most
informative: seven were over-expressed in low-grade
gliomas and under-expressed in GB; on the contrary, two
genes, insulin-like growth factor binding protein 2 (IGFBP-
2) and cell division cycle 20 homologue (CDC20), were
over-expressed in GB and under-expressed in low-grade
tumours. This same genetic profile was confirmed by
reverse transcriptase polymerase chain reaction. Immuno-
histochemistry for IGFBP-2 was positive in 88.8% of the

cases of GB and in only one low-grade glioma, whilst
CDC20 immunostained 74.1% of the cases of GB and none
low-grade glioma. This was confirmed in an additional
series of cases studied with immunohistochemistry only. In
conclusion, over-expression of mRNA levels of IGFBP-2
and CDC20 is highly related to GB, IGFBP-2 and CDC-20
gene and protein expressions are strongly correlated, and
IGFBP-2 and CDC20 immunopositivity can be useful for
the identification of GB in small biopsies.

Keywords Glioblastoma . High-grade glioma .

Gene expression . IGFBP-2 . CDC20

Introduction

Gliomas are the most common primary brain tumours.
Amongst high-grade gliomas, glioblastoma (GB) shows the
most aggressive clinical course with median overall
survival of 10 to 12 months after diagnosis [1]. Despite
advances in surgical techniques, post-operative supportive
care, radiation and adjuvant systemic therapy, the life
expectancy of patients with GB has remained essentially
poor over the last several decades. On the other hand, glial
tumours with oligodendroglial features, despite anaplastic
characteristics, retain sensitivity to chemo and radiation
therapy and show better overall survival. Thus, tumour
classification [1] is the variable that most affects therapeutic
decisions and prognostic estimation.

Unfortunately, inter-observer variability can occur,
resulting in limited diagnostic reproducibility. Coons et al.
found that complete diagnostic concordance amongst four
neuropathologists reviewing gliomas peaked at 69% espe-
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cially in grade III lesions [2]. To develop more objective
approaches to glioma classification, recent investigations
have focused on molecular genetic analyses [3]. The use of
DNA microarrays is set to change the development and use
of tumour biomarkers. The few brain tumour biomarkers
that are currently available include chromosomal loss of 1p
and 19q for oligodendrogliomas (OL) [4], neurotrophic
thyrosine kinase receptor type 3, N-MYC, C-MYC and
v-erb-b2 erythroblastic leukaemia viral oncogene homo-
logue 2 for medulloblastoma [5]. Analysis of the associa-
tion between any of these single biomarkers and response
to therapy requires a large number of patients to achieve
sufficient statistical power. A single biomarker usually has
limited predictive power especially if many other genes or
proteins are important to determine the outcome. DNA
microarrays can be used to detect groups of genes that, in
aggregate, contain more predictive informations than any
individual biomarker. The fact that an eight-gene model can
be used to predict survival in medulloblastoma [6], that a
six-gene model can be used to predict the outcome in
patients with diffuse large-B-cell lymphoma [7] and that 70
genes can predict axillary metastasis in breast carcinoma [8]
indicates that chemotherapy-response predictors can be
modelled using relatively small panels of genes that can
be screened by reverse transcriptase polymerase chain
reaction (RT-PCR) or immunohistochemistry. Therefore, a
series of 39 gliomas, 11 low grade and 28 high grade, was
studied at gene and protein (immunohistochemistry) levels
to disclose possible genetic portraits of malignancy.

Materials and methods

We retrieved for this study 100 randomly selected cases of
gliomas. All the cases had been received unfixed. A sample
of neoplastic tissue had been fresh frozen over liquid
nitrogen and stored at −80°C into the frozen tissue bank of
the Section of Pathology of the University of Bologna at
Bellaria Hospital (Bologna), between 1990 and 2002. The
remaining (specular) tissues were formalin fixed and
paraffin embedded and stained with haematoxylin eosin
for routine histological diagnosis. Informed consent was
obtained from the subjects.

Only samples with rRNA 28S/18S ratio >1.5, measured
by Bioanalyzer 2100 (Agilent, see below for details) and no
evidence of ribosomal degradation, were included. Some
cases were excluded as the tissue samples were composed
only by necrosis; other cases did not show neoplastic
proliferation in the specimen stored; in other cases, tissue
was not enough to obtain a frozen section necessary to
check the presence of tumour. Therefore, only 39 glial
neoplasms were suitable for the study, i.e. 28 GB and 11
low-grade glial tumours, namely four OL, five pilocytic

astrocytomas (PA) and two fibrillary astrocytoma (FA),
showed good quality RNA.

All the tumours were re-staged and graded according to
2007 WHO [1] criteria at time of gene expression analysis
by two pathologists (GM and VE). Any disagreement was
discussed at a double head microscope and a consensus was
reached.

RNA extraction and labelling

Tissue samples were treated with RNAlater™ (Qiagen,
Hilden, Germany) and homogenised. Total RNA was
extracted (RNAeasy Protect mini kit, Qiagen, Hilden,
Germany) and analysed by Bioanalyzer 2100 using RNA
6000 Nano kit (Agilent Technologies, Palo Alto, CA,
USA).

Agilent Human 1A oligomicroarrays (Agilent Technol-
ogies, Palo Alto, CA, USA) were used in this study
containing 60-mer DNA probes synthesised in situ in a
22-k format. Of 19,061 spots, 18,086 are non-controls and
there are 17,086 unique transcript sequences, matching to
15,989 unique human genes (TIGR Resourcerer 10.0 July
2004 Release; http://www.tigr.org/tigr-scripts/magic/r1.pl).

The labelling of complementary RNA (cRNA), hybrid-
isation to 22K-gene arrays and assessment of expression
ratios were all performed as previously described [8]. The
cRNA was generated by in vitro transcription with the use
of T7 RNA polymerase (low RNA input fluorescent linear
amplification kit Agilent cod. 5184–3523) and labelled with
Cy3-CTP (Perkin Elmer, Waltham, MA, USA) for the
reference RNA or Cy5-CTP (Perkin Elmer, Waltham, MA,
USA) for the test RNA. RNA reference pool consisted of a
total RNA mixture of four oligodendrogliomas, five
pilocytic astrocytomas and two fibrillary astrocytomas
enrolled in this study.

Labelled test (0.75 μg) and reference cRNA were
fragmented and hybridised at 60°C for 17 h. After hybrid-
isation, the slides were washed and scanned with a confocal
laser scanner (Agilent Catalogue, Number G2565BA).
Fluorescent intensities on scanned images were quantified
by the feature extraction software 7.5, and LogRatio data
were available for further statistical analysis.

Microarray data analysis

The scan data were analysed with Agilent Feature Extrac-
tion Software, which performs spots localisation (find spot
algorithm), outlier pixels rejection based on the inter-
quartile range method (cookie cutter algorithm) and
flagging of saturated features (a feature is considered
saturated when more than 50% of its pixels had an intensity
of above 65,502). Thirty-nine specimens (28 GB and 11
low-grade gliomas) passed routine quality control analysis.
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Loess normalisation and between-array scale normalisation
[9] were performed using the “LIMMA” package [10] of
Bioconductor (www.bioconductor.org). Hierarchical clus-
tering was performed using Ward’s method of linkage and
Euclidean distance as a metric.

The nearest shrunken centroid classification method was
used to identify genes useful to classify and best character-
ise high- and low-grade gliomas [11]. This method consists
in “shrinking” each of the class centroids toward the overall
centroid by a given amount, with the aim of reducing the
effect of noisy genes. This shrinkage does automatic gene
selection. Tenfold balanced cross validation was used to
choose the optimal amount of shrinkage and the
corresponding optimal subset of genes. The analysis was
performed using the PAMR package of Bioconductor. A list
of differentially expressed genes was performed through
LIMMA package [12], using a t statistic with pooled
variance; adjustment for multiple comparisons was made
using false discovery rate (0.001).

Overall survival time was defined as the time elapsed
between surgery and death from the disease. Gene
expression levels were categorised in order to obtain two
groups: low and high expression level, the value 0 was
chosen as cut-point. Univariate survival analysis was
performed for each gene, selected from the shrunken
centroid method using the log-rank test, and survival curves
were estimated using the Kaplan–Meier method. Cox
multivariate regression model was estimated considering
all genes and age at diagnosis as covariates. Variables were
selected using a backward stepwise selection procedure
forcing age at diagnosis to be present in the model.
Statistical analyses were performed using STATA (V.9).

Validation by real time RT-PCR

Real time RT-PCR was used to confirm the gene expression
microarray results for five selected genes (insulin-like
growth factor binding protein 2 (IGFBP-2), cell division
cycle 20 homologue (CDC20), lymphocyte antigen 6

complex, locus H (LY6H), NADH dehydrogenase (ubiqui-
none) Fe-S protein 2 (NDUFS2) and transmembrane 4
super-family 2 (TM4SF2)) in all the cases. Amongst the
genes selected by the nearest shrunken centroid method,
only these five genes were studied as these were the most
discriminating genes between high- and low-grade tumours
in view of the paucity of residual RNA material (see the
“Results” section).

In brief, an aliquot of 1 μg of the same RNA used for
microarray analysis was reverse-transcribed using Super-
Script™ First-Strand Synthesis System for RT-PCR (Invi-
trogen), according to the manufacturer’s instructions. PCR
was carried out in a 25-μl reaction volume containing
10 pmol of each primers, 1 U of FastStart Taq DNA
Polymerase™ (Roche), 1× GC rich solution (Roche), 4 mM
MgCl2, 1× Rox (Invitrogen) and 1× GelStar in DMSO
(Lonza). Real-time RT-PCR was carried out by the Applied
Bio systems SDS-7000 thermal cycle (Applied Bio sys-
tems, CA, USA). Cycling parameters consisted of an initial
dye normalisation at 50°C for 2 min, a denaturation step at
95°C for 4 min, followed by 40 cycles of denaturation at
95°C for 30 s, primer annealing at 58°C, extension at 72°C
for 30 s with data acquisition, followed by melt curve
analysis. Primer sequences are listed in Table 1 and were
retrieved from the RTPrimerDB database (http://medgen.
ugent.be/rtprimerdb/) [13]. Four housekeeping genes were
chosen for data normalisation (ACTB, B2M, TBP and
HPRT1).

Relative quantification were performed using qBase
(http://medgen.ugent.be/qbase/; Vandesompele et al.) [14].
A Wilcoxon two group test has been used to compare the
two pools of ΔCt values, using Bonferroni correction for
multiple comparisons.

Immunohistochemistry

The immunohistochemical study was performed in 37 cases
(27 GB and 10 low-grade tumours) of the series submitted
to microarray analysis, as in two cases there was no residual

Table 1 Primer sequences used for RT-qPCR

Gene name Forward primer Reverse primer

ACTB TTGCCGACAGGATGCAGAAGGA AGGTGGACAGCGAGGCCAGGAT
B2M ATGAGTATGCCTGCCGTGTGA GGCATCTTCAAACCTCCATG
TBP TGCACAGGAGCCAAGAGTGAA CACATCACAGCTCCCCACCA
HPRT TGACACTGGCAAAACAATGCCA GGTCCTTTTCACCAGCAAGCT
IGFBP2 GCCCTCTGGAGCACCTCTACT CATCTTGCACTGTTTGAGGTTGTAC
CDC20 AGACCTGCCGTTACATTCCTTC GCCAGTACATTCCCAGAACTCC
LY6H GTGTGTGCCAGTGTCCGAATC AGTCACAGGAGGAGGCACACAT
NDUFS2 CAGGCCTATTCTCTAGCTGTGGA GCCATGATGTGGTTCAACAAAC
TM4SF2 CTGCTGCATGAACGAAACTGAT CAGCGATGATTCCCATGTTAGT
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material available. Furthermore, additional ten cases of
grade II gliomas (five FA and five OL) and ten cases of
grade III gliomas (six anaplastic astrocytomas, three
anaplastic oligodendrogliomas and one anaplastic oligoas-
trocytomas) were randomly selected in order to enhance the
immunohistochemical study.

Cases were immunostained with anti-GFAP (Dako,
clone 6F2, dilution 1:1,200), anti-Ki 67 (Novocastra, clone
Mib1, dilution 1:200), anti-IGFBP-2 (Cell Signalling
Technology, polyclonal antibody, dilution 1:25) and anti-
CDC20 antisera (Santa Cruz Biotechnology, clone p55
CDC (E-7), dilution 1:50). Standard avidin–biotin immu-
noperoxidase procedures were performed on paraffin-
embedded sections. For IGFBP-2, semi-quantitative scores
were recorded for cytoplasmatic staining, using normal
brain as positive control. For CDC20, semi-quantitative
scores were recorded for nuclear staining, using endothelial
cells as positive control. The absence of primary antibody
was used as negative control.

Counting was performed on ten areas in each case
(×400 magnification). Negative is <5% of positive cells; +
is 5% to 10% of positive cells; ++ is >11 of positive cells.
For statistical purposes, tissue samples were considered
positive with score + and ++. For Ki 67, a percentage value
was attributed to each case evaluating ten fields (×400
magnification).

Statistical analysis of immunohistochemical results

The associations between tumour grade and the immunois-
tochemical expression of IGFBP-2 and CDC 20 were
evaluated using the Fisher exact test. A one-way ANOVA
was conducted to compare the mean IGFBP2 and CDC20
gene expression levels amongst the corresponding immu-
nohistochemical groups. Levene’s test was used to examine
the homogeneity of variance assumption. The association of
IGFBP-2 and CDC20 with overall survival was also
evaluated in the cases studied for genetic expression. The
survival curves were estimated using the standard Kaplan-
Meier method and compared with log-rank test.

Results

Gene expression data were obtained from 39 samples (28
GB and 11 low-grade gliomas) and are available on the
GEO web site (http://www.ncbi.nlm.nih.gov/geo/) with the
accession number GSE9885. Clinical and pathological
variables are reported in Table 2.

Hierarchical clustering, based on gene expression data
and performed using Ward’s method of linkage and
Euclidean distance as a metric (Fig. 1), separated two
groups showing good concordance with histology: 100%

for OL (four of four clustered in group 1), 100% for PA
(five of five PA clustered in group 1) and 50% for FA (one
of two in group 1). GB clustered mainly in group 2 (25 of
28, 89.3%) together with one FA.

Median overall survival time for group 1 was not
reached after a median follow-up of 4 years. Median
overall survival time for group 2 was 10 months.

Three GB clustered with group 1 that included most of
the low-grade glioma cases. However, survival in these
three patients was 2, 11 and 13 months, respectively,
consistent with GB.

The nearest shrunken centroid method identified nine
genes (IGFBP-2, CDC20, LY6H, NDUFS2, TM4SF2,
SNURF, GABARAPL1, AZGP1, BC016828) as the most
important genes for distinguishing between low- and high-
grade gliomas. Amongst them, seven genes were over-
expressed in low-grade gliomas but under-expressed in GB;
on the contrary, two genes (IGFBP-2 and CDC20) were
over-expressed in GB but under-expressed in low-grade
tumours (Fig. 2). All nine genes are included amongst the
50 significantly expressed top-ranked genes (Table 3).

The rate of misclassification on the basis of tenfold
balanced cross validation was 0% for low-grade gliomas,
10.7% (three of 28) for GB and 7.7% (three of 39) for all
cases. Adequate mRNA quantities of five out of the nine
genes, identified with nearest shrunken centroid method,
were tested by RT-PCR for validation (see Supplementary
informations for details). Four reference genes were used
for normalisation as indicated by Vandesompele et al. [14].

We found significant expression differences between the
two groups in three out of the five genes: IGFBP2 (p<
0.0005), CDC20 (p<0.0005) and TM4SF2 (p<0.025)
evaluated with the Wilcoxon test. Immunohistochemical
findings of the cases submitted to microarray analysis are
reported in Table 2.

IGFBP-2 immunohistochemical staining (including the
additional series of cases studied with immunohistochem-
istry only) was negative in 19 cases of low-grade gliomas
(Fig. 3a). It was focally positive in one case (5% of cells)
only, namely a pilocytic astrocytoma (one of 10, 10%; 95%
confidence interval (CI) 0.3–44.5%) and in one anaplastic
astrocytoma out of ten grade III gliomas (about 20% of
positive cells). On the contrary, it was positive in 24 out of
27 GB (88.8%; 95% CI 69.7–95.1%; Fisher’s exact test, p=
0.00002).

Immunopositivity evidenced cytoplasmatic localisation
and in GB was significantly brisk in areas of pseudopali-
sading necrosis and it was not related to microvascular
proliferation (Fig. 4a,b). For this antibody, the log-rank test
was statistically significant for the immunohistochemistry
score (p<0.0001; Fig. 5).

CDC20 immunopositivity was nuclear and cytoplasmic.
Staining was negative in all the 20 cases of low-grade
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gliomas (Fig. 3b) with only occasional stained nuclei in a
fibrillary astrocytoma (FA34, lower than 5% of cells). On the
contrary, it was found positive in three anaplastic astrocyto-
mas out of ten grade III gliomas and in 20 out of 27 GB
(74.1%; 95% CI 57.5–90.6%; Fisher’s exact test, p<0.001
(Fig. 6a,b). For CDC20, the log-rank test was statistically
significant for the immunohistochemistry score (p<0.0122).

We found significant expression differences of IGFBP2
and CDC20 genes expression levels amongst the
corresponding immunohistochemical groups (p<0.001 for

both). As evidenced in Tables 4 and 5, immunopositivity
for IGFBP2 and CDC20 in GB are strongly associated but
not statistically significant with Ki67 label index.

Considering the expression level of microarray data, the
log-rank test was statistically significant for all the nine
selected genes (p<0.05). When these same genes were
chosen in a backward stepwise procedure to be inserted as
covariates in a Cox regression model, IGFBP-2 was the
only independent predictor of overall survival that remains
in the multivariate model that includes age at diagnosis.

Table 2 Clinical, pathological and immunohistochemical data

Case n. Age Sex Site OS (months) Ki67 Mitoses X 10 HPF IGFBP2 ICH CDC20

GB1 68 F Fr 0.5 OD 10% 2 + −
GB2 78 F Fr 5.2 8% 2 + +
GB3 69 M Te 4.9 5% 1 + −
GB4 41 M Pa 1.5 10% 1 + −
GB5 43 M Fr 7.7 18% 3 ++ +
GB6 71 F Pa 14.2 NA NA NA NA
GB7 54 F Fr 14.5 15% 2 + +
GB8 31 M Suprat 32.9 15% 4 ++ −
GB9 31 M Te 18.6 25% 3 ++ +
GB10 67 F Te 1.6 30% 12 ++ +
GB12 73 M Suprat 1.9 10% 2 + +
GB15 59 F Te 9.1 30% 5 + +
GB16 36 F Te 18.8 15% 3 ++ +
GB17 67 F Fr 5.8 8% 1 + +
GB18 53 F Fr 26.3 20% 4 ++ ++
GB19 60 M Fr–Te 11.5 30% 7 + ++
GB20 58 M Fr 13.2 20% 4 + −
PA21 7 M Cereb Alive after 122 2% 0 − −
PA22 10 F Cereb Alive after 184 4% 1 − −
PA23 39 F Suprat Alive after 105 0% 0 − −
FA24 29 M Fr Alive after 175 NA NA NA NA
GB25 63 M Suprat 18.9 15% 2 ++ +
GB26 39 F Fr 10.1 20% 4 + ++
GB27 54 M Fr NA 5% 1 + +
PA28 26 M Te Alive after 180 3% 1 + −
OL29 32 M Fr 105 1% 0 − −
OL30 60 F Suprat Alive after 92 3% 0 − −
OL31 56 M Fr Alive after 85 6% 0 − −
OL32 41 F Fr 132 5% 0 − −
PA33 3 F Cereb Alive after 195 2% 1 − −
FA34 34 F Pa 134 2% 0 − −
GB35 50 M Fr 14.2 8% 1 + ++
GB36 69 M Te 1.0 10% 4 − +
GB37 67 F Suprat 19.8 20% 2 + ++
GB38 67 M Occ 0.4 OD 7% 1 + −
GB42 57 M Te 10.2 6% 1 + −
GB44 54 F Suprat 11.4 20% 2 + +
GB46 71 F Suprat Alive after 42 6% 1 − +
GB47 73 M Occ 36.0 15% 4 − +

GB glioblastoma, PA pilocytic astrocytoma, FA fibrillary astrocytoma, OL oligodendroglioma, NA not available, OD dead from other disease, Fr
frontal lobe, Te temporal lobe, Pa parietal lobe, Occ occipital lobe, Suprat supratentorial (not specified), Cereb cerebellum, OS overall survival,
ICH immunohistochemistry, − <5% of positive cells, + 5% to 10% of positive cells, ++ >11 of positive cells

Virchows Arch (2008) 453:599–609 603



Discussion

The present gene expression profiling of human gliomas
has identified an event highly related (more than 95%) to

GB which consists in over-expression of insulin-like
growth factor binding protein 2 and CDC20. These data
were also validated by RT-quantitative real time polymerase
chain reaction (qPCR) and by immunohistochemistry.

Fig. 1 Cluster dendrogram using Ward’s minimum variance method and Euclidean distance. GL glioblastoma, PA pilocytic astrocytoma, FA
fibrillary astrocytoma, OL oligodendroglioma

Fig. 2 Gene expression is plotted for the nine genes selected by the nearest shrunken centroid classifier. Plot is stratified by class. The genes are
plotted from the strongest to the weakest
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Table 3 Top-ranked 50 genes from the linear model fitted by LIMMA

Probe name Gene name logFC AveExpr t p.value adj.p.value B

1 A_23_P100653 ZBTB4 −1.031 11.444 −9.328 1.53406E-11 2.86251E-06 16.080
2 A_23_P169587 THC1942991 −1.113 7.533 −8.747 8.67318E-11 6.7725E-06 14.448
3 A_23_P71270 AZGP1 −1.388 8.699 −8.590 1.39631E-10 6.7725E-06 13.998
4 A_23_P117599 AHSA1 −1.312 8.259 −8.547 1.59044E-10 6.7725E-06 13.875
5 A_23_P67708 M65214 1.254 9.420 8.504 1.81473E-10 6.7725E-06 13.750
6 A_23_P216325 BC016828 −1.421 8.122 −8.296 3.42001E-10 7.90833E-06 13.150
7 A_23_P207125 NLGN2 −0.746 9.490 −8.295 3.43279E-10 7.90833E-06 13.147
8 A_23_P119943 IGFBP2 3.839 11.245 8.262 3.79834E-10 7.90833E-06 13.051
9 A_23_P60640 NM_017921 −1.030 8.070 −8.255 3.88939E-10 7.90833E-06 13.028
10 A_23_P155695 GAK −1.002 7.464 −8.227 4.23818E-10 7.90833E-06 12.947
11 A_23_P145297 NFKBIL1 −1.070 7.883 −8.151 5.34856E-10 8.20308E-06 12.726
12 A_23_P114144 NM_014008 −0.788 7.688 −8.145 5.44401E-10 8.20308E-06 12.710
13 A_23_P131899 SDCBP2 −0.950 8.064 −8.130 5.71498E-10 8.20308E-06 12.664
14 A_23_P120182 NDUFA10 −1.055 8.798 −7.945 1.01223E-09 1.2802E-05 12.121
15 A_23_P77066 SNURF −1.802 7.976 −7.940 1.02912E-09 1.2802E-05 12.106
16 A_23_P114185 TM4SF2 −1.931 8.810 −7.912 1.12048E-09 1.30674E-05 12.025
17 A_23_P156568 KLHDC3 −0.828 8.059 −7.800 1.5892E-09 1.73017E-05 11.693
18 A_23_P3574 NM_030819 −0.893 8.613 −7.785 1.669E-09 1.73017E-05 11.646
19 A_23_P162640 GABARAPL1 −1.708 9.221 −7.761 1.79763E-09 1.74373E-05 11.576
20 A_23_P1307 AKR1C1 −1.404 7.134 −7.748 1.86897E-09 1.74373E-05 11.539
21 A_23_P38497 SLC25A11 −0.739 7.773 −7.721 2.03425E-09 1.80755E-05 11.458
22 A_23_P149195 CDC20 1.803 8.811 7.695 2.20592E-09 1.83837E-05 11.381
23 A_23_P166609 DHX30 −1.086 8.637 −7.676 2.34274E-09 1.83837E-05 11.324
24 A_23_P72807 SHC3 −1.283 7.539 −7.673 2.3645E-09 1.83837E-05 11.315
25 A_23_P39024 NM_032332 −0.677 8.487 −7.602 2.95628E-09 2.13067E-05 11.103
26 A_23_P134914 LY6H −2.266 8.190 −7.599 2.9859E-09 2.13067E-05 11.093
27 A_23_P79251 EHD3 −1.050 7.326 −7.589 3.08301E-09 2.13067E-05 11.063
28 A_23_P112397 FBXW5 −1.379 8.549 −7.553 3.44924E-09 2.29864E-05 10.956
29 A_23_P76983 C14orf45 0.537 7.522 7.521 3.81187E-09 2.4527E-05 10.861
30 A_23_P210400 KCNQ2 −1.121 8.191 −7.447 4.81339E-09 2.99389E-05 10.639
31 A_23_P98037 NM_020123 −1.095 10.712 −7.434 5.0127E-09 3.01728E-05 10.600
32 A_23_P36647 NM_177441 −0.542 8.388 −7.371 6.12498E-09 3.57158E-05 10.410
33 A_23_P106778 SULT1A2 −0.798 8.062 −7.333 6.90225E-09 3.90285E-05 10.296
34 A_23_P149470 NDUFS2 −2.350 8.418 −7.318 7.23347E-09 3.93263E-05 10.251
35 A_23_P102517 PDE6D −0.989 8.365 −7.309 7.45277E-09 3.93263E-05 10.223
36 A_23_P256282 BX537520 −0.413 7.375 −7.303 7.58718E-09 3.93263E-05 10.206
37 A_23_P26640 BC033681 −1.269 7.077 −7.291 7.87552E-09 3.97176E-05 10.170
38 A_23_P211247 HRMT1L1 −0.965 8.239 −7.272 8.35588E-09 4.10312E-05 10.114
39 A_23_P158265 AF410455 0.687 10.525 7.257 8.7733E-09 4.19763E-05 10.067
40 A_23_P53211 PLEKHB1 −1.090 7.073 −7.213 1.00731E-08 4.60692E-05 9.936
41 A_23_P259166 NM_024863 −0.872 12.476 −7.212 1.01225E-08 4.60692E-05 9.931
42 A_23_P28233 AF037332 −0.968 7.269 −7.195 1.06802E-08 4.745E-05 9.880
43 A_23_P157545 NKX3–1 0.356 8.371 7.173 1.14421E-08 4.96526E-05 9.814
44 A_23_P144563 GRIA2 −1.047 7.889 −7.137 1.28315E-08 5.44164E-05 9.705
45 A_23_P70045 H2AFY 0.689 11.036 7.117 1.36699E-08 5.66838E-05 9.645
46 A_23_P133232 HARS −0.773 7.806 −7.090 1.49151E-08 6.05026E-05 9.562
47 A_23_P218412 SPAG7 −1.324 7.836 −7.061 1.63459E-08 6.48958E-05 9.475
48 A_23_P140876 ABCA3 −1.365 9.112 −7.041 1.74216E-08 6.77255E-05 9.414
49 A_23_P91902 SMC4L1 0.752 9.701 7.017 1.8814E-08 7.16457E-05 9.340
50 A_23_P143569 DGCR6L −1.156 8.578 −7.006 1.95008E-08 7.27758E-05 9.306

logFC log2-fold-change, AveExpr average log2-expression across all the arrays and channels, t moderated t statistic, p.value raw p value, adj.p.
value p value adjusted for multiple testing according to Benjamini and Hocberg’s method, B log odds that the gene is differentially expressed
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IGFBP-2, a member of a large protein family, is
normally expressed in foetal cells and is low or absent in
many adult tissues. It acts not only as carrier of IGFs,
prolonging their half-life, but also functions as modulator of
IGF availability and activity.

IGFBP-2 is over-expressed in ovarian [15], colorectal
[16], prostate [17, 18], hepatocellular carcinomas [19] and
in neuroblastoma [20]. It has also been demonstrated that
IGFBP-2 over-expression might promote glioma develop-
ment and progression [21] and enhance GB invasion [22].
A significant positive correlation between the expression of
IGFBP-2 and metalloproteinase-2 [23] and the vascular–
endothelial growth factor [23] has been observed in GB,
indicating that the expression of IGFBP-2 is associated with
pathways enhancing invasiveness and angiogenesis.

Similarly to IGFBP-2, CDC20 gene was found to be
over-expressed in high-grade gliomas and downregulated in
low-grade gliomas (p<0.0005; evaluated with the Wil-

coxon test), a finding also validated by immunohistochem-
istry. This gene appears to act as a regulatory protein in the
cell cycle. It is required for two microtubule-dependent
processes, movements before the anaphase and chromo-
some separation. CDC20 is an activating regulatory factor
for the anaphase promoting complex/cyclosome (APC/C)
and for the ubiquitination activity of the APC/C. CDC20
confers a strict destruction-box dependence on APC [24].
Levels of CDC20, as well as its binding to APC, peak in
mitosis and decrease drastically in early G1. Upregulation
of CDC20 is associated with poor prognosis in ovarian
cancer [25], and it is found to be over-expressed in gastric
cancer [26], in oral squamous cell carcinoma [27] and in
breast cancer [28]. Recently, it has been shown that CDC20
is frequently upregulated in many types of malignancies,
including gliomas, and remarkably suppressed by the
ectopic introduction of p53 [29]. Therefore, it seems that
CDC20 is a good potential therapeutic target for a broad
spectrum of human cancer [29].

Fig. 3 a Oligodendroglioma case 30: no cells are positive for IGFBP-
2. b Oligodendroglioma case 32: no cells are positive for CDC-20

Fig. 4 a, b Glioblastoma case 5: immunopositivity for IGFBP-2 was
mostly seen in the cytoplasm of neoplastic cells in GL, especially in
those palisading around foci of necrosis

606 Virchows Arch (2008) 453:599–609



In the present series, when IGFBP-2 and CDC-20
proteins were investigated at immunohistochemical level,
we found significant expression differences of IGFBP2 and
CDC20 genes expression levels amongst the corresponding

immunohistochemical groups (p<0.001 for both). In fact,
immunohistochemistry for IGFBP-2 stained 24 out of 27
cases of GB, whilst on the contrary, only one out of 20
cases of low-grade glioma was stained. In addition, CDC-
20 was found positive in 20 out of 27 GB, in three out of
ten grade III gliomas whilst it was negative in all the 20
cases of low-grade glioma.

Furthermore, as also previously found in gastric carci-
noma [30], immunopositivity for IGFBP2 and CDC20 in
GB are significantly associated with Ki67 label index
(Tables 4 and 5). Elmlinger et al. [31] demonstrated that
IGFBP-2 positive macrophage/microglial and glioma cells
clustered in the immediate vicinity of areas of necrosis of
human gliomas as well as of rat C6 glioblastoma and that
IGFBP-2 over-expression in glioma cells correlated posi-
tively with the tumour grade of the gliomas.

These data are in keeping with the present findings, as
immunopositivity for IGFBP-2 was mostly seen in the
cytoplasm of neoplastic cells in GB, especially in those
palisading around foci of necrosis. The low percentage of
immunopositivity of IGFBP-2 and CDC-20 observed in
anaplastic gliomas may be a useful diagnostic criteria to
reduce inter-observer variability, especially in small biop-
sies when the tissue is scanty, where necrotic areas and
vascular proliferation are lacking.

TM4SF2 had opposite expression than IGFBP-2and
CDC20: it was over-expressed in low-grade gliomas and
downregulated in high-grade gliomas. Yokota et al. [32]
found same result analysing 11 GB which all under-
expressed TM4SF2 gene. This gene is associated with X-
linked mental retardation and neuropsychiatric diseases
such as Huntington’s chorea and fragile X syndrome [33].
The protein encoded by this TM4SF2 is a member of the
transmembrane 4 superfamily, also known as tetraspanin.
Most of these proteins are cell-surface proteins character-

Fig. 5 IGFBP-2 immunohistochemistry related to overall survival

Fig. 6 Glioblastoma case 19: a nuclear immunopositivity for CDC20.
Neoplastic cells are located around necrotic area. b Same case.
Positive cells are observed also in areas in which necrosis is absent

Table 4 Immunohistochemical correlation between IGFBP-2 (0 to ++
score) and Ki67 label index

All GB
(27 cases)

GB ++
(7 cases)

GB +
(17 cases)

GB 0
(3cases)

Ki67 average 14.9% 19.7% 13.7% 11%

Table 5 Immunohistochemical correlation between CDC-20 (0 to ++
score) and Ki67 label index

All GB
(27 cases)

GB ++
(5 cases)

GB +
(15 cases)

GB 0
(7cases)

Ki67 average 14.9% 19.6% 15.3% 10.4%
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ised by the presence of four hydrophobic domains. The
proteins mediate signal transduction events that play a role
in the regulation of cell development, activation, growth
and motility and complex with integrins.

In conclusion, the present study indicates:

1. The over-expression of mRNA levels of IGFBP-2 and
CDC20 is highly related to GB. These same genes in
combination are not over-expressed in low-grade
gliomas, a consistent difference indicating that the
simultaneous over-expression of IGFBP-2 and CDC20
genes is a sign of malignancy in glial tumours

2. IGFBP-2 and CDC-20 gene and protein expressions are
strongly correlated, a relation statistically significant
and probably exclusive of high-grade glial tumours

3. IGFBP-2 was the most important predictor of overall
survival in the multivariate Cox model based on
microarray data

4. IGFBP-2 and CDC20 immunohistochemical localisa-
tion in neoplastic cells of glial tumours can be useful
for the identification of GB in small biopsies when the
tissue is scanty. Thus, IGFBP-2 and CDC-20 over-
expression might be added to current histological
diagnostic criteria such as necrotic areas and vascular
proliferation
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Abstract Changes in the definition of lymphocyte-depleted
classic Hodgkin lymphoma (LDcHL) have recently led to
reclassification of many cases as other pleomorphic lym-
phomas. We have set out to identify LD cases in our cohort
of cHL patients and determine their clinical and biological
characteristics properties. We defined the morphologic
picture of LDcHL according to selected criteria and
determined how its features differ from those of other
subtypes of cHL. Twelve of 201 cHL patients (5.9%) were
diagnosed as showing LDcHL histology, a higher percentage
of LDcHL than in most recent series. The LD cases were
most often positive for Epstein–Barr virus and for sialyl-
CD15. Defining the cases as either reticular (eight) or as

diffuse fibrosis (three) variants was critical to the diagnostic
approach. We conclude that LDcHL may be a neglected
entity.

Keywords Hodgkin lymphoma . Lymphocyte-depleted .

Reticular . Diffuse fibrosis

Introduction

In the last three decades, the diagnostic criteria of
lymphocyte-depleted classic Hodgkin lymphoma (LDcHL)
have been modified to exclude cases of anaplastic large-cell
lymphoma (ALCL), of the lymphocyte-depleted variant of
nodular sclerosis Hodgkin lymphoma, and of pleomorphic
large-cell lymphomas, all of which may show confusing
resemblance with this subtype of classic Hodgkin lympho-
ma (cHL) [1]. In the process of separating genuine cases of
LDcHL from the mimicking entities, the diagnostic criteria
have paradoxically lost their sharp edge and, more
important, the clinical features of LDcHL are no longer
well defined [2]. We have set out to evaluate the clinical,
morphologic, and immunohistochemical features of LDcHL
by selected criteria and to determine the degree to which
these features differ from those of nodular sclerosis (NS)
and mixed cellularity (MC) cHL.

We believe that the role of apoptosis in classic Hodgkin
lymphoma should be further clarified. We therefore decided
to study the patients’ tissues for some apoptosis-associated
factors.

In our cohort of cHL patients, we identified bona fide
cases of LDcHL using the criteria defined in the WHO
Classification of Tumours [2] but also criteria used recently
by other authors [3, 4].
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Materials and methods

We reviewed 205 untreated cases of cHL, eight of which
had originally been diagnosed as LDcHL. Two hematopa-
thologists (D.B. and M.S.) reviewed the slides. Four of the
cases previously diagnosed as LDcHL were reclassified as
anaplastic large-cell lymphoma (two cases), indeterminate
HL (one case), and LD variant of NScHL (one case).

The morphologic criteria of LDcHL were determined
according to the WHO Classification of Tumours of the
Haematopoietic and Lymphoid Tissues [2] but modified in
part according to the criteria outlined by Kurtin [3] and by
Wright et al. [4]. According to these criteria, the reticular
variant shows an overwhelming predominance of Hodgkin–
Reed–Sternberg (HRS) cells, with few lymphocytes and
other inflammatory cells. Interwoven with the cellular
component, there is an interlacing pattern of fibrosis which
often imparts a sarcomatoid appearance to the tumor. In the
diffuse fibrosis variant, fewer HRS cells are surrounded by
rare inflammatory cells but mainly by a weakly eosinophilic,
periodic acid–Schiff (PAS)-positive background consistent
with an immature, non-birefringent collagen. In both types,
the HRS cells are pleomorphic, and lacunar cells and
birefringent collagen are, by definition, absent. In contrast
to the white-to-light green birefringence of the elongated and
fragmented fibers found in NScHL, the birefringence in
LDcHL is negative or very faint. In a few cases, numerous
reactive lymphocytes are found, despite prominent HRS
cells and fibrosis [3].

In view of the possible overlap between LDcHL and
other lymphomas, the phenotype in LDcHL, more than in
other subtypes of cHL, should conform strictly to that of
classic HL: CD15+ ; CD30+ ; LCA−; CD20—usually
negative, but scarce CD20+ cells may be found, and ALK1
and CD3 are negative [3, 5].

The patient files were reviewed for demographic data,
prognostic factors, therapy, and outcome. We also studied
LMP1/Epstein–Barr virus (EBV; Dako, Glostrup, Denmark).
We used an immunohistochemicalmethod and the ENVISION
system of Dakopatts (Glostrup, Denmark). For the terminal
uridine deoxynucleotidyl transferase dUTP nick end labeling
assay, we used the ApopTag kit of Intergen (Oxford, UK) and
calculated the apoptotic index as the percentage of apoptotic
HRS cell among the total tumor cell count [6–7].

In addition to the apoptotic index, we studied the
expression of the apoptotic-associated factors: caspase 3
(cleaved), Biocare Medical, Walnut Creek, CA, USA;
caspase 8 (FLICE), DBS, Pleasanton, CA, USA.

Institutional guidelines regarding human experimental
investigations were followed.

For contingency table analysis, the chi-square or Fisher’s
exact (FE) test was used as appropriate, and the Mann–
Whitney U test was used for analysis of descriptive values.
All statistical analyses were performed using SPSS version
14 for Windows, and p values of 0.05 or less were con-
sidered statistically significant.

Results

In the cohort of 201 of the original 205 cHL patients included,
only four LDcHL cases were left. On the basis of the above-
mentioned criteria, we identified another eight patients with
LDcHL among the 201 cases in the cohort. These were
originally diagnosed as MCcHL (five cases), NScHL (one
case), diffuse lymphocyte predominant Hodgkin lymphoma
(DLPHL) (one case) and indeterminate cHL (one case)
(Table 1).

In 11 of the 12 cases, LDcHL was diagnosed in
peripheral lymph nodes. In the 12th case, the patient first

Table 1 Histological and immunohistochemical features of LDcHL cases

Case number Primary diagnosis Final diagnosis Variant Birefringent CD30 CD15 LCA CD20

1 NS LD Reticular Faint + + − −
2 LD LD Reticular Faint + + − −
3 LD LD Reticular None + + − −
4 LD LD Diffuse fibrosis None + + − −
5 MC LD Reticular None + + − +
6 LD LD Reticular None + + − −
7 DLPHL LD Diffuse fibrosis None + + − −
8 MC LD Reticular None + −, CLex+a − −
9 MC LD Reticular None + + − −
10 MC vs NS LD Reticular None + + − −
11 MC LD Diffuse fibrosis None + + − +
12 Indeterminate LD Early phase Faint + + − +

a Clex1, an anti-sialyl-CD15 antibody
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sought help at a very late stage of her disease, and the
diagnosis was only established at autopsy, with prominent
involvement of subdiaphragmatic lymph nodes, liver, and
large intestine.

Eight of the 12 cases were diagnosed as reticular variant
(Fig. 1) and three as the diffuse fibrosis variant of LDcHL
(Fig. 2a,b). In one case, in addition to areas of typical
reticular LDcHL, there were extensive, markedly cellular
areas composed of numerous small round lymphocytes
(Fig. 3a–c). The possibility of a cellular (early) phase of
LDcHL has been considered in this case.

In the cases of diffuse fibrosis, the background was PAS-
positive, probably indicating an immature type of collagen.
Birefringence was faint or absent. All cases showed the
classical HL immunophenotype. One case was CD15
(LeuM1)-negative but was positive for the sialyl-CD15,
CLex1. In three of the cases, 10–20% of the HRS cells
showed CD20 positivity of variable intensity.

The clinical findings in the LDcHL cases are shown in
Table 2 and compared with those of NS- and MCcHL.
There were relatively more men and more patients with B
symptoms and with advanced stages of the tumor in the
LDcHL group. However, the differences did not reach
statistical significance. The mean age of the LDcHL
patients was higher than those with NS- and MCcHL
(p=0.119). Details of therapy were available in only six
of the 12 LDcHL patients. Most patients were treated
with Mustine, Vincristine, Procarbazine, and Predniso-
lone (MOPP), Doxorubicin, Bleomycin, Vinblastin, and
Dacarbazine (ABVD) or both (five of six). Radiotherapy was
administered to two of six LDcHL patients. The follow-up
was significantly shorter in LDcHL patients (p=0.002;

Table 3). Six of the 12 patients with LDcHL had died of
HL. This rate differs from that of NS- and MCcHL but not to
a significant degree (p=0.08, FE two-tailed). Lymphocyte-
depleted cHL was found in two of 20 Bedouin patients
(10%) as compared with three of 89 (3.4%) of Jewish town
dwellers, the largest Jewish group—NS.

Laboratory data are shown in Table 4. The classical
phenotype, including negative ALK1 immunostaining, was
found in all the 12 patients; this also included negative
ALK1 immunostaining. The sialyl-CD15 (CLex1) was
expressed to a significantly higher degree in LDcHL,
including the one case with negative LeuM1. CD30 was
positive in the tumor cells of all cases of LDcHL, and
CD20 was negative in almost all but three of the cases as
indicated above. These immunohistochemical findings do
not differ significantly from those of NScHL and MCcHL
patients. Caspase 8 was expressed in seven of the 12 cases

Fig. 2 LDcHL, diffuse fibrosis. a Relatively few HRS and inflam-
matory cells are embedded in predominantly fibrotic background
fibrosis (H&E ×260). b Another case of diffuse fibrosis type of
LDcHL showing a PAS-positive, immature fibrosis background
(PAS ×320)

Fig. 1 Lymphocyte-depleted classic Hodgkin lymphoma, reticular
variant. Numerous pleomorphic HRS cells are included within a
fibrous network. Inset Large tumor cells are trapped in the fibrosis
(H&E ×260)
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of LDcHL (p=0.069, FE two-tailed). The apoptotic index
was higher in LDcHL but not to a significant degree.
LMP1/EBV was expressed in eight of 12 cases of LDcHL
(p=0.009; FE two-tailed). To our knowledge, none of our
LDcHL patients was HIV positive.

Discussion

Our histological criteria for the diagnosis of LDcHL
were based on the WHO Classification of Tumours of
Haematopoietic and Lymphoid Tissues [2] together with the
modifications suggested by Kurtin [3] and by Wright et al.

Table 2 Comparison of clinical features between LD-HL and NS-
and MCHL

Total LDHL
n (%)

NSHL,
MCHL n (%)

p value

Gender
Male 117 7 (6) 110 (94) NS
Female 84 5 (6) 79 (94)
Stage
I-II 85 3 (3.5) 82 (96.5) NS
III-IV 70 5 (7.1) 65 (92.9)
B symptoms
Yes 74 5 (6.8) 69 (93.2) NS
No 83 3 (3.6) 80 (96.4)
Bulky
Yes 40 3 (7.5) 37 (92.5) NS
No 107 3 (2.8) 104 (97.2)
Chemotherapy
MOPP/ABVD 111 5 (4.5) 106 (95.5) NS
Other 14 1 (7.1) 13 (92.9)
Radiotherapy
Yes 53 2 (3.8) 51 (96.2) NS
No 98 4 (4.1) 94 (95.9)
Outcome
NEDa/AWDb 130 6 (4.6) 124 (95.4) FE 2t=0.08d

DODc 46 6 (13) 40 (87)

a No evidence of HL
bAlive with HL
cDead of HL.
d Fisher exact test, two tailed

Table 3 Comparison of age and duration in months of the follow-up
between LD-HL and NS- and MCHL

Subtype Total (n) Mean rank p valuea

Age LD 12 121.96 0.119
NS and MC 182 95.89

Follow-up LD 11 43.50 0.002
NS and MC 168 93.04

aMann–Whitney U test

Fig. 3 This case raises the possible diagnosis of cellular or early
phase of LDcHL. a An area of LDcHL, reticular. HRS cells and small
lymphocytes are embedded in a fibrous network (H&E ×210). b Area
with fibrosis and numerous atypical HRS cells. Inset Atypical HRS
cells are included in the fibrotic area. (H&E ×320). c One of the more
cellular areas (H&E ×320)
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[4]. In the latter publications, both groups of authors
emphasize the need to restore the subclassification of
LDcHL into reticular and diffuse fibrosis variants. We
agree, as this subclassification is essential in order to firmly
establish the diagnosis of LDcHL. We also agree with the
statement that cases of LDcHL need not be totally depleted
of small reactive lymphocytes [3]. The reticular variant
shows a striking predominance of pleomorphic HRS cells
with few reactive cells. There is often an interlacing type of
fibrosis which may mimic a sarcomatoid tumor. In the
diffuse fibrosis variant, HRS cells are more scarce, and the
histologic picture is dominated by the fibrosis. The PAS-
positive immature collagen found in cases of diffuse
fibrosis LDcHL is probably a very helpful feature in the
identification of this variant. Despite the small number of
cases, our finding of LDcHL in as many as 5.9% of cases
may be characteristic of HL in our geographic area. The
possibility of under-diagnosis of this subtype of cHL in
other studies should, however, be considered. A tendency
to under-diagnose LDcHL is not unexpected since some
authors hold the view that this entity is doomed to
disappear [8–9]. This cHL subtype may be a neglected
entity, partly due to its resemblance to other pleomorphic
lymphomas but also partly to the repeated emphasis on its
rarity.

In the process of comparing the features of LDcHL with
those of NS- and MCcHL, we have been able to determine
several characteristic clinical or laboratory features of
patients with LDcHL, at least in our geographic area. They
are mainly older patients, with a significantly shorter
follow-up (p=0.002), which may be due to their advanced
age at diagnosis but may also represent a further aspect
of the biology of LDcHL. They also show a somewhat
increased mortality from HL which did not, however, differ
significantly from that of our patients with NS- and

MCcHL. The high disease-specific mortality found in our
cohort as a whole may be related with the advanced stage
found in 70 of 155 (45.2%) and the B symptoms found in
74 of 157 (47.1%) patients.

The Hodgkin–Reed–Sternberg cells of patients with
LDcHL expressed sialyl-CD15 more frequently than
patients with NS- and MCcHL. We have previously reported
that the expression of sialyl-CD15 was an independent
negative prognostic factor in HL [10]. The HRS cells in
LDcHL show a higher expression of LMP1/EBV and of
caspase 8.

The diagnosis of B-cell lymphoma with features inter-
mediate between diffuse large B-cell lymphoma and classic
Hodgkin lymphoma could be raised. This entity shows
cohesive pleomorphic tumor cells in patterns resembling
primary mediastinal large B-cell lymphoma or nodular
sclerosis cHL [11, 12].

The diffusely fibrotic stroma or focal fibrous bands
described in gray zone lymphoma were not seen in our
cases in which the fibrosis was PAS-positive and/or
non-birefringent.

Consideration was not given to the diagnoses of primary
mediastinal large B-cell lymphoma (MLBCL) or of NScHL
in our 12 cases, none of which was located in the medias-
tinum. Although one case had been originally diagnosed as
NScHL, it did not fulfill the criteria of this type of cHL. None
of our cases was diagnosed as ALCL.Wewould stress that the
immunophenotype of our 12 cases included negativity for
CD45 and CD20.

Lymphocyte-depleted cHL has not been considered in
the differential diagnosis of mediastinal gray zone lym-
phoma. We also believe that large B-cell lymphoma with
Hodgkin features, also termed Hodgkin-like ALCL, can be
excluded in our LDcHL cases.

As mentioned above, numerous small reactive lympho-
cytes may be found in cases of LDcHL [3], and it is
noteworthy that one of our cases showed features consistent
with the reticular type of LDcHL in some areas, whereas
other fields were more cellular and richer in small round
lymphocytes. We would tentatively like to suggest that this
case may represent a cellular or early phase of LDcHL,
similar to the description of a cellular phase of NScHL.

In conclusion, we have described the morphologic,
clinical, and immunohistochemical features of an unselected
group of 12 LDcHL patients from Southern Israel. Sub-
classification into reticular and diffuse fibrosis variants
seems to be essential for recognition of this entity. We have
compared these features with those of cases of NS- and
MCcHL. The LDcHL patients are older, and they show a
higher mortality but not to a significant degree. On the other
hand, their follow-up is significantly limited. They tend to
show a higher association with EBV and with a positive
staining for sialyl-CD15.

Table 4 Comparison of laboratory data—LD-HL versus NS- and
MCHL

LD-HL(%) NS MCHL(%) p value

EBV/LMP1 Positive 8 (12.9) 54 (87.1) FE 2t=
0.009aNegative 4 (2.9) 135 (97.1)

Caspase 8 Positive 7 (12.3) 50 (87.7) 0.069
Negative 5 (4.6) 104 (95.4)

Caspase 3 Positive 5 (4.8) 99 (95.2) NS
Negative 6 (9.7) 56 (90.3)

Apoptotic
index

<Median 3 (4.3) 69 (95.7) NS
≥Median 4 (6.6) 57 (93.4)

Sialyl-CD15 Positive 3 (18.8) 13 (18.2) FE 2t=
0.008aNegative 2 (1.4) 139 (98.6)

CD30 Positive 12 (6.1) 155 (93.9) NS
Negative 0 25 (100)

a Fisher’s exact test, two tailed
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Abstract Mechanism of renal fibrosis leading to end stage
kidney remains still a challenge of interest in humans. The
pathogenesis of chronic kidney disease is characterized by
progressive loss of kidney function and fibrosis. The
mechanism of epithelial–mesenchymal transition (EMT)
has been predominantly studied in in vitro studies, and we
previously demonstrated the EMT of tubular epithelial cells
in dogs. In this study, we examined and quantified the
modifications of cadherin–catenin complex by immunohis-
tochemistry of E-cadherin and β-catenin and the mesen-
chymal marker vimentin in 25 dogs with three different
spontaneous inflammatory renal diseases. Results showed a
significant down-expression of levels of E-cadherin and β-
catenin directly correlated with the tubular–interstitial
damage (TID). In TID grades 2 and 3, E-cadherin expression
was significantly reduced (p<0.001). β-catenin expression

was overall similar to E-cadherin. The mesenchymal-
associated protein, vimentin, was de novo identified in
tubules within areas of inflammation. In this work, we
identified the loss of cadherin or catenin expression as a
progressive mechanism in tubulo-interstitial fibrosis, which
allows dissociation of structural integrity of renal epithelia
and loss of epithelial polarity. The dog might result more
significant as model for new therapies.

Keywords Adhesion molecule . Canine . Fibrosis

Introduction

By definition, epithelial–mesenchymal transition (EMT) is
a phenotypic conversion of epithelial cells, leading to the
loss of epithelial cell–cell-basement membrane contacts,
structural–functional polarity, and acquisition of a fibro-
blastic phenotype [23]. A number of steps appear necessary
to complete the process of EMT. Loss of the epithelial
phenotype and disruption of adhesion molecules is the first
phase of EMT, reported in several types of pathological
processes: tumors, embryogenesis, and organ fibrosis [2,
15, 16, 21, 22]. Emerging evidence has established EMT as
one of the major mechanism of renal fibrosis in human and
other species [14]. In the latest studies, the authors showed
that tubulo-interstitial damage (TID) is characterized by
loss of differentiated epithelial cells and activation of
mesenchymal cells (renal fibroblasts) leading to renal
fibrosis [27]. Tubular epithelial cells (TECs) undergo
phenotypic change as demonstrated by de novo vimentin
expression and loss of cytokeratin during chronic renal
disease. While, under normal circumstances, the TECs are
attached to each other and to the basement membrane
through specialized junctional complexes that include
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molecules such as cadherin and catenin, during the injury,
epithelial cells lose the polarity and the mechanisms of
adhesion [18, 20]. These processes of cellular injury and
detachment lead to the release of cytokines, different
inflammatory mediators, and the recruitment of leukocytes
to the site of injury. These inflammatory processes may
both contribute to the injury and play a role in the repair
mechanism that follows the injury [6, 7].

Canine renal pathology represents a good model for the
examination of changes in the tubulo-interstitial compart-
ment. In renal biopsies, early histomorphological signs of
interstitial fibrosis in dogs are associated with an unfavor-
able prognosis, even if routine clinical parameters still
indicate a compensated kidney function. We have recently
demonstrated the similarity of the renal canine model to
human, showing that the number of TECs undergoing EMT
features is associated with the degree of TID [1]. The aim
of the current study was to examine in the same distribution
of damage the regulation of adherens junction complex
(E-cadherin and β-catenin) in TECs. Numerous recent
studies have shown that cellular adhesion molecules and
their associated proteins may be critical early target in renal
fibrosis murine model and in human transplanted kidney [2,
20]. To study the origin of the EMT, we focused our
attention on the potential mechanisms of TECs activation in
dogs with different types of spontaneous glomerular disease
and associated tubulo-interstitial damage. We postulated
that E-cadherin and β-catenin are key molecules in tubular
EMT, and loss of expression of both markers is relevant in
development of kidney fibrosis, through tubular EMT.

Materials and methods

We collected open renal specimens from 25 dogs who were
examined and diagnosed with renal disease in the Depart-
ment of Pathology, University of Turin in 2007. Disease
categories were based on histological, immunofluorescent,
and ultrastructural examination, and the diagnosis were
given using the criteria of the WHO classification of
glomerular diseases. The following groups were included
in this study: membranous glomerulonephritis (6), mem-
branoproliferative glomerulonephritis (13), and minimal
change disease (6). Clinical parameters (plasma creatinine
and proteinuria) were obtained at the time of collection (see
Table 1).

Histological examination

Renal samples were fixed in 10% neutral buffered formalin,
and sections were cut at 3 μm in thickness and routinely
stained. On Masson’s Trichrome staining, interstitial fibro-
sis and inflammation were assessed at ×200 magnification

and scored as follow: normal tubulo-interstitium (TID
grade=0), mild tubular atrophy, and interstitial edema or
fibrosis affecting up to 25% of the field of view (TID grade=
1); moderate tubulo-interstitial fibrosis affecting 25–50% of a
given field (TID grade=2); severe tubulo-interstitial fibrosis
>50% of a field (TID grade=3).

Immunofluorescence

For immunofluorescence, unfixed renal tissue was OCT-
embedded, snap-frozen in liquid nitrogen, and stored at
−80°C. Fluorescein Isothiocyanate-labeled anti-goat IgA,
IgG, IgM, and complement C3 antibodies specific for the
dog (Bethyl Laboratories INC., Montgomery, AL, USA)
were used. Primary antibodies were omitted as negative
controls.

Immunohistochemistry

An immunohistochemical panel was performed to assess
the changes to the TECs. The following antibodies were
used in this work: antihuman E-cadherin (clone 36,
Transduction Laboratories, Lexington, KY, USA), anti-
mouse β-catenin (clone 14, Transduction Laboratories)
and anti vimentin (Dako, Glostrup, Denmark). For the
immunostaining, paraffin kidney sections (4 μm) were
dewaxed and rehydrated, and antigen retrieval was per-
formed by microwave exposure for 3 min (three times) in a
citrate buffer (pH 6.0) at 600 W. When the temperature of
the buffer reached room temperature, the slides were rinsed
in phosphate-buffered saline (PBS) and incubated with
hydrogen peroxide (H2O2) 3% in methanol for 15 min to
block endogenous peroxidase activity. After rinsing in PBS,
background staining was blocked using PBS added of 10%
bovine serum albumin (BSA, Sigma–Aldrich, St. Louis,
MO, USA) for 20 min. The sections were then incubated
with the primary antibody diluted in PBS 10% BSA for
60 min. Anti E-cadherin and anti β-catenin were diluted
1:70, anti vimentin 1:50 in PBS 10% BSA. After two
washings with PBS, the sections were incubated with the
secondary antibody provided by a commercial kit (Real
EnVision™ peroxidase Detection System, Dako) for
30 min then washed twice in PBS; the reaction was

Table 1 Summary of clinical results of dogs

TID grade Plasma creatinine (mg/dl) UPCa value

0 1.1±0.2 <0.2
1 1.8±0.4 0.3±0.04
2 3.8±1.2 0.7±0.14
3 5.3±2.5 0.9±0.24

a Urine protein/creatinine ratio
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developed with the DAB solution provided by the kit,
washed in tap water, and counterstained with hematoxylin
and PAS. Normal mammary gland was also used as positive
control of the immune reaction for E-cadherin and β-
catenin. We tested normal canine kidney tissue to quantify
the expression of E-cadherin and β-catenin in TECs, and
we used normal mammary gland for comparison. Expres-
sion of both markers in control dogs results to be mostly
total in cytoplasm and membrane of TECs.

Double immunohistochemistry

Vimentin and β-catenin double antigen-immunoperoxidase
labeling was performed using a commercial kit (Vector
Laboratories, Burlingame, CA, USA), according to manu-
facturer’s instructions. Peroxidase activity was demonstrated
firstly by DAB + Ni2+ (grey to black chromogen reaction)
for Vimentin and secondly by 3-amino-9-ethylcarbazole
(AEC, red chromogen reaction) for β-catenin.

Quantification of immunohistochemistry and statistical
analysis

Immunohistochemical staining was assessed with respect to
its localization and its intensity. E-cadherin and β-catenin
immunoreactivity was classified as membranous (localized
to cell–cell boundaries) or cytoplasmic (uniformly distrib-
uted through the cytoplasm, with no recognizable distinc-
tion between membrane and cytoplasm). Quantification of
E-cadherin and β-catenin expression in each case was
graded according to loss in TEC of immune reaction for the
two markers. Loss of cytoplasmic staining of adhesion
molecules (E-cadherin and β-catenin) was assessed by
counting the percentage of stain-negative cells per HPFs.
For each case examined, analysis was performed by
counting ten fields (×200), focusing on TECs. Expression
of cytoplasmic staining for mesenchymal marker (vimentin)
was evaluated by counting the percentage of positively
stained TEC per HPFs. The staining intensity, based on the
area of distribution, was also assigned from 0% to 100%.
The semiquantitative evaluation of immunostaining was
evaluated by an electronic image analysis system (Adobe
Photoshop CS3). Images were digitalized using a video
camera connected to a single microscope and to a computer
equipped with a frame grabber (Neotech Ltd, Eastleigh
Hampshire, UK). In order to detect a possible relationship
between the two percentages of the variables (E-cadherin or
β-catenin and area), a scatter plot was used, grouping their
values according to the nominal variable TID. Furthermore,
the product of the percentage of the values for the intensity
and the area was used to increase the sensitivity of the data.
Data are presented as means ± SD. Analysis of variance
(ANOVA) was performed, and the six comparisons among

the mean values of the pairs were performed using the
Bonferroni Multiple Comparison Test. Statistical analyses
were performed with GraphPad-InStat software (GraphPad
Software, San Diego, CA, USA).

Results

Tubulo-interstitial damage was a common finding in
membranous and membranoproliferative glomerulonephritis
(Fig. 1). In minimal change disease, only minimal areas of
inflammation and fibrosis were detected (TID grade 1). All
three grades of TID were present among the samples
examined. For each case, the quantitative analysis data
corresponding to the grade of TID are summarized in
Table 2.

Renal samples, independent of the diagnosis, showed a
variable intensity of positive immunostaining in the TECs
for E-cadherin and β-catenin.

Expression of E-cadherin

Uniform, strong membranous, and cytoplasmatic E-
cadherin staining was localized in TECs in the controls
(87.7±2.0 product, see Fig. 2a). In TID grade 1, E-cadherin
immunoreactivity was minimally reduced when compared
to normal TECs (62.2±2.5 product). In TID grades 2 (33.7±
2.0) and 3 (12.5±4.0, see Fig. 2b and c), E-cadherin
expression was significantly reduced. Distribution in TECs,
independently of the disease, was heterogeneous or negative
compared with that in normal tubular epithelium and was
characterized by patterns with variable degrees of membrane
and cytoplasmic staining. This expression was preserved in
the intact tubules next to the areas of inflammation. Table 1
summarizes the relationship between E-cadherin expression
and the TID grade. E-cadherin expression in all cases
examined significantly correlated with the histological grade
(p<0.001).

Expression of β-catenin

Normal TECs showed expression of β-catenin; the signal was
recorded not only more intensely at cell junctions, but also
diffusely in the cytoplasm (92.5±2.0 product, see Fig. 2d).

The β-catenin expression was similar to E-cadherin in
all lesions examined. Expression of β-catenin was reduced
in TID grade 1 (58.8±2.2 product, see Fig. 2e) compared to
normal TECs (p<0.001). Scattered positive TECs in the
TID grade 3 showed an exclusively granular cytoplasmic
pattern (see Fig. 2f). Tubules next to the inflammation
retained the cytoplasmic and membrane localization of
catenin. Nuclear staining was also observed in some cells.
Data are shown in Table 1.
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Expression of vimentin

No tubular expression of vimentin was detected in control
dogs (Figs. 3, 4). De novo expression of vimentin marker
was identified in tubular epithelial cells in different
proportion, statistically correlated with the TID grade (p<
0.01). More intense vimentin expression was restricted to

areas of tubular damage, and concomitant expression of
vimentin and β-catenin was recorded in the same tubular
cross sections in double immunohistochemistry (see Fig. 5a
and b). However, the expression of vimentin marker was
demonstrated in TECs of degenerate atrophic tubules within
areas of inflammation (48.2±10.3 TECs/field in TID grade
3). Both intact tubules closed to the inflammation showed

Table 2 Summary of immunohistochemical results

TID grade 0 (5 dogs) 1 (11 dogs) 2 (7 dogs) 3 (7 dogs) p Value

E-cadherin 87.7±2.0 62.2±2.5 33.7±2.0 12.5±4.0 <0.0001
β-catenin 92.5±2.0 58.8±2.2 31.5±3.0 12.0±4.4 <0.0001
Vimentin 0.0±0.0 10.2±2.1 26.3±5.2 48.2±10.3 <0.0001

Results are reported as means (obtained from the multiplication of the values for the intensity and the percentage of positive tubular epithelial
cells) ± SD

Fig. 1 a Granular pattern deposition along the glomerular basement
membrane associated with mesangial distribution. (FITC-anti-goat
IgG, ×400). b Diffuse, intense granular deposits along the glomerular
basement membrane. (FITC-anti-goat IgG, ×400). c Deposition along

the basement membrane and in the mesangium in a membranoproli-
ferative glomerulonephritis (AFOG, ×400). d Diffuse thickening of
glomerular basement membrane due to intramembranous deposition in
a membranous glomerulonephritis (AFOG, ×400)
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Fig. 2 a Normal E-cadherin cytoplasm and membrane expression in
control kidney (×200). b Progressive lost of cadherin expression in
tubular epithelial cells (arrow) and tubules with normal expression
(asterisk) in TID grade 2 (×400). c Negative staining of E-cadherin in
multifocal tubules (arrow) in TID grade 3 (×100). d β-catenin

intensely stained membrane of epithelial tubular cells in control
kidney (×200). e Progressive lost of β-catenin expression in scattered
epithelial cells in TID grade 1 (×200). f Lost of β-catenin expression
evident in tubular cross sections (arrow) and tubules with normal
expression (asterisk) in TID grade 3 (×200)
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vimentin staining. Quantification of the percentage of
tubules expressing vimentin marker is shown in Table 1.
Examination of PAS-vimentin immunohistochemistry
showed a thickening of tubular basement membrane
correlated with tubules vimentin positive; no ruptures were
identified (see Fig. 6).

Statistical results

The scatter plot used to detect the relationship between
the two variables percentages of E-cadherin or β-catenin,
and area showed that the four clusters of TID were
homogeneous and evidenced a systematic difference
between them (see Figs. 3 and 4). Moreover, the two

variables were strongly correlated; so, a new variable, the
product of the mentioned ones, was considered for the
statistical analysis. ANOVA revealed that all the differ-
ences were highly significant (p<0.001). Therefore, the
six comparisons among the mean values of the pairs were
performed using the Bonferroni Multiple Comparison
Test, and the differences were again highly significant
(p<0.001).

The last analysis was the modelization of the composed
variable product with respect to TID according to a linear
model. Both the line plot and the statistical indices p value
and R2 encourage to predict the variable product of E-
cadherin or β-catenin and area according to a more suitable
model, a quadratic one (see Figs. 3 and 4).

Fig. 4 Left scatter plot to detect the relationship between the two variables percentages of β-catenin and Area. Right modelization of the
composed variable product for β-catenin with respect to TID

Fig. 3 Left scatter plot to detect the relationship between the two variables percentages of E-cadherin and area. Right modelization of the
composed variable product for E-cadherin with respect to TID
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Discussion

In this study, we sought to determine whether the EMT
process was related to down-expression of E-cadherin and
β-catenin and if this correlated with the different grades of
TID in the most common spontaneous canine renal
diseases.

The E-cadherin–catenin complex plays a fundamental
role in the construction of epithelia. Cadherins comprise a
family of calcium-dependent cell–cell adhesion proteins
that play important role in embryonic development and
maintenance of normal tissue architecture [5, 6, 28]. The
cadherin–catenin complex binds to the cytoskeletal compo-
nents, including actin bundles, and the linkage in this
complex is crucial for E-cadherin to function normally [17].

The predominant epithelial isoform, E-cadherin, localizes in
the lateral membrane of differentiated epithelia, providing
the structural foundation for adherens junctions [18]. In
fact, they not only function as static structural components
of adherens junctions but they, along with some of their
associated molecules, also play critical role in regulating
cell-signaling pathways [3, 19, 26]. Likewise, the inflam-
matory processes may either contribute to the initial injury
or occur as a consequence of the cellular injury involving
specific changes in the expression and function of cell
adhesion molecules that are necessary for the migration,
attachment, and activation of leukocytes [26].

Cadherin–catenin complex alterations have been studied
in the development of carcinogenesis model and to
understand the mechanism of epithelial mesenchymal
transition in the fibrotic process [2, 4]. Few papers
demonstrate that changes in cadherin expression are
fundamentals to the process of EMT and cellular motility
[19, 24]. In the human adult kidney, the cadherins are
differently expressed in various segments of the nephron. In
a study of mouse kidney, Piepenhagen and Nelson [25]
showed that E-cadherin is abundantly expressed in most
segments of the nephron, including the proximal tubules.
Cho and colleagues [8] also reported that E-cadherin is
present in the proximal and distal tubules of newborn mice.
In the present experiment, normal kidney from control dogs
showed cytoplasmatic and membrane expression of both
adhesion markers in all segments of the nephron.

The immunohistochemical profiles of E-cadherin and β-
catenin observed in this study result not associated with the
glomerular lesions; no correlation was found among the
different classes of disease. On the contrary, the reduction
in cadherin and catenin expression was strictly related to
the TID: a statistical significant association (p<0.01) was

Fig. 6 Down-expression of β-catenin associated with tubular base-
ment membrane thickening, no sign of rupture (Vimentin-PAS
counterstained, ×200)

Fig. 5 a, b Scattered epithelial tubular cells β-catenin positive stained in red and several epithelial tubular cells vimentin positive stained in black
in same tubular cross section (arrow) in TID grade 2 (double immunohistochemistry, a ×400, b ×600)
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found that correlated with the different evolution of TID.
Data on the expression of β-catenin in renal specimens are
similar for E-cadherin with a similar frequency of alter-
ations, and we also identified the presence on nuclear
expression of catenin. Different in vitro studies have
demonstrated that down-expression of E-cadherin is related
with translocation of β-catenin from the membrane leading
to the cytoplasm and then into the nucleus. This transloca-
tion suggests the loss of epithelial polarity and integrity [9].
β-Catenin has a dual role in the EMT: it enhances cell–cell
adhesion when bound to cadherin complexes in adherens
junctions and also functions as a transcriptional co-activator
upon entry into the nucleus [7, 11, 13]. The results obtained
in this experiment evoke an interesting speculation: down-
expression of cadherin–catenin system in TECs is a
necessary step for transdifferentiation of these cells into
cells acquiring mesenchymal features. The entire process
requires alterations in morphology, cellular architecture,
and adhesion capacity [10, 12, 31]. TECs under normal
conditions are tightly connected to each other to form an
integrated epithelial sheet through cell adhesion mecha-
nisms fundamental for their functions, and no mesenchymal
features are evident in TECs (vimentin expression in
control dogs: 0.0±0.0). As disease progresses, epithelial
tubular markers largely disappeared, and coexpression of
vimentin and epithelial markers in TECs becomes evident
(β-catenin expression in TID grade 3: 12.0±4.4). Positivity
for mesenchymal antigen and loss of adhesion junction
properties were mainly detected in well-preserved tubular
structures without signs of tubular basement membrane
disruption or possible cell migration into the interstitium, as
demonstrated by PAS counterstain.

To investigate this mechanism, we performed double
immunohistochemistry for vimentin and β-catenin. This
technique permits to identify the colocalization of both
markers and define the process as step by step due to the
progressive modification in the same tubular cross section.

This work confirms that loss of cadherin or catenin
expression is an early mechanism in tubulo-interstitial
fibrosis, which allows dissociation of structural integrity
of renal epithelia and loss of epithelial polarity. To enable
migration of single epithelial cells, the strong cell–cell
adhesion, a feature of epithelial cells, has to be reduced.
Therefore, the reduction of cellular adhesion is associated
with epithelial dedifferentiation mechanism. EMT is easily
started by a combination of cytokines associated with
proteolytic digestion of basement membranes upon which
epithelia reside [10, 29, 30]. The canine renal model offers
different advantages in the study for the role of adhesion
molecules and the EMT mechanism in kidney, such as the
development of spontaneous diseases, the slow progression
of the disease, and overall, the similarity of inflammatory
lesions in the canine kidney to humans.

In summary, we could describe the process of EMT in
different events involving: loss of adhesion properties (loss
of catenin and cadherin expression) and de novo expression
of mesenchymal features (vimentin positive reaction in
TECs). This study provides the first evidence that TECs can
undergo phenotypic change toward a mesenchymal expres-
sion during progressive renal fibrosis in canine glomerulo-
nephritis on the basis of de novo vimentin expression and
down-expression of epithelial markers of junction. While
down-regulation of cadherins is well described in cultured
cells and murine model, it still remains to be shown
whether such events occur in spontaneous renal pathology
in human [28, 29, 32]. On the base of this experimental
study, the dog becomes an important model for further
investigations, especially for the expression of TGF-β, a
major regulator of EMT and cadherins expression in the
TECs.
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Abstract Homozygous deletion of p16/CDKN2A is the
most common genetic abnormality in malignant mesothe-
liomas. The aim of this study was to determine prognostic
significance of p16/CDKN2A loss in malignant pleural
mesotheliomas (MPM) as defined by immunohistochemis-
try and fluorescence in situ hybridization (FISH). High-
density tissue microarrays were constructed from archival
formalin-fixed paraffin-embedded samples of 48 MPM.
Long survival (LS) was defined as survival greater than
3 years from the time of diagnosis, and short survival was
defined as less than 3 years from the time of diagnosis. Both

loss of p16 protein expression by immunohistochemistry and
homozygous deletion of p16 by FISH were associated with
adverse prognosis. Female gender, positive p16 immunoex-
pression, and lack of p16/CDKN2A deletion significantly
predicted the survival for the LS group. Statistical analysis
showed a very strong correlation of immunohistochemistry
and FISH data. Cases positive for p16 immunoexpression
and negative for 9p21 deletion showed the best survival
time. Our study is the first to demonstrate decreased
frequency of homozygous deletion of 9p21 and loss of p16
immunoreactivity in pleural mesotheliomas from patients
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with long-term survival of greater than 3 years in contrast
to patients with rapidly fatal mesotheliomas. A possible
implementation of these tests into preoperative prognosti-
cation of MPM and therapeutic decisions should be
considered.

Keywords Pleural mesothelioma . p16 . FISH .

Immunohistochemistry . Prognosis

Introduction

Malignant pleural mesothelioma (MPM) is an aggressive
tumor usually associated with a poor prognosis and
median survival period of only 6–12 months [1, 2].
Approximately 2,000 new cases are diagnosed each
year in the US and there is an increasing incidence
worldwide [3]. More than 80% of cases can be attributed
to asbestos exposure, but approximately 20% of cases may
be related to other factors such as exposures to simian
virus 40, thorotrast, and radiation [4, 5]. The incidence of
MPM is expected to rise worldwide in the next 10–
20 years as a result of widespread exposure to asbestos
in past decades and continuing exposure in developing
countries [6].

There is no reliable definitive therapy for MPM, and
only a tiny minority of patients is eligible for potentially
curative treatments. Response to different treatments is
variable but there is a small subset of patients that will have
longer survival than typically expected. The major clinical
issue is to establish early diagnosis and adequate treatment
triage of the patients with MPM. Diagnosis of early disease
is difficult and most patients are diagnosed at an advanced
stage. The TNM staging system is of limited prognostic
value in patients with MPM, and two currently accepted
staging systems include the International Mesothelioma
Interest Group and Brigham systems [7, 8]. A limitation of
both staging systems is that the extent of the disease can be
assessed only at thoracotomy, which means that a minority
of patients can be adequately staged. Radiologic prediction
of stage proposed by these two systems is problematic.
Therefore, alternative prognostic scoring systems have been
proposed by the European Organization for the Research
and Treatment of Cancer and the Cancer and Leukemia
Group B [9, 10]. These prognostic scoring systems indicate
that the most important predictors of poor prognosis in
MPM are nonepithelioid histology, male gender, poor
performance status, low hemoglobin, high platelet count,
high white blood cell count, and high lactate dehydrogenase
level. These prognostic factors are proposed to be very
important in selecting appropriate treatment. Nonepithelioid
histology of MPM argues against surgery as a treatment
option [11, 12]. However, it has been shown that up to 40%

of malignant mesotheliomas are inadequately histologically
classified on small biopsy specimens [11, 13]. This means
that some of the patients will not receive adequate therapy
because of inadequate histologic subclassification. This also
has an impact on survival, variable response to therapy, and
poor outcome. It is clear that the search for other prognostic
factors is necessary to improve treatment of patients with
MPM.

Molecular studies at DNA and RNA levels, as well as
cytogenetic studies, have resulted in identification of
potential diagnostic and prognostic markers that may be
useful in clinical practice [14–17]. One of the most
common genetic alterations in MPM is the homozygous
deletion of the 9p21 locus harboring genes CDKN2A,
CDKN2B, and MTAP [18–21]. Deletion of p16/CDKN2A
deletions has been reported in up to 72% of primary
mesotheliomas [22, 23]. Recent studies demonstrated the
diagnostic usefulness of this abnormality in separation of
benign from malignant mesothelial proliferations in body
fluid and biopsy specimens [24, 25]. By gene expression
analysis using fluorescence in situ hybridization (FISH) as
a validation method, Lopez-Rios et al. [19] demonstrated
the prognostic significance of p16 deletion in MPM using
1-year survival as a cutoff for long survival.

From institutions in multiple countries, we have assem-
bled a collection of 26 patients with MPM and very
unusually long survivals of three or more years after
diagnosis, the largest collection of MPM patients with this
exceptional outcome. We hypothesized that the tumors
from this unique cohort of patients have molecular markers
that should correlate with their unusually good prognosis.
The aim of our study was to determine the prognostic
significance of the loss of p16 as determined by FISH and
immunohistochemistry in epithelioid MPM with long-term
survival of three or more years.

Material and methods

Forty-eight cases of epithelioid MPM from either open
biopsies or pleurectomies diagnosed between 1987 and
2003 were selected by contributing authors. The tumors
were classified according to the World Health Organization
Classification of tumors of the lung and pleura [26]. The
diagnosis was confirmed immunohistochemically by at
least three positive and two negative markers. The study
was approved by the University of Pittsburgh Institutional
Review Board (IRB # 0612074). The patients were divided
into two groups using 36 months as cutoff survival.
Twenty-six patients were identified as long survivors (LS;
one USA, one UK, one Austria, three France, five Turkey,
15 Italy) and 22 as short survivors (SS; five UK, eight Italy,
nine Austria) [27].
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Tissue microarray constructions

High-density tissue microarrays were constructed from
archival formalin-fixed paraffin-embedded samples of 48
cases of epithelioid malignant mesotheliomas collected in
USA, UK, Turkey, Italy, France, and Austria. For each
sample, five representative areas rich in tumor cells were
identified by light microscopic examination and marked on
the hematoxylin-and-eosin sections. Five cores measuring
0.6 mm in diameter were taken from the donor paraffin tissue
blocks of each case and were arranged in a recipient paraffin
tissue array block by using aManual Tissue Arrayer (MTA-1,
Beecher Instruments Inc, Sun Prairie, WI, USA). Each donor
block was punched six to ten times for the construction of two
recipient blocks, each containing 243 tissue cores. Thirteen

cores of morphologically normal-appearing pleura and lung
parenchyma were also included [27].

Immunohistochemistry

The immunohistochemical study was performed using anti-
p16 mouse monoclonal antibody at a dilution of 1:200 (BD
PharMingen, San Diego, CA, USA) according to the stan-
dard avidin–biotin–peroxidase complex method. The p16
immunostain for each case was interpreted as previously
described [28]. Briefly, nuclear and cytoplasmic p16 immu-
noreactivity was scored for intensity and extent. Intensity of
immunoreactivity was scored as 0—no staining; 1+—weak
staining; 2+—strong staining. The extent of immunoreac-
tivity was assessed as focal (<5%) or multifocal–diffuse.

Fig. 1 P16 immunoreactivity was nuclear and cytoplasmic and was
scored for intensity and extent. Cases were considered negative if no
staining or weak focal staining was present (left). Staining was

interpreted as positive if weak multifocal–diffuse or strong diffuse
staining was observed (right)

Fig. 2 Homozygous deletion by FISHwas defined if both 9p21 signals were lost in at least 20% of nuclei. Normal cells are expected to show two green
(chromosome 9 centromeric probe) and two red signals (locus-specific CDKN2A (p16) probe; Vysis, Downers Grove, IL, USA)
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Cases were considered negative if 0 or 1+ focal, positive if
1+, multifocal–diffuse if 2+ (Fig. 1). Sections of cervical
biopsy previously identified as immunoreactive for p16
protein served as a positive control. Negative controls
included omitting the primary antibody and its substitution
with normal serum.

Fluorescence in situ hybridization

Dual-color FISH analysis was performed using a Spectrum-
Green-labeled chromosome 9 centromeric probe and a
Spectrum-Orange-labeled locus-specific CDKN2A (p16)
probe (Vysis, Downers Grove, IL, USA), as previously
described [24]. In brief, paraffin sections were deparaf-
finized, dehydrated in ethanol, and air-dried. Sections were
digested with protease K (0.5 mg/ml) at 37°C for 28 min.
The slides were denatured at 75°C for 5 min in 70%
formamide (Chemicon, Billerica, MA, USA) and dehy-
drated in ethanol. The probes were denatured for 5 min at
75°C prior to hybridization. Slides were hybridized over-
night at 37°C and washed in 2XSSC/0.3% Igepal (Sigma,
St. Louis, MO USA) at 72°C for 2 min. Nuclei were
counterstained with 4’,6-diamidino-2-phenylindole
(DAPI)–antifade (Vysis, Inc., Downers Grove, IL, USA).
Each FISH assay included normal lung tissue sections as a
negative control, and sections of malignant mesothelioma
previously identified as carrying p16 deletion as a positive
control. Analyses were performed using a fluorescence
microscope (Nikon Eclipse E600) and Cytovysion Work-
station (Applied Imaging, Santa Clara, CA, USA) equipped
with filter sets with single- and dual-band excitors for
Spectrum Green, Spectrum Orange, and DAPI (UV
360 nm). The histological areas previously identified on
the hematoxylin-and-eosin-stained sections were analyzed
on the FISH-treated slides. Only individual and well-
delineated cells were scored. Overlapping cells were
excluded from the analysis. At least 60 cells were scored
for each case and control.

Each tumor was assessed by the average and the
maximum numbers of copies of p16 gene per cell and
the average ratio of p16 gene to chromosome 9 copy
numbers (CEP9). Homozygous deletion was defined if
both 9p21 signals were lost in at least 20% of nuclei
(Fig. 2).

Statistical analysis

The Kaplan–Meier method was used to estimate the
survival function. The agreement of immunohistochemistry
and FISH was tested by the simple kappa coefficient.
Logistic regression was performed to determine whether all
available explanatory variables can be used to predict
survival status (LS versus SS).

Results

Clinical characteristics

The patients were divided into two groups using the overall
median survival for all patients in this study of 36 months.
Twenty-six patients were identified as LS and 22 as SS. There

Table 1 Immunoexpression of p16 protein and homozygous deletion
of p16 determined by FISH in epithelioid type of malignant pleural
mesotheliomas (39 analyzed cases)

Study
group

Case
#

Gender Age
(years)

Survival
(months)

IHC FISH

LS 1 F 63 47 POS DEL
2 F 65 37 NEG ND
3 F 63 68 NEG NA
4 F 55 37 POS DEL
5 M 61 57 POS ND
6 M 45 39 NEG DEL
7 M 60 44 POS ND
8 M 53 39 NEG DEL
9 F 56 42 POS ND
10 F 71 72 POS ND
11 F 56 41 POS ND
12 M 64 37 NEG ND
13 M 63 76 POS ND
14 F NA 61 POS ND
15 F 67 48 NEG ND
16 F 30 51 POS ND
17 M 72 45 NEG NA
18 M 63 55 POS ND
19 F 71 36 NEG DEL
20 F 41 37 NEG DEL

SS 1 M 69 8 NEG DEL
2 M 64 5 NEG DEL
3 M 63 <1 NEG NA
4 F NA 12 NEG NA
5 M 78 6 NEG DEL
6 M 81 2 POS DEL
7 M 67 18 NEG DEL
8 M 59 12 POS DEL
9 M 54 8 POS ND
10 M 47 12 NEG ND
11 M 69 12 NEG DEL
12 M 62 12 POS DEL
13 M 72 3 NEG DEL
14 M 73 <1 NEG DEL
15 F 63 1 NEG DEL
16 M 50 2 NEG DEL
17 M 66 18 NEG DEL
18 F 41 13 NEG DEL
19 M 59 31 NEG DEL

LS long survival (>3 years), SS short survival (<3 years), IHC
immunohistochemistry, FISH fluorescence in situ hybridization, POS
positive, NEG negative, DEL deletion, ND not deleted, NA not
applicable
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were 11 men and 15 women in LS group and 17 men and five
women in SS group. Mean age in LS group was 63.7 years
(range 41–78) and 57.4 years (range 30–71) in SS group.Mean
survival in LS group was 50.7 months (range 36–116 months)
and 9.1 months (range <1–31 months) in SS group.

Fluorescence in situ hybridization

The results of p16 expression assessed by immunohisto-
chemistry and p16 deletion assessed by FISH are shown in
Table 1.

Fluorescence in situ hybridization was successful in 35
(18 LS; 17 SS) of 48 cases (73%). Homozygous deletions
of p16/CDKN2A was seen in 21 (60%) of cases, more
frequently in cases with shorter survival. The estimated
median survival time was 46 months for the subjects
negative for deletion. For the subjects positive for deletion,
the estimated median survival time was 12 months. Sub-
jects negative for deletion as determined by FISH lived

significantly longer than those subjects positive for deletion
(p value <0.0001 for log-rank test; Fig. 3).

Of 18 cases with LS, homozygous deletion of p16/
CDKN2Awas identified in six cases (33%), while 12 cases
(67%) were negative for deletion (Fig. 4a). Of 17 cases
with SS, homozygous deletion of p16/CDKN2A was
identified in 15 cases (88%) and two cases (12%) were
negative for deletion (Fig. 4a). The difference in frequency
of homozygous deletion of gene p16 was statistically
significant between the two groups of malignant mesothe-
liomas (p=0.001). In addition to homozygous loss, two
cases in LS group and one case in SS group showed
hemizygous loss. Polyploidy of chromosome 9 was
observed in three SS cases. Age was not a significant
predictor of survival status in respect to presence or absence
of deletion determined by FISH. However, gender and
FISH results could significantly predict the survival.
Subjects negative for deletion were more frequently women
in LS group. The estimated odds ratio, female versus male,

Fig. 3 Survival probability in
respect to presence or absence of
p16 deletion as determined by
FISH in patients with epithelioid
MPM
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was 16.014. The estimated odd ratio for negative and
positive for deletion was 19.87.

Immunohistochemistry

P16 protein expression by immunohistochemistry was
successfully determined in 39 cases. Discrepancies in
number of cases analyzed by immunohistochemistry and
FISH assay reflect unsuccessful hybridization. Of 20 cases
with LS, positive p16 immunoexpression was identified in
11 cases (55%), while nine cases (45%) showed loss of
expression (Fig. 4b). Of 19 cases with SS, only four cases
(21%) showed positive p16 immunoexpression and 15
cases (79%) were negative (Fig. 4b). The difference in p16
protein expression was statistically significant between the
two study groups (p=0.04). Similar to FISH results, age
was not a significant predictor of survival status in respect
to presence or absence of p16 immunoexpression. Female
gender and positive p16 immunoexpression could signifi-
cantly predict the survival for LS. As for female versus
male, the estimated odds ratio was 12.476. For positive
versus negative p16 immunoexpression, the estimated odds
ratio was 5.495.

The estimated median survival time was 44 months for
cases showing positive p16 immunoexpression. For the
negative cases, the estimated median survival time was
15.5 months. Subjects with positive p16 immunoexpression
lived significantly longer than those subjects with negative
results (p value=0.0046 for log-rank test; Fig. 5).

Table 2 summarizes the results of 9p21 homozygous
deletion determined by FISH in comparison with p16
expression determined by immunohistochemistry. Statisti-
cal analysis showed a very strong correlation of immuno-
histochemistry and FISH data (kappa coefficient=0.47),
with only eight discrepant cases out of 34. Cases with the
9p21 deletion showed loss of p16 protein expression by
immunohistochemistry, while cases without a 9p21 deletion
maintained intact p16 protein expression (p value=0.003).
Five cases were negative for deletion but showed positive
p16 expression by immunohistochemistry. There were also
three cases that showed loss of p16 immunoexpression, but
were negative for deletion. Survival analysis showed that
cases with positive p16 protein immunoexpression and
negative for deletion of 9p21 as determined by FISH have
the best survival time (Fig. 6).

Fig. 5 Survival probability in
respect to p16 protein expres-
sion determined by immunohis-
tochemistry in patients with
epithelioid type of MPM

Table 2 Comparison of p16 immunoexpression by IHC and p16
homozygous deletion by FISH

IHC

NEGATIVE POSITIVE

ND 4 10
DEL 16 5

Kappa coefficient=0.47
ND not deleted by FISH, DEL deleted by FISH, IHC immunohisto-
chemistry
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Discussion

Several prognostic factors in pleural mesotheliomas have
been reported previously, one of which is histology.
Preoperative histologic classification of mesothelioma is
very important in treatment decision because in cases of
nonepithelioid morphology surgery is not a choice and
other therapeutic options are considered. Although epithe-
lioid mesotheliomas are usually surgically treated, there is
still variability in survival despite similar treatment.
Therefore, it is important to improve prognostic prediction
before definitive surgery. For that reason, our study focused
on epithelioid mesotheliomas only.

Loss of p16 gene is one of the most frequent genetic
alterations in malignant mesotheliomas. Differences in
reported frequency of loss of p16 usually reflect different
methodology. It is known that loss of p16 may be a result
of homozygous deletion, methylation, or point mutation,
with homozygous deletion being the most common [14].
Homozygous deletion could be detected either by FISH or
polymerase chain reaction (PCR)-based assays. FISH assay
has certain advantages of being able to identify homozy-
gous and hemizygous deletions. In contrast to PCR-based
assays, contamination with normal cells is not an issue
since those could be easily excluded from FISH analysis.

There are several clinical applications for detection of p16
deletion. One is diagnostic, particularly in differentiation
between benign and malignant mesothelial proliferations,
which is a common diagnostic problem for pathologists [24,
25]. Illei et al. [25] demonstrated that detection of p16/

CDKN2A deletion by FISH is a very powerful ancillary
test in the body cavity effusion specimens. Our recent study
demonstrated that the same diagnostic assay could be used
on formalin-fixed paraffin-embedded surgical specimens
[24]. This approach has certainly improved the accuracy of
diagnosis of malignant mesotheliomas.

Negative prognostic implications of p16/CDKN2A
deletion have been reported in a prior study. Illei et al.
clearly demonstrated that p16 deletion is associated with
shorter survival using 1-year survival as a cutoff for long
survival [19]. Similarly, our study confirmed the same
observation, but we used 3 years as a cutoff survival
demonstrating that the absence of deletion is a predictor of
a long survival. These results indicate that FISH analysis of
p16 in pleural mesothelioma can be used as an ancillary
prognostic test that may guide treatment decisions.

Adverse prognostic significance of p16 loss determined by
immunohistochemistry has been reported in peritoneal
mesothelioma [28]. However, the results of this approach
have not been reported in pleural mesothelioma. To our
knowledge, our study is the first demonstration of loss of
p16 immunoreactivity as a negative prognostic factor in
pleural mesothelioma. Despite the same scoring method, our
study demonstrated loss of p16 immunoreactivity in 62% of
cases, in contrast to the reported 48% in peritoneal
mesotheliomas. This may reflect differences in histologic
types analyzed in two studies. Study on peritoneal meso-
theliomas focused mainly on biphasic type, while our study
was focused on epithelioid type. The second possible
explanation would be biologic and genetic differences

Fig. 6 Survival probability in
respect to status of p16 loss
determined by FISH and IHC in
epithelioid type of MPM
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between peritoneal and pleural tumors. It is possible that
different genetic mechanisms and environmental factors
play a role in the development of these two types of
mesotheliomas with subsequent impact on different expres-
sion of p16. It is known that chromosome 9p represents a
chromosomal region that is more prone to DNA damage by
asbestos [11]. The level of exposure may be another
explanation for lower frequency of detected p16 loss in
peritoneal mesotheliomas. This is a speculation since
detailed exposure histories are uncertain in our study and
were not reported in the study by Borczuk et al. [28]. Hence,
it would be interesting to know whether loss of p16
immunoreactivity correlates with the type of asbestos fibers
to which patients were exposed.

Another important observation in our study is correlation
between the presence of deletion of p16 determined by
FISH and loss of p16 immunoreactivity. Our prior study
demonstrated the only trend for such correlation that was
statistically insignificant [24]. One possible explanation is
that this correlation between the two methods depends on
the histologic type of mesothelioma. As mentioned earlier,
this study included epithelioid mesothelioma only, while
the prior study in addition to epithelioid type also included
biphasic and sarcomatoid types. The second most likely
explanation is a difference in scoring methods. Based on
the current study, loss of p16 immunoreactivity has the
same prognostic significance as homozygous deletion of
p16. Therefore, one may think that, because of availability
and cost, p16 immunoreactivity would be a better clinical
prognostic test in malignant mesotheliomas. Our survival
analysis would argue that probably both tests should be
used since the best survival was observed in patients who
demonstrated positive p16 immunoreactivity and lack of
p16 deletion. Furthermore, about 23% of our cases showed
discrepancy between FISH and immunohistochemistry
data, indicating that for clinical applications probably both
tests should be used. Loss of p16 immunoexpression in the
absence of 9p21 deletion that was seen in three cases may
be a result of p16 point mutation or methylation. On the
other hand, it is somewhat difficult to explain positive p16
immunoexpression in the presence of homozygous deletion
as seen in five cases in our study. One possibility would be
that we are dealing with FISH artifact and false-positive
results. The other explanation would be the size of
commercially available FISH probe used in this study. This
probe is rather large (190 kb) and also covers p14, p15, and
a portion of the MTAP gene which is frequently codeleted
with p16 gene. In our study, we did not investigate the
status of MTAP gene, but we believe that deletion of this
gene is most likely the underlying reason for the above-
described discrepancy.

A codeletion of p16 with MTAP, a gene approximately
100 kb telomeric to p16, has potential therapeutic implica-

tions [18]. MTAP encodes methylthioadenosine phosphor-
ylase, an enzyme of the salvage pathway that leads to
production of adenine for synthesis of adenosine mono-
phosphate. As demonstrated in hematologic malignancies,
L-alanosine (inhibitor of de novo purine synthesis) therapy
has toxic effect on MTAP-deficient cells [29, 30]. The
frequent codeletion of p16 and MTAP suggests that
mesotheliomas with p16 deletion may have greater sensi-
tivity to L-alanosine therapy.

In summary, our study is the first to demonstrate
decreased frequency of homozygous deletion of 9p21 and
loss of p16 immunoreactivity in pleural mesotheliomas
from patients with long-term survival of greater than 3 years
in contrast to more typical patients with rapidly fatal
mesotheliomas. Implementation of these tests into clinical
practice may improve preoperative prognostication of
malignant mesotheliomas and inclusion of mesothelioma
patients into new targeted chemotherapeutic protocols.
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