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Epithelial atypia in biopsies performed
for microcalcifications. Practical considerations about 2,833
serially sectioned surgical biopsies with a long follow-up
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Abstract This study analyzes the occurrence of epithelial
atypia in 2,833 serially sectioned surgical breast biopsies
(SB) performed for microcalcifications (median number of
blocks per SB:26) and the occurrence of subsequent cancer
after an initial diagnosis of epithelial atypia (median follow-
up 160 months). Epithelial atypia (flat epithelial atypia,
atypical ductal hyperplasia, and lobular neoplasia) were
found in 971 SB, with and without a concomitant cancer in
301 (31%) and 670 (69%) SB, respectively. Thus, isolated
epithelial atypia were found in 670 out of the 2,833 SB
(23%). Concomitant cancers corresponded to ductal carci-
nomas in situ and micro-invasive (77%), invasive ductal
carcinomas not otherwise specified (15%), invasive lobular
carcinomas (4%), and tubular carcinomas (4%). Fifteen out
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of the 443 patients with isolated epithelial atypia developed
a subsequent ipsilateral (n=14) and contralateral (n=1)
invasive cancer. The high slide rating might explain the
high percentages of epithelial atypia and concomitant
cancers and the low percentage of subsequent cancer after
a diagnosis of epithelial atypia as a single lesion. Epithelial
atypia could be more a risk marker of concomitant than
subsequent cancer.
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Introduction

Breast biopsies for infraclinical lesions are more frequent
with mammographic screening programs, but the distribu-
tion of the corresponding histological lesions and their
associations are still imprecise. Difficulties encountered in
following up patients without cancer account for the fact
that the clinical significance of certain non-malignant
lesions and the management of patients are still debated.
Moreover, the problem of surgical biopsy sampling has
never been fully investigated and has added additional
confusion in appreciating the distribution and clinical
significance of such lesions. In 1981, breast epithelial
atypia were hardly mentioned and not clearly defined in the
World Health Organization/International Union Against
Cancer (WHO/UICC) histologic classification of breast
tumors [73]. The histologic classification of noncancerous
lesions has been mainly based on studies analyzing for each
lesion the associated risk of subsequent cancer. These
studies were initiated by the survival studies of Dupont and
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Page [15, 46] based on lesions discovered by palpation
before the era of mammography. Thereafter, further studies
[6, 9, 17, 24, 31, 51, 62, 67] substantiated these results,
which were ratified in 2003 by the new American Joint
Committee on Cancer (AJCC)/UICC classification of breast
tumors [70]. Schematically, this classification differentiates
benign epithelial lesions (usual ductal hyperplasia and other
lesions) from atypical lesions of ductal or lobular type.
Although this historical classification is challenged by a
new classification [68], it remains the most widely used in
practice. Interestingly, the occurrence of epithelial atypia
was low in Page’s study [46] and has increased with
mammographic screening programs [60, 66] and with the
development of percutaneous large core needle biopsy
(CNB) methods using stereotactic mammography or ultra-
sound guidance. At present, CNB is frequently used for the
initial evaluation of clinically occult breast lesions, thus
generating dilemma for the subsequent management of
certain noncancerous lesions. At our institution, surgical
biopsies (SB) have always been managed in the same way,
and most patients with atypical and malignant lesions have
been followed. The objectives of our work were to analyze
the occurrence of epithelial atypia and their association with
a concomitant cancer in a large series of SB performed for
microcalcifications without a palpable tumor and to assess
the subsequent cancer probability in the group of patients
with an initial diagnosis of epithelial atypia. Finally, we
provide some practical considerations for the management
of patients with epithelial atypia in this era of mammo-
graphic screening and CNB.

Materials and methods
Selection of patients

At Institut Bergonié, from January 1975 to December 2002,
3,166 breast biopsies for diagnostic purposes, 2,833 SB and
333 CNB, were performed for microcalcifications without
any palpable mass in 2,708 patients (mean age 51.8 years,
range 19.7-81 years). Among them, 248 (9%) had several
biopsies in the same or contralateral breast. Since 1998,
microcalcifications have been classified according to the
classifications of the American College of Radiology [2].
SB for diagnostic purposes were defined before 1998 by the
absence of a preoperative diagnosis based on the clinical—
mammographic—cytologic triplet and by the absence of a
positive frozen section and, since 1998, by the presence of
epithelial atypia on CNB. Excluded from this study were
132 cancers and 139 non-atypical benign lesions diagnosed
on CNB as well as 49 re-excisions performed elsewhere
than in our center. Thus, 2,833 SB in 2,375 patients were
available for analysis, among which 13 corresponded to re-
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excision after a CNB with epithelial atypia. Since 1989,
needle localization, intraoperative specimen radiography,
and post-excisional biopsy mammography have been
performed in most cases.

Surgical biopsies and tissue sampling: serial macroscopic
sectioning

SB was removed in one fragment and measured more than
3 cm in 94% of the cases (mean size 60 mm, 5-250 mm).
For SB margin assessment, either the surface of the
specimen was inked or the surgeon during the same
operation removed additional tissue in the remaining cavity
after excision of the specimen (surgical margins). After
fixation in Holland Bouin, SB and margin specimens were
serially sectioned in their entirety into numbered slices
every 2 mm [12]. In most cases (89%), careful macroscopic
examination of the specimen failed to reveal any lesion.
Each numbered slice was put in as many numbered separate
cassettes as necessary and paraffin-embedded in sequence.
The median number of blocks per SB was 26 (from 2 to
180) and 8 (from 1 to 44) for surgical margins. Each block
was examined on one hematoxylin—eosin—safran stained
slide.

Classification of lesions and review of slides

Since 1975, all patients have been prospectively included in
our clinical, histologic, and biologic database by senior
pathologists (IM, GMG, IS, JMC). For each SB and each
lesion, we prospectively entered in our pathologic database
morphological descriptive criteria by using 65 pathological
items for noncancerous lesions and 181 for cancers.
Definitions and terminologies given in the literature were
used to report columnar cell lesions (CCL), non-atypical
ductal hyperplasia, atypical ductal hyperplasia, ductal
carcinoma in situ (DCIS), and lobular carcinoma in situ
(LCIS) [1, 4, 7, 10, 17, 19, 21-28, 38, 43-45, 47, 49, 50,
56, 59, 61, 69, 72, 74, 75]. The interest of our database was
to collect morphological descriptive criteria of nearly all the
breast lesions without labeling them. In fact, labels and
definitions of breast lesions have varied throughout the past
30 years, while neither lesions nor their corresponding
descriptive criteria (i.e., size, type, architecture, cellular and
nuclear features, etc...) have changed. The only changes
during this period were the definitions and/or the names
given to these lesions. As we have listed for each lesion all
the corresponding descriptive criteria among the 236
available items, we have been able to reclassify each lesion
according to the “new” criteria recommended by referent
authorities for a new definition, by selecting in our database
the “new” correspondent descriptive criteria corresponding
to this new definition. Consequently, this provided a
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homogeneous approach to the pathological lesions at the
time of our study. For example, low-grade DCIS<2 mm
have been reclassified as atypical ductal hyperplasia/ductal
intraepithelial neoplasia (ADH/DIN) 1B (n=30) according
to the new AJCC/UICC classification of breast tumors [70],
and lesions that we used to term before 1997 [71] as
clinging carcinoma of the monomorphic type [4] have been
reclassified as flat epithelial atypia (FEA)/DIN 1A or
columnar cell change (CCC) with atypia (n=84) [61].
About half of these 114 cases have been systematically
reviewed by one (IM) or two senior pathologists (IM and
GMG or IS), and there was a complete concordance
between the second review and the initial descriptive
criteria listed in the database. Similarly, lesions that we
used to name LCIS before 1997 have been renamed lobular
neoplasia (LN) since 1997, corresponding either to atypical
lobular hyperplasia (ALH) or to LCIS. On the contrary, all
the cases with micropapillary lesions were reviewed (n=
155) because there was no item corresponding to precise
descriptive criteria of micropapillations (number, topogra-
phy around the duct, type).

Atypical ductal hyperplasia: definition and sizing

Among the group of ADH/DIN 1B, we individualized two
morphologic types of ADH. Neither had any high-grade
cytological atypia or necrosis.

Fig. 1 a-d. ADH “mimicking
DCIS.” a Tufts and short
micropapillations with a broad
base. b Pseudo-cribriform
spaces. ¢ Microlumen with in-
complete polarization of sur-
rounding epithelial cells. d
Cellular bridges without cellular
polarization. Cells are parallel to
the axes (arrows)

ADH “mimicking DCIS” (Fig. 1). In this type, architec-
tural atypia were qualitatively insufficient to allow a
diagnosis of DCIS, therefore this “mimicking” DCIS lesion
was classified as ADH whatever its size. Tufts and short
micropapillations formed by cells had a broad base and
were cohesive. There was no polarization of cells, i.e., no
true cribriform spaces. Pseudo-cribriform patterns comprised
irregular or relatively round microlumina with incomplete
polarization of surrounding epithelial cells. Cellular bridges
were wavy without any cellular polarization. Cells corre-
sponded either to columnar cells with uniform ovoid to
elongated nuclei or to cells with a slight increase in the
nuclear/cytoplasmic ratio with more or less distinct cell
borders and round or ovoid nuclei. These cells were
sometimes admixed in the same lesion displaying a
morphological gradient, but there was no regular arrangeent.
Nuclear chromatin was evenly dispersed, homogeneous, or
slightly marginated, and nucleoli were inconspicuous.
Apical snouts, intraluminal secretions, and psammoma-type
calcifications were frequently present.

ADH corresponding to “mini DCIS” (Fig. 2). In this
type, architectural and cytologic atypia corresponded to a
low-grade DCIS but were quantitatively insufficient to
allow a diagnosis of DCIS, therefore this “mini” DCIS
lesion was classified as ADH when <2 mm. Tufts and short
micropapillations had a tight base, were present on over all
the periphery of the duct, and were non-cohesive with small
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Fig. 2 a—e. ADH corresponding to “mini DCIS.” a A solid mini
DCIS focus measuring less than 2 mm in one TDLU. b Tufts and
short micropapillations over the entire periphery of the duct with small

free papillary tufts in the lumen. There were true cribriform
patterns with a polar organization of cells around glandular
spaces and/or variants of cribriform patterns (i.e., trabecular
bars, cartwheel formations, and Roman bridges, Fig. 3)
with polarized cells arranged perpendicular to the axes.
Some solid areas with regular arrangement of cells were
also present. Cells were often small, monomorphous,
sometimes without a columnar change, with a distinct
cytoplasmic membrane and a spaced regular round nucleus
with uniformly dispersed chromatin without prominent
nucleoli. Intraluminal secretions and calcifications (amor-
phous or psammoma-type) were also frequently present
(Fig. 4). When one mini DCIS focus was found in one

7
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Fig. 3 a—c. Variants of cribriform patterns. Polarized cells arranged perpendicular to the axes. a

free papillary tufts in the lumen. ¢ Short micropapillations with a tight
base. d True cribriform spaces. e Microlumen with complete
polarization of surrounding epithelial cells

partially or completely involved duct/ductular cross-
sections in one terminal ductal lobular unit (TDLU), it
was classified as ADH when it measured <2 mm and as
DCIS when it measured >2 mm. When there were several
foci of “mini” DCIS in close duct/ductular cross-sections
in the same TDLU or in TDLUs located in the same field
at low power magnification (2.5), the lesion was classified
as ADH when its size, i.e., its largest diameter, was
<2 mm and as DCIS when >2 mm. When there were
several foci of “mini” DCIS in distant duct/ductular cross-
sections in the same TDLU or in close TDLUEs, the size of
each focus was assessed separately. FEA, rare and
scattered single micropapillations, and cribriform variants

il . ° e 'y e & -3
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Trabecular bars. b Cartwheel formations. ¢
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Fig. 4 a and b. a Mild cytolog-
ic atypia. b Columnar

cells with uniform ovoid nuclei,
intraluminal calcifications

were not taken into consideration for sizing, even if
located in the same TDLU.

FEA were present either as a single lesion or in
association with ADH in the same TDLU and since 1997
have been included in the ADH group. The distinction of
FEA from columnar change without atypia was based on
the criteria given by the WHO for the definition of FEA.
Furthermore, columnar change without atypia was charac-
terized by one or two layers of columnar cells without
nuclear atypia, i.e., no increase in the nuclear/cytoplasmic
ratio, no prominent nucleoli. Nevertheless, some cases of
columnar change with progesterone impregnation, especial-
ly in the second part of the cycle, might display a lobular
distension with a secretory material and large nuclei with
prominent nucleoli. In such cases, myoepithelial cells
displayed the same alterations with clarified cytoplasms,
thus facilitating the diagnosis. The distinction of ADH
mimicking DCIS from usual hyperplasia (UDH) was based
on morphological criteria. Architectural pattern and cyto-
logic criteria of usual ductal hyperplasia were easy to
identify in most cases. UDH corresponded to a proliferation
of epithelial cells in solid or fenestrated areas without any
polarization of surrounding cells. Cells were haphazardly
arranged with overlapping nuclei or were parallel with
characteristic streamings. They were elongated or pseudo
epithelioid, but there was no columnar metaplasia. Cyto-
plasms were more or less abundant with indistinct borders.
Nuclei had irregular size and shape and sometimes
contained a prominent eosinophilic inclusion. In some rare
cases, immunohistochemical staining with cytokeratin 5/6
[41] was used and was negative in ADH mimicking DCIS
and strongly positive in UDH. In some lesions, differential
diagnosis between ADH and low-grade DCIS was all the
more difficult because there were intermediate and intri-
cated morphological aspects in the same TDLU. In practice,
diagnosis of micropapillary lesions was often difficult.
Extensive micropapillary lesions were classified as DCIS
when quantitative and qualitative criteria were simulta-
neously present, i.e., lesion sizing more than 2 mm

corresponding to micropapillations with a tight base over
the entire periphery of the ducts. Additional sections could
be useful for demonstrating more or less qualitative or
quantitative diagnostic criteria. When malignancy remained
equivocal, the case was classified as ADH. When a
concomitant cancer was diagnosed, histologic size was
assessed, and in DCIS, the percentage of blocks with cancer
(“positive blocks”) was specified [13]. Presence and
topography of microcalcifications were also assessed.
Lastly, when FEA and/or “mimicking” DCIS foci were
found on excision margins of a SB with DCIS, a further
surgical resection was not performed.

Follow-up of patients with epithelial atypia as a single
lesion

There were 443 patients with epithelial atypia in one or
several SB, without any previous or synchronous carcinoma
in the same or contralateral breast and treated by biopsy
alone (median follow-up 160 months, 7 to 315). Only 28/443
(6%) were lost to follow-up. Among the 415 other patients,
180 were monitored at our institute and 235 outside by
correspondent specialists working in close relationship with
our institute. All patients received a clinical examination and
mammography once a year. When a new biopsy was
necessary, it was performed at our institute.

Statistical analyses

Comparison of clinical and histologic characteristics was
conducted by using the chi-square test. For women with
epithelial atypia, the probability of developing in situ or
invasive cancer was calculated from the date of the first
biopsy to the earliest event: breast cancer (ipsi- or
contralateral), death, or last contact (last consultation for
the group monitored at our institute and checkpoint date, i.e.,
1 March 2004, for the others). Probabilities were calculated
according to the Kaplan—Meier method (SPSSv11).
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Results

Occurrence of epithelial atypia in the 2,833 surgical
biopsies

Epithelial atypia were recorded in 971/2,833 SB (34%).
They were found with and without a concomitant cancer in
301/971 (31%) and 670/971 (69%) of the cases, respec-
tively. Thus, isolated epithelial atypia were found in 23% of
the cases (670 out of the 2,833 SB). Calcifications were
present at histologic examination in 98.6% of SB with
cancer and were located in benign, cancerous, and both
lesions in 10, 39, and 51% of the cases, respectively. In
several cases, cancerous foci without any microcalcifica-
tions were located at points distant from those with
calcifications detected by needle localization.

Types of epithelial atypia

Among the 971 SB with epithelial atypia, there were 101
SB with FEA as a single lesion (11%), 342 (35%) with
ADH, 223 (23%) with LN, and 305 (31%) with ADH and
LN. Thus, ADH was encountered in 647/971 SB (66%).

Types of cancers associated with epithelial atypia

Cancers associated with epithelial atypia corresponded to
DCIS and micro-invasive carcinoma (DCIS-MI) in 233
cases (77%). Among invasive carcinomas (n=68), there
were 13 (9%) lobular and 11 (6%) tubular carcinomas
(Table 1). Cancers were small (<5 mm in 46% of invasive
carcinomas, fewer than half of the blocks positive in 76%
of DCIS). They were non-high grade in 78 and 67% of
DCIS and invasive carcinoma, respectively. In most cases,
ADH and cancer were situated close to each other. FEA
alone were less frequently associated with a concomitant
cancer than ADH and/or LN (p=5x10"*).

Cancers without epithelial atypia (malignancy alone)

There were 821 malignant SB without epithelial atypia [S90
micro-invasive carcinomas, 206 infiltrating ductal carcino-
mas (IDC), and 25 infiltrating lobular carcinomas (ILC)].

Subsequent cancer in patients with an initial diagnosis
of epithelial atypia as a single lesion

At 5 and 10 years, the probabilities of developing invasive
breast cancer in the group of 443 patients with epithelial
atypia were 2.8% [95%CI=1.4 to 5.5] and 5.5% [95%CI=
3.3 to 9.9], respectively (Fig. 5). Among the 18 subsequent
carcinomas, 15 were invasive (11 IDC and 4 ILC), and 3
corresponded to DCIS. Most subsequent carcinomas were
encountered in the homolateral breast (n=14) and before
10 years (n=16). Seven carcinomas occurred in the group
of patients with an initial diagnosis of LN, in the same (n=
5) or contralateral (n=2) breast. They corresponded to
infiltrating ductal (n=6) or lobular (n=1) carcinomas. The
interval of development was 4, 5, 6 (n=2), 9, and 12 (n=2)
years. Seven carcinomas occurred in the group of patients
with an initial diagnosis of ADH, in the same (n=3) or
contralateral (n=4) breast. They corresponded to DCIS (n=
2) and to infiltrating ductal (n=4) or lobular (n=1)
carcinomas. The interval of development was 1, 2, 3
(n=3), 9, and 12 years. Four carcinomas occurred in the
group of patients with an initial diagnosis of ADH
associated with LN, in the same (#=3) or contralateral
(n=1) breast. They corresponded to DCIS (n=1) and to
infiltrating ductal (n=2) or lobular (n=1) carcinomas. In the
four cases, the interval of development was 4 years. There
was no subsequent carcinoma in the group of patients with
FEA.

Table 1 Types of concomitant cancers (n=301) in the 971 surgical biopsies with epithelial atypia

Epithelial atypia FEA (n=101)

ADH (n=342)

LN (n=223) ADH+LN (n=305)

No. of cases (%)

No. of cases (%)

No. of cases (%) No. of cases (%)

Without cancer 84 83 220
With cancer 17 17 122
DCIS/DCIS-MI 12 12 103
IDC/NOS - - 16
ILC 1 1 1
TC 4 4 2

64 139 62 227 74
36 84 38 78 26
30 58 26 60 20
4.7 17 8 11 3
0.3 6 3 5 2
1 3 1 2 1

FEA Flat epithelial atypia; ADH atypical ductal hyperplasia; LN lobular neoplasia; DCIS ductal carcinoma in situ; DCIS-MI DCIS with micro-
invasion; /DC infiltrating ductal carcinoma; /LC infiltrating lobular carcinoma; 7C tubular carcinoma
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Fig. 5 Probability of developing subsequent invasive breast cancer in
the group of 415 patients with epithelial atypia (dotted line:
confidence interval 95%)

Discussion

Application of the WHO classification: practical
considerations

For a long time, DCIS was diagnosed even if the character-
istic features were found in only one ductal space [6].
Thereafter, some authors introduced quantitative criteria for
distinguishing between ADH and DCIS [46, 67], while
others [23] rejected them. More recently, Rosen [57-59]
and Schnitt and Vincent-Salomon [61] described CCL
comprising CCC and columnar cell hyperplasia (CCH)

with and without atypia. Nasser [40] challenged this
classification based on columnar shape and limited the
group of lesions to proliferations characterized by a low-
grade atypicality, “atypical columnar cell lesions,” (ACCL)
rather by a columnar cell configuration. In the WHO
classification, ADH includes various not clearly defined
types of lesions (Table 2). On one hand, there are lesions
with arcades, moundings, and micropapillary formations,
but without any true cribriform/complex architectural
patterns [34]. This type of ADH corresponds to the CCH
with atypia of Schnitt and Vincent-Salomon [61] termed
category 3 in Simpson’s study [51], to the definition of
ADH by Koerner [34] and to ADH “mimicking” DCIS in
our study. On the other hand, there are lesions displaying
architectural and cytologic atypia. This type of ADH
corresponds to the complex architectural pattern with
cytologic and architectural atypia of Schnitt and Vincent-
Salomon [61] termed category 5 in Simpson’s study [64], to
the definition of “microfocus of DCIS” by Koerner [34] and
to “mini DCIS” in our study. In Simpson’s study, the ADH/
category 5 contained chromosomal changes and the same
total mean number of changes to that observed in DCIS/
DIN IC, unlike the other CCL. Lastly, because there is still
no consensus for measuring ADH, there is no clear-cut
distinction between ADH and DCIS, and the cut-off at 2 or
3 [52] mm or at two completely involved spaces [70] seems
arbitrary. While awaiting a definitive molecular classifica-
tion, the simplest attitude could be recommended in routine

Table 2 Terminologies used for intraductal proliferative lesions with low-grade cytologic atypia, so-called atypical columnar cell lesions

Spectrum of 1, 3-5 Layers No polarization* With polarization
lesions
Occasional mounding Mounding, arcades Cribriform spaces
and their variants
No or rare arcades and Cohesive micropapillary ~ Non-cohesive micropapillary
micropapillary formations tufts with a broad base tufts with a tight base
[70] Flat epithelial atypia/DIN 1A ADH/DIN 1B<2 mm; or in two spaces DCIS/DIN 1C
[59, 61] Columnar cell hyperplasia with atypia ADH if not extensive DCIS if
extensive
Columnar cell change (CCC) Complex structures with
with cytologic atypia architectural and cytologic atypia
[34] Columnar cell lesions + ADH Microscopic focus of DCIS DCIS
Institut Bergonié ~ Ex-clinging carcinoma of ADH “mimicking” DCIS ~ ADH corresponding to “mini” DCIS
monomorphic type DCIS<2 mm
[64] CCC with cytologic atypia CCH with architectural CCH with architectural atypia DCIS
Or atypia And
CCH with cytologic atypia Cytologic atypia
Regrouping? DIN 1A ADH/DIN 1B ADH/DIN 1C DCIS/DIN 1C

Not measured

Measured: <3 mm >3 mm

*Or incomplete polarization
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practice. Only mini foci of ADH obviously similar to low-
grade DCIS foci could be measured and classified as ADH
when equal to or less than 2-3 mm [52] and as DCIS when
more than 3 mm. Although the mode of measurement in
our study is not under consensus, it is simple and can been
routinely applied.

Occurrence of epithelial atypia and their association
with a concomitant cancer: practical considerations

In our study, the proportion of epithelial atypia is high
(23%), a result difficult to compare to others in the
literature, as the methodologies used by teams are different.
In the Page and Dupont case-control studies [15, 46], ADH
and ALH were found in 2.1 and 1.6% of the cases,
respectively. In mammographic screening programs, epi-
thelial atypia and cancers increase as the number of
biopsies performed for microcalcifications increases, espe-
cially as ACR4/ACRS lesions are more often excised than
ACR3. However, as underlined by Page [46], “the most
direct relationship of epithelial atypia incidence is to slide
rating.” The number of slides per SB in our study (median
26) was higher than in the other studies on benign breast
lesions: 1-5 in 93% of the cases in the study of Page et al.
[46] (n=283), 3 (range 1-25, n=674) in the study of
Shaaban et al. [62], and a mean of 1.6 slides per cm of
tissue (n=199) in the study of Tavassoli and Norris [67]. In
a recent study conducted in the south west of France in
women aged between 50 and 75 with mammographically
detected non-palpable breast lesions, a similar proportion of
atypical lesions were found when biopsies were serially
sectioned [39]. Furthermore, this high slide rating allowed
the detection of small concomitant cancers in the vicinity of
epithelial atypia in 31% of our cases, with a skew towards
low-grade lesions (high proportions of DCIS and low-grade
invasive carcinomas, especially tubular carcinomas). Our
results strengthen the hypothesis that FEA and ADH are
risk markers of low-grade cancers. This has been confirmed
by the study of Simpson et al. [64] on molecular genetic
profiles of CCL. In some of them, there are both a
morphological and a molecular continuum in the degree
of proliferation and atypia, supporting the hypothesis that
“CCL are a non-obligate, intermediary step in the develop-
ment of some forms of low grade in situ and invasive
carcinoma.” The association of epithelial atypia with a
concomitant cancer in nearly one third of the cases in our
study parallels previous findings concerning the frequency
of cancers found in SB performed for atypia in CNB. Thus,
approximately 30% [20, 29] and 15 to 21% [5, 8, 14, 18,
35, 45, 53, 63, 76] of excisions after CNB with ADH and
LN, respectively, were proven to have cancer. Consequent-
ly, excision is recommended [45] for all patients in whom
ADH is identified on CNB and may be justified in patients
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with FEA, as they are included in the spectrum of ACCL.
Excision remains a controversial issue in patients with LN.
Some authors have advocated it [3, 18, 33, 63], while
others have rebutted it [55], especially when LN is an
incidental non-extensive finding [48] with no radiologic—
pathologic discordance [18] and without any synchronous
mass lesion [37]. SB corresponding to re-excision should
be processed in its entirety by serial macroscopic
sectioning [32, 65]. When pathologic examination is
exclusively focused on mammographic calcifications, the
risk is to underestimate the DCIS size/extension because
cancerous foci without any calcification (10% in our study
vs 6% in Owing’study) [42] may be located at points distant
from those with benign breast tissue containing calcifications.

Subsequent cancer after an initial diagnostic of epithelial
atypia as a single lesion: practical considerations

In the literature, 4 to 22% (average interval 8.3 years
follow-up) [6, 42, 67] and 15 to 20% [16, 30, 56] of
patients developed invasive carcinomas after a diagnosis of
ADH and LN, respectively. The risk of developing cancer
increases with extended follow-up, but many cancers after a
diagnosis of LN have a good prognosis and a low mortality
[36]. These results are difficult to compare to ours because
the methodologies are different. The low probabilities of
subsequent invasive cancer in our study could be due to the
high slide rating, allowing the detection of small concom-
itant cancer that might have been missed with a low slide
rating and inadequate patient management [11, 54].

In conclusion, when epithelial atypia are present, they
are associated in nearly one third of the cases with a
concomitant close cancer and are found as isolated lesions
in nearly 23% of SB performed for microcalcifications. In
practice, ADH should be more clearly defined with simple
guidelines for measuring lesions. When malignancy
remains equivocal and/or when sizing is difficult, it is
better to classify the lesion as ADH. Epithelial atypia could
be more a “risk factor” of a concomitant geographically
small close cancer than a risk marker for a subsequent
cancer, as they form part of a spectrum of lesions [64].
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Abstract Proliferative activity of tumour cells assessed by
immunohistochemical Ki-67 expression is one of several
prognostic indicators in breast cancer. The major objective of
this study was to investigate the prognostic impact of Ki-67
proliferative activity in the axillary lymph node metastases
and in the matched primary breast carcinoma from 194
patients. There was a statistically significant up-regulation of
Ki-67 protein in the metastatic deposit compared to where
the primary tumour was found (p=0.001). A low Ki-67
index in both the primary and the metastatic tumours was a
favorable prognostic factor. A high index in both primary
and metastatic lesion and an up-regulation from a low index
in the primary tumour to a high index in the metastatic
deposit represented an unfavorable prognostic factor.
Multivariate analysis showed that Ki-67 expression in the
metastases was a superior independent prognostic factor of
clinical outcomes compared to that in the primary tumours.
Ki-67 expression in >10% of carcinoma cells in the primary
tumours and >15% in the nodal metastases seems to be
optimal cut-off levels. Ki-67 is of value as an independent
prognostic factor in breast cancer.
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Introduction

The proliferative capacity of breast cancer is an important
prognostic factor and can be evaluated by a variety of
methods such as number of mitoses per 10 high power field
(HPF), thymidine labeling index, bromodeoxyuridine label-
ing, S-phase fraction, and Ki-67 /MIB-1 antigen, Ki-S1
antigen, and proliferating cell nuclear antigen proliferative
index [4, 11, 17, 24]. Determination of the proliferative
index by means of immunohistochemistry (IHC) represents
an easy and reliable method of assessing tumour cell
proliferation in breast cancer [1, 23].

Ki-67 is a labile, nonhistone nuclear protein that is
tightly linked to the cell cycle and is expressed in all
continuously cycling cells of mid-G;, S, and G, phase and
in mitosis, but not in quiescent or resting cells in the G, and
early G; phase [12]. As this protein is present in all
proliferating cells (normal and tumour), it may serve as a
marker to evaluate the growth fraction of a given cell
population [7]. The functional significance of Ki-67 protein
in cell cycle regulation still remains unknown [23].
Previous studies have shown controversial results
concerning Ki-67 as an independent prognostic factor [18,
19, 25, 31]. To our knowledge, no study has investigated
the relationship of Ki-67 expression in the metastatic
lesions with clinical outcomes in breast cancer.

We have assessed the associations between Ki-67
immunoreactivity and other established clinicohistopatho-
logical parameters and the prognostic significance of Ki-67
both in primary breast carcinomas and in their
corresponding axillary lymph node metastases (ALNM).
We have also compared Ki-67 immunoreactivity in the
primary tumours with the corresponding metastases and
discuss the clinical implications of our findings.
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Materials and methods
Patients

The study comprised 194 consecutive breast cancer cases
that, from May 2000 to August 2004, underwent mastec-
tomy or breast conserving surgery with complete axillary
dissection at Ullevaal University Hospital for primary
breast carcinomas with ALNM. Patients, 191, received
postoperative adjuvant therapy according to national adju-
vant treatment guidelines (http://www.nbcg.net/filer/79.
ppt). Follow-up included clinical examination at 6-—
12 months intervals with annual mammography. Paraffin
sections from the primary tumours and their corresponding
metastases were retrieved from the archives. Data registered
included age, tumour size, histological subtype, and grade,
estrogen/progesterone receptor (ER/PgR) status, size of the
largest metastatic focus and number of lymph nodes with
metastasis. The characteristics of the study population and
their specimens are summarized in Table 1. The median
number of lymph nodes with metastasis was one (range : 1—
27). The histological subtype and grade of the primary
tumours had been evaluated according to the criteria of the
World Health Organization [28] and the Elston and Ellis
system [10].

Immunohistochemistry

Paraffin sections were immersed in Tris/ethylenediaminete-
traacetic acid (EDTA) pH9 (HIER) in microwave oven
(2.5 min at 750 W and 15 min at 160 W) for antigen
retrieval. The THC staining of Ki-67 was performed with
the Ventana ES automated immunostaining system (Ventana
Medical Systems, Inc., Tucson Arizona, USA), using mouse
monoclonal antibodies with Ki-67 (Clone MIB-1; dilution
1:75; DAKO Norden A/S, Glostrup, Denmark).

The histological sections were reviewed to ensure
representative tumour tissue for IHC from both primary
tumour and its corresponding metastatic deposit. ITHC
analysis was carried out simultaneously on the primary
mammary tumours and their corresponding metastases. The
number of positively stained nuclei of all cases was
assessed by one observer (DP). Another 35 randomly
chosen cases were examined by TS to assess the inter-
observer variation. Ki-67 positive nuclei were counted in
several random areas including the periphery. At least 100
nuclei were counted in each area using a x40 objective
magnification. The results were expressed as percentages of
positively stained nuclei over the total number of nuclei
counted. The mean of the percentages of positively stained
nuclei obtained in all areas was used for defining high/low
Ki-67 index. A cell was considered positive if there was a
clearly detectable brown colour in the nucleus. Cytoplasmic

@ Springer

staining was considered nonspecific and was interpreted as
negative. For high/low Ki-67 indices, four different cut-off
values, 5, 10, 15 and 20%, were set and tested.

Statistical analysis

The results were analyzed using the statistical software
SPSS 14.0 for Windows (SPSS Inc., Chicago, IL, USA).
The comparison between the percentage of cells expressing
Ki-67 in the primary tumour and ALNM was evaluated for
statistical significance using Student’s ¢ test. The correlation
between Ki-67 protein at the four different cut-off points
and histopathological parameters was assessed using the x?
test and linear-by-linear test. For the interobserver agree-
ment, the kappa (k) statistic [15] was used. (Value of k;
poor to fair agreement: <0.4, moderate: 0.4-0.6, substantial:
0.6-0.8, almost perfect: >0.8). The clinical end points in the
survival analysis were: disease/relapse free survival (DFS),

Table 1 Summary of the characteristics of the study population
(N=194) and their specimens

Characteristics Values
Age (years)
Median (range) 54 (22-82)

Primary tumour type
Invasive ductal carcinoma
Invasive lobular carcinoma

Primary tumour grade

172 (88.7%)
22 (11.3%)

1 42 (21.6%)
2 112 (57.7%)
3 40 (20.6%)
Primary tumour size (cm)

<1 29 (14.9%)
1-2 96 (49.5%)
>2 69 (35.6%)
Estrogen receptor status

Positive 164 (84.5%)

Negative 30 (15.5%)
Progesterone receptor status

Positive 143 (73.7%)
Negative 51 (26.3%)

Size of the largest axillary lymph node metastatic focus (mm)

0.2-2.0 33 (17.0%)
2.0-5.0 47 (24.2%)
5.0-10.0 63 (32.5%)
>10.0 51 (26.3%)

Number of removed axillary lymph nodes

Median (range) 13 (2-29)
Number of lymph nodes with metastasis

1 99 (51.0%)
2 43 (22.2%)
>3 52 (26.8%)
Total number of relapse (local/systemic) 28 (4/24)
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Fig. 1 Expression of Ki-67 protein in two primary tumours and their
corresponding axillary lymph node metastases. (IHC, magnification x200).
Tumour 1 reveals a low number of positively stained nuclei (Ki-67
negativity) in the primary tumour (a), whereas the number of positively
Ki-67 stained nuclei in the axillary lymph nodal metastases is
significantly increased (¢) (up-regulation). In tumour 2, both the primary
(b) and metastatic carcinoma cells (d) show Ki-67 positivity, but the
metastatic lesion reveals a higher number of Ki-67 positive cells than the
primary tumour

distant disease free survival (DDFS), and breast cancer
specific survival (BCSS). Kaplan—Meier survival curves
were constructed, and the survival rates were compared
using the log-rank test. Uni- and multivariate analyses of
the independent prognostic factors were performed using
the Cox proportional hazards regression model (stepwise
backward elimination). A p-value of <0.05 was considered
statistically significant.

Results
Method validation

The interobserver reproducibility was tested in 35 randomly
chosen patients according to Ki-67 cut-off values and the
tumour sites (i.e., in the primary tumours and in the
ALNM). The agreements between the two observers were
in the sufficient or good agreement range, irrespective of
Ki-67 cut-off values and the tumour sites (£>0.6).

Expression of ki-67 in the primary tumours
and their corresponding ALNM

There was a significant difference in the number of
positively stained cells between the primary tumours and
the corresponding ALNM (p=0.001) for Ki-67 immunore-
activity (Fig. 1). The mean percentage of positively cells
was 11.4% in the primary breast tumours and 18.1% in the
metastases (11.4£17.9 and 18.1+20.7%, respectively).

Correlation of ki-67 expression in primary and metastatic
tumour with other histopathological parameters

Ki-67 expression in the primary tumours and the metastases
correlated with a high histological grade (all Ki-67 cut-off
values, p<0.001) and with a negative ER/PgR status
(»=0.05~p<0.001). No correlation was found with age,
cancer type, tumour size or number of lymph nodes
involved. All cut-off values for Ki-67 expression in the
ALNM correlated with the size of the metastases. The
relationships between Ki-67 IHC staining and histopatho-
logical parameters are detailed in Table 2.

Table 2 Correlation between the expression of Ki67 and histopathological parameters

Parameters 5% Ki67 5% Ki67 10% Ki67  10% Ki67  15% Ki67  15% Ki67  20% Ki67  20% Ki67
P+vs— M + vs — P+ vs— M + vs — P+vs— M + vs — P+ vs— M + vs —

Age (<55, >55) NS NS NS NS NS NS NS NS

Cancer type (IDC, ILC) NS NS NS NS NS NS p=0.029"° NS

Grade (1, 2, 3) p<0.001°  p<0.001®>  p<0.001®  p<0.001°  p<0.001>  p<0.001°  p<0.001>  p<0.001°

Primary tumour size (<1, I- NS NS p=0.013 NS NS NS NS NS
2,>2)

ER (+, -) p=0.05*  p=0.019*  p=0.001*>  p=0.003"  p<0.001*°  p<0.001*  p<0.001*  p<0.001°

PgR (+, -) p<0.001* NS p<0.001*  p=0.029"  p<0.001*  p=0.011*>  p<0.001*  p<0.001°

Number of nodal NS p=0.016" NS NS p=0.035" NS NS NS
involvement (1, 2, >3)

Size of largest metastases p=0.027°  p<0.001®> NS p=0.002°  p=0.045>  p=0.002° NS p=0.007"

(0.2-2, 2-5, 5-10, >10)

P Primary tumour, M metastatic tumour, % cut-off value for defining low/high Ki-67 index, NS nonsignificant

 Chi-square test
® Linear-by-linear test
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Prognostic value of ki-67 in primary and metastatic
tumours

All 194 patients were included in the analyses for DFS,
DDFS and BCSS. Twenty-eight patients had been diag-
nosed with recurrence within a median observation time of
40 months after primary surgery (range 873 months). A
local relapse without distant metastasis was observed in 4
of 28 patients, while distant metastases occurred in 24. Nine
had died of breast cancer.

Uni- and multivariate analyses

Age, cancer type, hormone status, histology grade, primary
tumour size, size of largest metastatic focus and Ki-67
expression were all tested as prognostic factors in uni- and
multivariate analyses. Hormone status, histology grade,
primary tumour size and Ki-67 with 10 and 20% cut-off
points both in the primary breast tumours and the nodal
metastases were significantly correlated with both DFS and
DDFS in univariate analyses. Ki-67 with 5 and 15% cut-off
points in the primary tumours did not reveal association
with DDFS. Multivariate Cox regression analyses based on
four different Ki-67 cut-off values (Table 3) showed that
primary tumour size and Ki-67 for all cut-off points in
ALNM were significant prognostic factors for DFS. The
same prognostic factors were found for DFS with exception

of Ki-67 with 5% cut-off point where only histological
grade and primary tumour size were independent prognos-
tic factors. No independent prognostic factor was found for
BCSS in uni- or multivariate analysis.

Survival analyses according to different cut-off values

Kaplan—Meier survival analyses based on four different Ki-
67 cut-off points showed significantly reduced DFS and
DDFS in patients with high Ki-67 index in the ALNM and
in the primary tumours compared to those with low Ki-67
index (p=0.036~p<0.001). In the primary tumours, the
survival curves for Ki-67 with 5% and 15% cut-off points
showed no significant difference in DDFS. The DDFS
curves for Ki-67 with all four cut-off points are shown in
Fig. 2. A high Ki-67 expression with cut-off points of 15
and 20% in the metastases was significantly associated with
a shorter BCSS (p=0.048 and 0.037, respectively), whereas
Ki-67 expression with the other cut-off values showed no
difference in survival.

Survival analyses according to the combined results
of both Ki-67 expressions in primary and in metastatic
tumours

Most cases had a similar Ki-67 expression in the primary
tumour (10% cut-off) and its corresponding metastasis

Table 3 The prognostic factors (multivariate analyses, stepwise backward elimination)

Variables HR DFS 95% ClI  p-value HR DDFS 95% CI p-valuer HR BCSS 95% CI  p-value
Ki67 with 5% cut-off value
Age (<55 vs >55) NS NS NS
Cancer type (IDC vs ILC) NS NS NS
Hormone receptor status®* (—vs +) 04  0.2-0.9 0.025 NS NS
Histology grade (G vs G3) NS 2.5  1.1-5.7 0.034 NS
Tumour size ( T, vs Tp_3) 3.5 1.6-7.6 0.001 40 1.7-95 0.002 NS
Size of largest metastatic focus NS NS NS
(0.2-2 mm vs > 2 mm)
Ki67 in primary tumours (— vs +) NS NS NS
Ki67 in metastatic tumours (—vs +) 4.0  1.2-13.5 0.026 NS NS
Ki67 with 10% cut-off value
Tumour size (T; vs T, 3) 3.7  1.7-8.1 0.001 4.8  2.0-11.5 <0.001 NS
Ki67 in metastatic tumours (—vs +) 5.9  2.0-17.4 0.001 5.8  20-172 0.001 NS
Ki67 with 15% cut-off value
Tumour size ( Ty vs T, 3) 3.6 1.7-7.8 0.001 47  2.0-11.0 <0.001 NS
Ki67 in metastatic tumours (— vs +) 4.1 1.6-10.3 0.003 5.1 1.9-13.6 0.001 NS
Ki67 with 20% cut-off value
Tumour size ( T; vs T, 3) 32 1.5-69 0.003 42  1.8-10.0 0.001 NS
Ki67 in metastatic tumours (— vs +) 4.4  2.0-9.8 <0.001 5.1  2.1-12.5 <0.001 NS

From Ki-67 with 10% cut-off value, the significant prognostic factor(s) were simply enrolled in the table.

DFS Disease free survival, DDFS distant disease free survival, BCSS breast cancer specific survival, HR hazard ratio, CI confidence interval, IDC
invasive ductal carcinoma, /LC invasive lobular carcinoma, NS nonsignificant

*Hormone receptor status: positive—ER and/or PgR positive; negative—ER and PgR negative
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Fig. 2 Kaplan—Meier survival analyses based on four different Ki67
cut-off values show significantly shorter distant disease-free survival
(DDFS) in patients with high Ki67 index in the nodal metastases and
in the primary tumours compared to those with a low Ki67 index. No
difference was found in 5 and 15% cut-off points in the primary
tumours

(15% cut-off), either low (P—/M—: n=86, 44.3%) or high
(P+/M+: n=53, 27.3%). A different Ki-67 expression
between primary lesion and corresponding metastasis was
detected in 55 cases (P+/M—: n=14, 7.2% and P-/M+: n=
41, 21.1%, respectively). The correlation between the four
groups and clinical outcome is detailed in Table 4. There

was a highly significant difference in DFS and DDFS
between P—/M- and the other groups; DFS: P—/M— vs P+/
M- (p=0.002), P-/M— vs P-/M+ (p<0.001) and P—/M— vs
P+/M+ (p<0,001), DDFS: P—/M— vs P+/M— (p=0.02), P—/
M- vs P=/M+ (p=0.001) and P—/M— vs P+/M+(p=0,001).
There was no difference among the three groups that had a
high Ki-67 index either in the primary tumour or in the
metastasis ( i.e., P+/M—, P—/M+, and P+/M+), whereas a
significant difference in BCSS was found between P—/M— and
P—/M+ (p=0.006). The survival curves are shown in Fig. 3.

Survival analyses according to the presence of high Ki-67
expressions either in the primary or in the metastatic lesion
compared to histological grade

The distribution of the four groups (i.e., P-/M—, P+/M—,
P-/M+, and P+/M+) according to histological grade is
shown in Table 4. Two groups were created according to
the presence or absence of high Ki-67 index irrespective of
the tumour sites (i.e., P—/M— vs the other group with P+ or/
and M+: P+/M—, P-/M+ and P+/M+ were regarded as one
group) and analyzed for the survival rates. Grade 2 P—/M—
cases had a significantly better DFS than the other group.
No significant differences in DDFS and BCSS were shown,
but the difference in DDFS showed a borderline signifi-
cance (p=0.057). No statistics were computed for grade 1
and grade 3 cases because they were all censored.

Discussion

Cell proliferation rate is a major determinant of the biologic
behaviour of invasive breast carcinoma [25]. Ki-67 protein
expression is strictly correlated to cell proliferation and to
the active phases of the cell cycle [23]. Assessment of Ki-
67 index represents an easy and reliable method for
evaluating cell proliferative activity in breast cancer [1].
In the present study, we have assessed Ki-67 expression and
compared the proliferative activity of cells in the primary
breast carcinoma and their corresponding ALNM. We have
detected significantly higher Ki-67 activity in the ALNM
compared to the primary tumours (p=0.001). The finding
corresponds with the result of Buxant et al. [5] who
reported that Ki-67 expression was significantly increased
in the ALNM. There was a significant difference in clinical
outcome (DFS, DDFS and BCSS) between the groups with
similar Ki-67 expression levels in primary and metastatic
tumours and the groups with different expression levels.
The group with similar expression was composed mainly of
cases with P—/M— (73%, 72/98). As expected, this turned
out to be a group with favorable prognosis (Fig. 3). Cases
showing different Ki-67 expression in the primary tumour
and the corresponding metastasis and cases with a high
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Table 4 The high (+) or low (-) Ki-67 expression in primary (P) and metastatic tumours (M) and correlation to histological grade and clinical

outcome

Groups  Number Number of patients within histological grade Number of any ~ Number of systemic =~ Number of breast
of patients (%) relapse (%) relapse (%) cancer death (%)

2 3

P-/M— 86 (44.3) 35 48 3 3 (10.7) 3 (12.5) 1 (11.1)

P+/M— 14 (7.2) 2 10 2(7.1) 2 (8.3) 1 (11.1)

P-/M+ 41 (21.1) 2 28 11 10 (35.7) 9 (37.5) 5(55.6)

P+/M+ 53 (27.3) 3 26 24 13 (46.5) 10 (41.7) 2 (22.2)

expression in both lesions had an unfavorable prognosis.
This finding supports Buxant et al.’s supposition [5] that a
primary tumour is composed of multiple cell populations
and that only those with the most aggressive potential (like
a high proliferative index) are the most likely to escape
from the primary tumour and establish itself as a lymph
node metastasis.

Previous studies have reported significant associations
between high Ki-67 index and clinicohistopathological
parameters, such as age [18, 22], tumour size [18, 30, 32],
histologic grade [2, 3, 18, 27, 32], ER/PgR status [6, 8, 18,
27, 30, 32] and lymph node status [32]. We found a
statistically significant correlation of high Ki-67 expression
in metastatic breast cancer with increasing histologic grade,

DDFS

Cumulative Survival
Cumulative Survival

P-/M- vs P+/M- : p=0.02
P-/M- vs P-/M+ : p=0.001
02 P-/M- vs P+/M+ : p=0.001

P-/M- vs P+/M- : p=0.002
P-/M- vs P-/M+ : p<0.001
P-/M- vs P+/M+ : p<0.001

000 2000 000 5000 8000 000 2000 000 6000 2000
Time after surgery (Months) Time after surgery (Months)

BCSS

Cumulative Survival

P-/M- vs P-/M+ : p=0.006

o0 200 4050 ) 000
Time after surgery (Months)

Fig. 3 The survival analyses (DFS, DDFS and BCSS) of all patients
(n=194) according to the combined Ki67 status [high index (+) or low
index ()] in the primary tumours (P) and their nodal metastases (M).
A significant difference in DFS and DDFS between P—/M— and the
other groups was shown. No significant difference in DFS and DDFS
among the combined groups (P+/M—, P—/M+ and P+/M+) was
detected. In BCSS, the only survival difference between P—/M— and
P—/M+ groups was significant
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negative ER/PgR status, size of largest metastatic focus, but
not with age, cancer type, tumour size and the number of
nodes involved. The high correlation between Ki-67 and
grade is not surprising, as Ki-67 expression and mitotic rate
are strongly interrelated [9, 18, 27]. In agreement with our
findings, Ding et al. [9] reported that most ERx positive
tumours were negative for the proliferation marker, Ki67.
They suggested that such an inverse association between
ER« expression and Ki-67 expression might be due to their
different tumourigenic features; i.e., ERo positive tumours
are more likely to be well differentiated, while Ki-67 positive
breast tumours are frequently poorly differentiated [9].

As there is no universally established standard Ki-67 cut-
off value, we decided to treat Ki-67 expression as
categorical variables by using four different Ki-67 cut-off
points between 5 and 20% in 5% steps to be able to define a
cut-off point for high/low proliferation rate in relation to
clinical outcome.

Previous studies [3, 13, 14, 16, 21, 29] have shown
statistically significant associations between Ki-67 immu-
noreactivity and clinical outcomes/survival. In our study,
the associations between Ki-67 cut-off values and the
predictabilities of DFS and DDFS were highly significant
in all Ki-67 cut-off values both in the primary tumours and
the metastases, except for Ki-67 expression of 5 and 15%
cut-off in the primary tumours in predicting DDFS. The
lack of significance in the two latter is probably due to too
few cases in the group. BCSS correlated with Ki-67
expression at cut-off points of 15 and 20% in the ALNM.
Ki-67 expression in more than 15% of tumour cells in the
metastatic tumours pinpoint patients with a worse survival.
Thus, it seems biologically “correct” to set the optimal
“lower limit” of Ki-67 cut-off point to distinguish between
a clinically relevant high and low proliferative activity at
15% in ALNM. In multivariate analysis, the Ki-67
expression in the metastatic tumours was a potential
independent prognostic factor in predicting shorter DFS
and DDFS. No association was found in BCSS, but the
number of events with breast specific death (9/194) in the
median follow-up of 40 months was low. A longer follow-
up is probably required to see an eventual relation to BCSS.
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Based on the statistical analysis, a cut-off of 10% seems
to be optimal for Ki-67 expression in primary tumours. Ki-
67 cut-off values have varied from one study to another.
Some have used median values [14, 26], while others have
chosen an arbitrary value (e.g., 10, 20% and so on) [9, 20,
25, 33]. Intriguingly, all the studies [14, 20, 26, 33] have
shown a statistical correlation with clinical outcome
irrespective of cut-off points. The reason might be
explained by the fact that they all had chosen cut-off values
that were found to be within the optimal range for
evaluation of Ki-67 in the primary tumours.

On the basis of our results, we suggest that Ki-67
expression in >10% of carcinoma cells in the primary
tumours and >15% in the ALNM should be used as cut-off
levels for a clinically relevant prognostic difference.
Evaluation of the Ki-67 index in the ALNM would pick
up P—/M+ in addition to P+ cases. This would be in
agreement with the finding that the level of Ki-67
expression in ALNM is a superior independent prognostic
factor of clinical outcomes in metastatic breast cancer
compared to that of Ki-67 expression in primary tumour.

The group with low Ki-67 index in both primary and
metastatic tumour cells (P—/M—) is a favourable prognostic
group albeit node-positive. Histological grade 2, P—/M—
cases revealed significantly better survival than the other
groups. The number of histological grade 1 P—/M— was
probably too small to reach statistical significance. Histo-
logical grade 2 (and probably grade 1) tumours with a low
Ki-67 expression in both the primary lesion and the
corresponding metastasis (P—/M—) could be regarded as a
low-risk group despite their ALNM and possibly with less
need of adjuvant chemotherapy. However, further studies
are necessary to confirm the association between low Ki-67
index (P—/M—) within grade 1 and 2 tumours and a good
clinical outcome before such a conclusion might be drawn.

In conclusion, Ki-67 index has a potential to be used as an
additional marker in metastatic breast cancer to select a high-
risk (P+/M+, P—/M+ and P+/M—) and low-risk group (P—/M—)
for distant metastasis that again might have consequences for
adjuvant therapy strategies. Our results indicate that evaluation
of Ki-67 expression in the axillary lymph node metastases is
superior to evaluation of Ki-67 expression in primary breast
carcinomas for predicting survival.
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Abstract HER2 is an important tumour marker in breast
cancer. However, there is controversy regarding which
method reliably measures HER?2 status. This study evaluates
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the concordance between HER2 gene amplification in
invasive breast cancer determined by fluorescence in situ
hybridisation (FISH) and a new silver enhanced in situ
hybridisation (SISH) technique. Ninety-nine cases were
analysed by direct-labelled manual FISH (PathVysion®,
Abbott/Vysis) and bright field automated SISH (INFORM®,
Ventana). For comparison, all specimens were stained by
immunohistochemistry (Dako-HercepTest™ and Ventana-
PATHWAY ®4B5). Evaluation was performed by five pathol-
ogists following the algorithms of the manufacturers and the
American Society of Clinical Oncology/College of American
Pathologists (ASCO/CAP) guidelines. Concordance was
calculated and the value of x statistics estimated. Overall
concordance between FISH and SISH was 96.0% (xk=0.754,
95%CI). Discrepancies were mostly seen in tumours with
intra-tumoural heterogeneity of HER2 amplification. In
conclusion, HER? gene copy status can be reliably deter-
mined by SISH. The 96% concordance with FISH fulfils the
ASCO/CAP requirement of greater than 95% concordance
for amplified vs non-amplified cases. There was a low inter-
observer variability in the interpretation of SISH, suggesting
that SISH is equally reliable in determining HER2 amplifi-
cation as FISH. Because SISH combines bright field
microscopy with molecular analysis and full automation, it
appears to be particularly suited for routine application in
surgical pathology.

Keywords HER2/neu - Silver enhanced in situ hybridisation

(SISH) - Fluorescence in situ hybridisation (FISH) -
Breast carcinoma - Diagnostic test
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Introduction

Identifying tumours which over-express the human epider-
mal growth receptor 2 gene (ERBB2; also referred to as
HER2/neu) has become an established guide for treating
breast cancer with targeted therapeutics [3, 15, 23], e.g. the
humanised anti-HER2 monoclonal antibody trastuzumab
(Herceptin® Genentech, South San Francisco, CA) [4, 20].
It may be equally important in the selection of patients
responsive to a small molecule dual HER1/HER?2 tyrosine
kinase inhibitor lapatinib (Tykerb, GlaxoSmithKline, Phil-
adelphia, PA), which in combination with capecitabine
improves clinical outcome in advanced disease [10].
Without doubt, the therapeutic relevance of the ERBB2
status mandates highly reliable and robust assays. However,
prospective sub-studies from 2 adjuvant randomised trastu-
zumab trials have shown that approximately 20% of HER2/
neu protein assays proved incorrect when the same speci-
mens were re-evaluated in a high volume, central laboratory
[13, 19]. More recently, a consensus statement has labelled
the high rate of inaccuracy of ERBB2 testing unacceptable
[22]. Clearly, a reliable, reproducible and easy to perform
procedure for assessing the ERBB2 status is of utmost
importance because any specific antibody-based therapy
can be effective only with the target present on the cancer
cells to be attacked.

Amplification of the ERBB2 gene appears to be the
primary mechanism underlying over-expression of its gene
product [2]. Basically, there exist two approaches to
determine the ERBB2 status: detection of the protein and/
or of the genomic status as provided by immunohistochem-
istry (IHC) and in situ hybridisation (ISH), respectively.
Both have advantages and disadvantages; quantification or
semi-quantification of THC reactions is generally difficult
and suffers from a great inter-observer and inter-laboratory
variability whereas ISH enables the pathologist to perform a
more robust quantification of the genomic alteration.
However, the most widely used technology of fluorescence
in situ hybridisation (FISH) requires specialised microscop-
ic equipment and suffers from fading of fluorochromes,
which comprises long-term stability. In addition, the inter-
observer variability is comparably high due to the possibil-
ity of misinterpretation of signal vs noise. This means that
FISH requires a learning curve and only persons experienced
in FISH interpretation should read the slides [7]. Despite
many attempts by the international pathology community to
improve the accuracy of HER2 testing in routine practice,
high inter-observer and inter-laboratory variability remains
an issue with both IHC and FISH [1, 8, 11, 24].

A newly introduced fully automated method—silver
enhanced in situ hybridisation (SISH)—may overcome
some of the disadvantages mentioned above since it allows
the quantification of the number of centromeric chromo-
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some 17 and HER2-specific signals by conventional bright
field light microscopy [1].

In the present study, the HER2 gene amplification status
of 100 consecutive breast cancer cases was examined in
parallel by FISH and SISH. For validation and comparison
of the genetic assays (FISH vs SISH) and to determine
inter-observer variability, a panel of five pathologists (MD,
IE, HH, HK, HM) read and scored the slides following the
guidelines of the American Society of Clinical Oncology and
the College of American Pathologists [22]. The results of two
HER2/neu IHC assays were used for discrepancy analyses.

Materials and methods

Clinical material Diagnoses and tumour characteristics are
listed in Table 1.

Slide preparations One hundred consecutive breast cancer
cases diagnosed and treated surgically during the years
2005 and 2006 at the Interdisciplinary Breast Cancer Centre
of the Charité-University Hospital Berlin were selected for
the study. All cases were formalin-fixed, paraffin-embedded
and processed in the routine diagnostic laboratory of the
institute according to standardised protocols. The time of
fixation in 4% neutral buffered formalin ranged between 6
and 24 h. All specimens were excisional biopsies with an
extended part of invasive breast carcinoma.

Table 1 Clinicopathological

characteristics of the study Tumour data Number of

cohort patients
Histology
Ductal 75
Lobular 16
Medullary 2
Mucinous 4
Tubular 2
Metaplastic 1
pT status
pT1 32
pT2 42
pT3 16
pT4 8
Missing 2
pN status
pNO 47
pN1 16
pN2 11
pN3 8
Missing 18
Histological grade
Gl 14
G2 58
G3 25
Missing 3
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The slides were prepared from archived paraffin blocks
and were processed in parallel for H&E, FISH (PathVy-
sion® HER-2 DNA Probe Kit, Abbott/Vysis), SISH
(INFORM® HER2 DNA Probe and ultraView™ SISH
Detection Kit, Ventana) and IHC (HercepTest™, Dako and
PATHWAY® anti-HER2/neu (4B5) Rabbit Monoclonal
Antibody, Ventana). Before ISH and IHC staining, each
case was checked to confirm the presence of invasive
tumour tissue by three pathologists (MD, GL, AD). All
procedures were performed at room temperature.

Staining procedures
Silver enhanced in situ hybridisation

Automated SISH of consecutive slides from the same
paraffin blocks as for H&E were stained according to the
manufacturer’s protocols for the INFORM HER2 DNA and
chromosome 17 probes. Both probes were labelled with
dinitrophenol (DNP) and optimally formulated for use with
the ultraView SISH Detection Kit and accessory reagents
on Ventana’s Benchmark® series of automated slide
stainers. The HER2 DNA probe was denatured at 95°C
for 12 min and hybridisation was performed at 52°C for
2 h. After hybridisation, appropriate stringency washes (3
times at 72°C) were performed. The chromosome 17 probe
was denatured at 95°C for 12 min and hybridisation was
performed at 44°C for 2 h. After hybridisation, appropriate
stringency washes (3 times at 59°C) were performed. The
HER2 and chromosome 17 DNP-labelled probes were
visualised using the rabbit anti-DNP primary antibody and
the ultraView SISH Detection Kit. The detection kit
contains a goat anti-rabbit antibody conjugated to horse-
radish peroxidase (HRP) utilised as the chromogenic
enzyme. The chemistry of the SISH reaction, briefly
described, is driven by the sequential addition of silver A
(silver acetate), silver B (hydroquinone) and silver C
(H,0,). Here, the silver ions (Ag+) are reduced by
hydroquinone to metallic silver atoms (Ag). This reaction
is fueled by the substrate for HRP, hydrogen peroxide
(silver C). The silver precipitation is deposited in the nuclei
and a single copy of the HER?2 gene is visualised as a black
dot. The specimen is then counterstained with Ventana
Hematoxilin II for interpretation by light microscopy.

Fluorescence in situ hybridisation

For FISH, consecutive sections from the same blocks used
for SISH and IHC were cut at 6 um thickness and mounted
on SuperFrost +/+ slides. Deparaffinising, pre-treatment
and protease digestion procedures followed the ABBOTT/
Vysis PathVysion HER-2 DNA Probe Kit protocol (Path-

Vysion CE Package Insert, Revision I, 2002) with addi-
tional monitoring of the progress of proteinase digestion by
propidium iodide staining. Probe mixes were hybridised at
37°C between 14 and 18 h. After hybridisations, slides
were washed in 2X SSC/0.3% NP-40 at 72°C for 30 min,
air dried and counterstained with DAPI. A minimum of 20
nuclei of invasive tumour cells were scored using LEICA
epifluorescence microscopes equipped with x100 oil
immersion objective and DAPI/Spectrum Green/Orange
single and triple bandpass filters (AHF).

Immunohistochemistry

IHC was performed following routine procedures as
described in detail by Fritzsche et al. [9]. For automated
staining, Ventana’s Benchmark® XT was used.

Teaching and evaluation

A 1-h consensus meeting was conducted to teach the
elements and characteristics observed with the SISH assay
and the algorithm for the assessment of HER2 gene
amplification status. The scoring algorithm and morpho-
logical details defined therein were clearly described and
accepted by the panelists. A teaching set of 10 specially
selected cases were read together using a multi-head
microscope. The teaching set contained specimens that
were negative, equivocal and positive for HER2 gene
amplification and examples of polysomy and inadequate
staining. After this introduction, a blinded test set of six cases
was given to the participants and evaluated independently.
The results were compiled and then discussed in the group.

After achieving consensus, all 100 cases were indepen-
dently examined in a blinded fashion by 5 pathologists
(MD, IE, HH, HK, HM) during a 2-day meeting; each
participant read 500 slides (100 cases by H&E, chromo-
some 17 SISH, HER? SISH, Herceptest IHC and PATH-
WAY 4B5 THC). In detail, each participant first read the
H&E and SISH slides together and recorded the results. In a
second independent review, the IHC slides were read in a
blinded fashion. The FISH reaction was determined
separately and independently by MD and KK.

Scoring criteria and algorithms

SISH Per American Society of Clinical Oncology/College
of American Pathologists (ASCO/CAP) guidelines, HER2
gene amplification status was classified applying the
following criteria:

— Negative for HER?2 gene amplification was defined as a
HER2/Chrl7 ratio less than 1.8.

— Equivocal for HER2 gene amplification was defined as
a HER2/Chrl7 ratio between 1.8 and 2.2.
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— Positive for HER2 gene amplification was defined as a
HER2/Chrl7 ratio greater than 2.2.

The detailed evaluation was performed following the
instructions provided by the manufacturer (Ventana IN-
FORM HER2 DNA Probe CE Package Insert 16034EN
Revision 1 [2007], for more details see http://www.
her2sish.com).

FISH Per ASCO/CAP guidelines, HER2 gene amplifica-
tion status was classified applying the following criteria:

— Negative for HER2 gene amplification was defined as
less than 4.0 HER2 gene copies per nucleus or a HER2/
Chrl7 ratio less than 1.8: no staining or weak, incomplete
membrane staining in any proportion of tumour cells.

— Equivocal for HER2 gene amplification was defined as
a HER2/Chrl7 ratio between 1.8 and 2.2.

— Positive for HER2 gene amplification was defined as
more than 6 HER2 gene copies per nucleus or as a
HER2/Chrl7 ratio greater than 2.2 in on average of 60
cells.

The detailed evaluation was performed following the
instructions provided by the manufacturer (ABBOTT/Vysis
PathVysion CE Package Insert Revision I (2002), for more
details see http://www.vysis.com/PathVysionHER2DNA
ProbeKit 35793.asp).

IHC Per ASCO/CAP guidelines, HER2 protein expression
status was classified applying the following criteria:

— Negative for HER2 protein is an IHC staining of 0 or
1+: no staining or weak, incomplete membrane staining
in any proportion of tumour cells.

— Equivocal for HER2 protein is an IHC staining of 2+:
complete membrane staining that is either non-uniform
or weak in intensity but with obvious circumferential
distribution in at least 10% of cells.

— Positive for HER2 protein is an IHC staining of 3+:
uniform intense membrane staining of >30% of
invasive tumour cells.

The protein analysis was performed to assist discrepancy
resolution.

Statistics

Consensus among the panelists was defined as the
agreement among three or more members representing
either a simple or greater majority. Only samples that
yielded informative results at both techniques were includ-
ed in the concordance analyses. Consensus FISH results
reported by MD and KK were used for the comparison of
FISH to SISH.
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Concordance data (or agreement) between consensus
FISH and SISH methods and between consensus FISH and
individual observers were determined and the « statistics
calculated using Cohen’s « [12].

Results
Case evaluation

From the 100 cases entering the study, 99 were dual-
evaluable (informative) for SISH and FISH (details see
Table 2). One case was excluded due to an unusually high
polysomy of chromosome 17 (will be described separately).
Typical examples of the SISH and FISH staining are shown
in Figs. 1 and 2.

Comparison of SISH vs FISH HER2 gene amplification
status

There was agreement in 95 of 99 cases representing a
concordance 0f 96.0% (k=0.754, 95%CI; 0.518-0.993). Rep-
resentative concordant cases are illustrated in Figs. | and 2.

Concordance with consensus among the pathologists
regarding amplified vs non-amplified cases: As per ASCO/
CAP guidelines, the HER2 gene amplification status judged
by each individual relative to the consensus SISH results
gave the following: among the pathologists a high overall
agreement was achieved where 3 were nearly equivalent
(concordance with consensus 94.4-95.2%, k=0.767, 95%
CI; 0.568-0.965), 1 tended to underscore (concordance of
92.6%, £=0.630, 95%CI; 0.345-0.915) and 1 tended to
over-score (concordance of 92.8%, x=0.770, 95%CI,
0.592-0.947, respectively).

There were four discrepant cases, two of them represent-
ing FISH positive, SISH negative and two the converse. A
case by case analysis revealed the following:

Case 1. The SISH consensus ratio of 2.25 gave a positive
result for HER2 gene amplification. The FISH
analysis yielded a ratio of 2.0 forcing the

Table 2 Detailed demonstration of FISH vs SISH HER2 gene
amplification status obtained from 99 consecutively examined
invasive breast cancer cases

HER?2 gene FISH
amplification status
Positive  Equivocal ~ Negative  Total
Consensus  Positive 9 0 2 11
SISH Equivocal 0 3 0 3
Negative 2 0 83 85
Total 11 3 85 99
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« Fig. 1 Typical example of an amplified case as demonstrated by
SISH. a Chr17—2 signals in fibroblasts (arrow) and max. 3 signals in
tumours cells, b same case HER2—<clusters of HER2 signals in
tumour cells. Note the fibroblasts (arrows) as internal control, i.e. 2
HER2 signals. ¢ FISH Chrl7 shown as 2 or 1 green signal and >6
HER?2 signals

Case 2.

Case 3.

Case 4.

mathematical decision of equivocal for HER2
gene amplification due to definition but was called
negative by the observer. The consensus HER2
protein expression staining analysis was 1+. Thus,
the final diagnosis reported in the pathology report
would be negative for HER2 gene amplification.
The SISH consensus ratio of 2.56 gave a positive
result for HER2 gene amplification. The FISH
analysis yielded a ratio of 1.0 giving a negative
result for HER? gene amplification. Re-reading of
the SISH slides revealed heterogeneity in the
signal distribution and explains the discrepancy.
The consensus HER2 protein expression staining
analysis was 1+. Thus, the final diagnosis
reported in the pathology report would be
negative for HER2 gene amplification.

The SISH consensus ratio of 1.44 gave a negative
result for HER2 gene amplification. The FISH
analysis yielded a ratio of 3.0 giving a positive
result for HER2 gene amplification. Re-reading of
FISH revealed some areas of signal heterogeneity
and areas difficult to interpret explaining the
discrepancy. The consensus HER2 protein ex-
pression staining analysis was 1+. Thus, the final
diagnosis reported in the pathology report would
be HER?2 negative.

The SISH consensus ratio of 1.06 gave a negative
result for HER2 gene amplification. During re-
reading of the case, it became obvious that there
was a discrepant interpretation of what is a single
signal or a cluster (should be counted as six
signals due to the manufacturer’s instruction). The
FISH analysis yielded a ratio of 2.2 giving a
positive result for HER2 gene amplification. Re-
reading of FISH revealed some areas of signal
heterogeneity explaining the discrepancy. The
consensus HER2 protein expression staining
analysis was 2+. Thus, the final diagnosis reported
in the pathology report would be equivocal for
HER?2 gene amplification. Regarding therapy,
these cases may well be handled as amplified.

Discussion

Pathomorphological detection of tissue-based biomarkers
identified as target molecules for humanised antibodies
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b

Fig. 2 Typical example of a non-amplified case as demonstrated by
SISH. a Chr17—2 signals, b same cells HER2—2 signals. Note the
fibroblasts as internal control, i.e. 2 HER2 signals

such as trastuzumab or cetuximab represents an essential
tool in medical progress towards more personalised cancer
therapies [5, 6]. The ideal procedure of target detection
apart from being reliable and reproducible should lend itself
to automated processing. This study compares a novel
methodology, the SISH, fulfilling these requirements with a
high concordance with the current imperfect gold standard,
FISH.

The ASCO/CAP guidelines recommend the ERBB2/
HER?2 status to be optionally determined by IHC or FISH/
CISH [22]. In most laboratories, IHC is done first. In case
the primary immunohistochemical result is equivocal on the
protein level, such as an IHC score of 2+, faint staining or
other artefacts, an additional test is strongly recommended
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to clarify the HER2 status on the genomic level diagnosing
amplification or non-amplification. Most often, this addi-
tional genomic testing is accomplished by FISH. However,
this approach is not optimal because it is time-consuming,
laborious, non-automated and expensive. Further exclusive
use of FISH as the primary method for determining ERBB2/
HER2 gene status may also be problematic due to
specialised instrumentation, special training, high costs
and other disadvantages in the diagnostic workflow [14].
Previous methods of bright field in situ hybridisation have
not found wide acceptance in routine pathology laboratories
because they require manual processing and overnight
hybridisation.

An alternative may be the newly developed SISH
technology because it consists of a 6-h automated protocol
and yields a stable and discrete chromogenic reaction
product. Without the need for specialised microscope
equipments, the pathologist can integrate this testing within
the “normal” workflow. Due to the stable chromogenic
signal, a cell-by-cell discussion using a screen or a multi-
head microscope is facilitated. This possibility is of great
advantage because it enables a continuous educational
process and, in difficult cases, consensus can be reached
more easily. Thus, SISH could readily be integrated into the
surgical pathology workflow for routine assessment of
ERBB2/HER?2 status in breast carcinoma.

A major prerequisite for the acceptance of SISH is that it
has to yield a high concordance with the current imperfect
gold standard (FISH) and should exhibit low inter-observer
variability. The current study proved that this is the case;
the rate of cases that were negative vs equivocal vs positive
for HER2 gene amplification were very similar when
detected by SISH or FISH (concordance 96.0%). This
concordance then is compliant with the ASCO/CAP
requirements of greater than 95% concordance among
amplified/non-amplified cases. Only 4 out of 99 cases
proved discordant among the panelists. Also the inter-
observer concordance of 5 pathologists was unexpectedly
high (concordance with consensus between 92.8% and
95.2%). This high percentage of scoring reproducibility
was surprising because four of the five panelists did SISH
interpretation for the first time. This clearly illustrates that
the SISH signals are relatively straightforward to interpret.

Image analysis can be an effective tool for achieving
consistent interpretation [16, 21]. The constant black signal
of SISH will help to develop computer-based tools for
automated signal detection and, by this, may contribute to a
better reproducibility of HER2 evaluation and a reduction
of interpretive variation. However, image analysis proce-
dures would need further validation before implementation.

Further independent international external quality assur-
ance studies to demonstrate accuracy of SISH-HER?2 testing
should be initiated. To standardise inter-laboratory tests,
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cell cultures with defined protein and gene alterations may
be included [17, 18]. This would facilitate proficiency
testing as made mandatory by the ASCO/CAP guideline
[22] before the introduction of new assays.

In summary, the challenge to standardise, facilitate and

speed up the diagnostic process above the gold standard of
today is met by the newly introduced SISH technology.
Thereby it appears to contribute to the progress of
diagnostic pathology.
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Abstract Recently, oncogenic potential of the WT1 gene
has been proposed in some human solid tumors and
leukemias. Although previous studies have shown the
frequent expression of the WT1 protein in ovarian serous
adenocarcinomas (OSAs), its clinicopathologic significance
is still unclear. We immunohistochemically examined the
expression status of WT1 in 119 OSAs and analyzed the
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correlation of the intensity of WT1 immunoreactivity with
the level of WT1 mRNA expression by quantitative real-
time polymerase chain reaction, clinicopathologic variables,
expression of p53, Bel-2, and Ki-67 labeling index (LI). Of
119 OSAs, nuclear WT1 immunoreactivity was positive in
99 (83%), of which 44 (44%) and 55 (56%) exhibited high
and low WTI immunoreactivities, respectively. The quan-
titative WT1 mRNA levels were significantly correlated
with the intensity of WT1 immunoreactivity (P<0.05). In
comparison with WT1-negative OSAs, the WT1-positive
OSAs showed a higher grade (P=0.007), advanced stage
(P=0.018), and higher Ki-67 LI (P<0.001). Additionally,
high WT1 immunoreactivity was correlated with a higher
grade (P=0.003), Ki-67 LI (P=0.012), Bcl-2 expression (P=
0.003), and poorer patient outcome (5-year survival, 36.5 vs
63.8%, P=0.008 by log-rank test). The WT1 protein may be
an accelerator of the progression of OSA.

Keywords Ovarian carcinoma -
Ovarian serous adenocarcinoma - Prognostic factor -
Tumor progression - WT1

Introduction

The WTI, located on chromosome 11pl3, was at first
identified as a gene responsible for the development of
Wilms’ tumor [10]. Although the role of the product of the
WTI gene was initially described as transcriptional regula-
tion, recent researchers have demonstrated its multifunc-
tional roles sometimes with contradictory features,
including being an activator vs a repressor of transcription,
transcription in the nucleus vs RNA metabolism and
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translational regulation in the cytoplasm, and even being an
oncogene vs a tumor supressor gene [12].

Although the WT1 gene was primarily considered to be a
tumor-suppressor gene, recent studies have demonstrated an
overexpression of the wild-type WTI gene in leukemias
[15] and various solid neoplasms such as those of the breast
[16, 19], lung, digestive tract [25, 26], pancreas [23], bone,
and soft tissues [33, 37]. Moreover, several reports
indicating an oncogenic, rather than a tumor-supressor, role
of the wild-type WTI gene have been accumulated. For
example, high expression levels of WTI1 messenger
ribonucleic acid (mRNA) are correlated with poor progno-
sis in leukemias [15], breast cancer [19], and soft tissue
sarcomas [33]. Treatment with WT1 antisense oligomers
specifically causes growth inhibition in leukemic blast cells
[2, 39] and in cell lines derived from cancers of the lung,
stomach, colon, and breast [24, 41]. These findings indicate
that the WT1 gene product is a potent target of immuno-
therapy because WTI gene expression is restricted to a
limited set of normal tissues including the gonad, uterus,
kidney, and mesothelium [4, 27].

Ovarian carcinoma behaves more aggressively and has a
worse prognosis than any other cancer involving the female
genital tract [28]. Because of the paucity of specific early
symptoms, up to 70% of patients present with advanced
disease [28]. Of the various histological subtypes of ovarian
carcinoma, ovarian serous adenocarcinoma (OSA) is the
most common and usually shows aggressive behavior and
secondary resistance to current adjuvant chemotherapies.

It is a generally accepted idea that the expression of a
single or multiple specific oncogenes and subsequent
activation of cell proliferation contribute to neoplastic
transformation of cells, tumorigenicity, and tumor progres-
sion. Such oncogenes and oncogene products may be of a
clinical utility as predictive or prognostic factors and as
therapeutic targets. So far, it has been shown that the
incidence of WTl-positive tumors was highest in OSA
among the various histological types of ovarian carcinoma
[1, 13]. However, there is limited evidence for the
clinicopathologic significance of WT1 in ovarian carcinomas
[13, 21].

In the present study, to evaluate the clinicopathologic
significance of the WT1 expression in OSA, we analyzed
WT]1 protein expression status by immunohistochemistry
(IHC) applied to a tissue microarray (TMA) containing
119 specimens of OSA. Tumors showing a distinctly
intense immunoreaction were further tested for their
expression levels of WT1 mRNA by real-time, quantita-
tive, reverse transcriptase polymerase chain reaction (RT-
PCR) analysis. We demonstrated that these features of
OSA were correlated with clinicopathologic parameters,
expression of other molecular markers, and patient
outcome.
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Materials and methods
Patients and tissue samples

This study was performed with the approval of the Internal
Review Board on ethical issues. All patients involved gave
their informed consent to participate. We reviewed the
clinicopathologic records of 119 patients who underwent
initial surgery followed by platinum-based chemotherapies
for primary ovarian OSA at the Department of Obstetrics
and Gynecology, National Defense Medical College Hos-
pital, Tokorozawa, Japan, between 1987 and 2004. All 119
patients underwent surgical staging according to the
International Federation of Gynecology and Obstetrics
(FIGO) system. Radical cytoreductive surgery was per-
formed for patients with advanced disease. The chemother-
apeutic regimens comprised cyclophosphamide, doxorubicin,
and cisplatin for 74 patients, paclitaxel and carboplatin for 32,
docetaxel and carboplatin for 10, cyclophosphamide and
cisplatin for one, cyclophosphamide and carboplatin for one,
and irinotecan and cisplatin for one. All pathology specimens
were reviewed at our institution, and the tumors were
classified histologically as OSAs according to the World
Health Organization criteria [34]. The clinicopathologic
details, such as patient age, FIGO clinical stage, tumor
histologic grade, residual tumor after initial surgery, and
overall patient survival were assessed for all 119 patients.
Histologic grading was performed by reference to the
system proposed by Shimizu et al. [31] and Silverberg [32]
(Table 1). Clinical response to chemotherapy was evaluated
by ultrasonography or computed tomography and classified
as complete response (CR), partial response (PR), stable
disease, or progressive disease in accordance with the new
Response Evaluation Criteria for Solid Tumours [35].

Table 1 Scoring system used for grading

Score Criteria

A. Predominant architectural pattern

1 Tubular and/or cystic
2 Papillary
3 Solid

B. Cytologic atypia

1 Slight

2 Moderate
3 Marked
C. Mitotic Figures/10 high-power fields®

1 0-9

2 10-24

3 >25

Sum of the scores for A, B and C: 3-5=Grade 1; 6, 7=Grade 2;
8, 9=Grade 3

#Counted in the most active region at 10x 40x using an Olympus
Optiphot microscope (field area 0.345 mm?)
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Tumor size was determined as the product of the maximum
diameter and the length perpendicular to the maximum
diameter. Clinical response to chemotherapies was assessed for
the 63 patients who had residual tumors 2 cm in size or larger,
after initial surgery. Tumors that showed CR or PR to first-line
chemotherapies were considered to be chemosensitive.

Follow-up was calculated from the date of initial
definitive surgery to the date of either last follow-up or
death. The average follow-up period after initial surgery
was 46.4 months, ranging between 2 and 227 months.
Forty-two of the 119 patients died because of OSA spread,
and two patients died of other causes.

Tissue microarray and immunohistochemistry

To construct TMA blocks, we selected formalin-fixed
paraffin-embedded tissue blocks containing the areas where
histologic grading had been performed, from the 119 OSA
cases. Two core specimens 2.0 mm in diameter were taken
from a tissue block of each case and transferred to recipient
blocks using a Tissue Microarrayer (Beecher Instruments,
Silver Spring, MD).

These TMA blocks were cut into 4-pum-thick sections,
mounted on silane-coated glass slides, and subjected to IHC
using the following primary monoclonal antibodies and
dilutions: anti-WT1 (clone 6F-H2, 1:50, Dako, Grostrup,
Denmark), anti-p53 (clone DO7, 1:100, Dako), anti-Bcl-2
(clone 124, 1:50, Dako), and anti-Ki-67 (clone MIB-1,
1:50, Dako).

These tissue sections were deparaffinized, subjected to
antigen retrieval by digestion with proteinase K (ready to
use, Dako) for 10 min for WTI1, or by autoclaving in
sodium citrate buffer (pH 6.0) for 15 min at 121°C for p53,
Bcl-2, and Ki-67, then being allowed to cool at room
temperature. Endogenous peroxidase was blocked using 5%
hydrogen peroxide. Nonspecific staining was blocked in
2% normal swine serum. The slides were incubated with
primary antibodies at 4°C overnight and then reacted with a
dextran polymer reagent combined with secondary anti-
bodies and peroxidase (Envision Plus; Dako) for 1 h at
room temperature. Specific antigen—antibody reactions
were visualized with 0.2% diaminobenzidine tetrahydro-
chloride and hydrogen peroxide. Counterstaining was
performed using Mayer’s hematoxylin. As positive con-
trols, we used leukemic cell line K562 for WT1, a breast
cancer with nuclear p53 immunoreactivity, and a lymph
node showing reactive hyperplasia positive for Bel-2 and
Ki-67. As negative controls, the primary antibodies were
omitted from each reaction process.

A case showing any degree of nuclear immunoreactivity
for WT1 in more than 10% of the core tissue was
considered to be the WTI1-positive case. The intensity of
WTI1 expression was classified as 0 (nonstaining), 1+

(weak), 2+ (moderate), or 3+ (intensive; Fig. 1). Cases
showing heterogeneous intensity of WT1 immunoreactivity
were classified according to the highest degree of immu-
noreactivity of the WT1-positive cells in each core when
the area with such immunoreactivity occupied more than
10% of the core tissues. If the part with the highest degree
of immunoreactivity occupied less than 10% of area, the
intensity of the largest area was adopted. Tumors scored as
1+ were defined as a low-level immunoreactivity group and
those with a score of 2+ or 3+ as a high-level immunore-
activity group. Based on the literature, p53 and Bcl-2 were
regarded as positive if more than 10% of tumor cells showed
nuclear immunoreactivity for p53 and cytoplasmic immu-
noreactivity for Bel-2 [3, 29, 36]. The Ki-67 labeling index
(LI) was determined using the formula: Ki-67 LI (%)=100x
number of tumor cells with nuclear Ki-67 immunoreactivity/
number of tumor cells with and without nuclear Ki-67
immunoreactivity. In total, 400 cell nuclei were counted
twice independently, and both sets of data were combined.

RNA extraction and reverse transcription

To compare the intensity of WT1 immunoreactivity with its
level of messenger ribonucleic acid (mRNA) expression,
we selected a total of 21 OSA samples based on the pattern
of their WT1 immunoreactivity—seven different samples
each with negative, low-level, and high-level immunoreac-
tivity—and prepared them for mRNA expression analysis.
As controls for WT1 mRNA expression, the K562
leukemic cell line and five samples of non-neoplastic
ovarian tissue obtained from separate patients who had
undergone radical surgery for uterine cancers confined to
the uterus were used [15]. All these non-neoplastic ovarian

carcinomas (OSAs). OSA with negative WT1 (0), OSA with low-level
WTI1 immunoreactivity (/+), OSA with high-level WT1 immunore-
activity (2+), and OSA with high-level WT1 immunoreactivity (3+).
Original magnification, X400
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tissues contained the ovarian surface epithelia, which are
reportedly immunoreactive for the WT1 [30], on their peri-
toneal surface. All tissue samples were snap-frozen imme-
diately after resection and stored until use in liquid
nitrogen.

Total RNA was isolated from the tissues and cell line using
RNeasy Mini (Qiagen, Hilden, Germany) in accordance with
the manufacturer’s instructions. Real-time PCR amplification
of synthesized complementary deoxyribonucleic acid (cDNA)
was performed in a total volume of 50 ul of reaction mixture
containing 2 pl cDNA, corresponding to 100 ng of total RNA,
0.4 pmol/ul of each primer, and 1% TagMan Universal PCR
Master Mix (Applied Biosystems, Foster City, CA) using an
ABI Prism 7700 Sequence Detection System (Applied
Biosystems). We used TagMan, a set of primers, and a probe
(assay ID: Hs01103751 _ml) for WT1 cDNA amplification.
Cycling conditions were 95°C for 10 min, followed by 40
repeats of 95°C for 0.5 min and 63°C for 1 min. Standard
curves for quantification of WT1 and f3-actin (TagMan
[3-actin Control Reagents: no. 401846) were constructed from
the results of simultaneous amplification of serial dilutions of
the cDNA from K562 cells, in which the expression level of
WT1 mRNA was defined as 1.0, as described previously [15].
WT1 mRNA expression levels in the 21 samples of OSA
and five non-neoplastic ovaries were determined according
to the standard curves. To normalize the difference in RNA
degeneration and in RNA loading for RT-PCR in individual
samples, the level of WTI gene expression divided by the
level of 3-actin gene expression were defined as the relative
WT1 mRNA expression level in each sample.

Statistical analysis

Statistical analyses were performed using the StatMate III
software (ATMS, Tokyo, Japan). Comparisons between
parameters were computed by the Chi-squared test or by the
Student’s ¢ test or the Mann—Whitney test for unpaired data.
For survival analysis, Kaplan—-Meier curves were drawn, and
differences between the curves were calculated by the log-
rank test. Independent prognostic significance was computed
by the Cox proportional hazards general linear model for
disease-specific survival. Differences at P<0.05 were
considered to be statistically significant.

Results

Correlation of nuclear WT1 immunoreaction
with the corresponding mRNA expression level

Of the 119 OSAs, 99 (83.2%) were found to be WTI1
positive and the remaining 20 (16.8%) were considered to
be WTI negative. Of the 99 WTl-positive cases, 55
(55.6%) were classified as having low-level immunoreac-
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tivity (1+) and 44 (44.4%) as having high-level immuno-
reactivity (2+, 24 cases; 3+, 20 cases).

The relative WT1 mRNA expression levels in the groups
showing different intensities of immunoreactivity were
quantified using real-time PCR assay and represented
relative to the level in the human leukemia cell line K562
(defined as 1.0; Fig. 2). The median levels of mRNA
expression in the WT1-negative, low-level, and high-level
immunoreactivity groups were 0.66, 3.15, and 8.17,
respectively. The WT1 mRNA expression level in the
WT1-immunonegative group was statistically different both
from that in the group with low-level WT1 immunoreac-
tivity (P=0.009; Mann—Whitney U test) and from the group
with high-level WT1 immunoreactivity (P=0.0027; Mann—
Whitney U test). The mRNA expression levels were also
significantly different between the low-level and high-level
immunoreactivity groups (P=0.017; Welch’s ¢ test) and
between the non-neoplastic ovarian tissues and the WTI
high-level immunoreactivity group (P=0.028; Mann—
Whitney U test). WT1 mRNA expression in the immuno-
histochemically WT1-negative group was significantly
lower than that in the non-neoplastic ovarian tissues
(median, 0.66 vs 3.21, P=0.028; Mann—Whitney U test).
There was no significant difference between non-neoplastic

P=0.028
P =0.0027
<z( 187 P =0.028P=0.009 P=0.017
% 16— r 17 1T 1
- P=0.87 A
E 14+ -
S 12
%}
3 10- A
& 8- K
[723
$ 6- A A .
z A
g 4_ % A
5 21 ;E &
(U]
® 0
Cont WT1- Low-level High-level

negative  WT1 WT1

Fig. 2 Relative levels of WT1 mRNA expression in ovarian serous
adenocarcinomas (OSAs) with distinct levels of immunoreactivity and
in normal ovarian tissues. WT1 mRNA expression levels were
calculated by comparison with the WTI expression level in the
K562 cell line. There was a significant difference in the mean relative
expression level of WT1 mRNA between control ovarian tissues and
WT1-negative OSAs (P=0.028), between the WT1-immunonegative
group and the group with low-level WT1 immunoreactivity (P=
0.0088), between the WT1-immunonegative group and the group with
high-level WT1 immunoreactivity (P=0.0027), between the low-level
and the high-level immunoreactivity groups (P=0.017), and between
control ovarian tissues and the high-level immunoreactivity group (P=
0.028). Cont Normal ovarian tissue samples
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ovarian tissues and the low-level WT1 immunoreactivity
group (median, 3.21 vs 3.15, P=0.871; Mann—Whitney U
test).

Correlation of nuclear WT1 immunoreactivity
with clinicopathologic factors

Eight (40%) of the 20 cases in the WT1-negative group
were in FIGO stage I to II, compared with only 13 (13.1%)
of the 99 WTl-positive cases (P=0.019; Table 2). More-
over, the WT1-positive group showed a higher proportion

Table 2 Comparison of clinicopathologic factors and WT1 immuno-
reactivity in ovarian serous adenocarcinomas

Factor Total ~ Number of cases (%) P value
WT1 WTT1 positive
negative (n=99)
(n=20)
Age (year, 534 56.7 0.242
median)
FIGO® stage 0.019
I 14 6 (43) 8 (57)
I 7 2 (29) 5(71)
I 71 7 (10) 64 (90)
v 27 5(19) 22 (81)
Residual tumor 0.298
0 cm 21 6 (29) 15 (71)
<2 cm 30 5(17) 25 (83)
>2 cm 65 9 (14) 56 (86)
Details 3 0 (0) 3 (100)
unknown
Response to 0.517
chemotherapies
CR/PR® 41 5(12) 36 (88)
SD/PD® 22 4 (18) 18 (82)
NE° 2 0 (0) 2 (100)
Histologic grade 0.0072
1 17 7 (41) 10 (59)
2 53 9 (17) 44 (83)
3 49 4(8) 45 (92)
Ki-67 LI¢ 29.3 51.0 <0.0001
(median)
p53 0.150
Positive 66 8 (12) 57 (88)
Negative 54 12 (22) 42 (78)
Bcl-2 0.249
Positive 40 4 (10) 36 (90)
Negative 79 16 (20) 63 (80)
5-year survival 73.6 52.0 0.387¢
(%)

? International Federation of Gynecology and Obstetrics

® CR Complete response, PR partial response, SD stable disease, PD
progressive disease

“Not evaluated

d Labeling Index

¢ Calculated by log-rank test

of histologically high-grade tumors (P=0.0072) and a
higher Ki-67 LI (mean, 51.0 vs 29.3, P<0.0001) than the
WT1-negative group. With regard to patient age, residual
tumors (2 cm in size or more), the proportion of chemo-
sensitive tumors, and expression of Bcl-2 and p53, there
were no significant differences between the WT1-negative
and WT1-positive groups. Although not statistically signif-
icant, patient outcome in the WT1-negative group tended to
be better than that in the WTI-positive group (5-year
survival, 73.6 vs 52.0%, P=0.387; log-rank test; Fig. 3).

As well as the comparison between the WT1-negative
and WT1-positive groups, the group showing a high level
of WT1 immunoreactivity had a higher histological grade
(P=0.0032) and a higher Ki-67 LI (mean, 57.3 vs 46.0, P=
0.0121) than the low-level immunoreactivity group
(Table 3). Moreover, the high-level immunoreactivity group
showed a higher frequency of Bcl-2 expression than the
low-level immunoreactivity group (52.3 vs 23.6%, P=
0.0032). There was no significant difference in age, FIGO
stage distribution, residual tumors (2 cm in size or more),
proportion of chemosensitive tumors, or p53 expression
status between these two groups. Patient outcome was
significantly poorer in the high-level WT1 immunoreactiv-
ity group than in the low-level WT1 immunoreactivity
group (5-year survival, 36.5 vs 63.8%, P=0.0082; log-rank
test; Fig. 3).

Univariate and multivariate analyses of disease-specific
survival

The results of univariate analysis for disease-specific
survival according to various clinicopathologic factors,
including the intensity of WTI immunoreactivity, are
summarized in Table 4, a. Among the clinicopathologic
factors, residual tumor (2 ¢cm in size or more; P=0.007) was

(%)
100+

80 _M Curve C: WT1-negative (n =20)

60 n H_._I

Curve B: low-level WT1 (n=155)
40
Curve A: high-level WT1 (n =44)
20
0 T T T T 1
0 50 100 150 200 250

Months Survival

Fig. 3 Overall survival curves for 119 patients with ovarian serous
adenocarcinoma (OSA), stratified by WT1 immunoreactivity status.
Curve A for 44 OSA patients with high-level WT1 immunoreactivity,
Curve B for 55 OSA patients with low-level WT1 immunoreactivity,
and Curve C for 20 OSA patients with negative WT1 immunoreac-
tivity. Significant differences were evident between the high-level
WT1 immunoreactivity group (Curve A) and the low-level immuno-
reactivity group (Curve B; P=0.0082, log-rank test)
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Table 3 Comparison of clinicopathologic factors and intensity of WT1
immunoreactivity in WT1-positive ovarian serous adenocarcinomas

Factor Total Number of cases (%) P
value
WTI low- WTTI high-
level (n=55)  level (n=44)

Age (year, 55.9 57.8 0.397

median)

FIGO? stage 0.595
1 8 5 (63) 337

I 5 4 (80) 1 (20)

111 64 33 (52) 31 (48)

v 22 13 (59) 9 (41)

Residual tumor 0.464
0 cm 15 9 (60) 6 (40)

2 cm 25 16 (64) 9 (36)

>2 cm 56 28 (50) 28 (50)

Details 3 2 (67) 1(33)
unknown

Response to 0.563
chemotherapies

CR/PR" 36 19 (53) 17 (47)

SD/PD® 18 8 (44) 10 (56)

NE°® 2 1 (50) 1 (50)

Histologic grade 0.003
1 10 10 (100) 0(0)

2 44 26 (59) 18 (41)

3 45 19 (42) 26 (58)

Ki-67 LI¢ 46.0 57.3 0.012
(median)

p53 0.133
Positive 57 28 (49) 29 (51)

Negative 42 27 (64) 15 (36)

Bcl-2 0.003
Positive 36 13 (36) 23 (64)

Negative 63 42 (67) 21 (33)

5-year survival 63.8 36.5 0.008°
(%)

? International Federation of Gynecology and Obstetrics

° CR Complete response, PR partial response, SD stable disease, PD
progressive disease

“Not evaluated

9 Labeling Index

¢ Calculated by log-rank test

significantly correlated with worse patient outcome. Higher
histological grade (grade 3/2/1) and the intensity of WT1
immunoreactivity (high-level immunoreactivity or others)
showed only marginal significance (P=0.052 and 0.083,
respectively). Patient age greater than or equal to 57 years
(median; P=0.801), advanced FIGO clinical stage (stage 11
or IV; P=0.113), Ki-67 LI greater than or equal to 47.4
(median; P=0.563), p53 positivity (P=0.244), and Bcl-2
positivity (P=0.649) were not correlated with disease-
specific survival in the present analysis.
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We also performed a multivariate analysis using the Cox
proportional hazards model including residual tumor size
(=2 vs <2 cm), histologic grade (3/2/1), and the intensity of
WT1 immunoreactivity (high-level immunoreactivity vs
others) as parameters (Table 4, b). The residual tumor size
was identified as an independent prognostic value for
overall survival (P=0.0052). The high-level WT1 immu-
noreactivity also showed nearly significant prognostic value
(P=0.054).

Discussion

In the present, real-time PCR analysis clearly demonstrated
that the intensity of WT1 immunoreactivity in OSAs was
associated with the mRNA expression level, indicating that
the intensity of WT1 immunoreactivity is a good indicator
of the level of true WT1 protein expression. Taken together
with clinicopathologic features, it appears that WT1 could
assist the progression of OSAs in proportion to the level of
expression of both its mRNA and protein.

The frequency of immunohistochemical detection of
WT1 protein expression in OSA was 83.2% (99 of 119

Table 4 Cox model estimates of the significance of prognostic factors

Variables Pvalue RR
(95% CI)

a. Univariate Cox regression model

Age (=57" vs <57 years) 0.801 0.92
(0.49-1.72)

FIGO stage (IV or III vs II or I) 0.113 2.13
(0.84-5.45)

Residual tumor (>2 vs <2 cm) 0.007 2.40
(1.26-4.55)

Histologic grade (3/2/1) 0.052 1.58
(1.00-2.50)

Ki-67 (L1>47.4% vs <47.4) 0.563 1.20
(0.65-2.20)

p53 (positive vs negative) 0.244 0.68
(0.36-1.30)

Bcl-2 (positive vs negative) 0.649 0.86
(0.44-1.67)

WT1 immunoreaction 0.083 1.73

(high level vs other) (0.93-3.20)

b. Multivariate Cox regression model

Residual tumor (>2 vs <2 cm) 0.005 2.64
(1.34-5.21)

Histologic grade (3/2/1) 0.874 1.04
(0.63-1.73)

WT1 immunoreaction (high level vs no) 0.054 1.92
(0.99-3.73)

Other abbreviations as in Tables 2 to 3
RR Relative risk, CI confidence interval
#Mean values
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cases), which was compatible with the range reported in
previous studies (50.5-97%) [1, 13]. The introduction of
TMA technology allowed a large number of specimens to
be processed and was especially useful for comparative
scoring of WT1 protein expression with specimens sub-
jected to IHC under identical conditions.

Principally, the clinicopathologic significance of the
WTI gene and its gene product in tumor tissues has been
discussed from the viewpoints of (1) diagnostic utility, (2)
functional roles in tumor progression, and (3) potential as a
target for antigen-specific immunotherapy. From the view-
point of diagnostic utility, a high level of WTI protein
expression could be a marker of the clinical aggressiveness
of OSA. In relation to clinicopathologic parameters, the
WTl-positive group showed a more advanced stage and
higher histological grade than the WTI1-negative group.
Moreover, compared with the low-level WT1 immunore-
activity group, the group with a high immunoreactivity
level showed a higher histological grade and a poorer
patient outcome. Hylander et al. [13] demonstrated that
WT1-positive OSAs tended to have a higher grade and more
advanced stage than WT1-negative tumors. Netinatsunthorn
et al. [21] divided WTI1-positive OSAs into subgroups by
the intensity of their immunostaining, as we did in the
present study, and demonstrated that a high intensity of
WT1 immunoreactivity had an independent prognostic
value. In our multivariate analysis, the prognostic value of
the high-level WT1 immunoreactivity was also nearly
significant (P=0.054).

Some reports have advocated the practical utility of IHC
for detecting the WT1 protein in differentiating OSA from
other histological subtypes of ovarian carcinoma or from
adenocarcinomas of other primary sites such as the
endometrium or the pancreatobiliary system [8, 9]. How-
ever, its application to differential diagnosis in surgical
pathology is currently limited and controversial, as a recent
study by Nakatsuka et al. [20] demonstrated WT1 immu-
noreactivity in carcinomas of various primary sites such as
the stomach, prostate, biliary tract, and urinary tract, and
even in malignant melanomas.

The functional role of the WT1 gene and its product in
ovarian carcinomas is largely unknown, and few studies
have investigated the issue. Shimizu et al. [30] hypothe-
sized that the WTI gene is related to cell differentiation in
OSAs, based on the detection of WT1 expression in normal
female genital tissues such as the ovarian surface epitheli-
um, the lining of inclusion cysts, and the tubal epithelium,
but not in the cervical or endometrial epithelium.

The WTI gene encodes a zinc-finger transcription factor
that represses the transcription of growth factor genes such
as the platelet-derived growth factor A chain [7], colony-
stimulating factor 1 [11], insulin-like growth factor (IGF)-II
[5], and growth factor receptor genes such as the IGF-I

receptor (IGF-IR) [38] and epidermal growth factor
receptor [6]. Because the transcription of these growth
factors and growth factor receptors can be regulated by
WT1 via its interaction with wild-type p53, it has been
recognized that WT1 functions as a transactivator in the
absence of wild-type p53 [14, 17]. In OSAs, especially
those with a histologically high grade, p53 mutation, which
commonly contributes to nuclear p53 immunoreactivity, is
associated with tumor progression [3, 29, 36]. Genetic or
molecular interaction between WT1 and mutant p53 may be
related to tumor progression and aggressive biological
activity of OSA cells.

The different subcellular distribution of the WT1 protein
among tumor types is of interest. In the reports by
Nakatsuka et al. [20], a majority of WT1-positive tumors
showed diffuse or granular immunoreactivity in the
cytoplasm, whereas ovarian tumors and desmoplastic small
round cell tumors frequently showed nuclear immunoreac-
tivity. To date, the pathological significance of such
contrasting distribution (nucleus vs cytoplasm) is unclear.
Although the WTI protein is principally a DNA-binding
transcription factor distributed in the nucleus, recent reports
have demonstrated that phospholylation in the DNA-
binding domain alters the affinity for DNA and subcellular
distribution of the WTI1 [40]. Moreover, nucleus-
cytoplasmic shuttling of WT1 and the association between
WTI1 and actively translating polysomes were reported
[22]. Therefore, distinct subcellular localization of WTI
might alter the properties of tumor cells through the
regulation of variable genes and/or proteins.

The WT1-positive group showed a higher Ki-67 LI than
the WTIl-negative group. Moreover, compared with the
low-level WT1 immunoreactivity group, the group showing
high immunoreactivity had a higher Ki-67 LI. Interestingly,
expression of Bcl-2, an apoptosis regulator, was more
frequent in the high-level than in the low-level WTI
immunoreaction group. WT1 can also directly activate the
transcription of several apoptosis-related genes including
Bcl-2 [18]. The present study demonstrated that a high level
of WT1 immunoreactivity was significantly associated with
both Ki-67 LI and Bcl-2 expression. These findings suggest
transcriptional interaction of WT1 with cell cycle accel-
erators and apoptosis inhibitors.

It is intriguing that WT1-negative OSAs showed lower
mRNA expression than non-neoplastic ovarian tissues.
Moreover, the mRNA expression level of OSAs with low
WT1 immunoreactivity was similar with that of non-
neoplastic ovarian tissues. We additionally studied the
WTI1 immunoreactivity in the ovarian surface epithelium
and/or the lining of inclusion cysts in seven unremarkable
ovaries and the tumor cells of seven cases of serous tumor
of borderline malignancy, which is thought to be a
precursor of OSAs. Consequently, all the ovarian surface
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epithelia, linings of inclusion cysts, and tumor cells of
serous borderline tumors studied showed a weak WTI
immunoreactivity (data not shown), corresponding to the
low-level immunoreactivity demonstrated in the present
study. These findings suggest that low-level expression of
WTI1 may be associated with cell differentiation rather than
an accelerator of tumor progression, and moreover, the low-
level WT1 positivity might be a native characteristic of
ovarian serous neoplasms. However, at present, it is
unknown what kind of molecular mechanisms give rise to
the different WT1 expression pattern, i.e., high-level
immunoreactivity and the negativity, in OSAs.

Comprehension of WT1 expression in ovarian carcinomas
should aid its utility for diagnosis or prognostication and
might also help to clarify whether the W7/ gene product
could be an attractive tumor antigen for immunotherapy.
Recent evidence that the presence of intratumoral T cells in
advanced ovarian carcinomas is correlated with better clinical
outcome has prompted a search for a well-characterized tumor
antigen [42]. Generally, the ideal tumor antigen for immu-
notherapy should demonstrate a high level of expression in
tumors, limited expression in normal tissues, and a function-
al role in tumor progression. Therefore, WT1-positive OSAs,
especially those with a high level of WT1 immunoreactivity,
could be a prime target for antigen-specific immunotherapy.

In conclusion, the results of the present study suggest
that WT1 can be an accelerator of tumor progression in
OSAs, possibly with a dose-dependent manner. A high
level of WT1 immunoreactivity in high-grade and
advanced-stage OSA may have not only a diagnostic and
prognostic value but also a potential for application of
antigen-specific immunotherapy against this highly lethal
malignancy.
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Abstract Pheochromocytomas are neuroendocrine tumors
arising in the neural crest-derived chromaffin cells of the
adrenal gland or in extra-adrenal sympathetic ganglia (para-
gangliomas). In a rat model of multiple endocrine neoplasia
(MEN), absence of functional p27Kipl protein predisposes
to pheochromocytoma and paraganglioma development. As
no data is available regarding the involvement of p27Kip1 in
human pheochromocytoma and/or paraganglioma, we set
out to determine the expression pattern of p27Kip1 in those
tumor types. A panel of 25 pheochromocytomas and 23
paragangliomas was collected. Two pheochromocytomas
were from MEN2 patients. The paragangliomas included 15
tumors that developed at the carotid bifurcation, three in the
jugulo—tympanic area, and five at other sites. Except for the
MEN?2 cases, all others were apparently sporadic. Immuno-
histochemistry for p27Kipl and the proliferation marker
Ki67 was performed. We found that p27Kipl expression is
reduced/lost in 56% of pheochromocytomas, but only in
18.1% of paragangliomas. Downregulation of p27Kipl was
not associated with increased proliferation. Cases showing
reduced/lost p27Kipl expression were screened for the
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presence of somatic mutations in CDKNIB (p27Kipl) and
for allelic imbalance at the p27Kip1 locus. Three cases had
allelic imbalance but none had mutations. In conclusion,
pheochromocytomas display extreme reduction/loss of
p27Kipl expression at high frequency.

Keywords Pheochromocytoma - Paraganglioma -
p27Kipl - Ki67 - Immunohistochemistry - Allelic imbalance

Abbreviations
CDK cyclin-dependent kinase

MEN  multiple endocrine neoplasia
VHL  von Hippel-Lindau

SDH succinate dehydrogenase

Al allelic imbalance
Introduction

Pheochromocytomas are neuroendocrine tumors that arise
from neural crest-derived chromaffin cells of the adrenal
gland and extra-adrenal sympathetic ganglia (referred to as
paragangliomas). About 25% of patients with pheochromo-
cytoma and/or paraganglioma present with a family history
of von Hippel-Lindau disease (VHL), multiple endocrine
neoplasia type 2 (MEN2), one of the three familial
paraganglioma syndromes (PGL1, PGL3, PGL4), or, more
rarely, neurofibromatosis type 1 (NF1). The causative
germline mutations in these syndromic cancers have been
identified in VHL, rearranged during transfection (RET),
succinate dehydrogenase (SDH) subunits B, C, D, and NF/,
respectively [14]. Approximately 10-15% of pheochromo-
cytomas/paragangliomas are malignant and present very
challenging problems for therapy. Currently, the malignant
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status of pheochromocytomas/paragangliomas is estab-
lished primarily by the presence of metastases at non-
chromaffin sites [18], and although several markers have
been proposed to predict malignancy in those tumors, there
is no consensus as to the existence of histological, clinical,
or molecular indicators of worse prognosis.

We have identified a MEN-like syndrome in the rat
(named MENX) that shows phenotypic overlap with both
MEN1 and MEN2 human syndromes [21]. Affected rats
develop bilateral pheochromocytoma and parathyroid ade-
noma, multifocal anterior pituitary adenoma, and thyroid C-
cell hyperplasia, as well as paraganglioma [21]. The
histopathology of the rat lesions resembles that of their
human counterpart [21]. Noteworthy, pheochromocytoma
has complete penetrance in MENX rats: Adrenal medullary
hyperplasia is already evident at 2 months of age and
progresses to pheochromocytoma with age. We recently
mapped the MenX locus [35] and identified the genetic
mutation that causes MENX. Affected rats harbor a germ-
line loss-of-function mutation of Cdknlb, a gene in which
germline mutations predisposing to cancer had not been
previously reported [34]. Noteworthy, we also identified a
mutation-negative, suspected MEN1 patient who carries a
germline heterozygous nonsense mutation in the human
CDKNIB gene [34]. Cdknlb encodes the cyclin-dependent
kinase (Cdk) inhibitor p27Kipl, an important cell-cycle
regulatory protein that controls the progression from GI1 to
the S phase by interacting with cyclinE/Cdk2 and cyclinD1/
Cdk4 complexes [36, 39]. Emerging evidence suggests that
p27Kipl can regulate cellular functions other than cell-
cycle progression, such as cell differentiation and migration
[6, 8]. Due to its central role in many important cellular
processes, p27Kipl has been analyzed in several human
malignancies. The CDKNIB gene, encoding p27Kipl,
usually is not somatically mutated in human cancers and
is inactivated through epigenetic mechanisms only in a
small subset of tumors including lymphoid malignancies
and hepatocellular carcinoma [27, 31]. In contrast, p27Kip1
expression level is frequently reduced or absent in human
tumors, and the downregulation of p27Kipl is a statistically
significant predictor of survival and tumor behavior in a
variety of cancers, including prostate, breast, hepatocellular,
and gastrointestinal cancers (reviewed in [28]). In the
tissues of MENX-affected rats, the level of p27Kip1 protein
is extremely reduced or absent compared to wild-type
animals [34], and likely, this inactivation triggers tumor
development in neuroendocrine tissues. Due to the tumor
spectrum of MENX rats with inactivation of p27Kipl, we
decided to study the expression pattern of p27Kipl in
human pheochromocytoma and paraganglioma. In this
paper, we report that p27Kipl expression is frequently
reduced/lost in pheochromocytoma (56%) but less so in
paraganglioma (18.1%; P=0.0151, phaeochromocytoma
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versus paraganglioma). This suggests that, despite their
histopathological similarities, those two tumor types follow
distinct molecular pathways. The downregulation of
p27Kipl represents the single most-frequent molecular
alteration so far reported in pheochromocytoma, implicat-
ing p27Kipl in the pathogenesis of this tumor type.

Materials and methods
Samples

Formalin-fixed, paraffin-embedded tissues from 25 pheo-
chromocytomas and 22 paragangliomas were retrieved
from the archives of the Institute of Pathology, Technical
University of Munich. The histological classification of the
cases was reviewed and is reported in Tables 1 and 2. Of
the pheochromocytoma cases, two belonged to MEN2A
patients (PC21 and PC22) and were both bilateral and
associated with medullary thyroid carcinoma (MTC); one
case (PC20) was associated with a renal cell carcinoma
(RCC; Table 1), but the patient was negative for VHL gene
mutations. The paragangliomas included 13 tumors that
developed at the carotid bifurcation, three in the jugulo—
tympanic area, and 6 in other sites (Table 2). All cases,
except PC21 and PC22, were apparently sporadic.

Immunohistochemistry

Conventional sections of the tissue samples mentioned above
were used for immunohistochemistry. Immunohistochemistry
was performed using monoclonal antibodies against p27Kip1
(clone 57, 1:1,000, BD Transduction Laboratories, San Jose,
CA, USA) and the proliferation marker antigen Ki-67 (MIB-1,
1:500, DAKO, Carpinteria, CA, USA). Sections were cut at
3 uM and stained immunohistochemically using an automat-
ed immunostainer (Ventana Medical System, Tucson, AZ,
USA) according to previously published procedures [37].
Positive controls (tonsils) were included in each staining run
to confirm the adequacy of the staining. The degree of
staining was evaluated using a semi-quantitative scoring
system at x200 magnification. To score the p27Kipl
staining, both the intensity of the staining and the percentage
of positive tumor cells were taken into consideration. Three
positive signs indicate >80% of tumor cells showing strong
nuclear staining for p27Kipl, two positive signs indicate
>80% of tumor cells showing very weak nuclear positivity,
one positive sign indicate very weak to moderate positivity
in <20% of tumor cells, and the negative sign indicate that
tumor cells have negative staining. Only distinct nuclear
staining of tumor cells was used for scoring the Ki67
immunoreactivity, which was determined semiquantitatively
and is indicated as the percent of positive cells on the entire
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Table 1 Clinicopathological, immunohistological, and molecular characteristics of pheochromocytomas

Case ID Age/sex p27Kipl staining Ki-67 (%) p27Kipl sequence Al

PC1 64/M ++ <5

PC2 49/F + <5

PC3* 32/M + <5 Ex1+387 c/t -

PC4* 50/M +++ <5

PC5 68/F +° <5 D12S391
PC6 40/F 0 <5

PC7 58/M + <5 Ex1+387 c/c; G109G D12S1580
PC8 70/F + <5 Ex1+387 c/c

PC9 74/M - <5 Ex1+387 c/t -

PC10 48/M +++ <5

PCl11 41/F - <5 -

PCI2 54/F + <5 -

PCI13 54/M +++ <5

PC14 68/F +++ <5

PC15 70/M +++ <5

PC16* 49/F - <5 Ex1+387 c/c -

PC17 76/M +++ <5

PCI18 44/M +++ <5

PCI19 73/F +++ <5

PC20° 64/F + <5 -

pC21¢ 45/F e <5

PC22¢ 31/F + <5 -

PC23 66/F +++ <5

PC24 73/F +° <5 Ex1+387 c/c; V109G

PC25 64/F ++ <5 -

Cases in bold were sequenced for the 5’ region and coding exons of the CDKNIB (p27Kipl) gene. p27Kipl polymorphisms were named
according to the SNP500Cancer database: Ex1+387 c/t corresponds to SNP rs34330 and V109G to SNP rs2066827. Except when indicated,

cases were apparently sporadic.
AI Allelic imbalance, M male, F' female, negative sign no Al
#Vascular invasion
®Some cytoplasmic staining
¢ Tumor associated to RCC
IMEN2A

tumor represented in the section. The immunohistochemistry
of the clinical data in all cases was reviewed blindly by two
pathologists (LQ-M and FF). Images were recorded using a
Hitachi camera HW/C20 installed in a Zeiss Axioplan
microscope with Intellicam software (Zeiss Microlmaging,
Thornwood, NY, USA). Adobe PhotoShop (San Jose, CA,
USA) was used for image processing.

Molecular analyses

Normal and tumor tissue areas were grossly macrodissected
from five 5-pum sections of formalin-fixed, paraffin-embed-
ded tissue blocks to obtain homogeneous cell populations.
The tumor tissue samples contained >80% tumor cells.
DNA was extracted from both cell populations as follows.
Briefly, tissues were deparaffinized using xylene and
ethanol, centrifuged, and dried. Pellets were resuspended
in 200 ul of lysis buffer (0.05 M/l Tris—HCI at pH 7.5,
1 mM/l ethylenediaminetetraacetic acid (EDTA), 0.5%

Tween-20) with 1 mg/ml proteinase K. After overnight
digestion at 55°C, samples were boiled for 10 min to
inactivate the proteinase K and used for polymerase chain
reaction (PCR) amplification. Sequencing of the complete
coding region and 140 bp of the 5’ untranslated region of
the CDKNIB gene was performed with the Big-Dye
terminator kit (Applied Biosystems), and sequences were
run on an ABI377 sequencer. Primers for sequencing the 5’
region and exon 1 were: p27Kipl la FW GTCGGGGTCT
GTGTCTTTTG, p27Kipl la Rev CCATGTCTCTG
CAGTGCTTC; p27Kipl_1b FW TGTCTAACGG
GAGCCCTAGC, p27Kipl_1b Rev AGTAGAACTCGGG
CAAGCTG; p27Kipl lc Fw AGTTAACCCGGGACTTG
GAG, p27Kipl lc Rev GTCCGACGGATCAGTCTTTG;
p27Kipl 1d Fw AGGAGAGCCAGGATGTCAGC,
p27Kipl 1d Rev GCCAGGTAGCACTGAACACC. Primers
for exon 2 were: p27Kipl 2 Fw CTGACTATGGGGCCAA
CTTC, p27Kipl 2 REV GCCAGCAACCAGTAAGATCAG.
Sequencing of the VHL gene was performed using previously
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Table 2 Clinicopathological, immunohistological, and molecular characteristics of paragangliomas

Case ID Location Age/sex p27Kipl staining Ki-67 (%) p27Kipl sequence Al
PG1? Nasal sinus 67/F + >20 Ex1+387 c/t D12S391,D12S358D12S1580
PG2 Cbt 70/F +++ <5

PG3 Rip 63/F ++0 <5 -
PG4 1* Cbt 40/F +++ <5

PG4 2 Recurrence of PG4 1 45 +++ <5

PG4 3 Recurrence of PG4 1 48 +++ <5

PG5 Cbt 61/F -+ <5

PG6 Cbt 40/F -+ <5

PG7* Cbt 38/F -+ <5

PGS Cbt 69/F +++ <5

PG9 Cbt 59/M +++ <5

PG10 Jtt 59/F -+ <5

PG11 Cbt 48/F - <5 Ex1+387 c/t -
PG12 Base of skull 62/M -+ <5

PGI13 Cbt 62/M -+ <5

PG14 Jtt 62/M -+ <5

PG15 Mediastinal 54/F +++ <5

PGl16 Cbt 34/M +++ <5

PG17 Cbt 40/M A <5

PG18 Retrosternal 54/M +++ <5

PG19 Rtp 61/M -+ <5

PG20 Cbt 71/F -+ <5

PG21 Jtt 52/F - <5 Ex1+387 c/c

PG22 Cbt 38/F +++ <5

Cases in bold were sequenced for the 5’ region and coding exons of the CDKNIB (p27Kip1) gene. p27Kipl polymorphisms were named according
to the SNP500Cancer database: Ex1+387 c/t corresponds to SNP rs34330 and V109G to SNP rs2066827. All cases were apparently sporadic.
Al Allelic imbalance, Cbt carotid body tumor, Rip retroperitoneal tumor, J# jugulotympanic tumor, M male, F female, negative sign no Al

Local infiltration
°Some cytoplasmic staining

reported primers and conditions [40]. Allelic imbalance (AI)
analysis at the CDKNIB locus was performed using the
chromosome 12 p markers D12S391, D12S358, and
D12S1580 in cases showing abnormal p27Kipl staining.
PCR products were loaded onto a 377XL sequencer (PE
Biosystems). Allele size and fluorescent intensity were
determined by Genescan and Genotyper software (PE
Biosystems). Al was established by determining the fluores-
cent intensity of each allele and calculating their ratio in both
normal (N) and tumor (7) DNA using the formula (allele1 —N/
allele2—N)/(allelel —T/allele2—T7). Samples were scored as
showing Al if an allelic ratio of <0.67 or >1.5 was obtained
[10].

Statistical analyses

The number of patients with a reduced expression level of
p27Kipl and that of patients showing the typical high
expression was compared between the two tumor types
(pheochromocytoma versus paraganglioma cases) using the
Fisher’s exact test. Two sided P value<0.05 was considered
statistically significant.
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Results

Expression patterns of p27Kipl and Ki-67
in pheochromocytoma

Normal adrenal medulla typically shows strong nuclear
positivity for p27Kipl in virtually all cells and low
percentage of Ki67-positive cells (below 5%), indicating
low proliferative activity (data not shown). From the 25
analyzed pheochromocytomas, 11 cases (44%) showed
strong nuclear p27Kipl staining in >80% of the tumor
cells (classified as ‘“+++,” Fig. la,b; Table 1), while 14
cases (56%) showed a very weak (Fig. 1c—f) to negative
nuclear staining for p27Kip1 (Fig. 1h). The case illustrated
in Fig. 1g, showed complete loss of p27Kipl staining
except for one small nodular area of the tumor, which had
very strong nuclear expression of the protein. In the
negative cases, infiltrating lymphocytes and residual normal
adrenal gland were strongly stained with p27Kipl and,
thus, served as internal positive controls for the adequacy of
staining. The immunohistochemical staining was mainly
nuclear also in the cases with reduced p27Kipl protein
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Fig. 1 Immunohistochemical
analysis of pheochromocytoma.
Sections were scored for the
p27Kipl staining intensity, and
the percentage of stained cells in
the tumor (see “Materials and
methods™). a, b Strong p27Kip1
staining (+++). a Note on the
right side that the residual nor-
mal adrenal cells are strongly
positive for p27Kip1 (100x%).

b Higher magnification demon-
strates that the vast majority of
the tumor cells have a strong,
nuclear positivity for p27Kipl
(400x%). e—f Cases with reduced
expression of p27Kipl. ¢, d
Weak diffused expression of
p27Kipl in the majority of the
cells (++; 200x). e, f Very weak
or moderate expression of
p27Kipl in <20% of the cells
(+; e 200x, f 320x). Note that in
case e, in addition to the reduced
expression of p27Kipl, there is
also cytoplasmic staining. On
the upper-left side of e, there are
numerous lymphocytes with
strong nuclear positivity used as
internal control. g—h Cases of
pheochromocytoma with lost
p27Kipl expression or negative
for p27Kipl (-). g Only one
nodule within the tumor showed
nuclear positivity for p27Kipl;
the rest of the tumor was nega-
tive (100x). h Pheochromocyto-
ma negative for p27Kipl. On
the right side, there are residual
normal adrenal cells strongly
positive for p27Kip1 used as
internal control (200x)

expression. Four cases (PC5, PC6, PC22, PC24) showed in
addition some cytoplasmic reactivity (as an example, see
Fig. le). The extent and distribution of the cytoplasmic
p27Kipl staining mirrored the nuclear staining in each
sample; i.e., when the nuclear staining was very faint and
present in only a few cells, the same also held true for the
cytoplasmic staining. All pheochromocytomas showed

immunoreactivity for Ki-67 in <5% of the cells (Table 1)
irrespective of p27Kip1 status.

Expression pattern of p27Kip1 and Ki-67 in paraganglioma

Of the 22 paraganglioma cases, 18 (77.3%) showed strong
nuclear immunoreactivity in >80% of the tumor cells
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Fig. 2 Histological and immu-
nohistochemical analysis of par-
aganglioma. a—¢ H&E stain of a
paraganglioma (a 100x) with
strong p27Kip1 nuclear positiv-
ity (+++) in virtually all tumor
cells (b 400%) and very low
proliferation rate as demonstrat-
ed by the Ki67 immunoreactiv-
ity (¢ 200%). d—f H&E stain of a
paraganglioma (d 160x) with
weak to moderate p27Kipl
staining in >80% (++) of the
tumor cells (e 100x) and very
low proliferation rate (f 200x).
g—i H&E stain of the aggressive
paraganglioma case PG1

(g 100x) with p27Kip1 staining
in less than 20% (+) of the
tumor cells (h 400%) and high
proliferation rate (i 200%)

(Fig. 2b), while 4 cases (18.1%) had weak (Fig. 2e and h)
or negative p27Kip1 staining (Table 2). The staining was
mainly nuclear also in the cases with reduced p27Kipl
positivity. Only two cases (PG3 and PG17) showed some
cytoplasmic reactivity for p27Kipl, and the extent and
distribution of the cytoplasmic p27Kipl staining mirrored
the nuclear staining in each sample (as described above for
the PC cases). Paraganglioma cases with abnormal p27Kipl
staining included tumors at different locations throughout
the body (Table 2). All paraganglioma cases showed
immunoreactivity for Ki-67 in <5% of the cells, except
one (PG1) that showed positivity in more than 20% of the
cells (Fig. 2i). PGl was classified as an aggressive
paraganglioma, as it was a tumor in the nasal cavity
associated with infiltration into the base of the skull, both
frontal sinuses, and both orbitae.

Genetic analyses of the samples showing abnormal
p27Kipl immunoreactivity

The reduction in the level of expression of p27Kip1 in these
tumors (both phaeochromocytoma and paraganglioma
cases) could be due to loss of the chromosomal region
harboring the gene. Therefore, we searched for allelic
imbalance (AI) at the p27Kipl locus using three highly
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polymorphic microsatellite markers (D12S391, D12S358,
D12S1580) flanking the p27Kipl locus on chromosome
12p13 (Fig. 3). These markers present a centromere-to-
telomere orientation, covering 890 Kb of chromosome 12
that include the CDKNIB gene (encoding p27Kipl). The 5’
end of the CDKNIB gene is approximately 230 kb
downstream of D12S358 and the 3’ end 472 kb upstream
of D12S1580. For ten (out of 14) pheochromocytomas and
3 paragangliomas with reduced/lost p27Kipl expression
(see Tables 1 and 2), normal tissue was available for Al
analyses. Two samples were non-informative for D12S391,
four were non-informative for D12S358, and two for
D12S1580. The remaining samples were informative for
at least one marker in the region (Fig. 3a). One pheochro-
mocytoma showed Al for D12S391 (PCS5; Fig. 3b), another
showed Al for D12S1580 (PC7), and the aggressive
paraganglioma (PG1) showed Al for all three markers
(not shown). Overall, the Al frequency calculated as the
ratio of samples showing Al versus the total number of
informative cases for each marker is quite low, ranging
from 11% (D12S358) to 18% (D12S391, D12S1580).
Nine cases showing a decreased expression of p27Kipl
were analyzed for the presence of somatic mutations in the
coding region of the CDKNIB gene (Tables 1 and 2).
Control DNA from the adjacent normal tissues was also
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Fig. 3 Allelic imbalance analysis for markers at 12p13. a The panel
summarizes the status of thirteen cases having abnormal p27Kipl
immunohistochemical staining. Cases described as retaining hetero-
zygosity; having Al and non-informative cases are indicated by open,
close, and gray squares, respectively. On the left is reported the
position of the markers along chromosome 12 in megabases
[according to the National Center for Biotechnology Information

sequenced. PCR amplification of the 5’ region and the two
coding exons was performed followed by direct automated
sequencing of the PCR products. Although potential
pathogenic mutations in CDKNIB were not found, known
polymorphisms in the 5’ untranslated region of exonl (SNP
rs34330) and at codon 109 (Vall09Gly, SNP rs2066827)
were identified (Tables 1 and 2).

Patient PC20 could be affected by VHL disease, as the
tumor spectrum of this syndrome includes RCC and pheo-
chromocytoma. Therefore, we sequenced the VHL gene in the
DNA from the normal tissue of case PC20 but we found no
mutations. Furthermore, no mutations were identified in
MENI and RET in this patient (data not shown).

Statistical analysis

The number of patients with a reduced expression level of
p27Kipl (scored —, +, or ++) or showing the high p27Kip1
expression typical of normal tissues (scored +++) was
compared between the two tumor types (pheochromocyto-
ma versus paraganglioma) using the Fisher’s exact test. The
results showed that the number of pheochromocytoma
samples having reduced p27Kip1 expression is significantly
higher than that of paraganglioma cases showing reduced
p27Kipl positivity (P=0.0151). Age at presentation, ma-
lignant potential, and tumor location (for the paraganglio-
mas) were not found to be significantly associated with
downregulation of p27Kipl in both tumor types.

Discussion
In this study, we examined the expression of the cyclin-

dependent kinase inhibitor p27Kip1 in a panel of apparently
sporadic pheochromocytoma and paraganglioma cases. Two

(NCBI) genome browser], as well as the position of the CDKNIB
gene encoding p27Kipl. PG1 was the only sample showing Al for all
the markers tested. PC5 and PC7 showed Al for one marker each. b
Example of Al for marker D12S391 in sample PCS5. The normal DNA
shows two alleles, while the tumor DNA retains the smaller allele but
has lost the larger one

syndromic pheochromocytomas (MEN2) were among the
cases analyzed. A striking decrease/loss of p27Kipl expres-
sion was observed at a high frequency in pheochromocytoma
(56% of cases), as demonstrated by the low immunostaining
and decreased number of cells/field stained with the anti-
p27Kipl antibody. In the remaining cases, the typical strong
nuclear expression was observed. In contrast to the high
frequency of decreased p27Kipl expression observed in
pheochromocytoma, only 18.1% of the paragangliomas
showed reduction of p27Kipl immunoreactivity. These two
tumor types share many similarities: They both arise from
chromaffin cells derived from the embryonal neural crest,
they are histologically very similar, and they both can be
caused by germline mutations in the same susceptibility
genes (VHL, SDHD, SDHB). However, our data points to a
different genetic etiology of those tumor types with a
significantly higher percentage of downregulation of p27Kip1
in pheochromocytomas compared to the paragangliomas
(P=0.0151). This finding strongly implicates reduction of
p27Kipl in adrenal but less so in extra-adrenal pheochromo-
cytoma development. These observations are in agreement
with our studies on the MENX rat model system. Indeed,
affected rats (homozygous for a loss-of-function mutation in
p27Kipl [34]) develop pheochromocytoma with complete
penetrance at young age (<6 months), while paragangliomas
occur later in life (>10 months), and their incidence is only
about 10% (Pellegata, unpublished observation).

In contrast to what is observed by immunohistochemistry
for many antigens, we did not find a continuum of p27Kipl
immunoreactivity in our samples, but instead a discontinu-
ous expression pattern. Indeed, we observed samples with
virtually all tumor cells highly positive for p27Kip1 (as seen
in normal adrenal chromaffin cells), while the others had a
dramatic reduction of positivity in either the number of
stained tumor cells and/or the intensity of staining.
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The molecular mechanism underlying the reduction/loss of
p27Kipl expression is as yet uncertain. We have examined
allelic status of chromosome 12p, where the CDKNIB gene is
located, but changes occur at a low incidence in these
tumors: One aggressive paraganglioma showed loss of
p27Kipl through allelic imbalance (Al), and two pheochro-
mocytomas showed AI at markers in the vicinity of
p27Kipl. The overall incidence of Al at the analyzed loci
(D12S391, D12S358, D12S1580) was 11-18% (calculated as
the ratio of Al/informative cases for each marker). Although
microdeletions are a formal possibility, it is likely that Al is
not the most important mechanism for loss of protein
expression. In addition, we did not find mutations in the
coding sequence of the CDKNIB gene. Both these results are
in agreement with the reported low incidence of Al at the
p27Kipl locus and the scarcity of somatic mutations in
CDKNIB in other solid tumors [24, 25, 30, 38]. It has been
shown that the intracellular level of the p27Kipl protein is
mainly regulated at the post-translational level via protea-
some-mediated degradation [33]. Indeed, in most cases of
decreased p27Kipl concentrations, increased proteolytic
activity toward the protein has been observed [12, 19, 29].
In contrast, no changes in the level of CDKNIB messenger
RNA (mRNA) have been found in tumors that show
downregulation of the p27Kipl protein [11, 23, 29]. Our
studies on the p27Kip1-negative tissues of MENX rats [34]
have also failed to detect changes in the level of p27Kipl
mRNA. Thus, the mechanism causing loss of p27Kipl
expression in human pheochromocytomas and paraganglio-
mas might be post-translational.

Cytoplasmic relocation due to phosphorylation or se-
questration by partner proteins plays an important role in
regulating p27Kipl functions. It has been proposed that,
while p27Kipl in the nucleus acts primarily as a tumor
suppressor by modulating cyclin-cdk complexes, cytoplas-
mic p27Kipl has oncogenic properties. Indeed, expression
of a p27Kip1 protein that can only localize in the cytoplasm
was recently found to increase motility, survival, and Akt
levels in MCF7 breast cancer cells [42]. Cytoplasmic
p27Kipl staining has been observed in several tumor types
and is in general associated with more aggressive behavior
and poorer prognosis [3]. Among the samples analyzed, six
showed cytoplasmic staining for p27Kipl in addition to
nuclear staining (see tables). Four of these cases (PC5, PC6,
PC24, PG3) had an overall downregulation of p27Kipl
expression (three classified as “+” and one as “++7),
indicating that, in those samples, cytoplasmic relocation could
contribute to the loss of p27Kip1 tumor suppressor function.

PC21 and PC22 are MEN2A-associated tumors arising
in patients who carry a germline mutation in the RET
protooncogene. It has been reported that younger age of
onset, multifocality of the tumors, and the presence of
extra-adrenal tumors is parameters usually associated with a
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genetic predisposition to pheochromocytoma [32]. Thus,
cases PC3 (32 years of age) and PC11 (41 years) could also
be syndromic pheochromocytomas. Interestingly, three of
the above cases (PC3, PC11, PC22) showed reduction/loss
of p27Kipl. This observation warrants further studies in a
larger cohort of syndromic pheochromocytomas to deter-
mine whether p27Kipl inactivation may occur at a higher
incidence in hereditary cases.

The biological consequences of the downregulation of
p27Kipl in pheochromocytoma are not yet known. Except
one, all the tumors we analyzed have relatively low
proliferative activity (Ki67 immunoreactivity, <5%) irrespec-
tive of the p27Kipl expression level. The fact that down-
regulation of p27 does not cause massive increase in cell
proliferation is in agreement with the phenotype of MENX-
affected rats. These animals display increase in overall body
size and weight compared to their normal littermates and
show a remarkable increase in the size of some organs [34],
but the proliferative activity of most tissues (including
neuroendocrine tissues) is similar to that observed in
unaffected animals (Pellegata, unpublished). It is, therefore,
likely that impaired p27Kipl function may affect not only
proliferation but additional cellular processes required to
maintain tissue homeostasis (such as differentiation and
senescence).

Our observation that reduction of p27Kip1 expression in
pheochromocytoma does not increase tumor cell prolifera-
tion is in contrast to what has been reported for other tumor
types (including medulloblastomas, endocrine tumors of the
pancreas, and gastrointestinal tract and most lymphoma
subtypes) in which immunoreactivities for p27Kipl and
Ki67 are inversely correlated [1, 9, 13]. When an inverse
relationship exists, it is not easy to discern whether the low
p27Kipl expression is the pathological cause or the
physiological consequence of increased proliferative activ-
ity. In our cases, the decreased p27Kipl concentration is
not the result of an increased proliferation of the tumor
cells, but it is due to an altered regulation of the protein’s
expression. Studies performed in mice have shown that
neuroendocrine cells are especially sensitive to defects in
cell-cycle regulatory proteins affecting the Rb pathway. In
fact, mice heterozygous for Rb [22, 26], chimeric for Rb —/—
[41], and deficient for the Cdk-inhibitors pl18Ink4c and
p27Kipl develop tumors with high penetrance in the
pituitary gland, pancreatic islets, and thyroid [20]. Hyper-
plasia of the adrenal medulla also develops in mice chimeric
for Rb —/— [41]. Our results on the frequent reduction of
p27Kip1 in human adrenal medullary tumors further support
the hypothesis that this protein plays a role in regulating
endocrine tissue homeostasis, not necessarily via controlling
cell proliferation.

While the molecular mechanisms underlying the develop-
ment of hereditary pheochromocytoma and paraganglioma
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have been largely elucidated, advances in understanding the
molecular pathogenesis of their sporadic counterparts has
lagged behind. Somatic mutations in the six known pheo-
chromocytoma/paraganglioma susceptibility genes occur at
relatively low incidence (10-25%) in sporadic tumors [5, 7].
Candidate gene approaches have identified tumor suppressor
genes inactivated in pheochromocytomas, such as the RAS-
association domain family 1, isoform A (RASSF1A4), and the
pl6 tumor suppressor genes. RASSFIA [2, 4] and pl6 [17]
were found to be down regulated through promoter region
hypermethylation in 22-48% and in 24% of pheochromo-
cytomas, respectively. Interestingly, the incidence of p16 and
of RASSF 14 inactivation was higher in hereditary pheochro-
mocytomas compared to sporadic cases [2, 4, 17]. Recently,
genome-wide approaches have been used to identify
molecular pathways involved in sporadic and hereditary
pheochromocytomas and paragangliomas development [15,
16, 18]. These studies have not yet provided us with
individual candidate genes to further analyze. The limited
knowledge of the molecular pathogenesis of sporadic
pheochromocytomas and paragangliomas has hampered the
identification of predictors of malignancy and the develop-
ment of novel therapeutic approaches to target specific
dysregulated pathways. In view of the newly established role
of p27Kipl downregulation in pheochromocytomas, cell
cycle regulatory pathways can now be further explored in
this tumor type, as well as new therapeutic modalities able to
restore p27Kipl expression (function) in adrenal medullary
tumor cells.
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Abstract Lysophosphatidic acid (LPA) is involved in a
broad spectrum of biological activities, including wound
healing and cancer metastasis. Autotaxin (ATX), originally
isolated from a melanoma supernatant as a tumor cell
motility-stimulating factor, has been shown to be molecu-
larly identical to lysophospholipase D (lysoPLD), which is
the main enzyme in the production of LPA. Although ATX/
lysoPLD is known to be widely expressed in normal human
tissues, the exact distribution of ATX-producing cells has
not been fully investigated. In this study, we evaluated
ATX/lysoPLD expression by immunohistochemical stain-
ing using a rat anti-ATX mAb in the human gastrointestinal
tract and found that submucosal mast cells (MC) highly
expressed this enzyme. This was confirmed by immunofluo
rescent double staining using mAbs to tryptase and
chymase. Then, we isolated MC from human gastric tissue
by an immunomagnetic method using CD117-microbeads
and showed that a subpopulation of CD203c-positive MC
showed positive staining for intracellular ATX/lysoPLD on
flowcytometry. This was confirmed by Western blotting of
the isolated cells. Moreover, a significant level of ATX/
lysoPLD release could be detected in the culture super-
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natants of human MC by Western blot analysis. Our data
suggest that submucosal MC play significant roles in
various aspects of pathophysiology in the gastrointestinal
tract by locally providing bioactive LPA through the
production of ATX/lysoPLD.
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Abbreviations

ATX autotaxin

lysoPLD lysophospholipase D

LPA lysophosphatidic acid

MC mast cell

NPP ecto-nucleotide pyrophosphatase /
phosphodiesterase

Introduction

Autotaxin (ATX) was originally isolated from a melanoma
cell supernatant as a 125-kD glycoprotein that stimulates
tumor cell motility in a pertussis toxin-sensitive manner
[55, 57]. Thereafter, more evidence for a positive role of
ATX in tumor metastasis has been demonstrated by both in
vivo and in vitro studies [36-38, 56, 70]. ATX is strongly
detected in the culture media of various cancer cells, and its
mRNA is overexpressed in various human malignancies,
such as lung, breast, and renal cell carcinoma [53, 70, 71].
These findings support that ATX functions as an autocrine
motility factor in the step of tumor progression. ATX was
initially identified as a member of the ecto-nucleotide
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pyrophosphatase/phosphodiesterase (NPP) family and was
termed NPP2 [56]. The NPP family is composed of three
ecto-enzymes that hydrolyze phosphodiester and pyrophos-
phate bonds in nucleotides [9, 18]; however, its molecular
structure relating to stimulation of cell motility is an
enigma. On the other hand, lysophospholipase D
(lysoPLD), which converts lysophosphatidylcoline (LPC)
to lysophosphatidic acid (LPA, 1- or 2-acyl-sn-glycero-3-
phosphate), was found to be abundant in plasma and serum
[3, 62]. LPA is a lipid mediator of a broad range of cellular
responses, including smooth muscle contraction, platelet
aggregation, neurite retraction/cell rounding, regulation of
proliferation, protection from apoptosis, and modulation of
chemotaxis and transcellular migration [19, 35]. LPA elicits
most of its cellular responses via transduction cascades
downstream of its specific G protein-coupled receptors,
LPA1/Edg-2, LPA2/Edg-4, and LPA3/Ede-7, which belong
to the endothelial cell differentiation gene (Edg) family [2, 4,
11, 24]. Some of these cellular responses implicate LPA as a
mediator of tumor progression [31, 34, 50-52]. Recently,
molecular cloning of lysoPLD revealed that this enzyme was
identical to ATX [63, 66]. As LPC is abundantly present in
plasma and tissues (exceeding 100 uM), ATX/LysoPLD is
considered to be a key enzyme in the production of LPA in
vivo [3, 12, 61]. Therefore, it is generally accepted that the
effects of ATX/LysoPLD in cancer progression (including
proliferation, migration, and angiogenesis) are mostly attrib-
utable to the production of LPA from LPC or more complex
lysophospholipids [66, 67]. Although the mechanism of
catalysis of ATX/lysoPLD is well characterized, its post-
translational processing, regulation of expression, and
mechanism of release from cells are not well understood.
ATX is widely expressed, with highest mRNA levels
detected in brain, placenta, intestine, and ovary [36].
However, the cellular expression of ATX/lysoPLD in each
tissue remains unclear. Herein, by immunohistochemical
study using a specific monoclonal antibody, we assessed the
cellular distribution of ATX/LysoPLD in the human gastro-
intestinal tract, and found that submucosal mast cells (MC)
constitutively express ATX/lysoPLD.

Materials and methods
Reagents and human samples

Rat anti-ATX/lysoPLD monoclonal antibodies (2A12, 4F1)
were generated by the immunization of rat with a
polypeptide (amino acids 58—182 of human autotaxin) at
the Graduate School of Pharmaceutical Sciences, The
University of Tokyo, Tokyo, Japan. The specificity [60]
and immunoreactivity for tissue section of these mAbs were
evaluated previously [5, 46]. Antihuman tryptase mAb
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(AA1) and antihuman chymase mAb (CC1) were purchased
from Dako (Carpinteria, CA) and Serotic (Oxford, UK),
respectively, and both of their subclasses were IgG1.

Surgical specimens were obtained from seven patients
with primary gastric carcinoma treated by total gastrectomy
and seven patients with primary colon cancer treated by
right hemicolectomy in the University of Tokyo, with
written informed consent. Normal parts of the stomach or
colon in those specimens, more than 5 cm from the tumor
edge, were used for staining experiments. The ileum of the
oral margin of right hemicolectomy specimens and the
jejunal margin used for reconstruction after gastrectomy
was used for evaluation of the small intestine.

Immunohistochemical study

Paraffin-embedded sections, 5 pm thick, were deparaffinized
in xylene, hydrated through a graded series of ethanol, then
immersed in 3% hydrogen peroxide in 100% methanol for
30 min to inhibit endogenous peroxidase activity. To activate
the antigens, the sections were boiled in 10 mM citrate buffer
pH 6.0 for 15 min. After being rinsed in phosphate-buffered
saline (PBS), the sections were incubated with normal rabbit
serum for 30 min and incubated overnight at 4°C in humid
chambers with primary antibodies to tryptase (AA1, dilution
1:100), chymase (CCI, dilution 1:100), or ATX/lysoPLD
(2A12, dilution 1:50). After washing with PBS, the sections
were incubated with biotinylated rabbit anti-mouse immuno-
globulin (Nichirei, Tokyo, Japan) for 20 min. After washing
again with PBS, the slides were treated with peroxidase-
conjugated streptavidin for 10 min and developed by
immersion in 0.01% H,0, and 0.05% diaminobenzidine
tetrahydrochloride. Light counterstaining with Mayer’s he-
matoxylin was performed. All cases had a negative control
that was run simultaneously with the test slide, in which
control rat IgG was used as the primary antibody. Tryptase-,
chymase-, and ATX/LysoPLD-positive cells were counted in
five different fields selected at random, using a microscope
(and expressed as number per x200 field).

Immunofluorescent double staining

To identify the two molecules in the same specimen,
immunofluorescent double staining was performed on frozen
sections. The surgically removed specimen was immediately
fixed with acetone for 10 min and immersed in 3% hydrogen
peroxide in 100% methanol for 30 min. Then, sections were
incubated with normal rabbit serum for 30 min and incubated
overnight at 4°C in shaded humid chambers with primary
antibodies to tryptase or chymase. After washing with PBS,
sections were incubated for 2 h with rhodamine-conjugated
rabbit anti-mouse IgG (Chemicon International, Temecula,
CA). Then, sections were incubated overnight with rat anti-
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ATX antibody chemically conjugated with fluorescein iso-
thiocyanate (FITC) (FITC-conjugated 4F1, dilution 1:10).
The sections were observed with a confocal laser microscope
(Fluoview, Olympus, Tokyo, Japan).

Buffer for cell preparation

Tris—ethylenediaminetetraacetic acid (EDTA) (TE) buffer is
Eagle’s minimum essential medium (MEM, Gibco, Berlin,
Germany) containing 2 mM EDTA. TGMD buffer is TE
buffer supplemented with 1 mg/ml gelatin, 1.23 mM MgCl,,
and 15 pg/ml DNAse. Hepes buffer contains 20 mM Hepes,
125 mM NaCl, 5 mM KCl, and 0.5 mM glucose. HA buffer
is Hepes buffer plus 0.25 mg/ml bovine serum albumin (BSA).

Cell preparation

The normal parts of the gastric wall were resected, and
tissues containing the mucosal and submucosal layers were
separated from the muscularis propria layer using scissors
and used for cell separation. MC were isolated by a four-
step enzymatic tissue dispersion method as described
previously with some modifications [7, 8, 49]. The tissues
were cut into fragments with scissors and incubated in TE
buffer containing 1 mg/ml acetylcysteine for 10 min at
room temperature to remove mucus and then in TE buffer
containing 5 mM EDTA for 15 min at 37°C to detach
epithelial cells. After washing in TE buffer, the tissue was
incubated in TE buffer containing 3 mg/ml pronase and
0.75 mg/ml chymopapain at room temperature. Pronase and
chymopapain were purchased from Roche (Mannheim,
Germany). During this first digestion step, the tissue was
cut into smaller pieces using scalpels. After 30 min, the free
cells (fraction 1) were separated from tissue fragments by
filtration through a polyamide Nybolt filter (pore size
300 pm). The remaining tissue fragments were washed in
TE buffer, and the first digestion step was repeated at 37°C
(fraction 2). The tissue fragments were then washed in
TGMD buffer and incubated twice for 30 min at 37°C in
TGMD buffer containing 1.5 mg/ml collagenase D (Roche,
Mannheim, Germany) and 0.15 mg/ml elastase (Roche,
Mannheim, Germany). The freed cells were separated from
the digested tissue by filtration (fraction 3 and 4). Fraction
3 and 4 were filtered through a Nyblot filter (pore size
100 wm) again and resuspended in HA buffer. Cell viability
was measured using trypan blue staining, and MC counts
were performed using Alcian blue at each step.

Mast cell purification
Dispersed cells containing approximately 1% MC were

purified as described previously with some modifications
[7, 39, 49]. In brief, the dispersed cells were incubated with

anti-CD117 mAb-conjugated microbeads (Miltenyi Biotec,
Bergisch Gladbach, Germany) for 15 min at 4°C. Then,
CD117-positive cells were enriched by passing through a
magnetic column twice at 1 ml/min using the “POSSEL DS”
program of the AutoMACS system which enables the fast and
efficient positive selection of rare population with low immuno-
genic epitope (Miltenyi Biotec, Bergisch Gladbach, Germany).
“POSSEL DS” means “double sensitive positive selection”.

The purified MC were dispersed on slides by centrifugation
for 10 min (500 rpm) and fixed with acetone. Then, the slide
samples were incubated with biotinylated anti-tryptase (AA1)
or anti-chymase (CC1) mAbs followed by incubation with
peroxidase-conjugated streptavidin and development by
diaminobenzidine tetrahydrochloride as described above. Un-
der the microscope, 100 cells were randomly selected in five to
seven different fields, and cells positive for tryptase or chymase
in those cell populations were calculated (per x200 field).

Detection of ATX/lysoPLD by flow cytometry

Dispersed cells obtained after the four enzymatic steps were
washed twice with PBS and fixed with acetone for 10 min
at 4°C. Then they were permeabilized with 4% paraformal-
dehyde (PFA) for 10 min at 4°C. For two-color staining,
cells were incubated with FITC-conjugated anti-ATX mAb
and PE-conjugated anti-CD203c antibody (Immunotech,
Marseille, France). Data were collected in a fluorescent
activated cell sorting (FACS) Calibur (Becton Dickinson,
Mountain View, CA) and analyzed using CellQuest
software (Becton Dickinson).

Detection of ATX/lysoPLD by Western blot analysis

Immunoselected MC (2x10°), which contained more than
70% Alcian blue-stained cells, were cultured in 8 ml
Roswell Park Memorial Institute (RPMI) supplemented
with 0.1% BSA, 100 U/ml penicillin, and 100 pg/ml
streptomycin (Life Technologies, Inc., Grand Island, NY).
As a control, the same numbers of negatively selected cells
were also cultured in the same medium. After culture for
48 h, the proteins of the culture supernatants were extracted
as described previously [66]. Then, 8 ml culture supernatant
was concentrated to 100 ul by a Centricon Plus-20
(Millipore, Bedford, MA), and electrophoresed in sodium
dodecyl sulfate (sodium dodecyl sulfate (SDS)) 7.5%
polyacrylamide gel for 45 min at 200 V. Then, the protein
was transferred onto an Immobilon transfer membrane
(Millipore, Bedford, MA) for sequential incubation with
5% reconstituted nonfat milk powder to block nonspecific
sites, dilutions of anti-ATX antibody, and horseradish
peroxidase-labeled rabbit polyclonal anti-rat IgG, before
development with a standard enhanced chemiluminenscence
kit (Amersham, Inc., Buckinghamshire, United Kingdom).
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Results
Immunostaining of MC in the gastrointestinal tract

MC were clearly identified in the stomach, small intestine,
and colon by immunostaining with anti-tryptase antibody
(AALl), as reported previously [27, 69]. Granules in the MC
cytoplasm were stained brown. In the stomach, tryptase-
positive MC were diffusely present from the mucosal to the
muscular layer, but the number of MC in the submucosal
layer was significantly greater than that in the mucosal or
muscular layer (Fig. 1b). MC were also diffusely present in
the small intestinal and colonic tissues (Fig. 1d).

Immunodetection of ATX/lysoPLD
in the gastrointestinal tract

As shown in Fig. 1, there were many large oval cells whose
cytoplasm was clearly stained by anti-ATX/lysoPLD
antibody (2A12). The positive cells were detected in the
mesenchymal area in the submucosal layer of the gastroin-
testinal tract, while they were rarely observed in the
mesenchymal area of the mucosal or muscular layers

.

Fig. 1 Immunohistochemical staining of the stomach (a, b, e, f) or
terminal ileum (¢, d) with anti-ATX/lysoPLD mAb (2A12) (a, ¢, e) or
anti-tryptase mAb (AA1) (b, d, f). Serial sections of submucosal area of
the stomach with high magnification (e, f). Bar indicates 1,000 um (a,
b), 500 um (¢, d), and 50 pm (e, f). Immunoreactivity for ATX/lysoPLD
was clearly detected in a subpopulation of tryptase positive cells
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(Table 1). Interestingly, in serial sections, most of the
ATX-positive cells were morphologically similar to MC
detected by anti-tryptase antibody (Fig. le,f).

ATX/lysoPLD-positive cells were identified
as a subtype of MC

To confirm that ATX/lysoPLD-positive cells are identical to
MC, we performed immunofluorescent double staining in
surgically removed gastric tissue. As shown in Fig. 2, when
tryptase-positive MC were stained red and ATX/LysoPLD-
positive MC green, ATX/LysoPLD-positive cells were
detected with yellow fluorescence in merged views
(Fig. 2c). On the other hand, some MC were detected as
red in merged views, suggesting that some MC did not
express ATX/LysoPLD (Fig. 2f). No cells were stained green
in these frozen sections. This clearly indicates that the cells
expressing ATX/LysoPLD in merged views are confined to a
subpopulation of MC in the gastrointestinal tract.

Then, we performed double immunofluorescent staining
with anti-chymase antibody (CC1). Most of the ATX/
lysoPLD-positive MC were stained yellow in the merged
view (Fig. 2i). When the number of ATX/lysoPLD-positive
MC in tryptase- or chymase-positive MC was counted in 20
fields selected at random, 92% (82-96%) of chymase-
positive cells expressed ATX/lysoPLD, whereas 68% (61—
86%) of tryptase-positive cells expressed ATX/LysoPLD
(Table 2). A previous study on human intestine showed that
tryptase-positive MC exist in both the mucosal and
submucosal layers, while most chymase-positive MC exist
in the submucosal layer [27]. This appears to be consistent
with our result that most of the MC in submucosal, but not
mucosal layers, highly expressed ATX/lysoPLD.

Proportion of ATX/lysoPLD-positive MC
in the gastrointestinal tracts

The proportion of ATX/lysoPLD-positive cells in tryptase-
positive MC was comparatively evaluated in the stomach,
intestine, and colon. As shown in Table 1, more than 50% of
MC in the submucosal layer expressed ATX/lysoPLD in all
organs examined (stomach: 52%, small intestine: 63%, colon:
56%). In contrast, only a small proportion of MC in the
mucosal or muscular layer expressed ATX/lysoPLD (stom-
ach: 7.1%, 8%, small intestine: 6.7%, 8%, colon: 14%, 4.1%).

Detection of intracellular ATX/lysoPLD in MC isolated
from gut tissue

Enzymatic isolation provided at least 2x10® single cells
containing about 1% MC, and their viability was at least
90%. After positive selection using magnetic affinity
purification with anti-CD117, the majority of the cells were
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Table 1 Distribution of tryp-
tase and autotaxin (ATX/ Parts of the gastrointestinal tract Layer Tryptase(+) ATX(+) ATX(+)/Tryptase(+)
lysoPLD)-positive cells in each
layer of gastrointestinal tract Stomach m 16 (13-27) 1(0-5) 7.1% (0-27%)

sm 40 (17-77) 20 (3-35) 52% (18-69%)

mp 56 (6-94) 4 (0-6) 8% (0-17%)
Tryptase- and ATX/LysoPLD- Small intestine m 33 (10-54) 2 (1-4) 6.7% (2.7-10%)
positive cells were counted in sm 41 (16-48) 26 (10-30) 63% (32-95%)
five different fields using a mp 18 (3-35) 2 (0-06) 8% (0-50%)
microscope (%200 field), and Colon m 20 (18—45) 3 (1-5) 14% (4-18%)
the mean (min-max) of seven sm 27 (18-29) 16 (14-36) 56% (47-90%)
different samples were mp 15 (2-28) 1(0-4) 4.1% (0-27%)

expressed.

stained blue by Alcian blue (Fig. 3a) and anti-tryptase mAb
(Fig. 3b). In contrast, cells stained with anti-chymase mAb
were fewer than tryptase-positive cells (Fig. 3b). Then, to
detect intracellular expression of ATX/lysoPLD, we per-
formed double staining of the dispersed cells with anti-
ATX/lysoPLD and anti-CD203c, which was determined as
a specific cell surface antigen of human MC and basophils

Fig. 2 Immunofluorescent double staining with anti-tryptase (AA1),
anti-chymase (CCl1), and anti-ATX/lysoPLD (4F1) mAbs. A frozen
section of normal gastric tissue was stained as described in the
Materials and Methods section. The section was observed with a
confocal laser microscope (Fluoview, Olympus, Tokyo, Japan). The
bar indicates 10 um (a—f). Double staining for tryptase in red (a, d)
and ATX/lysoPLD (b, e) in green. In the merged view, a double-
positive cell is stained yellow, indicating that the cell expresses ATX/
lysoPLD and tryptase (white arrows in ¢, f). In contrast, a cell stained
red in the merged view expresses tryptase but not ATX/lysoPLD
(white arrow head in f). No cells are stained green in the merged view,
indicating that ATX/lysoPLD-producing cells are restricted to a
subtype of MC. (g—i) Double staining for chymase in red (g) and
ATX/lysoPLD (h) in green. In the merged view, most of the cells are
stained yellow [open arrow in (i)], indicating that most chymase-
positive MC coexpress ATX/lysoPLD

[17]. FACS analysis showed that more than 70% of the cell
population positively expressed CD203c¢ (Fig. 3c). When
the CD203c-positive population was gated, 22% (13-27%)
of CD-203c positive cells were clearly positive for
intracellular ATX/lysoPLD, whereas the CD203c-negative
population lacked expression of ATX/lysoPLD (Fig. 3d).

Expression of tryptase or chymase in cell population
isolated from gut tissue

As shown in Fig. 3b, 82% of the cells were positive for
tryptase, while only 17% MC were positive for chymase
(Table 3). This result is consistent with Gebhardt’s report,
showing that about 20% of purified MC expressed both
tryptase and chymase [16]. From these results, it is supposed
that the cell isolates from gut tissue by this method contain
relatively more mucosal MC than submucosal MC.

Detection of the release of ATX/lysoPLD from MC
by Western blot analysis

Finally, we examined the protein expression of ATX/
lysoPLD and tryptase and chymase in MC-rich population.

Table 2 Proportion of ATX/lysoPLD-positive cells in tryptase- or
chymase-positive cells

Cells ATX/ ATX/ Percentage of ATX/
lysoPLD- lysoPLD- lysoPLD-
positive cells negative cell positive cells
Tryptase- 30 (27-44) 16 (5-19) 68% (61-86%)
positive
cells
Chymase- 26 (23-38) 2 (1-5) 92% (82-96%)
positive
cells

Frozen section of normal gastric or intestinal tissues were immuno-
stained red by anti-tryptase or anti-chymase mAbs and green, by
anti-ATX/lysoPLD mAbs. Positive cells were counted in 20 different
fields, and the mean (min—-max) in five different samples were
expressed.
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Fig. 3 Characterization of MC isolated from gastrointestinal tissue.
The cells recovered after enzymatic digestion of gastrointestinal
mucosal tissue were positively selected using anti-CD117 mAb. a A
representative MC stained by Alcian blue (b); Immunochemical
staining with anti-tryptase (upper) and anti-chymase (lower). The
majority of cells are positive for tryptase, but not for chymase. b
Flowcytometric profile of double staining by CD203c and ATX/

Positively selected cells expressed ATX/lysoPLD, whereas
negatively selected cells did not (Fig. 4a). As shown in
Fig. 4a, tryptase and chymase were also detectable in cell
lysates of MC-rich population.

Then, we evaluated whether MC extracellularly secrete
ATX/lysoPLD. As shown in Fig. 4b, ATX/lysoPLD protein
was detected in the concentrated culture supernatant of
MC-enriched population cells isolated from gastric tissue,
but not in the supernatant of negatively selected cell
populations. This finding indicates that a subpopulation of
the human MC in gastric tissue release soluble ATX/
lysoPLD into the culture medium.

Discussion
LPA is involved in the etiology of a variety of diseases such

as atherosclerosis, obesity, and cancer and in physiological
responses such as wound healing, vascular tone, vascular
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lysoPLD. The MC-enriched fraction was fixed, permeabilized, and
double stained with PE-conjugated anti-CD203¢ mAb and FITC-
conjugated anti-ATX/lysoPLD mAb (¢). The CD203c-negative (leff)
and -positive (right) areas were gated, and the FITC level was
examined in each gated fraction. The red line represents negative
control. The figure shows the representative data from four different
experiments (Table 4)

integrity, and reproduction [34, 48]. However, the molec-
ular mechanism of the production of this bioactive
phospholipid is poorly understood, although a large amount
of LPA is known to be produced by activated platelets or
stimulated fibroblasts in pathological conditions. Recently,
it has been postulated that at least two pathways exist for LPA
production, intracellular synthesis from phosphatidic acid and

Table 3 Distribution of tryptase- and chymase-positive MC in the
immunomagnetically purified population

Tryptase (+) Chymase (+) Chymase (+)/Tryptase(+)

82 (79-90) 17 (12-25) 21% (13-29%)

The purified MC were stained with avidin—biotin peroxidase method
using biotinylated anti-tryptase or anti-chymase mAbs. Under the
microscope, a hundred cells were randomly selected in five to seven
different fields and positive cells for tryptase or chymase in those cell
populations were calculated. Mean (min—max) in five different
samples were expressed (Fig. 3b).
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Fig. 4 a Western blotting of lysates of MC-enriched cell population
from gastrointestinal tract for ATX/lysoPLD, tryptase, and chymase. b
Detection of release of ATX/lysoPLD from MC-enriched population.
MC-enriched cells (2% 10°) were cultured. Then, the supernatant was
concentrated and the protein expression of ATX/lysoPLD was
evaluated by Western blotting. For negative control, negatively
selected cells with anti-CD117 mAb were cultured in the same
conditions, and the culture supernatant was assessed for the presence
of ATX/lysoPLD. The figure shows representative data from three
different experiments

extracellular conversion from other lysophospholipids. In the
latter pathway, ATX/lysoPLD is shown to be a key enzyme in
the production of LPA by the catalysis of LPC, which is
known to be abundantly present in plasma and tissue fluids [3,
64, 66]. In this study, we found a subtype of MC in the
human gastrointestinal tract that showed strong staining for
ATX/lysoPLD. This reports characterized the cellular pro-
ducer of ATX/lysoPLD in normal tissue, while a recent study
has demonstrated that ATX/LysoPLD is overexpressed in
Epstein—Barr virus-infected Hodgkin’s lymphoma cells [5].
That study used the same antibody as us and showed similar
cytosolic staining of ATX/LysoPLD in lymphoma cells,
suggesting that ATX/lysoPLD is stored in the cytosol in
contrast to the other NPP family proteins, which are
predominantly distributed in the plasma membrane [54].
By Western blotting of culture supernatants, we confirmed
the secretion of ATX/lysoPLD from the MC-enriched
fraction. These data clearly indicate that those MC undergo
membrane-proximal cleavage to yield soluble ATX/
lysoPLD, and thus, have important physiological roles
through the local supply of a high concentration of LPA in
gastrointestinal mucosal tissue.

Table 4 Percentages of each quadrant for different four FACS plots

Tissue MC are known to derive from specific bone
marrow progenitor cells and migrate into tissues, where
they mature depending on the microenvironment and
acquire the capability to produce a wide range of mediators
including histamine, heparin, prostaglandins, leukotrienes,
and many inflammatory cytokines such as interleukin-8,
vascular endothelial cell growth factor (VEGF), and
platelet-derived growth factor (PDGF), and exert their
biological effects by releasing such mediators [6, 15, 21,
26, 30]. In rodents, MC are phenotypically divided into two
subtypes, mucosal-type MC (MMC) and connective tissue-
type MC (CTMC), that produce distinct types of mediators.
MC in the human gastrointestinal tract are also subdivided
by immunohistochemical detection of two proteases;
CTMC that contain tryptase and chymase, and MMC
containing tryptase but not chymase [1, 27-29]. Those
studies have shown that MMC are preferentially located in
the mucosal surface, while CTMC are detected mainly in
submucosal tissue in the gut. Our immunostaining results
revealed that MC in the submucosal layer highly expressed
ATX/lysoPLD, but MC located in the mucosal and
muscular layers did not. Moreover, double staining experi-
ments showed that most of the chymase-positive MC also
expressed ATX/lysoPLD, while about half of the tryptase-
positive cells lacked the expression of ATX/lysoPLD. This
is consistent with previous findings and indicates that ATX/
lysoPLD is constitutively produced mainly by submucosal
CTMC in the gastrointestinal tract.

Using flowcytometry, we confirmed that intracellular
staining of ATX/lysoPLD was detected by CD203c-positive
MC isolated from gut tissue. In FACS analysis, however,
only 10-20% CD203c-positive MC are positive for ATX /
lysoPLD, which does not agree with the immunostaining
data indicating that most of the submucosal MC are
positive for ATX /lysoPLD (Table 4). In fact, cells
separated by this immunomagnetic method contained many
tryptase-positive MC but fewer chymase-positive MC. This
suggests that submucosal MC are collected less efficiently
than mucosal MC by this isolation process, which may
contribute to the discrepancy between FACS analysis and
immunohistochemistry.

Quadrant Ex.1 (%) Ex.2 (%) Ex.3 (%) Ex.4 (%) Mean (%) (Max—min) (%)
Left upper 68 66 60 55 62 (55-68)

Right upper 21 10 22 17 18 (10-22)

Left lower 11 24 18 28 20 (11-28)

Right lower 0 0 0 0 0 0

The MC-enriched fraction was fixed, permeabilized and double stained with PE-conjugated anti-CD203¢ mAb and FITC-conjugated anti-ATX/
lysoPLD mAb. Percentages of each quadrant for different four FACS plots were shown.
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The expression of ATX/lysoPLD in submucosal MC is
considered to have physiological relevance. MC are essential
for allergic and late phase reactions and T-cell-mediated
immunity [14, 33, 42]. LPA has been reported to lead to
overexpression of adhesion molecules and chemokines in
endothelial cells, and thus, induces the recruitment of
mononuclear phagocytic cells [40, 45]. For helper T cells,
LPA has been shown to induce chemotactic migration of
naive CD4(+) T cells expressing the specific receptor Edg4
(LPA2), while enhancing proliferation and IL-2 production in
activated CD4(+) T cells expressing Edg2 (LPA1) predomi-
nantly, but rather, inhibit the migration of these activated CD4
(+) T cells [20, 73]. This strongly suggests that the
production of ATX/lysoPLD in submucosal MC has an
important role in preparation of CD4(+) helper T cells’
repertoire to respond to a variety of antigens in gastrointes-
tinal mucosal tissue. Once T cells are stimulated with certain
antigens, ATX/lysoPLD can augment T cell-mediated
responses in mucosal tissue through the production of LPA.

On the other hand, LPA is considered to have suppres-
sive effects on neutrophil-induced inflammation in vivo.
LPA reduces IL-8-induced migration of human neutrophils
in patients with pneumonia and inhibits the production of
oxygen species in human neutrophils in response to
stimulation with PMA [10, 43]. In the gastrointestinal tract,
LPA reduces the degree of colonic inflammation induced
by ethanol and trinitrobenzene sulfonic acid in a rat colitis
model in vivo [59]. These findings suggest the possibility
that ATX/lysoPLD released from submucosal MC plays a
protective role against acute phase inflammatory bowel
disease (IBD) [23]. Because the number of MC is markedly
increased in IBD, it would be intriguing to examine the
production of ATX/lysoPLD in MC in the intestinal mucosa
in patients with IBD. In addition, recent studies have
demonstrated that LPA also activates enteric glia cells,
which are considered to play critical immunoregulatory
roles in gut tissue [47, 68]. Taken together, these findings
suggest that MC-derived ATX/lysoPLD has pivotal effects
on mucosal immunity in the gastrointestinal tract.

LPA is also essential in wound healing. When superficial
mucosal injury occurs, the mucosal defect is rapidly closed
through a process termed epithelial restitution in physio-
logical conditions [25, 58]. LPA is considered to play major
roles in this step, as it strongly promotes epithelial cell
migration and proliferation in vitro [41]. In fact, rectally
applied LPA stimulates wound healing of the intestinal
epithelium and reduces the size of ulcers in the rat [58].
Therefore, the production of ATX/lysoPLD in gastrointes-
tinal CTMC is considered to be necessary for the
maintenance of mucosal barrier function, as they can
constitutively provide a considerable amount of LPA in
the submucosal area, and thus, epithelial cells can rapidly
respond to repair the mucosal injury.
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Finally, ATX/lysoPLD has an essential role in the
progression of malignant diseases in the gastrointestinal tract.
Many studies have provided evidence for positive roles of
LPA in the initiation or progression of malignancy, including
melanoma, ovary, prostate, breast, head and neck, colon, and
stomach cancer [13, 22, 72]. This is reasonable, because
LPA can function as a growth factor for cancer cells and
also stimulates angiogenesis [34]. More than 40 years ago, it
has been reported that a large number of MC accumulate
around solid tumors and a large number of tumor-associated
MC were significantly correlated with high vascular density
and poor outcome [32, 44, 65]. In those studies, MC-derived
secretalogues, such as histamine, heparin, or VEGF are
considered to be responsible for the new vessel formation.
However, our results strongly support additional mecha-
nisms of MC to promote the malignant potential of cancer
through the production of ATX/lysoPLD.

In summary, we discovered that a subpopulation of
submucosal CTMC constitutively secrete ATX/lysoPLD.
MC are considered to play important roles in the patho-
physiology of gastrointestinal diseases, such as allergic
enteritis, inflammatory bowel disease and malignancy. The
effects of MC may be partly attributable to ATX/lysoPLD
by providing LPA in gastrointestinal mucosal tissue,
although circulating ATX/lysoPLD synthesized in different
locales may also modulate LPA levels. As ATX/lysoPLD is
a relatively stable protein compared to the bioactive
phospholipid product, further research on this enzyme
may be useful for the evaluation of functional role.
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Abstract We report here four cases of pediatric patients in
whom the diagnosis of cystic fibrosis was made only after
the histological examination of a liver specimen obtained
by biopsy (three cases) or at autopsy (one case). There were
two boys and two girls, aged 13 months to 7.5 years. None
had a personal or familial history suggestive of cystic
fibrosis. One patient, presenting with myocardial lesion and
hepatomegaly, died of heart failure; at autopsy, the liver
showed a typical aspect of focal biliary cirrhosis. In the
three other cases, liver disease was the only manifestation
of cystic fibrosis at the time of diagnosis. Liver biopsy
examination showed focal biliary cirrhosis in one case and
massive steatosis in two. In all four cases, the diagnosis was
confirmed by the existence of known pathogenic mutations
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in the CFTR gene. The evolution was variable; one patient
had progressive liver disease with severe portal hyperten-
sion after 7 years; another one had lung complications after
1 year. In conclusion, our experience recalls that the
diagnosis of cystic fibrosis must be considered in children
presenting with unexplained liver disease; its confirmation
by molecular techniques makes it possible to set up an
appropriate follow-up.

Keywords Cystic fibrosis - Liver - Focal biliary cirrhosis -
Steatosis

Introduction

Cystic fibrosis (CF), with a prevalence of 1/2,500
newborns, is the most frequent lethal genetic disease among
whites [9, 26]. The disease is caused by mutations in the
CTFR gene, which maps on chromosome 7 (7q31) [39].
About 1,000 disease-causing mutations have been identi-
fied [43], among which, the most common is AF508 [9].
Pathogenic mutations result in the synthesis of an abnormal
CFTR protein. CFTR is a glycoprotein located at the apical
pole of most secretory epithelial cells including those of
airways, intestine, pancreatic ducts, and bile ducts. It forms
a cAMP-mediated low-conductance channel by which
chloride ions pass from the cell into the lumen [9].

The large tissue distribution of CFTR protein explains
why cystic fibrosis may affect multiple organs. The most
common targets are the respiratory tract, the pancreas, and
the digestive tract [9]; their involvement may be responsible
for life-threatening complications which are the main
determinants of the natural history of the disease and of
its prognosis. Among the various other manifestations
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which may be encountered in cystic fibrosis, hepatobiliary
complications are frequent but are often overlooked
because of their insidious development, usually mild course
and slow progression [3, 6, 20, 22, 27, 30, 42, 49]. It is
usually assumed that only 20% of cystic fibrosis patients
would present clinical liver disease during their evolution;
however, because of the increased duration of survival in
patients with cystic fibrosis, the apparent incidence and the
severity of hepatobiliary disease have recently increased
[12]. In two recent large prospective studies including
respectively, 177 [5] and 241 [27] patients with previously
diagnosed cystic fibrosis, the prevalence of liver disease
was 27 and 35%, and the median age at diagnosis was 7
and 3 years, respectively.

Despite their high incidence during the course of cystic
fibrosis, it is highly unusual for hepatobiliary complications
to reveal the disease. Only a few cases of patients
presenting with end-stage liver disease as the only
manifestation of cystic fibrosis have been described in
children or even in adults. Even more rarely, severe liver
disease may reveal some unusual forms of cystic fibrosis,
such as the rare cases of cystic fibrosis masquerading as
neonatal hepatitis or neonatal cholestasis mimicking extra-
hepatic biliary atresia [31, 46] or the cases of adult [15] or
pediatric [40] patients presenting as sclerosing cholangitis.

It is, therefore, very much unusual to raise the diagnosis
of cystic fibrosis at the histological examination of a liver
biopsy taken during the evaluation of a pediatric patient
without any prior history or any other symptom suggestive
of the disease and presenting only with alterations in liver
blood tests and/or hepatomegaly. We report four such cases
to discuss the difficulties encountered in the diagnosis and
management of these unusual patients, to underline the
criteria necessary for a definitive diagnosis, and to point out
the limits of routine screening for the early diagnosis of
cystic fibrosis in asymptomatic patients.

Materials and methods
Study group

The files of our departments have been searched for
identifying all the patients fulfilling the following criteria:
(a) patients referred between 1990 and 2005 to the
gastroenterology unit of the Department of Pediatrics,
Hopital Edouard Herriot, Lyon, (b) for the evaluation of
abnormal liver tests and/or hepatomegaly, and (c) in whom
the diagnosis of liver disease associated with cystic fibrosis
was made after the histological examination of a liver
biopsy (d) in the absence of known personal or familial
history of the disease. Four patients fulfilled these criteria
and are the subjects of the present report.

@ Springer

Clinical data

In each case, complete clinical charts were available. The
following clinical data were recorded: mode of presenta-
tion, clinical course, and outcome. Biochemical tests of
liver function included serum measurements of free and
conjugated bilirubin, transaminases (aspartate transferase
and alanine transferase), and gamma-glutamyl transpepti-
dase. Sweat test was performed in all patients; it was
considered positive when chloride value was >60 mmol/l in
at least two examinations as recommended [10]. Molecular
genetic screening for the most common mutations of CFTR
gene was performed in all cases by PCR (Elucigene CF30,
Tepnel, Abingdon, UK). After diagnosis, standard protocols
for the follow-up of cystic fibrosis patients were applied; in
particular, complete chest and abdominal explorations were
done at least once a year.

Histological data

Liver tissue samples were obtained by percutaneous
transthoracic biopsy (in three cases) or at autopsy (in one
case). They were fixed in Bouin’s fluid or formalin and
embedded in paraffin. Three micrometer thick sections
were stained with hematoxylin—eosin—saffron, Perls reac-
tion, periodic acid Schiff (PAS) reaction with diastase
digestion and chromotrope. All the available tissue material
was reviewed. The following histological variables were
assessed: overall architecture, presence and extent of
fibrosis, presence and extent of ductular proliferation,
presence of cholangitis, presence, pattern, extent and
distribution of steatosis, occurrence of giant cell transfor-
mation, cholestasis, iron deposition, and hemopoiesis.

Results

Clinical data are summarized in Table 1 and histological
features in Table 2.

Clinical features

There were two boys and two girls, all born at term.
Pregnancies were uneventful in all cases. There was no
previous family history of cystic fibrosis. The median age
at presentation was 47 months (range, 13 to 90 months).
The clinical presentation was variable. One case pre-
sented with growth retardation since birth and progressive
heart failure of unknown cause associated with hepatomeg-
aly and a fourfold increase in serum transaminase activities.
A sweat test was performed at 7 months of age, but was in
the normal range. The child died of heart failure at the age
of 13 months. The histological examination of autopsy
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Table 1 Clinical features
Patients 1 2 3 4
Age at clinical 43 months 13 months 42 months 7 1/2 years
presentation
Sex Male Female Male Female
Mode of Abdominal pain Growth retardation No symptom Abdominal pain
presentation Chronic diarrhea Heart failure causing death Chronic constipation
Clinical examination Hepatomegaly Hepatomegaly Hepatomegaly Hepatomegaly
Liver blood tests 1 Transaminases 1 Transaminases 1 Transaminases No abnormality
Ultrasound findings Heterogeneous Hepatomegaly Hepatomegaly Heterogeneous
pseudotumoral pseudotumoral
hepatomegaly hepatomegaly
Sweat test highest 102 (at 43 months, after 27 (at 7 months) 135 (at 42 months, after 102 (at 7 1/2 years, after
chloride value (mmol/l) liver biopsy) liver biopsy) liver biopsy)
and age of realization
CFTR mutations AF508 AF508 1717-1 (G-A) 585 (E-X)
N1303K AF508 1303 (N-K) 1066 (R-C)
Clinical outcome Alive Dead of heart failure due to  Alive Alive

Duration of
follow-up

No sign of pancreatic
insufficiency or bronchitis

6 months

myocardial necrosis and
fibrosis

First bronchitis at

Portal hypertension

5 years (splenomegaly and
esophagus varicoses) at
15 years

11 years 14 years

samples showed the existence of scattered myocardial
necrosis and fibrosis and of severe liver alterations; hepatic
lesions were not in keeping with a diagnosis of chronic cardiac
liver disease, but suggested a diagnosis of cystic fibrosis.

In the three other patients, clinical symptoms were mild.
Chronic abdominal pain with intestinal transit dysfunction
was the only symptom in two cases. One child was
asymptomatic. Hepatomegaly was present in all three cases;
in two cases, ultrasound examination showed an enlarged
liver with steatosis and a heterogeneous pseudotumoral
appearance. Liver blood tests showed increased transami-
nase serum levels in two cases; they were normal in one

Table 2 Histological findings

case. There was no evidence of viral infection or autoim-
mune disease; metabolic diseases (including alphal-anti-
trypsin deficiency and Wilson’s disease) were ruled out by
biochemical and molecular tests. In all cases, the decision
of liver biopsy was taken because of persistent abnormal
liver blood tests and/or dysmorphic liver at imaging studies.

Histological findings
Typical histological features of focal biliary cirrhosis were

observed in two cases (cases no. 1 and no. 2; Fig. 1). Focal
periportal fibrosis was associated with ductular proliferation

1 2 3 4
Tissue sample Liver biopsy Autopsy Liver biopsy Liver biopsy
Number of portal spaces 24 12 25
Steatosis and % hepatocytes 80 80 90 80
Giant cell transformation - - - -
Expansion of portal tracts + + - +
Fibrosis Extensive bridging Extensive bridging - Focal, periportal

Focal cirrhosis

Cholangiolitis +
Ductular proliferation +
Cholestasis -
Mucous plugs PAS + +

Iron deposition -
Extramedullary hemopoiesis -

Focal cirrhosis
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< Fig. 1 Typical focal biliary cirrhosis (case no. 1). In this case, the

histological picture is typical of focal biliary cirrhosis. At low
magnification (a), periportal fibrosis and steatosis are readily visible.
At higher magnifications (b and ¢), the periportal neoductular
proliferation is obvious; numerous bile ducts contain large plugs
made of amorphous proteinaceous material. Hematoxylin—eosin—
saffron; original magnifications: a x120; b x240; ¢ x380

and pericholangitis, defined by the presence of a rim of
inflammatory cells, including polymorphonuclear leuko-
cytes and lymphocytes around the bile ducts. Amorphous
pink deposits were present in dilated ductules; this material
stained with PAS and resisted diastase digestion. There was
no evidence of cholestasis. In both cases, macrovesicular
steatosis occurred in 80% of hepatocytes without preferen-
tial distribution in the acini. The combination of portal
fibrosis, ductular proliferation, PAS+ diastase resistant bile
plugs and steatosis was highly suggestive of cystic-fibrosis-
associated focal biliary cirrhosis. This hypothesis was
therefore raised, and it was suggested to confirm the
diagnosis by biochemical and molecular techniques.

In the two other cases, the only lesion was massive
macrovesicular steatosis present in 80% of hepatocytes
(cases no. 3 and no. 4; Fig. 2). It was panacinar in
distribution. There was no evidence of steatohepatitis;
portal spaces were not enlarged; there was no ductular
proliferation or cholestasis; no bile plug was visible; there
was no iron deposition. There was no clinical evidence for
the more common causes of steatosis or steatohepatitis in
children, including obesity, chronic hepatitis C, and drug-
induced injury. Metabolic diseases associated with steato-
sis, such as Wilson’s disease and mitochondrial diseases,
have been ruled out. The hypothesis of massive steatosis
associated with cystic fibrosis was therefore considered,
and it was suggested to confirm the diagnosis by biochem-
ical and molecular techniques.

Final diagnosis

After the results of the liver biopsy, a sweat test was
performed in the three children in whom it has not been
performed before. In all cases, the result was positive.
Molecular screening revealed the presence of known
pathogenic CFTR mutations in all four cases. The AF 508
mutation was present in two cases (cases no. 1 and no. 2); it
was homozygous in one case, heterozygous and associated
with a N1303K mutation in the other. In the two other
cases, different combinations of heterozygous mutations
were observed (Table 1).

Evolution and follow-up

Three patients were alive after the diagnosis. They
presented no clinical, radiological, and/or biological sign
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Fig. 2 Massive steatosis (case
no. 3). In this case, macrovesic-
ular steatosis is present in most
hepatocytes, with a pancinar
distribution (a); chromotrope
staining confirms the presence
of an extensive periportal fibro-
sis. a hematoxylin—eosin—
saffron, b chromotrope; original
magnifications x260

suggestive of pancreatic insufficiency or lung involvement.
Treatment consisted in fat soluble vitamin supplements,
ursodeoxycholic acid, and pancreatic enzymes.

During further evolution, liver disease was progressive
in only one case: Portal hypertension, with splenomegaly
and esophageal varices, appeared after 7 years of follow-up.
Imaging studies confirmed the existence of a dysmorphic
liver; there was no biological sign of hepatocellular
insufficiency, and no additional liver biopsy was taken
during the course of the disease. In the other two cases,
liver disease was stable; no complication was apparent. In
one of these cases, lung disease appeared after 1 year of
follow-up. At the time of submission of the manuscript, all
three children were alive after, respectively, 6 months,
11 years, and 14 years of follow-up.

Discussion

The four patients included in this report are characterized
by a much unusual mode of presentation. In all four cases,
there was no known prior personal or familial history of
cystic fibrosis. In three cases, liver disease was the only
manifestation of cystic fibrosis at the time of diagnosis; in
the remaining case, liver disease was present early in the
course of the disease, but its correct interpretation was
delayed because of its association with progressive heart
failure due to myocardial lesion. In all four cases, the
diagnosis of cystic fibrosis was first suggested only after
the histological examination of liver tissue obtained either
at biopsy or at autopsy. In two cases, the histological
pattern, with a typical aspect of so-called focal biliary
cirrhosis, was highly suggestive of cystic fibrosis; in the
other two patients, presenting only with massive steatosis,
the diagnosis of cystic fibrosis was considered in the
absence of clinical, biochemical, or histological argument
for another etiology. The presentation of the four cases

i

included in our study is therefore in sharp contrast with the
usual clinical pattern of the hepatobiliary manifestations of
cystic fibrosis, which preferentially occur in patients with a
known history of the disease.

Apart from their mode of presentation, the hepatobiliary
manifestations observed in our patients were typical in
their clinical, biological, and histological features. Two
cases corresponded to typical examples of focal biliary
cirrhosis. It is usually assumed that focal biliary cirrhosis
results from bile duct injury secondary to the accumulation
of an abnormal bile secretion in the lumen of bile ducts
[19]; this results in the obstruction of bile ducts and in a
reactive ductular proliferation usually associated with
pericholangitis, which, in turn, promotes the development
of periportal fibrosis in injured areas. It is likely that the
abnormal bile secretion which triggers this sequence of
events is related to the expression of an abnormal CFTR
protein by biliary epithelial cells [13, 44]. However, the
absence of genotype—phenotype correlations explaining the
development of hepatobiliary manifestations in cystic
fibrosis [18] suggests the existence of “modifier” genes
[7, 8, 16], which remain, however, to be identified with
certainty, even if several gene candidates have been
proposed, including alphal-antitrypsin, defensins, glutathi-
one S transferase P1, mannose-binding lectin, and TGFbetal
[2, 14, 21, 23, 43].

Focal biliary cirrhosis occurs in 10 to 70% of patients
according to the series [1]: Such important differences may
be explained by differences in the composition of the series
reported so far as well as in the diagnostic procedures
employed and in the criteria retained for the diagnosis [12].
In most cases, as in the two patients reported here, the
clinical and biological abnormalities associated with focal
biliary cirrhosis are mild [38]. Hepatomegaly, as observed
in the two cases reported here, is present in only 30 to 43%
of patients at diagnosis [1]. There is usually no sign of
portal hypertension or hepatocellular insufficiency until late
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in the course of the disease. Liver blood tests are normal in
70 to 80% of patients [1]. In contrast, the two patients
reported here presented with alterations in liver blood tests:
Both had a persistent increase in serum transaminase
levels. In contrast to its clinical expression, the histolog-
ical picture of focal biliary cirrhosis is highly suggestive
[24]; it results from the variable combination of the
following lesions: focal portal and periportal fibrosis,
reactive ductular proliferation, presence of amorphous,
proteinaceous PAS+ diastase-resistant material in dilated
bile ducts, periductular inflammation, and steatosis. In the
two cases reported here, all the histological features were
present, and the resulting picture was therefore a strong
argument supporting the unexpected diagnosis of cystic
fibrosis.

The main risk of focal biliary cirrhosis is the evolution
toward multilobular cirrhosis, which occurs in 5 to 15% of
patients with cystic fibrosis [5, 27, 30]; the prevalence
increases with age and duration of follow-up [27]. In some
cases, multilobular cirrhosis results in end-stage liver
disease, dominated by portal hypertension and its compli-
cations [11, 17], which may require liver transplantation
[34]. We could not evaluate the pattern of evolution in our
two patients: One died at diagnosis of heart failure due to
scattered myocardial necrosis and fibrosis, a rare but known
complication of cystic fibrosis [35, 48], and the other one
has a follow-up of only 6 months.

In the two other cases included in this report, the clinical
and histological picture was that of a massive steatosis of
the liver in an asymptomatic child. Hepatomegaly and/or
mild alterations of liver blood tests were present. The only
histological lesion observed at liver biopsy was massive
macrovesicular steatosis without preferential zonal distri-
bution. Cystic fibrosis is known to be one of the possible
etiologies of fatty liver disease in children [41]. Indeed,
steatosis is a frequent manifestation of cystic fibrosis: It
occurs in 20 to 60% of patients (23% in an autopsy series
[33]), but is massive in less than 5% of cases [12]. Its
pathogenesis is not fully understood. As hepatocytes do not
express CTFR [25, 44], steatosis has been usually assumed
to be of secondary, toxic, or nutritional origin [3]. In
particular, it has been associated with dietary factors such
as essential fatty acid deficiency [30]. However, this
pathogenetic mechanism is unlikely in asymptomatic
patients like those included in our study. In addition,
our data show that steatosis associated with cystic
fibrosis may precede the onset of severe hepatobiliary
complications. In one of our cases, steatosis was the first
sign of progressive liver disease, culminating with the
development of severe portal hypertension after 7 years
of follow-up. This lends support to the concept that in
cystic fibrosis as in other liver diseases, steatosis may
contribute to the promotion of liver fibrosis. Taken as a
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whole, our data therefore show that the pathogenesis of
steatosis in cystic fibrosis needs to be reevaluated and
that its role in the progression of liver disease must not
be underestimated.

The very unusual presentation of the patients included in
our study made it necessary to enforce and confirm the
diagnosis of cystic fibrosis by specific arguments. The
classical diagnostic and screening test for the identification
of cystic fibrosis remains the sweat test, even if other
screening tests have been recently proposed, such as the
trypsin test which is gaining large acceptance [47]. The
principle of the sweat test is simple: In the presence of an
abnormal CFTR protein, the chloride concentration of the
sweat is increased; a value >60 mmol/l is considered
positive [28]. However, the results of a negative sweat test
must be interpreted with caution, especially when the
clinical context is suggestive. False negative results are
possible because of unreliable methods, technical errors,
and errors in interpretation [28, 29]. Moreover, sweat tests
may be normal in atypical cases of cystic fibrosis, as shown
by our own experience and by previous reports [4, 36, 45];
indeed, some recent series have shown that 1 to 2% of
patients with cystic fibrosis may have sweat chloride
concentrations of less than 60 mmol/l, likely as a result of
heterozygous mutations preserving some biological activity
for the residual CFTR protein [32, 36, 37]. This was
observed in one of our patients (case no. 2) in whom the
sweat test performed at 7 months was negative. In our
experience, it is important to control such negative results
after some months of evolution, as delayed positivity of the
sweat test may be observed in a few instances.

Currently, molecular techniques are necessary to
confirm the diagnosis of cystic fibrosis. They have to
show the presence of pathogenic mutations in the CFTR
gene. In our series, such mutations were detected in all four
cases. One patient was homozygous for AF508. The other
patients were heterozygous. The variety of mutations found
in this small group of patients confirms the absence of
genotype—phenotype correlation underlying the develop-
ment of hepatobiliary manifestations in cystic fibrosis. We
have no information regarding the expression of possible
modifier genes involved in the pathogenesis of liver disease
[2, 14, 43] in our patients, except for ocl-antitrypsin, which
had a normal phenotype in all four cases.

In conclusion, we report here four unusual pediatric
cases to underline the variety of clinical presentations
which may be associated with cystic fibrosis. They recall
that this diagnosis has to be considered in children
presenting with unexplained liver disease. The confirmation
of the diagnosis by molecular techniques makes it possible
to set up an appropriate follow-up to detect the possible
complications of liver disease and the late involvement of
other target organs.
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Abstract We analyzed the tumor vascularization in carci-
nomas ex-pleomorphic adenoma (CXPA) to investigate the
angiogenic switch during the malignant transformation of
pleomorphic adenoma (PA) to carcinoma and during tumor
progression. In eight cases of early CXPA (intracapsular
and minimally invasive tumors), eight of advanced CXPA
(widely invasive tumors), and ten of PA without malignant
transformation, tumor vascularization was assessed in
histological samples by measuring total microvascular area
(TVA) and microvessel density (MVD) using CD34 and
CD105 antibodies. MVD for CD105 increased significantly
during tumor progression, whereas this was not the case for
CD34 MVD. Comparing widely invasive CXPA with and
without myoepithelial differentiation, CXPA with myoepi-
thelial differentiation showed a significantly lower number
of CD105 positive vessels but revealed higher TVA values.
In these tumors, the neoplastic cells usually formed larger
hypovascularized aggregates that were often surrounded by
large-sized vessels. In conclusion, the antibody CD105
reveals an angiogenic switch during the progression from
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adenoma to carcinoma in salivary glands. The degree of
angiogenesis and the total vascular area have distinctive
patterns in CXPA with and without myoepithelial differen-
tiation. Low angiogenesis associated with high TVA value
is more characteristic of CXPA with myoepithelial
differentiation.

Keywords Carcinoma - Pleomorphic adenoma -
Angiogenesis - Malignant transformation

Introduction

Angiogenesis, the formation of new blood vessels from
preexisting ones, has been considered a critical process for
tumor growth, invasion, and metastasis [20, 24]. The ability
to induce and sustain angiogenesis occurs during tumor
development via an angiogenic switch from vascular
quiescence [12]. Besides that, blood can be supplied by a
non-angiogenic process, the so-called co-option mecha-
nism, well-documented in some human cancers, where the
neoplastic cells use the existing blood vessels without
eliciting an angiogenic response [9, 22, 28].

Tumor vascularization has rarely been studied in salivary
gland tumors [5, 30].

In humans, the most common salivary gland tumor, the
pleomorphic adenoma (PA), usually shows a poorly
vascularized myxoid and chondroid stroma [26]. Carcino-
ma ex-pleomorphic adenoma (CXPA) is the principal form
of malignancy arising in PA and accounts for 4.5-15% of
all cancers of the salivary glands [7, 10, 18]. They are
usually high-grade carcinomas, with frequent metastases
and a poor clinical outcome [7, 10, 11, 17, 18].

In salivary carcinoma spontaneously arising in HER-2/
neu transgenic mice, it has recently been suggested that the
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richly vascularized preexisting salivary tissue is able to
support tumor onset and progression with no need for an
angiogenic switch [4].

Taking these results into consideration, we investigated
the question whether an angiogenic switch would take place
during the malignant transformation of PA into carcinoma
and during tumor progression.

In a series of CXPAs, which represent the different
phases of the adenoma-—carcinoma sequence, i.e., in situ
(intracapsular), minimally invasive and invasive carcinoma,
tumor vascularization was assessed in histological samples
by measuring the total microvascular area (TVA) and
microvessel density (MVD) using CD34 and CDI105
antibodies. PA without malignant transformation was used
as control. CD34 has been reported as an optimal pan-
endothelial marker [9] that stains not only “newly forming”
vessels but also normal ones trapped within tumor tissues.
In contrast, CD105 (endoglin), a proliferation-associated
and hypoxia-inducible protein expressed in angiogenic
endothelial cells, has been considered as a marker of
neoangiogenesis [9, 24, 27, 29].

Materials and methods

The study was performed in 16 cases of CXPA which were
retrieved from the files of the Department of Pathology of
the University of Campinas. All diagnoses were reviewed
by two pathologists (AA and VCA) using 50-um sections
obtained from formalin-fixed paraffin-embedded samples
and routinely stained with hematoxylin—eosin. CXPA was
defined as a malignant epithelial neoplasm arising in
association with a primary or recurrent PA. The tumors
were classified according to extension of invasion beyond
the capsule of the previous PA as intracapsular (without
invasion)—4 cases, minimally invasive (<1.5 mm of
invasion)—4 cases, and widely invasive—8 cases. Demo-
graphic and clinical information was obtained from the
patients’ medical records.

Table 1 Details of the antibodies used for immunohistochemistry

Immunohistochemistry

One paraffin block from each case was chosen for the
immunohistochemical study [23], and the following anti-
bodies were used (Table 1): CD34 and CD105 for detection
of blood vessels and «-smooth-muscle actin (x-SMA),
vimentin; cytokeratins 7 (CK7) and 14 (CK14) for the
detection of epithelial and myoepithelial cells. The 5-pm
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 a-SMA and anti-CD105, antigen retrieval (AR) was
achieved by boiling in a steamer immersed in citrate buffer
(pH 6.0, for 30 min). For CD105, AR was performed using
0.4% pepsin for 30 min (Table 1). Only the sections for
CD105 were incubated at 37°C with protein block serum-
free (code x0909, Dako, SA, Denmark) for 30 min.
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 1 h at 37°C. Sections were stained
for 5 min at 37°C with 3.3'-diaminobenzidine tetrahydro-
chloride (DAB) and counter-stained with hematoxylin.
Negative controls were run by omitting primary antibodies.

Microvessel density and microvessel area assessments

Immunohistochemical reactions for CD34 and CD105 were
interpreted by two authors (AA and AS) using a double-
headed microscope, and the most vascularized areas at low
power magnification (hotspots) within each tumor were
chosen for further analysis. For quantitative study, ten
digital images per case were obtained using a charge-
coupled device camera adapted to an Olympus CX30
microscope (X40 objective, 0.44 mm field diameter) and
analyzed with Imagelab analysis software (version 2.4),
which allows manual segmentation of target areas (vessels).
Microvascular density for CD34 as well as for CD105 was
considered the mean number of microvessel count, and

Specificity Clone Isotype Dilution Source Buffer (AR)
CD34 QBEnd 10 1gG, 1:50 Dako® Citrate
CK7 OV-TL 12/30 IgG, 1:100 Dako® Citrate
CK14 LL002 IgGs 1:1000 Neomarkers” Citrate
Vimentin V9 IgG, 1:100 Dako?® Citrate
x-SMA 1A4 IgGs, 1:200 Dako® None
CD105 SNG IgG, 1:10 Dako® Pepsin

#Dako Corporation, Glostrup, Denmark
b LabVision Neomarkers, Fremont, CA, USA
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total vascular area the mean area occupied by microvessels
per unit area of the tumor, i.e., that correspondent to one
tumor field using the x40 objective—0.152 mm?. Vessels
with muscular walls were excluded.

Statistical analysis

For comparison of the variables between the different tumor
types, we used the Kruskal-Wallis test. To assess changes
during the tumor progression, we codified adenomas as 0,
minimally invasive carcinomas as 1, and widely invasive
carcinomas as 2 and followed the changes of the variables
with a Sperman rank order correlation. Results with p<0.05
were considered significant

Results

The CXPA group included 11 women and 5 men, and the
tumors were located in the parotid glands in nine cases, in
the submandibular glands in five, and in the minor salivary
glands in two. The average age of the intracapsular CXPA
group was 47, in the minimally invasive 67, and in frankly
invasive 65. The CXPAs were classified into two main
groups according to the extent of invasion beyond the
capsule of the previous PA: early tumors—eight cases (four
intracapsular and four minimally invasive carcinomas) and
advanced tumors—eight cases (eight widely invasive
carcinomas).

The PA group without malignant transformation includ-
ed five women and five men, the average age was 41, and
the tumors were located in the parotid glands in eight cases
and in the submandibular glands in two.

Microvascular density (MVD) for CD34 and CD105

Figures 1, 2, 3, and 4 illustrate positive vessels and MVD
for CD105 and CD34 in all groups. The mean vessel density
of CD105 stained vessels was significantly different between
the groups (p<0.0001; Kruskal-Wallis test). During the
adenoma carcinoma sequence, the MVD of CD105 gradu-
ally increased (Fig. 3) with a highly significant strong
positive correlation (R=0.793; p<0.0001). In PA without
malignant transformation (Figs. 1 and 3), a low number of
small CD105 positive vessels were detected (mean 3.33).
However, in the early CXPA (intracapsular and minimally
invasive carcinomas), these vessels were more numerous
(mean 9.0; Figs. 1 and 3). The greatest increment in CD105
MVD was seen in the widely invasive CXPA (mean 33.6),
with carcinomas without myoepithelial differentiation re-
vealing higher values (mean 46.5) than those with such
cellular differentiation (mean 16.33; Figs. 2 and 3).

In relation to MVD for CD34, no significant differences
(»p=0.15) were observed in the subgroups that represent the
adenoma—carcinoma sequence (Fig. 4; adenoma mean
10.49, early CXPA 7.66, advanced CXPA 8.71, CXPA
without myoepithelial differentiation 9.35, and CXPA with
myoepithelial differentiation 7.87).

Total vascular area (TVA)

Total vascular area was significantly different among the
tumors (p=0.005); Kruskal-Wallis test.

Figure 5 illustrates TVA in all groups of adenoma—
carcinoma sequence. In widely invasive CXPAs, the TVA
value was higher (mean 179.4) than in intracapsular and
minimally invasive CXPAs (mean 63.8). In widely invasive
CXPA, comparing tumors with and without myoepithelial
differentiation, TVA value was higher in the former (mean
260.2 and 118.9, respectively). In widely invasive tumors
with myoepithelial differentiation, the carcinoma cells often
formed large hypovascularized cellular aggregates that were
surrounded by large vessels (Fig. 2c¢), whereas in those
without such cellular differentiation, the carcinomatous
aggregates usually contained a smaller quantity of cells,
and the vessels around them were thinner (Fig. 2d).

Discussion

Studies over the last decade have assumed that quantifica-
tion of microvessel density may reveal the degree of
angiogenic activity in a tumor [13]. However, a crucial
question in angiogenesis is what proportion of the tumor
vascular network is due to preexisting normal host vessels
or newly formed tumor vessels that truly represent tumor
angiogenesis [24]. Therefore, it has been suggested that
markers that are preferentially expressed in angiogenic
vessels, such as CD105, would be more appropriate to
quantify angiogenesis [6, 8]. In this context, in recent works
a distinctive pattern of expression of pan-endothelial
markers (CD34 and CD31) and CD105 was found in
benign and malignant lesions, where MVD for CD105 was
more indicative of tumor angiogenesis [3, 19].

In the current study, a series of CXPAs that represent the
lesion in the different carcinogenesis phases was analyzed
in relation to MVD for CD34 and CD105 as well as total
vascular area, thus allowing the characterization of tumor
vascularization and the assessment of angiogenic activity
during tumor progression.

In our series, when the different subgroups that represent
the adenoma—carcinoma sequence (adenoma-—intracapsular/
minimally invasive CXPA-widely invasive CXPA) were
compared, MVD for CD105 showed a strongly significant
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Fig. 1 CD34 (at left) and
CD105 (at right) positive ves-
sels: in pleomorphic adenoma
without malignant transforma-
tion (a, b) and in intracapsular
CXPA (c, d)

positive correlation with tumor progression, whereas MVD
for CD34 revealed no difference. These results suggest that
an angiogenic switch was required during the process of
malignant transformation of PA into carcinoma and also
reinforce the idea that MVD for CD105 may give a more
accurate measure of the tumor angiogenic activity than a

Fig. 2 CD34 (at left) and
CD105 (at right) positive ves-
sels: in widely invasive CXPA
with myoepithelial component
(c, d) large hypovascularized
carcinomatous aggregates are
surrounded by larger vessels
than seen in widely invasive
CXPA without myoepithelial
differentiation (a, b); carcino-
matous aggregates contain fewer
cells, and the vessels around
them are thinner
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pan-endothelial marker [1]. Furthermore, our findings in
salivary adenoma—carcinoma sequence were similar to
those reported in the process of human colorectal cancer
development where CD105, but not CD34, gradually
increased in adenoma—carcinoma sequence [1]. Nevertheless,
CXPA differs markedly from salivary carcinoma sponta-
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Fig. 3 Box and whisker plot of the microvascular density (MVD) for
CD105: 1 pleomorphic adenoma without malignant transformation, 2
intracapsular and minimally invasive CXPA, 3 widely invasive CXPA,
4 CXPA without myoepithelial differentiation, 5 CXPA with myoepi-
thelial differentiation. The limits of the box represent the 25 and 75%
percentiles and the center bar the median. The whiskers are equivalent
to the 5 and 95% percentiles

neously arising in HER-2/neu transgenic mice, as in this
animal model an angiogenic switch was not detected in
any phase of carcinogenesis. However, it should be noted
that CXPAs are usually high-grade carcinomas with
frequent metastases, whereas the salivary carcinoma in
the murine model is a slow-growing tumor with low
metastatic capability, and therefore, there are probably
differences in terms of oxygen and nutrient consumption
rates of the tumor cells.

The onset of angiogenesis has been considered a hallmark
of neoplastic transformation [13]. In benign lesions, the
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Fig. 4 Box and whisker plot of the microvascular density (MVD) for
CD34: I pleomorphic adenoma without malignant transformation, 2
intracapsular and minimally invasive CXPA, 3 widely invasive CXPA,
4 CXPA without myoepithelial differentiation, 5 CXPA with myoepi-
thelial differentiation. The limits of the box represent the 25 and 75%
percentiles and the center bar the median. The whiskers are equivalent
to the 5 and 95% percentiles
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Fig. 5 Box and whisker plot of the total microvascular area (TVA) for
CD34: [ pleomorphic adenoma without malignant transformation, 2
intracapsular and minimally invasive CXPA, 3 widely invasive CXPA,
4 CXPA without myoepithelial differentiation, 5 CXPA with myoepi-
thelial differentiation. The limits of the box represent the 25 and 75%
percentiles and the center bar the median. The whiskers are equivalent
to the 5 and 95% percentiles

expression of CD105 in the microvessels has been described
as barely visible, contrasting with that in carcinoma where it
is marked [3, 19]. In our series, in PA without malignant
transformation, CD105-positive vessels were rare and
usually small. Nevertheless, in PA harboring intracapsular
or minimally invasive carcinoma, they were more numerous,
suggesting that angiogenesis was activated in these early
malignant lesions. These findings are in agreement with
those reported in multistep tumorigenesis models. In these
models, angiogenesis was found to be activated in midstage
lesions before the appearance of full-blown tumors suggest-
ing that neovascularization is a prerequisite for the rapid
clonal expansion associated with the formation of macro-
scopic tumors [12]. However, in macroscopic tumors, the
major factor contributing to vessel density is metabolic
demand, which frequently increases during tumor progres-
sion to accommodate an increased metabolic need of cancer
cells [13, 24]. In this sense, in our salivary adenoma-—
carcinoma sequence, the most significant increment regard-
ing MVD for CD105 was observed in the widely invasive
CXPA group, suggesting that a marked modification in
metabolic burden occurred when the carcinoma cells
infiltrate the tissues outside the confines of the original PA.

However, it is known that MVD varies widely with
tumor type. Carcinomas arising in PA encompass a wide
spectrum of histological tumor types [2]. In our series,
comparing widely invasive CXPA with and without
myoepithelial differentiation, a marked difference in terms
of MVD for CD105 (neoangiogenesis) was detected. CXPA
with myoepithelial differentiation showed a lower number
of CD105-positive vessels. Angiogenesis is influenced by
the net balance between angiogenic factors that stimulate
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and those that inhibit vessel growth [12], and it has been
suggested that myoepithelial cells may inhibit angiogenesis
[25]. Therefore, this non-angiogenic property of the
myoepithelial cell could be an explanation for the lower
MVD for CD105 found in CXPA with such cellular
differentiation. In our laboratory, studies are being carried
out to investigate if other types of salivary carcinomas
(non-ex-pleomorphic adenoma) with and without myoepi-
thelial differentiation also show difference regarding degree
of angiogenesis.

Total vascular area (TVA) has been less studied than MVD,
but recent studies have emphasized its prognostic value [14—
16, 24]. Our series showed significant findings in relation to
TVA. Although widely invasive CXPA with or without
myoepithelial component presented a MVD for CD34
without significant difference, the total vascular area
assessed by this antibody revealed a marked difference
among them. Widely invasive CXPA with myoepithelial
component showed the highest TVA mean value. In these
tumors, the neoplastic cells usually formed larger hypovas-
cularized aggregates that were often surrounded by large-
sized vessels. In contrast, in CXPA without myoepithelial
differentiation, the carcinomatous aggregates usually
contained a smaller quantity of cells with several small-
sized vessels among them. These differences in vessel shape,
size, and distribution between the two types of carcinomas
could also be explained by some properties of myoepithelial
cells. These may produce an abundant extracellular matrix
devoid of vessels and containing bound angiogenic inhib-
itors [21]. It is likely that large-sized blood vessels are
needed for cellular nutrition in carcinomas with myoepithe-
lial component to compensate for the low angiogenesis
inside the large cellular aggregates. Regarding benefit from
antiangiogenic therapies and measuring the response to such
a therapy, it has been suggested that localization of CD105 to
angiogenic tissue could have potential when selecting
patients [6]. Whether these differences appointed in our
study could be relevant in terms of antiangiogenic treatment
is only a topic of speculation at the present moment.

In conclusion, the antibody CD105 reflects more clearly the
angiogenic changes during the progression from adenoma to
carcinoma in salivary glands than CD34, revealing an
angiogenic switch during this process. The degree of angio-
genesis and the total vascular area have distinctive patterns in
CXPA with and without myoepithelial differentiation. Low
angiogenesis associated with high TVA value is more
characteristic of CXPA with myoepithelial differentiation.
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Abstract Sclerosing angiomatoid nodular transformation
(SANT) is a splenic lesion composed of angiomatoid/
vascular nodules surrounded by hyalinized/sclerotic stroma,
fibroblasts, myofibroblasts, and inflammatory cells. The
endothelium within the nodules has a phenotype resembling
splenic sinusoids, capillaries, and small veins. Martel et al.
(Am J Surg Pathol 28:1268-1279, 2004) suggested that
SANT may represent the final pathway of a variety of
splenic lesions including inflammatory pseudotumors
(IPTs). Epstein—Barr virus (EBV) has a role in the genesis
of some splenic IPTs, but its presence in SANT has not
been investigated. Six cases of SANT are reported. All were
stained for CD31, CD34, CDS8, CD68, smooth muscle
actin, muscle-specific actin, and CD30 and were tested for
EBV by in situ hybridization (EBER). All cases showed
angiomatoid nodules with complex expression of CD31,
CD34, and CD8, with focal CD68. Expression of CD30 by
endothelial cells was also seen. One case had small diffuse
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areas lacking nodules resembling an IPT and was positive
for EBV. The inflammatory cells and the normal spleen
were negative for CD30 and EBER. In conclusion, SANT
shows upregulation of CD30 with respect to normal spleen.
The presence of EBV in the stromal cells of a case supports
the notion that a subset of SANT may be related to IPT.
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Sclerosing angiomatoid nodular transformation -
Inflammatory pseudotumor -

Epstein—Barr virus - CD30

Introduction

Sclerosing angiomatoid nodular transformation (SANT) is a
recently recognized splenic vascular lesion characterized by
multiple well-circumscribed individual and confluent vas-
cular/angiomatoid nodules with interstitial hemorrhage set
in a heterogeneous fibrocollagenous stroma admixed with
inflammatory cells [5, 14, 16]. The nodules contain a
complex mixture of endothelial phenotypes resembling
splenic sinusoids (CD34—/CD31+/CD8+), capillaries
(CD34+/CD31+/CD8-), and small veins (CD34—/CD31+/
CD8-). Focal expression of CD68 can also be seen [5, 14].
The internodular stroma of SANT is composed of variable
numbers of fibroblasts, myofibroblasts, plasma cells,
lymphocytes, macrophages, and hemosiderin-laden macro-
phages. SANT appears to be a benign process, and
splenectomy has been curative in all cases reported to date.
Martel et al. [16] hypothesized that SANT may represent a
peculiar sclerotic process with transformation of splenic red
pulp in response to an exaggerated stromal proliferation.
These authors also suggested that some SANTs might have
started off as inflammatory pseudotumors (IPTs) due to the
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appearance of the internodular stroma and the fact that some
patients had fever or elevated erythrocyte sedimentation rate
(ESR) at presentation, features often seen in splenic IPTs.

Herewith, we describe six examples of SANT. One case
was prospectively identified as SANT on core biopsy, a
diagnosis confirmed in a subsequent splenectomy. A
second patient had an original diagnosis of IPT on core
biopsy and was managed conservatively without splenec-
tomy. The role of core biopsy in the diagnosis and
management of SANT has not been previously addressed.
One case had small diffuse non-nodular areas closely
resembling an IPT. Epstein—Barr virus (EBV) was detected
in this lesion. This is the first reported example of SANT
associated with EBV supporting the notion that a subset of
SANTs may be related to IPTs. CD30 is an activation
marker expressed in the endothelial cells of approximately
one third of non-splenic vascular lesions [7] but has not
been studied in SANT. All six cases described herein
expressed CD30 in endothelial cells.

Materials and methods

The material studied consists of eight specimens originating
from six patients and includes five splenectomies and three
core biopsies of splenic masses. One patient had two core
biopsies followed by a splenectomy. Hematoxylin and
eosin, Gomori methenamine silver (GMS), and Ziehl-
Nielsen (ZN) stains were performed on 3- to 4-um thick
sections of formalin-fixed paraffin-embedded tissue on all
cases. Immunohistochemical stains were performed in
sections from one or more representative paraffin blocks
from each case using the ultrastreptavidin—-HRP detection
system (ID Labs Biotechnology, London, ON, Canada).
Color development was performed using the NovaRed®
substrate kit (Vector Labs, Burlingame, CA). The anti-
bodies employed are listed in Table 1. All the immunohis-

Table 1 Immunohistochemical antibodies employed

Antibody Source Dilution
CD31 Dako 1/100
CD34 Ventana Pre-diluted

CD8 Novacastra 1/50
CD68 Dako 1/50
CD21 Dako 1/50
CD23 Novocastra 1/100
CD30 Dako 1/50
SMA Ventana Pre-diluted
MSA Dako 1/100

ALK-1 Ventana Pre-diluted
EBER Ventana Pre-diluted

SMA Smooth muscle actin; MSA muscle-specific actin; EBER
Epstein—Barr virus encoded RNA.
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tochemical studies were performed in an automated
Ventana BenchMark® instrument (Ventana Systems, Tuc-
son, AZ). In situ hybridization for the presence of EBV-
encoded small RNAs (EBER) was performed on all cases
using a pre-diluted probe (Ventana Systems) following
standard protocols [3]. Polymerase chain reaction (PCR)
analysis for EBV was performed on a single case in the
mass and adjacent uninvolved spleen from formalin-fixed
paraffin-embedded tissue using standard methods with
appropriate positive and negative controls [18].

Results
Clinical features

Clinical features are summarized in Table 2. There were six
patients, two men and four women with an average age of
57.8 years and range of 41-73 years. The masses ranged in
size from 1.9 to 12.0 cm with an average of 5.8 cm. Clinical
and follow-up information was available in five patients. One
patient was lost to follow-up. In three patients, SANT was an
incidental imaging finding: one in a lung cancer patient
undergoing staging CT scan (case 1), one during investigation
for chronic cough (case 3), and another undergoing yearly
serial ultrasounds for persistent hydronephrosis due to a
neurogenic bladder secondary to myelomeningocele (case 5).
The latter patient underwent two core biopsies with a tentative
diagnosis of SANT but due to rapid change in the mass size,
underwent splenectomy for definitive diagnosis and treat-
ment. Case 4 presented with a 4-year history of persistent
anemia of unknown cause and an elevated ESR and C-reactive
protein. A full hematological workup including bone marrow
biopsy revealed no additional abnormalities. Case 6 had a
remote history of periampullary carcinoma treated with a
Whipple’s procedure 20 years earlier. This patient presented
with epigastric pain and anemia and was found on CT scan to
have an anastomotic bowel “mass” and multiple small splenic
nodules. The splenic lesions had hyper-dense central zones
suggestive of vascular structures. The bowel lesion was
biopsied numerous times and revealed only an inflammatory
fibroblastic lesion, which has remained clinically stable. A
core biopsy of the largest splenic mass was undertaken 4 years
after initial presentation due to growth of the lesion. This was
the only material available for review in this patient. A year
after biopsy, the splenic lesions have remained stable, and the
patient has been discharged from our hospital. No splenecto-
my was performed.

Follow-up information was available on four of the five
splenectomized patients and the patient with a core biopsy
only. All five patients are alive and well with either stable
disease or no recurrence. Case 4 had normalization of all
blood counts after splenectomy.
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Table 2 Clinicopathological features
Case Age Sex Spleen weight Mass size Presentation Original Dx Follow-up
(gm) (em)
1 58 F 110 1.9 Lung ca staging SANT 12 months,
NER
2 65 M 320 6.5 Not available Hamartoma Lost to
follow-up
3 73 F 324 6.0 Hypertension, hyperlipidemia, hemangioendothelioma 16 months,
remote lung abscess, chronic cough NER
4 51 M 2,720 12.0 Anemia NYD IPT 5 months,
NER
5 41 F 256 6.5 Growing mass on two serial ultrasounds SANT 1 month,
NER
6 59 F Unknown 2.1% Multiple splenic lesions 20 years post IPT 12 months,
Whipple’s procedure for periampullary NEP

carcinoma

Dx Diagnosis; IPT inflammatory pseudotumor; SANT sclerosing angiomatoid nodular transformation; NER no evidence of recurrence; NEP no

evidence of progression of unresected splenic mass.

Size for the splenic mass in case # 6 is based on radiological estimates as only a core biopsy has been performed to date in this case.

Macroscopic findings

Of the five splenectomies, three cases were multinodular
and had well-demarcated red-brown nodules ranging
individually from 0.1 to 1.0 cm with intervening white
fibrotic areas (Fig. la). One case was mostly red-brown,
and one case was tan-white, with both showing only vague
nodularity giving the masses a variegated appearance (Fig.
1b). The surrounding splenic tissue appeared normal.

Microscopic findings

All cases exhibited a multinodular vascular proliferation
admixed with a variable inflammatory infiltrate and fibrosis
(Figs. 2a,b and 3a,b). A partial pseudocapsule was seen in

Fig. 1 Case 5 showing red-
brown nodules of varying size
surrounded by stellate white
fibrous tissue (a). Case 4
showed a well-defined tan mass
with poorly defined nodules (b)

five cases. The coalescing “angiomatoid” nodules were
made up of thin walled veins, small capillary-like or slit-
like vessels, and plump spindle cells with extravasated red
blood cells (Figs. 2a,b and 3b). The nodules also contained
inflammatory cells comprised of lymphocytes, plasma cells,
and smaller numbers of neutrophils. The nodules were well
circumscribed, of varying sizes and shapes, and many had
serpiginous borders with a surrounding rim of either
sclerotic tissue or fibrinous material (Figs. 2b and 3a,b).
Two cases had the entire internodular stroma replaced by
dense hypocellular fibrocollagenous tissue (Fig. 3b), while
four others had a dense chronic lymphoplasmacytic infiltrate
(Figs. 2b, 3a) and a fibroblastic proliferation in between
nodules, with only focal collagen or myxoid matrix
deposition. There were varying numbers of hemosiderin-
laden macrophages in the internodular stroma (Fig. 3b).
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Occasional entrapped lymphoid follicles with germinal
centers were also seen.

In case 4, in addition to the multinodular vascular
proliferation, there were focal areas completely devoid of
angiomatoid nodules. These regions represented approxi-
mately 5% or less of the total surface area of the mass and
contained dense chronic inflammation, consisting predom-
inantly of plasma cells with smaller numbers of lympho-
cytes, and neutrophils (Fig. 3c). Merging imperceptibly
with these cells were larger spindled and ovoid cells, some
with irregular nuclear contours, which had vesicular
chromatin and eosinophilic nucleoli. Some of these cells
were seen in small clusters.

There was no mitotic activity, and no necrosis was
identified in any of the cases. No evidence of carcinoma or

Fig. 2 Core biopsy of SANT
demonstrating well-defined
angiomatoid nodule composed
of endothelial cells, inflamma-
tory cells, and extravasated red
cells (a); nodule with a fibrinoid
ring with interstitial hemorrhage
surrounded by lymphocytes,
plasma cells, and eosinophils
(b); and variable expression for
CD31 (¢), CD34 (d), CD8 (e),
and CD30 (f)
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lymphoma was seen, and ZN and GMS stains revealed no
fungal or mycobacterial organisms. The normal surround-
ing spleen contained lipogranulomas in the white pulp in
one case and another had abundant extra-medullary
hematopoiesis (case 4). In the remaining cases, the
surrounding splenic parenchyma was unremarkable.

Immunohistochemical findings

All cases demonstrated similar immunohistochemical find-
ings. The angiomatoid nodules showed diffuse CD31 (Fig.
2c¢) staining of all the vascular spaces. CD34 demonstrated
a smaller degree of staining with intense expression in
capillaries only (Fig. 2d). CD8 was seen lining a smaller
number of channels and showed the weakest staining of all
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Fig. 3 Low-power magnifica-
tion of Case 4 showing multi-
ple nodules with interstitial
hemorrhage surrounded by scle-
rotic stroma and inflammatory
cells (a). Case 4 showing
angiomatoid nodule with prom-
inent interstitial hemorrhage
surrounded by a sclerotic rim
and inflammatory cells with he-
mosiderin-laden macrophages
(b). High-power magnification
of Case 4 showing internodular
IPT-like areas with spindle cells
admixed with numerous inflam-
matory cells (c)

vascular markers (Fig. 2e), with some nodules lacking
reactivity altogether. CD68 stained isolated cells within the
nodules in all cases, whereas CD21 and CD23 were
negative. Three cases tested for ALK-1 exhibited no
staining. CD30 was strongly and diffusely expressed by
the endothelial cells of the angiomatoid nodules in all cases
(Fig. 2f). The expression was stronger than endothelial
markers in most cases. The distribution of CD30 positive
cells was somewhat similar to the pattern seen with CD31.
No CD30 staining was seen in between the nodules or in
normal splenic parenchyma. Smooth muscle actin (SMA)

Fig. 4 Case 4 demonstrating
MSA staining in IPT-like area
staining spindle cells (a). Same
area stained with CD34 demon-
strating only a few isolated
endothelial cells (b).

The spindle cells are negative.
Strong nuclear staining with
EBER in angiomatoid nodules
(¢) and IPT-like area (d)

and muscle-specific actin (MSA) were strongly expressed
by spindle cells within and between the nodules. In case 4,
the areas devoid of angiomatoid nodules demonstrated
MSA and SMA staining only (Fig. 4a).

In situ hybridization

Strong nuclear expression for EBER was noted in case 4.
The positivity was present in the spindle cells within and
between angiomatoid nodules (Fig. 4¢), with no staining in
inflammatory cells and complete absence in normal spleen.
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EBER was also noted in the areas devoid of angiomatoid
nodules (Fig. 4d) suggesting that the expression was limited
to fibroblasts and myofibroblasts. Double staining for
EBER and CD31 was attempted, but the results were
technically unsatisfactory; therefore, the presence of EBV
in endothelial cells could not be completely excluded.
EBER was negative in the remaining five cases.

Molecular analysis

A strong PCR band was present in the splenic mass in case
4 consistent with the presence of EBV DNA. There was no
evidence of EBV in the normal spleen.

Discussion

Since its first description by Martel et al. [16] in 2004 and
including the cases described herein, there have been
approximately 33 reported cases of SANT [5, 14, 16].
Additional cases have been reported as splenic hamartoma
and hemangioendothelioma [9, 10, 21]. The usual clinical
presentation is of a middle-aged adult with abdominal
discomfort, splenomegaly, raised ESR, or an incidental
finding on routine cancer staging/medical imaging. Women
are affected twice as often as men. SANT can be separated
from other vascular lesions by its unique nodular angioma-
toid proliferation with distinctive immunohistochemical
profile, namely, a mixture of CD314+/CD8+/CD34- red pulp
sinusoid-type endothelial cells, CD31+/CD34+/CD8— capil-
lary-like endothelial cells, and CD34—/CD31+/CD8— small
vein-type endothelium [16]. Focal CD68 staining has also
been described in the nodules [14]. The internodular stroma
and nodules themselves contain SMA and MSA positive
fibroblasts/myofibroblasts and mixed inflammatory infiltrate
[16]. SANT is considered a benign reactive process, and
there have been no recurrences after splenectomy [5, 14, 16].

Martel et al. [16] noted that most SANTSs often have an
internodular stroma indistinguishable from IPT and sug-
gested that SANT could represent the end stage or a final
common pathway of a variety of splenic lesions, including
IPT [16]. Like IPT, SANT has been found in association
with extrasplenic malignancies [8, 17], is more common in
women, and some patients have fever or elevated ESR at
presentation. All the cases in our series had internodular
areas resembling IPT, and one patient who presented with
persistent anemia of unknown cause and elevated serum
ESR and C-reactive protein also had small diffuse IPT-like
areas. The presence of EBV was demonstrated in the
spindle cells of the angiomatoid nodules, internodular
stroma, and diffuse IPT-like areas of this case. This is the
first description of EBV associated with SANT. None of the
previously described cases was tested for EBV [5, 14, 16].
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IPT of spleen is associated with the presence of EBV in
tumor cells in a significant number of cases [1, 11, 17]. The
presence of EBV in this case supports the suggestion that at
least a subset of SANTs may represent transformation of an
EBV-associated IPT. EBV has been shown to be associated
with two types of mesenchymal tumors in the spleen, IPT,
and “IPT-like” follicular dendritic cell tumor (FDCT) [1, 2,
4,13, 17, 19, 22]. The relationship between IPT and “IPT-
like” FDCT is not entirely understood, but recently, Lewis
et al. [13] postulated that EBV positive mesenchymal
tumors of the spleen may represent a group of related
lesions arising from an EBV infected mesenchymal stem
cell. This cell of origin could proceed to differentiate down
a myofibroblastic pathway with actin positivity, a follicular
dendritic cell pathway with CD21 or CD35 positivity, or an
IPT with no specific differentiation. Some IPTs contain
clonal EBV genomes strongly suggesting that they are true
neoplasms [4, 13]. Additional studies investigating the
morphologic spectrum and the presence and clonal status of
EBV in SANT are necessary to gain further insight into the
nature and pathogenesis of SANT.

In the six cases described herein—in addition to the
usual immunoprofile of SANT—there was strong CD30
expression in the angiomatoid nodules. CD30 is an
activation marker inconsistently expressed in vitro by
endothelial cells [7]. It has been hypothesized that CD30
acts as a receptor for a number of as yet unidentified growth
factors thereby regulating cytokine-mediated cell growth [6,
20]. The expression of CD30 suggests that the angiomatoid
transformation of splenic red pulp in SANT is a cytokine-
mediated process. A single study looking at CD30 staining
in other non-splenic vascular lesions demonstrated moder-
ate CD30 expression in 17 of 52 benign vascular tumors, 1
of 6 hemangioendotheliomas, 3 of 8 angiosarcomas, 0 of
8 Kaposi sarcomas, and 0 of 8 telangiectatic granulomas
[20]. CD30 may prove to be a useful marker in supporting a
diagnosis of SANT; however, additional studies of CD30
expression in littoral cell angioma, hemangioma, and
hemangioendothelioma of spleen are needed.

Core biopsy of spleen appears to be a useful and
noninvasive procedure in the recognition of SANT. In our
series, two cases of SANT were diagnosed by core biopsies.
One patient was initially called an IPT and chose to be
followed with no additional treatment. The diagnosis in this
patient was made before the description of SANT as a
pathologic entity. The second patient had a presumptive
diagnosis of SANT and was initially managed conserva-
tively with repeat imaging but proceeded to surgery as the
size of the lesion tripled over the course of a few months.
Given the excellent prognosis of SANT, it is possible that
some patients may be managed conservatively by “watch-
ful” waiting and follow-up imaging studies. Splenic core
biopsies are typically employed in the diagnosis of splenic
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masses with a view to triage patients in need of splenec-
tomy. Core biopsy of spleen is considered sensitive and
specific for both hematological and non-hematological
diagnoses—including vascular lesions—and they correlate
well with final splenectomy diagnoses [12, 15]. Littoral cell
angioma, hemangioma, hemangioendothelioma, and angio-
sarcoma are on the differential diagnosis of SANT on core
biopsy; however, the nodular pattern, lack of atypia, and
distinct immunohistochemical profile of SANT make this
distinction possible. Potential indications for splenectomy
in patients with a core biopsy diagnosis of SANT may
include increase in mass size, marked splenomegaly, blood
count abnormalities, or suspicion of malignancy.
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Abstract Malignant brain tumor is a lethal disease with
currently available treatment options having a limited
impact on outcome. Nevertheless, novel therapeutic
approaches combined with genetic prediction of chemo-
sensitivity have, in the last decade, significantly improved
clinical benefit for the treated patients. The fine character-
ization of the MDRI1 gene encoding for P-glycoprotein
(MDR1-Pgp) in brain tumors may be a crucial determinant
for evaluating the long-term efficiency of specific anti-
cancer compounds. By using a very high specific mono-
clonal antibody, the MDR 1-Pgp was immunodetected in 34
out of 43 grade IV, 6 out of 10 grade III, 4 out of 7 grade II,
and 1 out 3 grade I brain tumors. MDRI1-Pgp resulted
hyper-expressed, both in vessels and in neoplastic cells
from the majority of tumors examined, compared to normal
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parenchyma. This study demonstrates that the MDR1 gene
can be detected in all grade tumor brain malignancies and
in endothelial cells of newly formed capillaries, thus,
impairing drug access at the tumor cell level. Although
the role of MDR1-Pgp in tumor blood vessels needs to be
further examined and more clearly defined, drug resistance
in malignant brain tumors may result from characteristics
not only of tumor vasculature but also of neoplastic cells.

Keywords Brain tumors - Multidrug resistance (MDR) -
MDR1-P-glycoprotein (MDR1-Pgp) -
Immunohistochemistry - Monoclonal antibody (Mab)

Background

The unresponsiveness of solid tumours to chemotherapy is
a multifactorial phenomenon, which may include the
overexpression of drug transporter mechanisms conferring
the simultaneous resistance to a large array of anticancer
compounds [19].

MDRI1 gene encoding for P-glycoprotein (MDR1-Pgp),
which is physiologically expressed in several human tissues
by acting as an active (ATP-dependent) transporter, is
capable of reducing drug bioavailability to target cells [10].
The presence of this drug efflux system on the cell
membrane of tumor cells may play a significant role in
the intrinsic or acquired resistance to chemotherapy [9].

Although a clear relationship between the expression
level of MDR1-Pgp and the outcome of some pediatric
tumors, including acute myelogenous leukaemia (AML),
has been demonstrated, the role of MDRI1-Pgp in the
failure of chemotherapy of solid tumors is still a matter of
discussion [20]. Drug resistance in brain tumors may
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involve multiple mechanisms. For commonly used drugs,
such as vinca alkaloids and epipodophyllotoxins, Pgp
appears to be the major feature in the unresponsiveness of
tumors to chemotherapy [11]. However, because of contra-
dictory results on the expression of the MDRI1-Pgp, its
clinical significance on brain tumors requires further
investigations. In fact, it is not rare that controversial
indications about the presence or the expression level of
MDR1-Pgp come out from different laboratories upon
examination of identical tumor specimens.

Distinct aspects, including the use of weakly discrimi-
nating monoclonal antibodies (MAbs) and/or unsuitable
techniques and procedures, contribute in generating differ-
ences in the multidrug resistance (MDR) phenotype
evaluation of cancer cells [2]. In this context, several
authors suggest that immunoreactivity detected with MAbs
JSBI1 [17], C494 [16], and C219 [21] extensively used for
MDR 1-Pgp typing of glioblastoma and other brain tumors
could, therefore, reflect an artifact rather than a specific Pgp
staining. As an example, it has been reported that MAbs
JSB1 and C494 cross-react with a widely distributed
cytoplasmic antigen, pyruvate carboxylase, which is present
in abundance in normal astrocytes [1]. Thus, because the
unexpectedly poor specificities of many of the antibodies
thought to be specific for MDR1-Pgp, the role of Pgp in
producing drug resistance in malignant astrocytoma is
questionable [1]. Further, the MADb C219 is utilized
worldwide for immunohistochemistry and biochemical
characterizations of mammalian MDR cells, cross-reacting
with non-P-glycoprotein molecules [4]. Hence, the use of
MADbs JSB-1, C494, and C219 for the detection of MDR1—
Pgp expression should be approached with caution [2].

For the evaluation of MDR1-Pgp expression in brain
tumors, we have used the well-characterized MAD
MM4.17 for the following reasons: (1) The MAD reacts
with an external human-specific epitope that is mapped in
the fourth external loop at a single amino acid level
(TRIDDPET) [5]; (2) the MAb binds with very high
affinity and specificity to MDR1-Pgp expressed in human
tumoral MDR cells [3]; (3) it allows to detect even the
very small level or variation of MDR1-Pgp, such as that
usually expressed in circulating human lymphocytes [15];
(4) the MADb binding to target cells is abrogated by
specific MM4.17 phagotopes mimicking external P-gly-
coprotein conformation [14].

The use of MAb MM4.17 can eliminate misleading
interpretations of the presence and expression level of
MDRI1-Pgp in brain tumors. The results we obtained and
reported in this article might well contribute in routine
clinical determinations of MDR in tumor specimens, thus,
contributing to our understanding of the basis of the
mechanisms of brain tumors’ resistance to anticancer
compounds.
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Materials and methods

This study analyzes formalin-fixed and paraffin-embedded
tissue blocks from 83 patients with brain tumors between
2003 and 2006, from the Surgery Pathologic Anatomy
Department III of the University of Study in Pisa. All
these patients were treated with neurosurgical abscission of
the brain tumor. Furthermore, the study also includes
formalin-fixed and paraffin-embedded brain tissue from
ten different regions of a normal adult brain autopsy and
from ten fetal autopsy. Clinical and pathological informa-
tion were obtained from medical records and surgical
pathology reports.

Histopathology

Brain tumors are classified according to the World Health
Organization (WHO) classification of the central nervous
system tumors. This study analyzes 62 tumors of neuro-
epithelial tissue (39 malignant glioblastomas, grade IV; 2
gliosarcomas, grade IV; 1 ganglioneuroblastoma, grade IV;
8 anaplastic astrocytomas, grade III; 1 choroid plexus
carcinoma, grade III; 1 anaplastic oligoastrocytoma, grade III;
5 oligodendrogliomas, grade II; 1 oligoastrocytoma, grade II;
1 ependymoma, grade II; 3 pilocytic astrocytomas, grade I), 1
embryonal tumor (1 medulloblastoma), and 20 tumors of
meningothelials cells (10 meningothelial meningiomas and 10
transitional meningiomas).

Treatment

None of the 83 patients had received chemotherapy or
radiotherapy before surgery.

Immunohistochemistry

Immunohistochemistry was performed on 5-mm thick
formalin-fixed and paraffin-embedded sections mounted
on slides. After conventional deparaffinization and rehy-
dratation, endogenous peroxidase activity was quenched by
incubation in 0.3% H,0, (10 min) at room temperature.
The following procedure was to unmask the antigen. Next,
samples were washed in phosphate-buffered saline (PBS;
pH 7.2 for 10 min) and were incubated (10—15 min) in
normal bovine serum albumin. After that, the sample were
incubated with the optimally diluted (5 ug/ml) specific
antibody MM4.17 (30 min) at room temperature and then
with the secondary antibody. As positive control, kidney
tissue samples were used for MDR1-Pgp immunodetection.
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Monoclonal antibody

For specific MDR1-Pgp immunodetection, a purified form
of the MAb MM4.17 (IgG2a,k) directed to the fourth loop
of Mdrl-Pgp extracellular domain was used [5]. Several
studies including (1) the recognition of the mdrl gene
expressed in various human MDR cells [15], (2) the epitope
mapping at the amino acid level using a PIN-synthesized
mdrl peptide library [5], (3) the abrogation of MAb
staining to human tissues and MDR cell lines by an
MDRI1 phagotope [14], and (4) the specific staining of
human tumors expressing MDR1-Pgp [3] have demon-
strated that this rodent MAD utilized in a purified form react
exclusively with Mdrl-Pgp. No cross-reactivity with other
mammalian P-glycoprotein have been observed.

Immunoreactivity scoring

Three observers without knowledge of the clinical data
independently assessed the expression of Pgp. The distri-
bution of the Pgp expression was assessed by estimating the
percentage of positively stained cells. Four staining
categories were established: — (0-5% staining), +/— (6—
25% staining), + (26—-50% staining), ++ (51-75% staining),
and ++ (76-100% staining).

Results and discussion

The poor prognosis of brain malignancies is partly based on
the minor success obtained from chemotherapeutic treat-
ments. Resistance mechanisms at the tumor cell level may
be in addition to the blood-brain barrier involved in the
intrinsic drug unresponsiveness of brain tumors [9, 10, 18,
19]. To determine the expression level of MDR1-Pgp in
brain tumors, we have used the MAb MM4.17 that has
been shown to react with unique specificity and affinity
with a well-defined human epitope located on the fourth
loop of the external domain of MDR1-Pgp.

Astrocytic tumors are the most common human brain
tumors. They originate from astrocytic cell lineages and are
classified, according to the WHO guidelines, into four
categories of increasing malignancies: pilocytic astrocyto-
mas (grade I), astrocytomas (grade II), anaplastic astrocy-
tomas (grade III), and glioblastomas (grade IV).

In grade IV glioblastoma (n=39), we found that a
considerable expression of MDR1-Pgp was observed in the
majority of tumor samples (32 out of 39; 82%; Table 1).
The MDR1-Pgp is mainly localized in the membrane and
cytoplasm compartments of positive cells (Fig. 1), while its
distribution was heterogeneous within the tumors. In
MDRI1-Pgp-positive glioblastomas, the specimens are

Table 1 MDRI1-Pgp expression in malignant glioblastomas (grade
IV) as detected by the MAb MM4.17

Case Age Sex Tumor cells Endothelial cells®
1 59 M ++° -
2 71 M - -
3 48 M - -
4 66 F + -
5 70 F - -
6 71 F - -
7 81 M - -
8 56 F - -
9 72 F + -
10 79 F ++ —
11 74 F + +
12 59 M ++ ++
13 80 F ++ ++
14 63 M ++ ++
15 70 F ++ ++
16 63 M +/— -
17 55 M + -
18 63 M + -
19 46 F + +
20 63 M ++ -
21 64 M ++ ++
22 55 M ++ ++
23 64 M ++ ++
24 67 F ++ -
25 77 M ++ -
26 73 F + +
27 55 F + -
28 66 F + +
29 57 F +/— -
30 65 F ++ ++
31 77 F + +
32 66 F ++ ++
33 74 F ++ -
34 66 M + +
35 80 M +/— -
36 51 M + +
37 50 M - -
38 74 F + -
39 43 F + -

#From newly formed tumors
® Stained cells: — (0-5%), +/— (6-25%), + (26-50%), ++ (51-75%), ++
(76-100%)

arbitrarily classified as 7.5%+/—, 20.5%+, 18%++, and
36%++, according with the intensity of MAb MM4.17
immunostaining (Table 1).

Our findings seems in contrast with previous published
data reporting different percentage of MDR 1-Pgp positivity
in neuroblastomas and gliomas [7].

However, these previously reported investigations have
been conducted with non-MDR1-Pgp specific MAbs, such
as JSBI and C219 [22], or using non-histologically well-
defined tumor samples [7].
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Fig. 1 MDRI-Pgp expression a

in normal and tumoral brain -
tissues. In the upper part of the
panel, the arrow indicates the
expression of MDR1-Pgp
immunodetected by MAb
MM4.17 in the cytoplasm of
neuronal (a) and endothelial
(b) cells of the mesencephalic
nuclei. In the lower part of the
panel, the arrow indicates

the MDR1-Pgp expression in
the cytoplasm of glioblastoma
(¢) and in the cytoplasm of
endothelial cells of newly
formed tumor vessels (d)

In 24 brain tumors showing various histological defined
malignancies (Table 2), the MDR1-Pgp presents an identical
cellular localization of the glioblastoma cells (Fig. 2). In
these samples, MDR1-Pgp was detected in 2 out of 4 high
grade IV tumors, 6 out of 10 grade III, 4 out of 7 grade II,
and 1 out 3 grade I brain tumors.

The immunohistochemical investigation of 10 meningo-
thelial and 10 transitional meningiomas, (both grade I in the
WHO classification) shows that 19 out of 20 of these tumor
samples express the MDR1-Pgp (Fig. 3). The intensity of
the MAb MM4.17 staining was found etherogenous in
cells of both meningioma histotypes: MDR1-Pgp-positive
meningothelial meningiomas were classified as 30%++,
60%+, and 10%—, and MDRI1-Pgp positive transitional
meningiomas were classified as 10%++, 30%++, and 60%+
(Table 3). Differently from a previous report [22] where
transitional meningioma were found to be more MDR1-
Pgp positive in comparison to meningothelial meningio-
ma, we found no clear relationship between meningioma
histotype and MDR1-Pgp expression. Because none of
the patients with meningiomas had received chemotherapy
or radiotherapy before surgery, the high MDR1-Pgp levels
in these tumors were not induced by any treatment.
Meningiomas represent approximately 20% of the brain
tumors [13]. WHO has subdivided meningiomas into 11
histological subtypes and classified them based on the
cytological features of anaplasia as benign, atypical, or
malignant. The molecular pathogenesis is poorly charac-
terized, and only a few molecular markers have been
associated with meningiomas [12].

@ Springer

To confirm and extend previously published observa-
tions on the expression of human MDRI-Pgp in the
capillary endothelial cells of the central nervous system
[6], ten adult and ten fetal autoptical samples from different
brain sites of different gestational age were immunohisto-
chemically investigated. The MDR1-Pgp expression was
found in the endothelial and meningeal cells, in the choroid
plexus epithelium of both the fetal and the adult autoptic
brain tissues (data not shown). MDR1-Pgp positivity was
also observed in the pyramidal neurons of different cortical
areas, including hyppocampi Ammon’s horn in the adult
autoptic brain and in the neuronal cells of ponto-mesence-
phalic nuclei in fetal brain (data not shown). These results
confirm that MDR1-Pgp may play an important role in the
endothelial cells of the brain, pumping out xenobiotics from
endothelial cells into the lumen of capillaries for the
protection of the brain parenchyma and protecting fetal
brain against toxic agents or maternal metabolic products
during the intrauterine development.

To examine whether the endothelial cells of the newly
formed capillaries during neoangiogenesis within malignant
human brain tumors express MDR1-Pgp, 83 tumor speci-
mens were investigated for MDR 1-Pgp expression (Tables 1,
2, and 3).

The endothelial cells of the newly formed capillaries in
16 of 39 glioblastomas (41%) and in 2 of 24 other brain
tumors (8%), including gliosarcomas, a medulloblastoma, a
ganglioneuroblastoma, anaplastic astrocytomas, a choroid
plexus carcinoma, an anaplastic oligoastrocytoma, oligo-
dendrogliomas, an oligoastrocytoma, an ependymoma, and
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Table 2 MDRI1-Pgp expression in benign and malignant brain tumors as detected by the MAb MM4.17

Case Age Sex Histology Tumor cells Endothelial cells®
1 80 F Gliosarcoma (grade IV) +° +
2 75 M Gliosarcoma (grade IV) - -
3 17 M Medulloblastoma (grade 1V) + -
4 13 F Ganglioneuroblastoma (grade IV) - -
5 55 M Anaplastic astrocytoma (grade III) + -
6 43 M Anaplastic astrocytoma (grade III) - -
7 30 M Anaplastic astrocytoma (grade III) - -
8 74 M Anaplastic astrocytoma (grade III) + -
9 67 M Anaplastic astrocytoma (grade I1I) + -
10 62 F Anaplastic astrocytoma (grade IIT) + -
11 26 F Anaplastic astrocytoma (grade I1I) - -
12 28 F Anaplastic astrocytoma (grade III) + +
13 4 months M Choroid plexus carcinoma (grade III) - -
14 59 M Anaplastic oligoastrocytoma (grade I1I) + -
15 57 F Oligodendroglioma (grade II) + -
16 48 F Oligodendroglioma (grade II) ++ -
17 34 F Oligodendroglioma (grade II) + —
18 3 F Oligodendroglioma (grade II) - -
19 F Oligodendroglioma (grade II) + -
20 26 M Oligoastrocytoma (grade II) - -
21 1 F Ependymoma (grade II) - -
22 21 F Pilocytic astrocytoma (grade I) + -
23 18 F Pilocytic astrocytoma (grade I) - -
24 8 F Pilocytic astrocytoma (grade I) - -

#From newly formed tumors
® Stained cells: — (0-5%), +/— (6-25%), + (26-50%), ++ (51-75%), ++ (76-100%)

> hovd o et Foia o LY. 1 ¢ B L Al ’
= .;41. b &f{é A & ‘.‘.”’ : ”. * L 2 et 4 g vf‘ P - v @ = - ’ : # -
Fig. 2 MDR1-Pgp expression in brain tumors. The arrows (in bold) anaplastic oligoastrocytoma (d), oligodendroglioma (e), and pilocytic

show that MDRI1-Pgp is immunodetected in the cytoplasm of astrocytoma (f). MDR1-Pgp expression was also observed in the
gliosarcoma (a), medulloblastoma (b), anaplastic astrocytoma (c), newly formed endothelial cells (empty arrow) of gliosarcoma (a)
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Fig. 3 MDRI-Pgp expression
in meningioma. The arrows in
bold show that MDR1-Pgp is
immunodetected in the cyto-
plasm of transitional (a) and
meningothelial (b) meningio-
mas. The empty arrows show
that MDR1-Pgp is immunode-
tected in the endothelial cells of
newly formed vessel in both
tumors

pilocytic astrocytomas, immunostained positive for MDR1—
Pgp. These results demonstrated that MDRI1-Pgp is
expressed not only in the capillaries of normal brain [6]
but also in the majority of the newly formed capillaries of
brain tumors. Our data are in good agreement with previous
published data, in which MDR1-Pgp was biochemically
identified by MAb C219 [8]. Similar percentage of MDR1—
Pgp positivity was also observed by Toth et al. [22]. In this
study, while the authors found 25 out of 29 cases of
gliomas positive for MDR1-Pgp expression at the endo-
thelial cell level, they found tumor cells in only 7 of 35
cases also positive for MDR1-Pgp. In contrast, we found
that in glioblastomas and meningiomas (Tables 1 and 3),
the MDR1-Pgp positivity of capillary endothelial cells of
neo-vasculature correlates with that observed in cells of
brain tumors. These putative differences in MDR1-Pgp
detection may be due to the different discriminating ability

of MAbs JSB1, C219, and MM4.17. However, it cannot be
ruled out that unsuitable techniques and procedures or the
use of nonhomogeneous histological classification may
contribute in generating differences in the MDR-Pgp
evaluation in brain tumors.

Summing up, our data indicate that the MDR of brain
tumors may result not only from the expression of
resistance markers in endothelial cells of tumor capillaries
but also from the MDRI1-Pgp expression in neoplastic
cells. MDR1-Pgp in this special localization can remove
anticancer compounds from tumor cells located around the
capillaries. These observations suggest that, after careful
evaluation in well designed preclinical studies, combined
chemotherapy consisting of MDR1-Pgp reversing agents
and specific anticancer compounds may represent a novel
and promising clinical approach for the treatment of
malignant brain tumors.

Table 3 MDRI1-Pgp expression in meningioma as detected by the MAb MM4.17

Case Age Sex Histology Tumor cells Endothelial cells®
1 56 F Meningothelial +° +
2 71 F Meningothelial + +
3 68 F Meningothelial + +
4 45 M Meningothelial + +
5 35 F Meningothelial + -
6 55 M Meningothelial + +
7 83 M Meningothelial + +
8 84 M Meningothelial + +
9 57 F Meningothelial - +
10 28 M Meningothelial + +
11 65 M Transitional + +
12 77 F Transitional + +
13 65 F Transitional ++ +
14 47 F Transitional + -
15 73 F Transitional + +
16 64 M Transitional + +
17 61 F Transitional + +
18 76 F Transitional + +
19 70 M Transitional + +
20 73 F Transitional + -

#From newly formed tumors

® Stained cells: — (0-5%), +/— (6-25%), + (26-50%), ++ (51-75%), ++ (76-100%)
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Abstract Sex-cord formation and organization are impor-
tant steps in testicular development and depend on adequate
interactions between mesenchymal cells, pre-Sertoli cells,
and germ cells. These elements form the testicular
blastema, the precursor of the testicular parenchyma,
morphologically characterized by poorly organized sex
cords and mesenchymal components. Here, we study two
uncommon testicular lesions, unrelated to other gonadal
anomalies. In the first group, we describe the features of
persistence of testicular blastema in three fetal autopsy
cases, discussing its possible pathogenesis and clinical
importance. In the second, we analyze 11 cases of ectopic
testicular parenchyma in the tunica albuginea, an uncom-
mon benign condition of uncertain clinical significance,
whose main differential diagnosis is gonadal dysgenesis.
Based on their similar topography within the testis, and on
their possibly shared embryological origin, we propose that
both lesions may represent the two extremes of a
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maldevelopmental spectrum resulting from a focal delay
in testicular development.
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Introduction

Testicular blastema can be defined as the primitive tissue
that gives rise to testicular parenchyma, characterized by
immature sex cords, germ cells, and mesenchymal compo-
nents. Persistence of blastematous tissue is described in
many organs, such as lung, kidney, adrenal gland, and the
rete testis, the latter three sharing similar embryonal origins.

Normal testicular development in mammals has been
fully reviewed [5, 11, 12, 20]. Testis development in humans
begins around week 4 of embryonal age, and should be
complete by week 10, when one can clearly recognize its
architecture [11, 17, 23]. Although there are few studies on
testicular development in humans, the morphologic steps
parallel those observed in murine models.

The fully developed testis is composed of germ cells and
somatic cells. The somatic elements include Sertoli and
interstitial cells (Leydig cells, endothelium and peritubular
myoid cells). Normal gonadal development initiates
through proliferation of the celomic epithelium adjacent to
the mesonephros. This results in thickening of the epithe-
lium, forming two protuberances on the ventro-lateral
surfaces of each mesonephros, morphologically identical
in both sexes, the gonadal ridges.

In males, somatic cells begin to condense into clusters,
initiate basement membrane deposition forming cords, and
polarize, acquiring epithelial characteristics. The primordial
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sex cords form as a consequence of molecular interactions
between the celomic epithelium and the mesonephros, and
germ cells that migrated from the yolk sac colonize them,
giving rise to the seminiferous cords. The tunica albuginea,
a thick collagenized layer that separates the surface celomic
epithelium from the cortical testicular parenchyma, forms
after parenchyma differentiation is complete.

Testicular blastema is not expected to be present in testes
after their complete development. We describe the persis-
tence of testicular blastema (PTB) in three fetal cases, a
finding not previously reported in the literature. We also
describe 11 cases of ectopic testicular parenchyma (ETP) in
the tunica albuginea, a rare condition. Although both
lesions have an unexplored clinical significance, we believe
it is important to distinguish them from features of testicular
dysgenesis. Furthermore, we propose that in between the
two lesions there exists a continuum in testicular maldevel-
opment, in which PTB represents the early stage of a series
of changes that result in ETP. Here, we discuss their
possible relationship and the biological mechanisms under-
lying this type of testicular abnormality.

Materials and methods

Fourteen cases were retrieved from the Pathology Depart-
ment files at Hospital La Paz, corresponding to either
autopsy examples (nine cases), orchiectomies (three cases),
or testicular biopsies (two cases). Age ranged from
17 weeks of gestation to 53 years. Clinical data were
reviewed, and information on age, laterality, and testicular
location (intra-abdominal, inguinal canal, or scrotal testes)
is summarized in Table 1.

Table 1 Clinical information of all PTB and ETP cases

Case Age Histology Laterality Situation
1 20 WGA PTB Bilateral 1A
2 17 WGA PTB Bilateral 1A
3 31 WGA PTB Bilateral 1A
4 24 days ETP Left IC
5 27 WGA ETP Right 1A
6 4 months ETP Left SC
7 53 years ETP Left SC
8 34 years ETP Right SC
9 59 years ETP Right SC
10 3 years ETP NA SC
11 28 years ETP Left SC
12 5 years ETP NA 1A
13 46 years ETP Right SC
14 29 years ETP Right 1A

WGA weeks of gestational age, /4 intra-abdominal, /C inguinal canal,
SC scrotal, NA nonavailable

@ Springer

Both autopsy and surgical cases were routinely fixed,
paraffin-embedded, cut, and H&E-stained. Histological
specimens were reviewed and slides containing lesions of
interest were selected. Immunohistochemistry was per-
formed in selected paraffin blocks using the streptavidin—
biotin—peroxidase technique with antibodies against high-/
low-molecular-weight cytokeratin AE1/AE3 (Signet™),
collagen IV (DAKO™), placental alkaline phosphatase
(PLAP) (DAKO™), inhibin (DAKO™), calretinin
(DAKO™), and vimentin (Progen™). Appropriate quality
control and quality assurance procedures were imple-
mented, including positive and negative tissue controls
with each assay. Histological and morphometric analyses
were performed in the adjacent normal parenchyma (data
not shown).

Results
Persistence of testicular blastema

In all three cases, the testicular lesions were incidental
findings of fetal autopsies. In case 1, the patient was the
product of a spontaneous abortion at 20 weeks of gestation
due to severe chorioamnionitis, and showed no developmen-
tal abnormalities. Case 2 was the product of an elective
abortion at 17 weeks of gestation due to a neural tube defect
(lumbosacral rachischisis with associated myelomeningo-
cele), associated with an abdominal wall defect (omphalocele)
and skeletal abnormalities (asymmetrical arthrogryposis of
lower limbs and ribs). No cytogenetic studies were performed,
and a specific syndrome could not be diagnosed based on
these findings. Case 3 had a cytogenetically proven trisomy
18 (Edwards syndrome), presenting with classical facial
features, cardiac malformations, esophageal atresia with
tracheoesophageal fistula, and skeletal abnormalities.

Light microscopy studies in cases 1, 2, and 3 showed
well-defined foci of poorly differentiated testicular paren-
chyma located immediately beneath the celomic epithelium
(Fig. la). In all cases, the lesions were bilateral and
contiguous to the celomic epithelium, with no visible
tunica albuginea formed in the involved areas (Fig. 1b).
This poorly differentiated parenchyma resembled testicular
blastema and consisted of ill-organized cords composed by
polygonal to oval-shaped cells with scanty cytoplasm and
prominent nucleoli. Another population of cells, character-
ized by cells with large, round, pale nuclei and abundant
clear cytoplasm, resembling germ cells, was less frequently
seen, sparsely distributed among the cords (Fig. 1c). The
remaining testicular parenchyma, tunica albuginea, and
epididymis were normal for the age.

Immunohistochemistry for AEI/AE3 antibody showed
intense staining of the celomic epithelium and also of the
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Fig. 1 a—c Microscopic appear-
ance of PTB (H&E). a Focal
and well-defined aspect of the
lesion (arrows) (40%). b Poorly
differentiated parenchyma adja-
cent to celomic epithelium, with
absence of tunica albuginea
(100x%). ¢ Ill-organized cords
containing scattered germ cells
(400x). d—f Immunohistochem-
ical features. d Cytokeratin
AEI1/AE3 staining in celomic
epithelium and superficial blas-

temal cells (200x). e PLAP

staining of scattered gonocytes
within the blastema (200x). f
Collagen IV stain, highlighting
the presence of a contiguous
basement membrane between
the blastemal cords and the
celomic epithelium (100x)

adjacent polygonal cells observed in the testicular blastema
(Fig. 1d). Immunoreactivity was less frequent in cells more
deeply located below the celomic epithelium, and no
staining was observed in the normal Sertoli cells of the
well-formed seminiferous cords present in the rest of the
testes. Strongly reactive cells in the epididymis and rete
testis served as internal controls. In an opposite pattern,
vimentin stained Sertoli cells in normal cords but was
absent in both the persistent blastema and the celomic
epithelium. Cells resembling germ cells were negative for
AE1/AE3 and vimentin in all sections, and all were positive
for PLAP (Fig. le). No PLAP immunoreactivity was
observed in other cell populations.

Stains for collagen IV highlighted normal basement
membrane deposition around the well-formed seminiferous
cords, and also underneath the celomic epithelium layer.
Collagen IV was present in a similar linear pattern within
the nodules of persistent blastema, delineating irregular,
large cords of cells in obvious continuity with the celomic
epithelium basement layer (Fig. 1f).

Testicular parenchyma ectopy

Among the 11 cases, six were incidental autopsy findings
with grossly and otherwise histologically normal testes
(three children and three adults). There were two biopsy
specimens; one biopsy was performed for evaluation of a
small testis associated with hydrocele, and in the other, no
clinical information was available. Of three orchiectomy
specimens, two were due to cryptorchidism (one child and
one adult) and one was due to a Leydig cell tumor.
Lesions observed histologically in cases 4 to 14
consisted of a variable number of seminiferous tubules,
and testicular stroma containing Leydig cells, located inside
the tunica albuginea. In all the cases, the tunica albuginea
was well formed and collagenized, with normal thickness.
Collagen fibers were always parallel to the surface, and
there was no resemblance to ovarian-type stroma. The
morphology of tubules, distribution of germ cells, and
presence of Leydig cells inside the lesions were variable
among the cases (Fig. 2a—c); however, all of them displayed
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Fig. 2 a—c Histological aspect
of ETP (H&E). a A childhood
case, with the presence of in-
fantile seminiferous tubules and
Leydig cells within a normal
tunica albuginea (200x). b ETP
in a child with cryptorchidism
(200x). ¢ An adult case of ETP,
with mature seminiferous
tubules and Leydig cells inside a
well-collagenized tunica albugi-
nea (100x). d Immunohisto-
chemistry for inhibin, showing

both Sertoli and Leydig cells
within the ectopic parenchyma
(200x)

morphology features similar to the observed in the adjacent
testicular parenchyma, including the morphological alter-
ations observed in the cryptorchidism cases (vide infra).

Immunohistochemical studies were compatible with the
pattern observed in normal, well-developed testicular
parenchyma. Cytokeratin AE1/AE3 was positive in the
celomic epithelium and negative throughout the parenchy-
ma, including Sertoli cells. Inhibin and calretinin stains
highlighted the presence of Leydig cells in both ectopic and
adjacent normal parenchyma (Fig. 2d), while isolated
gonocytes distributed within and outside the lesion stained
strongly for PLAP.

Histological evaluation of the adjacent parenchyma
revealed both normal histology and morphometric param-
eters (mean tubular diameter, tubular fertility index, and
germ cell and Sertoli cell numbers) [13] in all childhood
cases except in case 12, which showed the alterations
commonly observed in cryptorchidism. The nonlesional
parenchyma in adult cases showed slight alterations
compatible with obstructive changes (cases 7 and 11),
changes secondary to chronic disease/systemic therapy
(cases 8 and 9), and features observed in cryptorchidism
(case 14) [13]. All the observed changes were compatible
with the clinical histories.

Discussion
PTB beyond the embryonal period has never been reported

in the literature. In the three cases described here, the
lesions were focal, well defined, and bilateral, contrasting
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with the well-developed adjacent parenchyma. The histo-
logical aspect was identical to the previously described
findings in testes of less than 7 weeks of embryonal-age
fetuses (corresponding to 9 weeks of gestational age) [17],
with polygonal to oval-shaped cells with scanty cytoplasm
resembling pre-Sertoli cells, poorly organized in primitive
sex cords, and cells with clear cytoplasm, large nuclei, and
prominent nucleoli resembling germ cells.

The more likely explanation for the PTB would be a
localized delay in testicular parenchyma development
because the remaining testicular components show normal
maturation. Primordial sex cords are rudimentary, poorly
formed tubular structures composed of pre-Sertoli cells and
germ cells, and together with the adjacent gonadal stroma
characterize the testicular blastema. Further tubular organi-
zation occurs as a consequence of interactions with the
gonadal stroma [4, 5, 12, 19], and it happens in parallel
with Sertoli cell differentiation, first at the central portion of
the testis and later within the periphery [12]. The testicular
stroma arises from mesonephric precursors that migrate into
the gonad and further differentiate into endothelial and
peritubular myoid cells. The processes of mesonephric cell
migration, sex cord formation, and Sertoli cell differentia-
tion all depend on the expression of the Sry gene and its
downstream targets, mainly Sox9, at the gonadal ridge and
mesonephros [5, 19]. Other proteins shown to be involved
in sex-cord organization are adhesion molecules, such as
integrins and cadherins [7, 10].

Vascular development is the earliest morphological
feature of male gonadal differentiation, and developing
testicular vessels play an important role in sex cord
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development [2, 3, 16, 22]. Knockout animals for Pdgfr-a,
a growth factor receptor responsible for sex-specific vessel
development in the male gonad, fail to develop a normal
vascular pattern and show delayed testicular development
[16, 22]. The morphological pattern observed in Pdgfi-o —/
— mice is very similar to that observed in the focal lesions
of PTB, showing large and irregular primitive cords lacking
Sertoli cell differentiation and an organized stroma. We
could hypothesize that the pathogenesis of PTB might be a
defective segmental branching of the developing celomic
vessels, leading to a focal lack of interactions between
testicular vessels and parenchyma.

The pattern of immunohistochemical staining observed
in these lesions is interesting. The presence of AE1/AE3
cytokeratin staining in epithelial-type blastemal cells
adjacent to the celomic epithelium, with loss of immuno-
reactivity in deeper cells, could indicate that these cells are
arising from the superficial celomic epithelium and further
maturating into Sertoli cells that lack cytokeratin expres-
sion, which is consistent with the normally observed pattern
of cytokeratin expression in the developing testis [1]. The
hypothesis of an origin in the celomic epithelium for
epithelial blastemal [9] cells is reinforced by the presence of
a continuous basement membrane between the celomic
epithelium and the blastemal cords, as shown by collagen
IV stains.

The clinical significance of PTB is unclear. The lesions
in all three cases were incidental findings of postmortem
examinations in previable fetuses and were probably
unrelated to the cause of death. Although in two of the
cases (cases 2 and 3, vide supra) there were associated
malformations in other organ systems, the limited number
of cases and lack of published data make it difficult to
establish a relationship between the testicular lesion and the
other phenotypic findings. We could not find in the literature
any description of a similar testicular histology among other
trisomy 18 (Edwards syndrome) cases. One can speculate
whether these lesions could have a potential for malignant
transformation in childhood, as occurs in neoplasms related
to blastemal persistence in other organs, such as Wilms
tumor in the kidney or pleuropulmonary blastoma in the
lung. Further studies for genetic profiling of these lesions
could identify molecular alterations and help to establish a
possible relationship with malignant transformation.

The finding of ETP in the tunica albuginea, unrelated to
other testicular lesions, has only been reported twice in the
literature [14, 18]. Cases were described in both children
(five cases) and adults (one case), ranging from 1 to
51 years of age. In four out of the five cases reported in
children (ages ranging from 1 to 13 years), the testicular
lesions were incidental findings of autopsy with grossly
normal, descended testes; the fifth case was of a 6-year-old
boy who underwent orchiectomy due to cryptorchidism

[14]. The adult case was also an incidental finding
following orchiectomy due to persistent pain secondary to
a granulomatous epididymitis [18]. All reported lesions
were unilateral, and their gross appearance characteristical-
ly showed small cysts measuring less than 1 mm at the
testis surface. Histologically, the lesions were described as
the presence of normally developed seminiferous tubules,
some of them containing germ cells and stroma with
Leydig cells, inside a well-collagenized, morphologically
normal tunica albuginea, sometimes splitting it into two
layers. Testicular histology outside the lesions was normal
in all reported cases. In our series, none of the surgical
specimens had a clinical suspicion of a lesion in tunica
albuginea. ETP represented an incidental finding in both
autopsy cases and surgical specimens obtained due to other
clinical indications. Among our adult cases, slight alter-
ations in the morphology were present in the adjacent
parenchyma, such as changes secondary to obstruction,
chronic disease, and cryptorchidism [13], but no causal
relationship can be established between them and ETP due
to the limited number of cases. As the lesions contain both
testicular stroma and seminiferous tubules inside, we prefer
to call them ETP rather than ectopic seminiferous tubules.

The focal character of the lesions, in addition to the
presence of a normal tunica albuginea in all cases
(displaying normal collagenization and absence of features
of an ovarian-like stroma), absence of miillerian structures,
and no clinical history of intersexual state, rules out the
diagnosis of gonadal dysgenesis (GD) [6, 8]. This entity
represents the main differential diagnosis in both ETP and
PTB. Other clinical differential diagnoses for ETP include
two lesions that result in cystic appearance of the tunica
albuginea, mainly if the ectopic tubules present cystic dila-
tation: tunica albuginea cysts, a benign condition of probable
mesothelial origin [15], and cystic teratomas. However, the
histopathological aspect of both is very characteristic.
Regarding PTB, another important differential diagnosis
would be gonadoblastoma, which can also present with an
aspect of disorganized tubules in the testicular peripheral
portion, but shows other characteristic features, such as
atypical gonocytes, Call-Exner bodies, and a nodular
architecture. Furthermore, almost all gonadoblastomas are
associated with an underlying dysgenetic testis [21].

We could speculate that ETP is the natural evolution of
progressive development of PTB into mature parenchyma
occurring inside the tunica albuginea. According to this
notion, the ectopic parenchyma would have become
“entrapped” in the tunica albuginea as a result of its
delayed maturation, which probably occurred simultaneous-
ly with or after the formation of the tunica albuginea, which
occurs under the influence of the anti-Miillerian hormone,
secreted by differentiating Sertoli cells [12, 14]. In fact, it
arises after the organization of sex cords is complete and
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Sertoli cells already show some degree of maturation [23],
possibly around the same time the primordial sex cords lose
their connection with the celomic epithelium [9]. Another
explanation for the pathogenesis of ETP could be a focal
delay in tunica albuginea formation, allowing “penetration”
of testicular parenchyma within it. However, one important
difference between the two lesions described here is that all
of our PTB cases showed bilateral involvement, whereas
cases of ETP in both the reported cases and our series were
unilateral. Nevertheless, as most of the cases of ETP were
seen in orchiectomy or biopsy specimens, the contralateral
testes were not studied to rule out bilateral lesions.

In conclusion, both PTB and ETP represent uncommon
findings in testicular pathology, associated with a develop-
mentally normal adjacent parenchyma. Although it is not
clear whether these lesions may carry a potential for
malignant transformation, their current clinical importance
lies in their differential diagnosis with GD and also with
other cystic lesions of the tunica albuginea, mainly in
testicular biopsies, thus preventing these patients from
unnecessary orchiectomy. Understanding of these findings
may also shed light on our knowledge regarding biological
mechanisms involved in testis development.
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Abstract The control of intracellular microorganisms such
as mycobacteria is largely dependent on the adaptive
immune response, specifically the interaction of T helper
cells and antigen presenting cells such as macrophages. The
interferon gamma (IFN-y) pathway activation is crucial for
containment and killing of mycobacteria, as evidenced by
the fact that defects in this pathway often result in profound
infections with both tuberculous and non-tuberculous
mycobacteria. We herein report a case of a child with
autosomal recessive IFN-y receptor 2 (IFN-yR2) deficien-
cy who developed hepatic venopathy secondary to dissem-
inated Mycobacterium avium complex (MAC) infection.
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Introduction

Interferon gamma (IFN-y) is a cytokine critical for the
management of intracellular organisms. Normally produced
by T lymphocytes and natural killer (NK) cells, IFN-y
stimulates macrophages to elaborate IL-12 and TNF-«,
which in turn stimulate helper T cells and NK cells.
Infection with mycobacteria also stimulates macrophage
production of IL-12. The IFN-y receptor (IFN-yR) com-
plex is composed of ligand binding IFN-y receptor 1
chains and signal transducing IFN-y receptor 2 (IFN-yR2)
chains. Upon binding of IFN-y, IFN-yR1 dimerizes and
engages two chains of IFN-yR2, the limiting moiety.
Aggregation of these chains apposes the constitutively
associated Jakl and Jak2 molecules, leading to their phos-
phorylation and activation of STAT1. This signal transduc-
tion pathway upregulates a multitude of genes involved in
both the innate and adaptive immune systems, including
TNF-a and IL-12. These actions culminate in macrophage
activation and bactericidal activity [6]. Genetic defects
found at multiple points along the IFN-y/Jak/STAT path-
way result in susceptibility to non-tuberculous mycobacte-
rial infection [4, 9]. IFN-yR2 deficiencies have been
described due to mutations in the extracellular and trans-
membrane domains [18].
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Clinically, patients with IFN-yR2 deficiency present
with non-tuberculous mycobacterial infections predomi-
nately due to Mycobacterium avium complex (MAC)
infection. Mycobacterium fortuitum, cytomegalovirus, and
herpes simplex virus (HSV) infections have also been
reported [18]. However, only a few cases have been re-
ported so far, thereby preventing a comprehensive descrip-
tion of the disease.

Disseminated MAC infections have been reported in
patients with IFN-yR1 deficiency [14]. MAC peritonitis in
the setting of disseminated MAC infection in an AIDS
patient has been described [11]. Hepatic vein obliteration
with subsequent portal hypertension has not been described
in MAC infection. Liver findings in patients with dissem-
inated MAC infection include ill-formed non-caseating
portal granulomas formed by Kupffer cells. These macro-
phages are often distended by large numbers of MAC [13].
Liver involvement by systemic conditions and resultant
portal hypertension can occur in association with a variety
of conditions such as Gaucher’s disease, sarcoidosis,
Wilson’s disease, and infections such as schistosomiasis [7,
17]. Clinically, patients can present with portal hyperten-
sion, congestive splenomegaly, esophageal varices, pancy-
topenias, and gastrointestinal bleeding. The underlying
histopathogenesis of these conditions is generally agreed
to be an obliterative venopathy of the portal system, with
collapse, thrombosis, or occlusion of the portal veins.
Suffocation and obliteration of the venous system occurs sec-
ondary to involvement of macrophages by storage products,
as in Gaucher’s disease, or through the formation of gran-
ulomas and fibrosis, as in schistosomiasis and sarcoidosis.

We report a child with autosomal recessive IFN-yR2
deficiency who developed hepatoportal venopathy due to
disseminated MAC infection.

Clinical history

The patient was an HIV-negative 9-year-old boy born to
unrelated American parents at 26 weeks. He did not receive
the Bacille Calmette-Guérin immunization but did receive
the usual childhood immunizations. At age 20 months, he
presented with cough, cold symptoms, and pulmonary
infiltrates. At 2 years, he developed lymphadenopathy,
hepatosplenomegaly, and fevers; bone marrow and lymph
node biopsies showed non-caseating granulomas con-
taining acid-fast bacilli. Culture of the lymph node
biopsy grew M. fortuitum and MAC. Despite improvement
on antimycobacterial therapy including rifabutin, azithro-
mycin, ciprofloxacin, ethambutol, and amikacin, the patient
continued to have lymphadenopathy. He was referred to the
NIH Clinical Center where complete autosomal recessive
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IFN-yR2 deficiency due to a two-base deletion in the
extracellular domain leading to a frame shift and premature
stop was identified [3]. The patient was managed for 4 years
with antibiotics. A liver biopsy (1) was performed in
January 2001 for elevation of liver enzymes. HSV1
esophagitis responded to acyclovir. Recurrent mild HSV1
of the thumb was suppressed by chronic administration of
acyclovir. Splenomegaly was complicated by infarction
leading to splenectomy. Recurrent ampullary stenosis due
to mycobacterial infiltration required biliary stenting with
frequent revisions. Chronic protein-losing enteropathy and
malabsorption were ascribed to small bowel lymphangec-
tasia. Between January 2001 (after biopsy 1) and May
2003, the patient received IFN-« and granulocyte macro-
phage-colony stimulation factor (GM-CSF) injections in an
effort to induce macrophage antimycobacterial activity
through activation of Jak/STAT pathways other than
through the IFN-y receptor. GM-CSF (100 mcg) was
administered subcutaneously three times a week from
January 2001 until July 2002. Liver biopsy 2 was
performed in September 2001, after the patient had been
receiving IFN-a and GM-CSF along with anti-mycobacte-
rial therapy for 8 months. Liver biopsy 3 was performed in
April 2002. Due to diffuse musculoskeletal pain, and
sclerotic bony lesions in May 2003, IFN-« was discon-
tinued, and IFN-y was initiated.

The patient was readmitted in January 2004 for as-
cites, multiple ill-defined low-density liver lesions and
painful, generalized lymphadenopathy. IFN-y therapy was
discontinued, and IFN-a 2B was restarted. Anti-myco-
bacterial therapy continued. His laboratory studies
showed white blood cells 11.7x10%/ul, hemoglobin
6.3 g/dl, hematocrit 21%, platelet count 58,000><103/u1,
prothrombin time 13 s, partial prothrombin time 32.9 s,
total protein 4 g/dl, albumin 2.1 g/dl, aspartate aminotrans-
ferase 63 U/l, alanine aminotransferase 28 U/l, alkaline
phosphatase 1,082 U/, total bilirubin 1.5 mg/dl, hepatitis B
and C serology negative. Despite treatment, the patient died
in March 2004. The patient’s clinical course is summarized
in Table 1.

Materials and methods

The patient underwent three liver biopsies at various time
points as part of his clinical care while enrolled in the NIH
protocol 93-1-0119. A full, unrestricted consented autopsy
was performed on March 5, 2004. After formalin fixation,
paraffin-embedded tissue sections were processed for
hematoxylin and eosin (H and E) and Masson trichrome
stained sections, as well as stained for acid-fast bacilli with
Zichl-Nielsen staining.
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Table 1 Clinical summary timeline

4/02: liver biopsy #3-
rare well-formed non-

1998: IFNy-R2 caseating, granulomas;
deficiency 1/01: IFN;: & rare acid-fast bacilli 1/04:Interferon-c2b
diagnosed snl‘:{aide erapy 7/02:GM-CSF initiated; Admitted
discontinued. to NIH
I | | | | |
| | | | | | | |
1997: Bone . . X 5/03: 3/04:
. 1/01 (prior to IFN-a 9/01: Liver biopsy #2: Interferon-ct S
marrow an.d therapy): liver biopsy #1 non-caseating, discontinued; Pan.ent
LN blopsy.. - non-caseating granulomas; acid-fast Interferon-y expired
non-caseating granulomas with portal  bacilli present initiated
granulomas W/ ey compression;
AFB (culture: 1o ptiful AFB
+MAC)

Results

Liver biopsy 1 showed a moderate portal lymphohistiocytic
infiltrate consisting of non-caseating granulomas with
proliferation of bile ductules in the portal areas involving
most of the portal areas in the biopsy. Early fibrosis, as
determined by Masson trichrome stain, was present within
the portal tract without evidence of bridging. The granulo-
mas were ill formed and compressed the adjacent portal

Fig. 1 a Liver biopsy 1, granulomatous portal inflammation with
compression of the portal vein. This portal area shows a moderate
mixed lymphocytic and histiocytic infiltrate that obliterates the central
vein. Only a remnant portion of the collagen fibers (blue) and smooth
muscle of the central vein is seen (red, arrow) (Masson trichrome,
x400). Inset, liver biopsy 1, numerous acid-fast bacilli (arrow) are
present in the cytoplasm of the histiocytes (modified Ziehl-Nielsen,
x600) b Liver biopsy 2, isolated portal granulomatous infiltrates. Two
portal areas are infiltrated by histiocytes and small lymphocytes (thin

veins. Plentiful mycobacteria were demonstrated in the
cytoplasm of the histiocytes (Fig. 1a and inset).

Liver biopsy 2 showed a mild granulomatous hepa-
titis involving isolated portal triads (Fig. 1b). Similar to
biopsy 1, the granulomas were ill formed with inflamma-
tion spilling into the lobules. The portal tracts showed
portal fibrotic expansion without bridging. Sinusoidal
dilatation was present; however, the central veins were
uninvolved.

arrow). Fibrosis is seen extending out from the portal area (short
arrow). The central vein is unremarkable (thick arrow). The sinusoids
show dilatation. (H and E, x40) ¢ Liver biopsy 3, portal area with a
well-formed granuloma and brisk chronic inflammatory infiltrate
surrounded by early collagen formation (blue). The portal vein is
compressed. (Masson trichrome, x400). d Liver biopsy 3, an
unremarkable portal triad with a patent portal artery and vein.
(Masson trichrome, %400)
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Fig. 2 a Autopsy liver section,
multifocal well-formed non-
caseating granulomas (H and E,
x40). b Autopsy liver section, a
portal area expanded by histio-
cytes compressing the venous
lumina (H and E, x400).

¢ Autopsy liver section, histio-
cytes distended by acid-fast
bacilli compressing a central
vein (Ziehl-Nielsen, x400).

d Autopsy liver section, fibrous
obliteration of a central vein (ar-
row), the remnant collagen fibers
are identified by pale blue stain-
ing (Masson trichrome, x400)

Liver biopsy 3 was performed in April 2002 while the
patient was still on IFN-a and GM-CSF therapy and
showed a dramatic decrease in the number of granulomas.
Most portal areas were unremarkable, and only a rare
isolated well-formed non-necrotizing, granuloma was seen.
A small number of acid-fast bacilli were found with special
staining. This well-formed granuloma was associated with a
brisk lymphocytic infiltrate (Fig. 1c). The majority of the
portal areas appeared normal and were uninvolved by
inflammation or fibrosis (Fig. 1d). As compared to the liver
biopsies 1 and 2, the granulomas, which were seen during
IFN-o treatment in biopsy 3, were rare, smaller, better
formed, and had more lymphocytic infiltrate.

Autopsy findings

A full, unrestricted autopsy found that the peritoneal cavity
contained 750 ml of serous ascites. The liver was 2,100 g
(normal 560 g), with bile staining but without gross
nodules. The cut surface of the liver showed diffuse
stellate-shaped lesions, some with central degeneration,
measuring from 1 to 2 cm in maximum dimension.

A diffuse, granulomatous infiltrate was present in all
portal areas and also involved the lobules and central veins.
The granulomas consisted of aggregates of pale-staining
histiocytes distended by large numbers of acid-fast bacilli
(Fig. 2a and c). Very few lymphocytes were present. The
portal and central veins were either compressed or frankly
obliterated by these non-caseating granulomas, which were

@ Springer

associated with mild fibrosis (Fig. 2b). The hepatocytes
showed atrophic changes with an increase in the nuclear/
cytoplasmic ratio. Sinusoidal congestion was seen. The
remnant of collagen around central veins could be
demonstrated with trichrome staining (Fig. 2d).

In summary, all three pre-mortem liver biopsies showed
the central veins to be relatively uninvolved by the
granulomatous inflammation. The vascular blockage was
predominately pre-hepatic involving the portal areas. At
autopsy, there was a combination of pre- and posthepatic
obstruction such that the hepatocytes in the lobule showed
atrophic changes, but frank ischemic changes and/or
necrosis was not seen.

Discussion

Veno-occlusive disease and hepatoportal venopathy have
been described in patients with central and portal hepatic
vein involvement due to storage diseases, sarcoidosis,
primary biliary cirrhosis, primary sclerosing cholangitis,
mastocytosis, cystinosis, schistosomiasis, and graft-vs-host
disease [5, 7, 15]. Granulomatous disease associated with
non-cirrhotic portal hypertension is rarely reported; primary
biliary cirrhosis and sarcoidosis are the most frequent
causes [12, 16]. Ascites is infrequently reported in portal
venopathy and, in this case, may have been a complication
of either the hepatoportal venopathy, the small bowel
lymphangectasia/mesenteric lymphadenitis, or both. Non-
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tuberculous mycobacterial infection has not been reported
to cause portal venous obliteration in either HIV or non-
HIV infected patients.

Patients with complete autosomal recessive IFN-y2R
deficiency show a total loss of normal IFN-y signal
activation and do not clinically respond to either endoge-
nous or exogenous IFN-y therapy. IFN-« shares with IFN-
v activation of the common downstream effector molecule,
STAT-1, that served as the rationale for its use and may
explain the clinical and histopathologic changes during
IFN-« treatment. A similar use of IFN-« has recently been
reported, and this also appeared to facilitate mycobacterial
control [19]. IFN-y has been used to treat patients with
defects in the IL-12/IFN/Jak/STAT pathway with non-
tuberculous mycobacterial infections who have residual
IFN-yR activity [9].

The causes of the obliteration of the intrahepatic portal
and central veins in the current case may be twofold.
Firstly, the diffuse MAC infection with granulomatous
inflammation may have compressed the venous lumina,
mostly portal but both central and portal, as seen at autopsy
(Figs. la and 2b and c). Secondly, the intermittent
resolution of the granulomas seen during treatment may
have spurred a reactive fibrotic response with resulting
phlebosclerosis and fibrous obliteration, as observed at
autopsy (Fig. 2d). Both processes would result in resistance
to portal venous flow and portal hypertension. Clinically,
we observed worsening of granulomatous inflammation
when the patient was not undergoing treatment with IFN-
«, contrasting with more well-defined granulomatous
inflammation and clinical improvement during IFN-&
therapy. The partial resolution and quality of the granu-
lomas and MAC organism burden correlated with the
duration of IFN-« and antibiotic treatment. This improve-
ment was seen most dramatically in liver biopsy 3
(Fig. lc,d), taken when the patient had been treated for
16 months with IFN-« and anti-mycobacterials. There was
markedly decreased granulomatous inflammation and de-
creased MAC burden in biopsy 3 as compared to liver
biopsy 1, taken before IFN-o therapy was initiated. The
granulomas, which were seen during IFN-« treatment in
biopsy 3, were smaller, better formed, and had more
lymphocytic infiltrate than in liver biopsies 1 and 2. Acid-
fast bacilli were rare and difficult to identify in biopsy 3 as
well, in contrast to 1. Liver pathology from times of
nontreatment showed ineffective granulomatous inflamma-
tion with abundant mycobacteria that involved the portal
and central regions of the liver. These granulomas impinged
on the venous lumina and obliterated some vessels. At
autopsy, the patient had been receiving IFN-« for the
second course for only 3 months and, before that, had
received I[FN-y therapy for 7 months; anti-mycobacterials
had been administered throughout. Although the granulo-

mas were starting to appear well formed at autopsy, the
MAC burden was quite high, and venous obliteration was
observed. At autopsy, the vascular obstruction was both
pre- and posthepatic, with atrophy of the hepatocytes and
sinusoidal congestion.

Responding to IFN-y stimulation is necessary for the
containment of mycobacteria [10]. The IFN-y response
may also control the pro-fibrogenic milieu created by
granulomatous inflammation. The anti-fibrogenic property
of IFN-y has been described in hepatitis C virus-infected
patients [2]. IFN-y and IFN-x have been used in other
clinical settings for the prevention of fibrosis, such as in
idiopathic pulmonary fibrosis [1]. The inability to respond
to IFN-v, as seen in patients with [FN-yR2 deficiency, may
have contributed to the development of fibrosis after an
inflammatory insult, as was seen in the current case.

Hepatoportal venopathy is an uncommon cause of non-
cirrhotic portal hypertension in the Western world. Our case
developed hepatoportal venopathy and veno-occlusive
disease presumably secondary to disseminated MAC
infection. The partial resolution of the granulomatous
inflammation and MAC in response to IFN-o therapy
reinforces the integral role that this cytokine pathway may
play in controlling mycobacterial infections. This unusual
clinical presentation may help better define the phenotype
of patients with IFN-yR2 deficiencies as well as the
importance of the IFN-« and IFN-y pathways in control-
ling intracellular infection.
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Abstract Jo-1 syndrome is an autoimmune disease with
autoantibodies against the histidyl tRNA synthetase. Char-
acteristic clinical findings include inflammatory myopathy
and interstitial lung disease. We present the first case of a
patient with Jo-1 syndrome (positive Jo-1 autoantibodies,
myositis, interstitial alveolitis) who developed Hodgkin’s
lymphoma of nodular-sclerosing type. Thus, patients with
Jo-1 syndrome and immunosuppressive therapy similar to
other patients with autoimmune disease are at risk to
develop lymphomas and should therefore be monitored
carefully.
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Introduction

Patients with autoimmune disease have been suspected to
develop malignancies with increased frequency. In partic-
ular, an association of non-Hodgkin lymphoma in patients
with systemic lupus erythematosus, rheumatoid arthritis and
primary Sjogren syndrome has been demonstrated. Reports
about malignancies associated with anti-tRNA-synthetase
autoimmune diseases are very rare. In Jo-1 syndrome,
patients present with myopathy, interstitial pulmonary
fibrosis and arthritis. Antibodies against the histidyl tRNA
synthetase are diagnostic. In this paper, we report the first
case of a patient with Jo-1 syndrome who developed
Hodgkin’s lymphoma.

Clinical history

A 47-year-old male patient presented with myalgia, exertional
dyspnea (pO, 40 mmHg), fatigue and a generalised
erythema, predominantly affecting the proximal lower limbs
and the face. Electromyography was normal, and biochem-
ical myositis markers such as LDH [max. 565 U/l
(104248 U/1)] and creatine kinase [max. 334 U/l (<80 U/)]
were elevated. A myocardial source for CK elevation was
excluded by isotyping and coronary angiography. Computed
tomography (CT) scans revealed ground glass pattern opacity
of both entire lungs compatible with interstitial lung disease
(Fig. 1). Due to respiratory impairment, open lung biopsy
was not attempted. Bronchioalveolar fluid analysis revealed
a mixed neutrophilic and eosinophilic granulocytosis. Sero-
logic detection of Jo-1- and SS-A-antibodies was finally
sufficient to confirm the clinical diagnosis of Jo-1 anti-
synthetase syndrome. On treatment with corticosteroids and
azathioprin, the respiratory symptoms improved. Three years
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Fig. 1 CT scan of the chest. Both lungs show ground glass pattern
opacity, interstitial scaring and bronchiectasis

later, fatigue and dyspnea began to worsen again. Treatment
with methotrexate (MTX) failed to improve the clinical
symptoms. During the following year, a severe respiratory
insufficiency developed, necessitating the regimen to be
changed to continuous cyclophosphamide and corticosteroids
in a modified Fauci protocol. In addition, 15 courses of plasma
apheresis were performed, and the endothelin receptor
antagonist bosentan was added to the regimen. The course
remained uneventful for the next 14 months. Subsequently,
mediastinal lymphadenopathy was discovered by CT scan,
and bilateral axillar and supraclavicular enlarged lymph nodes
were noted on palpation. Right supraclavicular lymph nodes
were removed for histological analysis.

Materials and methods

The study was performed in accordance with the guidelines
of the local ethics commission. Histological material was
fixed in 4% formalin and embedded in paraffin according to
standard procedures. One to two micrometre sections were
used for conventional and immunohistochemical staining
procedures. The following antibodies were used: CDI15
(1:50; Holzel, Ko6ln, Germany), CD20 (1:1,000; Dako,
Hamburg, Germany), CD30 (1:10; Dako), CD3 (1:25;
Menarini, Neuss, Germany), Ki67 (1:2,000; Dako), LMP-
1 (1:200; Novocastra Laboratories, Newcastle Upon Tyne,
UK), PAXS (1:50; BD Biosciences, Heidelberg, Germany).
For antigen retrieval, deparaffinised sections were heated in
10 mM citrate buffer pH 6.0 either for 5 min (LMPI,
PAXS), respectively, 10 min (CD15, CD30) at 2 bar using a
pressure cooker or for 30 min at boiling temperature in a
microwave oven (CD20, CD3, Ki67). Immunohistochemis-
try was performed with diaminobenzidine as substrate.
Epstein—Barr virus (EBV)-encoded RNA (EBER) in situ
hybridisation was performed according to the previously
published protocol (EBER probe Y-5200, PNA-ISH-detection
kit K-5201, Dako) [7]. Slides were counterstained with

@ Springer

hematoxylin. For T cell clonality analysis, the receptor
gamma-chain was amplified following the standard proce-
dures [5] and analysed using capillary electrophoresis.

Results
Morphology

The lymph node section showed an almost completely
destroyed lymph node architecture and a mixed infiltrate
consisting of spindle cells, plasma cells, eosinophilic
granulocytes and lymphocytes. Classical Hodgkin and
Reed-Sternberg cells (HRS) were detected besides sparse
lacunar cells. Isolated mitotic figures were visible. The
infiltrate was separated by broad bands of fibrosis and
extended into the surrounding adipose tissue (Fig. 2a).

Immunohistochemistry and in situ hybridisation

Immunohistochemical staining demonstrated scattered sin-
gle atypical cells with large prominent bilobed nuclei and
nucleoli of the Hodgkin and Reed—Sternberg cell type
which were positive for CD15 and CD30 (Fig. 2b, c), as
well as for BSAP (PAXS; Fig. 2f) with the typical weaker
staining of the HRS cells compared to reactive B cells [9].
CD20 staining was negative. Tumour cells were positive for
EBV-related antigens as shown by LMPI1 (Fig. 2¢) [3].
Likewise, EBER in situ hybridisation (Fig. 2e) indicated
prior EBV infection. Anti-CD3 showed diffusely scattered
small bland T lymphocytes (not shown). There was up to
30% proliferative activity as detected by anti-Ki-67 staining
(not shown).

T cell receptor gamma-chain PCR

The oligoclonal rearrangement pattern of the T cell receptor
y-chain was consistent with Hodgkin lymphoma, thus,
confirming the diagnosis of Hodgkin’s disease of nodular-
sclerosing type.

EBV-specific antibodies

Antibodies directed against the Epstein—Barr viral capsid
antigen (VCA) were detected in the serum at the time of
diagnosis. Positive IgG and negativ IgM anti-EBV-VCA
antibodies indicated a past, not acute, EBV infection.

Discussion

The Jo-1 syndrome belongs to the group of anti-tRNA-
synthetase autoimmune diseases. These syndromes are
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Fig. 2 a Hodgkin’s disease,
nodular-sclerosing type, with
effaced lymph node architecture
caused by a mixed inflammatory
infiltrate consisting of eosino-
philic granulocytes, lympho-
cytes, plasma cells and
fibroblasts (HE, 50x). b Classi-
cal Reed—Sternberg cells
expressing CD15 and ¢ CD30 in
a Golgi-like pattern (DAB,
400x%). d EBV-associated LMP-
1 expression in a RS cell (DAB,
400x). e EBER in situ hybrid-
isation (100x). f BSAP (PAX5)
expression of EBV-infected RS
cells (weak staining) and reac-
tive B cells (strong staining;
DAB, 400x)

characterised by the presence of antibodies against different
types of cytosolic aminoacyltRNA synthetases. In Jo-1
syndrome, antibodies against the histidyl tRNA synthetase
are present in the serum. Inflammatory myopathy is found
in nearly all cases, whereas other frequent clinical signs are
interstitial pulmonary fibrosis, arthritis and elevated inflam-
mation parameters [6, 8]. Fever, Raynaud phenomenon,
mechanic’s hands and carpal canal syndrome can be found
in a subset of cases.

We report the first case of Hodgkin’s lymphoma
occurring in a patient with Jo-1 syndrome.

A linkage between autoimmune myositis and malignan-
cies has frequently been observed. Dermatomyositis seems
to be the most often linked entity [1], whereby the cause of
this association is still unclear. Association of Jo-1
syndrome and malignancies is very rare. Watkins et al.
[10] reported a case of poorly differentiated adenocarcino-
ma in a patient with Jo-1 antibody syndrome. Iwasaki et al.
[4] presented a patient with polymyositis, interstitial

pneumonitis and a positive Jo-1 antibody test in association
with renal cell carcinoma. In this paper, we report a case of
Jo-1 syndrome (Jo-1 autoantibodies, myalgia, interstitial
lung disease, erythema) associated with Hodgkin’s lym-
phoma. In our case, Hodgkin’s disease was observed 3 years
after onset of Jo-1 syndrome, first treated with MTX, and
14 months after intensified immunosuppressive therapy
with cyclophosphamide.

Hodgkin’s lymphoma in immunocompromised patients
is rare and less frequent than B cell lymphomas [11]. But
still, there is an elevated prevalence of Hodgkin’s disease in
immunosuppressed patients, including HIV patients, recip-
ients of solid organ or bone marrow transplantation or
patients with autoimmune disease treated with immunosup-
pressive drugs.

In our patient, Hodgkin’s disease might be associated
with the long-lasting immunosuppressive therapy rather
than caused by the Jo-1 syndrome itself. However, a
contribution to the pathogenesis by the underlying autoim-
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mune disease is possible. One reason for the coincidence of
the autoimmune disease and/or immunosuppressive treat-
ment with lymphoma may be a deviation of the host’s
immune response leading to a defective immune surveil-
lance to oncogenic viruses like EBV [2]. Interestingly, in
our case, prior EBV infection could be demonstrated
serologically by anti-EBV-VCA IgG type antibodies by
positive LMP-1 immunostaining and EBER in situ hybrid-
isation in the lymphoma cells.

Clearly, additional examples of occurrence of Jo-1
syndrome and malignant lymphomas need to be analysed
to prove a significant association and study of mechanisms.

Acknowledgments We thank Prof. Hans H. Schild, director of the
Department of Radiology, University of Bonn, for providing the CT
scan image.
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Dear Editor,

The article by Romanenko et al. published in Virchows
Archiv [6] is based on the study of renal tumours from the
Chernobyl area and Kiev. Alterations of extracellular
matrix (ECM) in renal cell carcinoma are reported. The
main conclusion is that long-term low-dose ionising
radiation (IR) “can promote malignant tumour progres-
sion” through the following mechanism: “significantly
disrupted ECM with a lack of orchestrated communication
between cells and between cells and ECM that leads to
loss of cellular differentiation”. It should be noted that the
term “low-dose IR” would be relevant if radioactivity
were counted from zero, but in fact it is a question of a
minor increase of doses obtained due to the natural
radiation background. Patients from contaminated areas
around Chernobyl and Kiev are united in one group,
although radioactivity in Kiev was elevated insignificantly
[1], which can give rise to reasoning about radiation-
induced malignancy in Kiev.

On the basis of limited material (contaminated area plus
Kiev, 41 patients; control, 37 patients), statistically signif-
icant differences were found for 4 parameters: immunobhis-
tochemical expression of fibronectin, laminin, {3-catenin
and TGF-p1 (P values are 0.05, 0.008, 0.003 and 0.01,
respectively); the integral level of statistical significance
being very high for a medical study. At the same time,
majority if not all tumours should have been spontaneous
because cancer incidence (except for thyroid carcinoma)
remained in the contaminated area within statistical error in

S. V. Jargin (X))
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115184 Moscow, Russia

e-mail: sjargin2000@yahoo.com

agreement with the increase rate for Russia in general [2,
5]. The male/female ratio=27/14, approximately the same
as for renal cell carcinoma in the general population,
provides additional evidence in favour of spontaneous
origin. The main features of spontaneous tumours must be
on average the same as in the control group. Besides,
comparison between the group from the contaminated zone
plus Kiev and the control is performed without stand-
ardisation after the tumour grade: more than 50% of cases
in the first group belong to poorly differentiated carcinoma
(G3-G4), whereas in the control there is only 1 G3 case, all
others being G1-G2. Without representative statistics about
tumour grading, reported data can be misleading, making
an impression that renal carcinoma in the contaminated
areas and Kiev is on average less differentiated than in the
general population. Reported differences between the
groups could have been caused by differences in differen-
tiation grade, which in its turn could have resulted from
non-random case selection. In previous publications [3, 4],
we criticised other studies by Romanenko et al. For further
details, visit http://www.freewebs.com/ruspatl/
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The Chernobyl accident introduced for the first time the
problem of chronic, persistent, long-term, low-dose expo-
sure to ionizing radiation (IR) in humans. Currently, 21 years
after the accident at the Chernobyl Power Plant in Ukraine
(70 Km from Kiev), approximately 17 million people live in
the radiocontaminated area and have been exposed to low-
dose IR. Information regarding irradiation of the Ukrainian
population is based on the official reports provided by the
Ukrainian Government and the Ukrainian Academy of Medical
Sciences. Morbidity of malignant renal tumors in adults dur-
ing the period 1986-2006 increased from 4.7 to 9.9 per
100,000 of total population (from 6.0 to 12.6 per 100,000 of
the male population and from 3.6 to 7.5 per 100,000 of the
female population in Ukraine) [4].

The scientific collaboration between the Institute of Urol-
ogy, the Academy of Medical Sciences in Kiev (Ukraine)
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and the Department of Pathology of the Valencia University
in Spain has been in operation for approximately 9 years
already. Recent studies by our group have shown that during
the period subsequent to the Chernobyl accident, increases in
morbidity, aggressivity, and proliferative activity of renal-
cell carcinomas (RCCs) in Ukrainian patients were recog-
nized [2]. At the beginning of our study, we did separate
patients with RCCs from the city of Kiev and patients with
RCCs from radiocontaminated areas. Our recent studies
have shown that RCCs (their histological and molecular bio-
logical features) of both these groups were identical (it is
therefore not necessary to distinguish them); however, they
significantly differ from the analogous tumors from clean
(without radio-contamination) areas of Ukraine as well as the
Spanish RCCs.

It must be noted that the tumors (RCCs) were randomly
selected (successive cases) from the laboratories of Kiev
and Valencia. No one doubts the spontaneous origin of these
RCCs in both geographical areas. The main differences are
not in reference to their origin but to their biological,
histological, and clinical behavior, which is clearly more
aggressive in the Ukrainian population in comparison with
the Valencian cases. Furthermore, “chronic low-dose irradi-
ation toxicity” (CLDIT) exerts its effect as a cocarcinogen or
within a pluri-carcinogenetic context. We have never pro-
posed that CLDIT was the only cause of this cancer.

The development of “radiation sclerosing proliferative
atypical nephropathy” in the peritumoral kidney tissue then
followed and demonstrated a good correlation with the dura-
tion of radiation exposure [3]. In addition, the influence of
chronic, regular, and sustained low-dose IR on renal carcino-
genesis in the population living in Cesium 137-contaminated
areas of Ukraine has been confirmed [2].
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There is no dose-response relationship in the range 2—
12 Gy, suggesting that an unstable phenotype may be induced
by quite low radiation doses [1]. Moreover, the “bystander”
or nontargeted effects of very low doses of IR were recently
described as important genetic consequences of IR, which
may arise in cells that in themselves received no direct nu-
clear exposure [1]. Thus, the actual target for radiation effect
in a cell population may be much larger than the irradiated
cell itself [5].

Research during the last decade has focused on cellular
and molecular mechanisms for the effects of low-level IR in
mammalian cells as well as in mammalian carcinogenesis.
Our group follows the same scientific direction.

Acknowledgments Alina Romanenko was supported by grant
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Dear Editor,

Agaimy and Wunsch recently reported potentially mislead-
ing thyroid transcription factor 1 (TTF-1) immunoreactivity
in a primary ovarian malignant mullerian mixed tumour [1].
This is one of several recent papers highlighting the danger
of relying on TTF-1 expression in isolation as a marker of
either lung or thyroid origin for a malignant tumour.
Comperat et al. reported that 5% of primary colorectal
adenocarcinomas expressed TTF-1 when assessed with
Novocastra’s SPT24 clone [2]. Penman et al. also found
that the SPT24 but not the 8G7G1 TTF-1 clone showed
nuclear positivity in some colorectal adenocarcinomas [3].

We would like to highlight the observation that immu-
nocytochemical TTF-1 positivity may be found in glioblas-
toma multiforme, which to our knowledge has not
previously been reported. Usually, the distinction between
glioblastoma multiforme and metastatic carcinoma is
relatively easy to make on morphological grounds; howev-
er, there are some cases in which the tumour is poorly
differentiated, and for such cases, immunocytochemistry
may be of value in making this distinction.

Following our observation in routine diagnostic practice
of two cases of glioblastoma which showed positivity with
antibodies to the SPT24 clone of TTF-1 (Fig. 1), a further
26 cases of glioblastoma multiforme and one case of
gliosarcoma were assessed. In all cases, there were
morphological, immunocytochemical, radiological and clin-
ical features supporting the diagnosis of glioblastoma, and
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none had any evidence of metastatic disease or of any pre-
existing lower grade cerebral neoplasm.

Immunocytochemical staining for the SPT24 (Novocas-
tra) and 8G7G3/1 (Dako) TTF-1 clones, MNF116, CK7,
CK20 and glial fibrillary acidic protein (GFAP) was
performed in all cases. Staining for the TTF-1 clone
SPT24 (Novocastra) was performed with 2 min of pressure
cooking pretreatment in 2 1 of 10 mM citrate buffer at
pH 6.0. The primary antibody was diluted at 1:100 and
incubated for one hour at room temperature. Standard ABC
method was performed using Vector’s RTU Universal Elite
ABC kit PKY200. The staining was developed for 10 min
in diaminobenzidine. The technique for TTF-1 clone
8G7G3/1 (Dako) immunocytochemistry was identical,
other than that the primary antibody was diluted at 1:50.
To calculate percentages of positive cells, at least 500
presumed neoplastic nuclei per case were counted from the
areas in which staining appeared most abundant.

In total, fourteen glioblastomas (50%) showed some
degree of nuclear positivity when stained with the SPT24
TTF-1 clone. This staining was patchy and variable
between cases (ranging from 0.1 to 62.2% of nuclei).
Nuclear positivity was seen in under 2% of cells in seven
cases, between 2 and 10% of cells in three cases, and over
30% of cells in the other four cases. Positive neoplastic
nuclei were not detected in the other fourteen cases of
glioblastoma or in the gliosarcoma. All cases were negative
when stained with the 8G7G3/1 TTF-1 clone. Staining for
GFAP was positive in the cytoplasm of at least a proportion
of the neoplastic cells in all cases. MNF-116 and
cytokeratin 20 staining was negative in all cases. Cytokeratin
7 staining was negative in all cases of glioblastoma, but
showed focal positivity in the spindle cell element of the
gliosarcoma.
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Fig. 1 Photomicrographs of the tumour from the first patient in whom
we had noted TTF-1 positivity. The patient is an elderly man with
glioblastoma multiforme (WHO grade IV) involving the temporal
lobe. Mitotic activity, necrosis and vascular endothelial hyperplasia
were present. a An area of tumour with typical glioblastoma

It is unclear whether the TTF-1 positivity with Novocas-
tra’s SPT24 TTF-1 clone seen in a high proportion of cases
of glioblastoma reflects cross-reactivity or whether this
clone is detecting genuine expression of TTF-1 of uncertain
significance. It is known that TTF-1 is expressed during
development in areas of the basal forebrain; however, a
previous study that examined TTF-1 expression in 73
primary brain tumours (including astrocytomas, glioblasto-
maa, ependymomas, oligodendrogliomas, medulloblasto-
mas, and gangliogliomas) with clone 8G7G3/1 only
showed positivity in two ep