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Abstract We describe two cases of gastrointestinal stro-
mal tumours with prominent oncocytic features. Both
had features consistent with differentiation towards the
interstitial cells of Cajal (CC). They were composed of
nests and bundles of cells with abundant, deeply granu-
lar, eosinophilic cytoplasm. Immunohistochemical inves-
tigations revealed positivity with c-kit, vimentin and
CD34 antibodies in both neoplasms. Ultrastructurally the
neoplastic cells showed characteristic features of CC;
they had synapse-like structures and dense core cytoplas-
mic granules. Oncocytic features were confirmed by im-
munohistochemistry using anti-mitochondrion antibody
in both cases and by electron microscopy in one case
(case 1). Although the CC are frequently described as
mitochondrion-rich cells, oncocytic changes have not
previously been reported as a feature of gastrointestinal
autonomic nerve tumour (GANT)-like stromal tumours.
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Introduction

Gastrointestinal pacemaker cell tumours (GIPACT) is
the designation recently proposed [12] for stromal tu-

S. Damiani - V. Eusebit ([])

Department of Oncology,

Section of Anatomical Pathology

and Histopathology “Marcello Malpighi”,
University of Bologna, Bologna, Italy
Fax: +39-51-6225759

G. Pasquinelli
Department of Experimental Pathology,
University of Bologna, Italy

Mailing address:

1 Dipartimento di Oncologia,

Sezione di Istocitopatologia“M. Malpighi”
dell’Universitadi Bologna,

Ospedale Bellaria, viaAltura 3,

1-40139 Bologna, Italy

mours arising in the gastrointestinal tract. These tumours
are derived from neoplastic elements that share ultra-
structural and immunohistochemical features with the
cells of Cga (CC), a complex network of interstitial
cells involved in the regulation of intestina motility
[28].

In this paper, two cases of gastrointestinal stromal tu-
mour with evidence of differentiation toward the CC are
presented. Both tumours showed prominent oncocytic
changes documented by immunohistochemistry and ul-
trastructure. Oncocytic changes in nonepithelial tumours
are rare, and only occasional examples have been report-
ed [8, 10, 12, 17, 19, 25].

Case reports

Casel

A 50-year-old woman presented with nausea, vomiting and abdomi-
nal discomfort. CT scan revealed alarge intra-abdominal mass mea-
suring 10 cm in its mgjor axis, located in the anterior side of the
gastric body. At surgery, the tumour appeared well circumscribed
with expanding margins and was closely adherent to the muscular
wall of gastric body; a partial gastrectomy was performed. One year
after surgery the patient is alive with liver metastases.

Case 2

The patient, a 60-year-old man, presented with abdominal pain.
CT scan revealed the presence of a mass of 8.5x5x3 cm on the
lesser curvature wall of the stomach. At surgery, the tumour was
found to be well circumscribed, without infiltration of the gastric
wall and was easily resected. The patient is in good health
6 months after surgical treatment.

Materials and methods

Tissues were fixed in 10% buffered formalin, embedded in paraf-
fin and routinely stained with haematoxylin-eosin (HE). For im-
munohistochemistry, the avidin-biotin-peroxidase complex meth-
od was used. The antisera are listed in Table 1. For electron mi-
croscopy, formalin fixed tumour samples from case 1 were post-
fixed in osmium tetroxide, dehydrated in graded ethanol solutions
and embedded in Araldite. Thin sections were stained with uranyl
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Table 1 Antiseraemployed for immunohistochemistry

Antiserum (clone) Source Dilution

c-kit (polyclonal) Santa Cruz 1:1000
Biotechnology (Calif.)

Vimentin (V9) Dako, Milan, Italy 1:100

Mitochondrion (Mito 113) Biogenex,SanRamon, 1:50
Calif.

Neuron specific enolase Biogenex 1:50

(NH3)

Neurofilaments (2F11) Dako 1:60

S100 Protein (Polyclonal) Dako 1:1000

CD68 (PGM 1) Dako 1:100

Cytokeratin (MNF116) Dako 1:100

Smooth muscle actin (1A4)  Dako 1:100

CD34 (Qb-end 10) Novocastra, Newcastle, 1:50
UK

CD21 (1F8) Dako 1:20

Synaptophysin (SY 38) Dako 1:40

Chromogranin (LK2H10) Biogenex 1:400

Desmin (D33) Dako 1:200

acetate and lead citrate and examined in a Philips 400T transmis-
sion electron microscope.

In order to evaluate the number and distribution of mitochon-
driain "ordinary” GIPACT, we used anti-mitochondrial antibody
to stain 9 consecutively observed tumours with ultrastructural
and/or immunohistochemical (c-kit positivity) differentiation to-
ward CC but without apparent oncocytic features.

Pathological findings

Both tumours appeared well circumscribed and were sur-
rounded by a fibrous pseudocapsule. They were com-
posed of whitish grey soft tissue with a pseudocystic ap-
pearance and large areas of necrosis and haemorrhage.

Histologically, the tumours were mainly composed of
cellular proliferations of cells arranged in small nests
and fascicles (Fig. 1). Most of the neoplastic cells had
abundant eosinophilic and finely granular cytoplasm
(Fig. 2). In occasiona cells, the nucleus was located pe-
ripherally and the cytoplasm showed large empty, clear
vacuoles, giving an appearance reminiscent of that of
signet ring cells. In these cells, the nuclei varied in shape
from round to oval and sometimes showed prominent
nucleoli. In case 2, some areas of the tumour were com-
posed of spindle cells arranged in short bundles with a
storiform architecture, and a syncytial growth pattern fo-
cally. In these latter areas, the neoplastic cells had irregu-
lar, pleomorphic nuclei, with clumped chromatin and
prominent nucleoli. Multinucleated neoplastic cells were
also occasionally present. Irregular mitoses were numer-
ous in both cases, as were areas of necrosis and haemor-
rhage. Numerous lymphocytes, plasma cells and eosino-
phils were evident throughout the tumours, and were
particularly prominent in case 2.

A network of small, delicate capillaries surrounded
the cellular nests throughout the lesions.

In case 1, metastases were found in two out seven lymph
nodes of the greater gastric curvature. The metastatic tu-
mour showed the same histological features asthe primary.

Most cells in both cases were diffusely stained by an-
ti-vimentin and anti-c-kit antisera (Fig. 3a, b). In case
2 anti-neuron-specific enolase (NSE) stained numerous
neoplastic elements, while in case 1 only rare cells were
stained with this antiserum. CD34 antibody stained about
25% of the neoplastic cellsin both cases. Anti-S100 pro-
tein antibody highlighted the presence of numerous den-
dritic cells throughout the tumour in both cases. The
same cells were also CD68 positive. Neurofilaments,
wide-spectrum cytokeratin, chromogranin, Synaptophi-
sin, smooth muscle actin, desmin, S100 protein, CD68
and CD21 antibodies were all consistently negative in
the neoplastic cellsin both cases.

When stained with anti-mitochondrion antiserum,
most of the neoplastic cells in both cases showed a dif-
fuse and intense granular positivity throughout the cyto-
plasm (Fig. 4a, b). The positive granules varied from
coarse to very minute, and were irregularly distributed
throughout the cytoplasm, occupying more than 60% of
it. In the areas showing clear cell changes at the H-E lev-
el the positive granules were seen packed together in
large aggregates, located sometimes at the periphery of
the cytoplasm (Fig. 4b).

In eight out of nine cases of “ordinary” GIPACT (Fig.
5a) only a few cytoplasmic granules were stained with
anti-mitochondrial antibody in 10-30% of the neoplastic
cells (Fig. 5b), while the positivity with this antibody
was not detectable in a large majority of the cells. In the
last case about 30% of the neoplastic elements showed
numerous positive granules throughout the cytoplasm.

Ultrastructural examination in case 1 confirmed that
in most of the neoplastic cells the cytoplasm was entirely
filled with numerous enlarged mitochondria (Fig. 6).
Other cytoplasmic organelles were scarce. The cells dis-
played prominent bulbous cytoplasmic projections, con-
taining empty vesicles and rare electron-dense granules,
ranging in diameter from 180 to 290 nm. Focally, the cy-
toplasmic projections were joined by asymmetrical junc-
tions, resembling postsynaptic membranes (Fig. 6, inset).
Nuclei were irregularly shaped and showed clumped
chromatin and prominent nucleoli.

Discussion

The cases here described show morphological features of
gastrointestinal stromal tumours with evidence of differ-
entiation toward the interstitial cells of Cga. They
stained with c-kit, vimentin, CD34 and NSE antisera,
and in case 1 electron-dense granules and synapse-like
structures were observed at the ultrastructural level.
Stromal tumours arising in the gastrointestinal tract
have been under discussion for many years, particularly
with regard to their origin and differentiation. The exis-
tence of a wide spectrum of tumours with variable ultra-
structural and immunohistochemical findings led to the
identification of different subgroups, including tumours
with smooth muscle differentiation, neura differentia-
tion (previously named “plexosarcomas’ or “gastrointes-



Fig. 1 Case2: in thistumour,
the neoplastic cells are spindle
shaped and are arranged in par-
allel fascicles

Fig. 2 Case2: the cells have
granular, deeply eosinophilic
cytoplasm and pleomorphic nu-
clei with coarse chromatin
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tinal autonomic nerve tumours and dual muscle and neu-
ronal differentiation” [2, 5, 6, 10, 13, 16, 29].

The interstitial cells of Cajal are stromal cells present
in the myenteric and submucosal plexuses. They are in-
tercalated between the nerve fibres and muscle cells and
are now considered as pacemakers in the regulation of
the intestinal motility [1]. Recently, the identification of

the c-kit tyrosine kinase receptor as a specific marker for
the interstitial cells of Cajal [15] prompted investigators
to strive for better definition of the morphological and
functional features of these cells.

Using anti-c-kit antibodies to identify the interstitial
cells of Cgjal in the intestinal wall, it has been demon-
strated that the morphological features reported to be di-
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Fig. 3A, B. Immunostaining
for anti-c-kit antibody: most of
the neoplastic cellsin case 1
(A) and in case 2 (B) are dif-
fusely positive for this anti-
body. In case 1 (A) the tumour
is composed of round to polyg-
onal cellswith regular ovoid
nuclei and granular eosinophil-
ic cytoplasms and well-defined
borders. C-kit positivity is
mainly localized at the cell
membrane

agnostic of neuronal differentiation in the so-called gas-
trointestinal autonomic nerve tumours can be superim-
posed on the cell of Cgja [11] and that these same cells
can also exhibit myoid and fibroblast-like features
[26-28].

Consequently, Kindblom et al. [12] introduced the
unifying concept of gastrointestinal pacemaker cell tu-

mours (GIPACT) to describe neoplasms showing c-kit
immunoreactivity and variable evidence of differentia-
tion toward the cells of Cgjal.

Focal positivity with CD34 antiserum was seen in
both the present cases. The significance of CD34 positiv-
ity in GIPACT is uncertain, but it has been described in
most GIST/GIPACT [3, 6, 12, 16, 20] as well asin non-



Fig. 4A, B. Immunostaining
for anti-mitochondrial anti-
body. A Case 2: amost all the
neoplastic elements are positive
with mitochondrion antiserum.
The positive granules are irreg-
ularly dispersed throughout the
cytoplasm. B Case 1: anti-mito-
chondrial antibody stainsthe
cytoplasmic granules heavily.
In some areas the nuclei are pe-
ripherally located and the cyto-
plasm show large empty vacu-
oles, somewhat reminiscent of
signet ring cells. In these areas,
mitochondria are packed to-
gether, some at the periphery of
the cytoplasm

neoplastic interstitial cells of Cajal [12]. Gastrointestinal
leyomiomas and schwannomas are consistently CD34
negative [12, 16, 32].

At light microscopic level, the cytological features of
the present cases of GIPACT were indicative of oncocyt-
ic changes. The neoplastic cells were characterized by
abundant deeply eosinophilic granular cytoplasm. The

granules were demonstrated to be mitochondria by im-
munohistochemistry and, in case 1, by the ultrastructural
study. Most of the neoplastic cells displayed 60% of their
cytoplasm occupied by mitochondria.

The specificity of the anti-mitochondrion antiserum
was previously assessed in routinely processed tissues by
Papotti et a. [21] and by Western-blot analysis by
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Fig. 5A, B. Ordinary (nonon-
cocytic) gastrointestinal pace-
maker cell tumour. A The tu-
mour is composed of spindle-
shaped cells with well-defined
borders. The cytoplasm of the
neoplastic cellsis pale, eosino-
philic, and homogeneous.

B Anti-mitochondrial antibody
stains only few cytoplasmic
granules

Roncaroli et al. [25]. In addition, the same antibody
stained no more than 30% of the cells in the control
cases of GIPACT without apparent oncocytic features.

It appears that the present tumours should be includ-
ed in the definition of oncocytomas originally proposed
by Hamperl in 1962 [9]. The neoplastic cells appeared
"swollen”, with an epithelioid appearance. Tremblay

and Pearse [31] requested that this should be specified as
a criterion to distinguish between mitochondrion-rich
and oncocytic elements. Most of the cells in both our
cases had their cytoplasm entirely occupied by mito-
chondria, exceeding the 60% minimum of the total cyto-
plasmic area that was the cut-off point requested by
Ghadially to qualify acell as oncocytic [8].



Fig. 6 On ultrastructural exam-
ination, the cytoplasm of the
tumour cells appears to be en-
tirely occupied by large mito-
chondria. Clusters of electron-
dense granules are also evident.
(x16,000). In set: Cytoplasmic
projection with a solitary junc-
tion of the postsynaptic type.
x50,400

Nonepithelial oncocytomas are rare. Apart from a se-
ries of oncocytic meningiomas [25], only single cases of
oncocytic mesenchymal tumours have been reported [14,
23, 30]. Oncocytic changes have been described in a
case of intestinal leiomyosarcoma [18]. Although the
presence of numerous large mitochondria is described as
a characteristic feature of CC [28], the occurrence of on-
cocytic changes has not previously been reported as a
feature of GIPACT. Millard and Bishop, in 1984 [17], re-
ported a 5-cm tumour of the lesser curvature of the stom-
ach. Although the illustrations provided are very sugges-
tive of a GANT-like GIPACT, no attempt was made to
establish the nature of the tumour, apart from the ultra-
structural demonstration of the presence of abundant mi-
tochondriain the cytoplasm of the neoplastic cells.

The significance of oncocytic changes in GANT-like
GIPACT is not known, and whether they represent a
merely morphological finding or a biologically meaning-
ful change cannot be determined here. Nevertheless, on-
cocytic GIPACT may occur, and the presence of “swol-
len” cells with abundant, deeply eosinophilic, granular
cytoplasm can lead to problems in the differential diag-
nosis against other neoplasms sharing similar features,
such as neuroendocrine carcinomas, granular cell tu-
mours and lysosome-rich smooth muscle cell neoplasms.

In the present cases, the lack of anti-cytokeratin and
chromogranin antisera ruled out the possibility of carci-
nomas with neuroendocrine differentiation, while the
negative results obtained with muscular markers together
with CD68 antibody alowed confident exclusion of
granular cell smooth muscle tumours [22, 25]. Granular
cell tumours of peripheral nerve origin may express NSE

[19], as in the present cases, but are also diffusely S100
protein positive, and moreover, the granular quality of
the cytoplasm is due to the presence of membrane-bound
vesicles filled with flocculent amorphous material, while
only rare mitochondria are usually evident [4]. Extranod-
al follicular and interdigitating dendritic cell sarcomas
are other lesions that can lead to problems in differential
diagnosis. These neoplasms frequently arise in intra-ab-
dominal locations. The neoplastic cells have slightly eo-
sinophilic cytoplasm and often exhibit a syncytia
growth pattern and prominent lymphocytic infiltrate [7],
asin our case 2. However, the absence of CD21, CD68
and S100 protein immunoreactivity ruled out this possi-
bility.

We have presented an hitherto undescribed feature of
GIPACT, which must be recognized to avoid erroneous
histological diagnoses. The hiological significance must
be established in alarger series.

Acknowledgements Professor C. Capella (Varese) is due our
thanks for his valuable criticisms. This work has been partly fi-
nanced by a grant from MURST (Rome). Mr. A. Busi helped with
the photomicrographs.

References

1. Bargjas-Lopez C, Berezin |, Daniel EE, Huizinga JD (1989)
Pacemaker activity recorded in interstitial cells of Cajal of the
gastrointestinal tract. Am J Physiol 257:C830-C835

2. Capella C, Chiaravalli AM, Hotz AM, Cornaggia M, Eusebi V
(1996) Different immunohistochemical profiles of gastrointes-
tinal autonomic nerve tumours (GANTS). Lab Invest 74:309,
55A



150
3.

10.
11

12.

13.

14.
15.

16.

Chiaravalli AM, Albarello L, Gobbo M, Cornaggia M,
Roncarali F, Eusebi V, Capella C (1998) Evidenza dell’ origine
dalle cellule interstiziali di Cajal della maggior parte dei tum-
ouri stromali gastrointestinali. | National Meeting of SIAPEC.
Pathologica 90:675

. Damiani S, Koerner FC, Dickersin GR, Cook MG, Eusebi V

(1992) Granular cell tumour of the breast. Virchows Arch [A]
420:219-226

. Dhimes P, Lopez-Carreira M, Ortega-Serrano MP, Garcia-

Mufioz H, Martinez-Gonzales MA, Ballestin C (1995) Gastro-
intestinal autonomic nerve tumours and their separation from
other gastrointestinal stromal tumours: an ultrastructural and
immunohistochemical study of seven cases. Virchows Arch
426:27-35

. Erlandson RA, Klimstra DS, Woodruff JM (1996) Subclassifi-

cation of gastrointestinal stromal tumours based on evaluation
by electron microscopy and immunohistochemistry. Ultra-
struct Pathol 20:373-393

. Fletcher CDM (1997) Critical commentary on “Follicular den-

dritic cell tumour of the mesentery” by Moriki et a. (Pathol
Res Pract 193:629-639, 1997). Pathol Res Pract 193:640

. Ghadially FN (1985) Diagnostic electron microscopy of tu-

mours, 2nd edn. Butterworths, London

. Hamperl H (1962) Benign and malignant oncocytoma. Cancer

15:1019-1027

Herrera GA, Cerezo L, Jones JE, et al. (1989) Gastrointestinal
autonomic nerve tumours. Arch Pathol Lab Med 113:846-853
Horiguchi K, Komuro T (1998) Ultrastructural characteriza-
tion of intergtitial cells of Caja in the rat small intestine using
control and Ws/Ws mutant rats. Cell Tissue Res 293:277-284

Kindblom LG, Remotti HE, Aldenborg F, Meiss-Kindblom JM
(1998) Gastrointestinal pacemaker cell tumour (GIPACT).
Gastrointestinal stromal tumours show phenotypic characteris-
tics of the interstitial cells of Cajal. Am J Pathol 152:
1259-1269

Lauwers GY, Erlandson RA, Casper ES, Brennan MF, Wood-
ruff JIM (1993) Gastrointestinal autonomic nerve tumours. A
clinicopathological, immunohistochemical and ultrastructural
study of 12 cases. Am J Surg Pathol 17:887-897

Lee YS, Tang CK (1986) Oncocytic change in adult rhabdo-
myoma. Ann Acad Med Singapore 15:84-86

Maeda H, Yamagata A, Nishikawa S, Yoshinaga K, Kobayashi
S, Nishi K, Nishikawa Sl (1992) Requirement of c-kit for de-
velopment of intestinal pacemaker system. Development 116:
369-375

Miettinen M, Virolainen M, RikalaMS (1995) Gastrointestinal
stromal tumours — value of CD34 antigen in their identifica-
tion and separation from true leiomyomas and schwannomas.
Am J Surg Pathol 19:207-216

17.
18.

10.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.
3L

32.

Millard PR, Bishop HM (1984) Oncocytoma of the stomach: a
case report. Histopathology 8:1053-1058

Nance K, Reddick RL (1987) Epithelioid leiomyosarcoma of
the small intestine with oncocytic change. Arch Pathol Lab
Med 111:1181-1182

Nathrath WBJ, Remberger K (1982) Immunohistochemical
study of granular cell tumours. Demonstration of neuron spe-
cific enolase, S100 protein, laminin and a pha-1-antichymo-
trypsin. Virchows Arch [A] 408:421-425

Ojanguren |, Ariza A, Navas-Palacios JJ (1996) Gastrointesti-
nal autonomic nerve tumour: further observations regarding an
ultrastructural and immunohistochemical analysis of six cases.
Hum Pathol 27:1311-1318

Papotti M, Gugliotta P, Forte G, Bussolati G (1994) Immuno-
cytochemical identification of oxyphilic mitochondrion-rich
cells. Appl Immunohist 0l 2:261-267

Piana S, Roncaroli F (1993) Epithelioid leiomyosarcoma of
the retroperitoneum with granular cell changes. Histopatholo-
gy 25:90-93

Polk P, Parker KM, Biggs PJ (1996) Soft tissue oncocytoma.
Hum Pathol 27:206-208

Roncaroli F, Rossi R, Severi B, Martinelli GN, Eusebi V
(1993) Epithelioid leiomyoma of the breast with granular cell
change: a case report. Hum Pathol 24:1260-1263

Roncaroli F, Riccioni L, Cerati M, Capella C, Cabucci F,
Trevisan C, Eusebi V (1997) Oncocytic meningioma. Am J
Surg Pathol 21:375-382

Rumessen JJ, Mikkelsen HB, Thuneberg L (1992) Ultrastruc-
ture of interstitial cells of Cajal associated with deep muscular
plexus of human small intestine. Gastroenterology 102:56-68
Rumessen JJ, Mikkelsen HB, Qvortrup K, Thuneberg L (1993)
Ultrastructure of interstitial cells of Cajal in circular muscle of
human small intestine. Gastroenterology 104:343-350
Rumessen JJ, Peters S, Thuneberg L (1993) Light and elec-
tron-microscopical studies of interstitial cells of Caja and
muscle cells at the submucosal border of human colon. Lab In-
vest 68:481-495

Shek TWH, Luk ISC, Loong F, Ip P, MaL (1996) Inflanmato-
ry cell-rich gastrointestinal autonomic nerve tumour. An ex-
pansion of its histologic spectrum. Am J Surg Pathol
20:325-331

Slater DN, Cotton DW, Azzopardi JG (1987) Oncocytic glo-
mus tumour: a new variant. Histopathology 11:523-531
Tremblay G and Pearse AGE (1960) Histochemistry of oxida-
tive enzyme systems in human thyroid with special reference
to Askanazy cells. J Pathol Bacteriol 80:353-358

Walker P, Dvorak M (1986) Gastrointestinal autonomic nerve
(GAN) tumour: ultrastructural evidence of a newly recognized
entity. Arch Pathol Lab Med 110:309-316



