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Gastric glomanglomyoma: a pedunculated
extramural mass with a florid
angiomyomatous pattern

Sir. Glomus tumours are uncommon mesenchymal
tumours with an incidence of about 1.6% among soft
tissue tumours. The tumours are most commonly
found in the peripheral soft tissues, especially in the
distal parts of the extremities.! Here, we describe a rare
variant of the glomus tumour, glomangiomyoma, in
the gastrointestinal tract with an unusnal extramural
location and a florid smooth muscle cell component.

A 54-year-old Chinese woman presented with recur-
rent epigastric pain for 2 years, Repeated endoscoptes
revealed no mucosal lesion but only vague bulging in
the posterior wall of the gastric antrum, Computed
axial tomography revealed a well-defined, 70-mm
paragastric solid mass in the right upper abdomen
connected to the stomach by a narrow stalk, extending
just inferior to the liver to the level of the aortic
bilurcation. The tumour was surgically removed and
she has remained well during the last 3 months of
follow-up after the operation.

The tumour was a circumscribed ovoid mass weigh-
ing 101 g and measuring 70 x 60 X 35 mm with a
solid tan-coloured cut surface (Figure 1A). There was
no capsule, but the external surface of the tumour was
smooth and covered by peritoneum.

Microscopically, the tumour showed a biphasic
pattern (Figure 1B). The predominant component
was eosinophilic spindle cells whorling around mostly
capillary-sized vessels, forming an angiomyoma-like
pattern (Figure 1C). These cells were strongly posi-
tive for smooth muscle markers including desmin
(Figure 1D), smooth muscle actin and muscle-specific
actin. The other component was the diagnostic
glomus cells, comprising islands and sheets of small
ovoid cells surrounding gapped or staghorn-like ves-
sels. These cells possessed well-demarcated round
basophilic nuclei and scanty cytoplasm (Figure 1E).
Collagen IV and reticulin showed pericellular staining
patterns around these cells. Only a few of these cells
were positive for desmin (Figure 1F). Both compo-
nents showed negative staining for AE1/AE3, CD34,
C-kit (CD117), 8100, HMB45, chromogranin and
synaptophysin. Neither necrosis nor cytological atypia
were present. The proliferative index of the tumour
was low with rare mitotic figures {<1 per 50 high-
power fields) and low MIB-2 (Ki67) staining (<1% for
both cell components).

© 2004 Blackwell Publishing Limited.
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Figure 1. A, Gross appearance of the solld tan-coloured eut surface of
the glomangiomyoma. B, Low-power view of H-E section showing
a small island of the basophilic ovoid glomus tumour cells (g)
surrounded by the abnndant smooth muscle cell component (sm).
C, High-power view of H-E section showing the whorling pattemn
ofthe smooth muscle cells (sm) around vessels. D, Immunostaining of
desmin (Dake M760, clone D33, dilution 1 : 150) showing the
anglomyomatous pattern of this tamour with the strong staining

of the smooth muscle cells {sm). E, High-power view of the H-E
section showing the pericytoma-like glomus tamonr cell component
(g). F, Immunostaining of desmin showing the transition from
negatively stalned glomus tumour cells (g} to strongly stained smooth
muscle cells (sm).

In conclusion, the tumour was a pedunculated,
subsersosal gastric glomangiomyoma with a predomin-
ant spindled smooth muscle cell component, resulting in
a striking angiomyomatous pattern. The tell-tale glomus
cell component was only confined to scattered small
areas. Glomus tumours have a close growth association
with vessels. Variable degrees of differentiation/trans-
formation towards mature smooth muscle cells and a

138



298 Correspondence

focal angiomyomatous pattern have previously been
described.’? A predominant spindle cell component, as
in the present case, however, has not been reported.
Accordingly, differential diagnoses include gastro-
intestinal stromal cell tumour, haemangiopericytoma,
solitary fibrous tumour, leiomyoma/leiomyoma of
uncertain malignant potential, schwannoma and
angiomyolipoma (see Ref. 3 for review),

Miettinen and coworkers? reviewed the largest series
of 32 gastrointestinal glomus tumours. Most of them
were circumscribed, intramural or intraluminal masses
located in the gastric antrum. Typically, the presenting
symptoms were those of gastrointestinal bleeding or
ulcers. Most tumours were small and the patients fared
well, except one with a large tumour (65 mm in size),
who developed disease metastatic to the liver. The
prognostic criteria of gastrointestinal glomangio-
myoma or glomus tumours as a whole are not well
established. With regard to the large size (70 mm) of
the tumour of our patient, long-term follow-up is
warranted. For glomus tumour affecting the extremit-
ies, location of the tumour in a deeper tissue plane is
associated with a poorer prognosis.® The depth of
primary tumour, however, does not seem to play a
significant role in the prognosis for gastrointestinal
glomus tumour.? Spindle cells in glomus tumours have
been suggested to be associated with an adverse
prognosis.>* However, it should be noted that among
the few unfavourable cases reported, the ‘spindle’ cells
were mostly sarcoma-like, resembling malignant
fibrous histiocytoma or leiomyosarcoma.* Thus, whe-
ther the cytologically bland, spindled smooth muscle
component in the present case plays an additional
adverse role in the clinical behaviour remains doubtful.
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Gastrolntestinal zygomycosis:
two case reports

Sir: Gastrointestinal zygomycosis is rare. We present
one case of small intestinal mucormycosis and one case
of colonic and hepatic entomophthoromycosis, docu-
menting the dramatically different clinicopathological
features caused by fungi of the two orders of the class
Zygomycetes.

A 65-year-old Caucasian man with chronic obstruct-
ive pulmonary disease admitted with lobar pneumonia
rapidly developed respiratory and renal failure. Subse-
quently, he had a major rectal bleed and emergency
extended right hemicolectomy revealed four separate
well-demarcated perforations within otherwise normal
ileum.

Microscopy showed florid acute inflammation and
microabscesses at the perforation sites, associated with
abundant multinucleate giant cells (Pigure 1). Within
the luminal necrotic debris and multinucleate giant
cells were abundant irregularly shaped, non-septate
hyphae, branching at right angles, morphologically
consistent with Mucorales. Post-operatively, he was
treated with 4 weeks of intravenous amphotericin B.
Two years later, he is alive and well.

The second case was a 45-year-old Iranian farmer
admitted with right iliac fossa pain. Computed tomo-
graphy and subsequent right hemicolectomy revealed
a 90-mm solid caecal mass which histologically was a
caecal abscess containing a striking number of eosin-
ophils, multinucleated gtant cells and multiple broad and
sparsely septate fungal hyphae surrounded by charac-
teristic ‘Splendore-Hoeppli’ precipitates (Figure 2). Six
weeks later he developed multiple liver abscesses and fine
needle aspiration again showed Enfomophthorales
hyphae surrounded by ‘Splendore-Hoeppli’ precipitates,
Treatment with ketaconazole, together with cotrim-
oxazole, was successful and he was discharged 4 weeks
later.

Mucorales and Entomophthorales, the two orders of
the class Zygomycetes, are closely related fungi but
have dramatically different disease manifestations.
Mucorales are opportunistic fungi that cause rapidly
disseminating, acute fulminating and often fatal infec-
tions in diabetic, debilitated or immunocompromised
hosts.2 Fungi tend to invade blood vessels causing

© 2004 Blackwell Publishing Ltd. Histopathology. 4f3§9?-306.
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mycotic emboli. Gastrointestinal mucormycosis is rare,
with small intestinal involvement in immunocompe-
tent adults described in only five cases in the literature,
all of which were fatal, due to late diagnosis.

Entomophthorales are ubiquitous fungi causing gen-
erally chronic, subcutaneous or nasofacial infections in
immunocompetent individuals in tropical and sub-
tropical regions. The hyphae show no tendency for
invading blood vessels.

Our first patient was severely debilitated with chro-
nic obstructive pulmonary disease and chest infection
and had received multiple different antibiotics prior to
surgery, which probably predisposed to the fungal
infection, perhaps via ingestion of fungus and invasion
from the lumen into the intestinal wall, No apparent
underlying intestinal disease was identifiable,

It is not possible to differentiate the various
mucormycoses in tissue sections and isolation of
Mucorales is difficult; material has to be cultured

© 2004 Blackwell Publishing Ltd, Histopathology, 44, 297-306.
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immediately.® Fungal cultures were not performed
for our first patient. However, morphologically the
appearances of the fungus were consistent with Muco-
rales and the tissue macroscopy and histology charac-
teristic of this infection. Although Aspergillus can
occasionally produce a similar tissue reaction with
multinucleated giant cells, it is readily distinguished by
narrow hyphae with dichotomous branching at acute
angles,

Entomophthoromycosis is histologically character-
ized by broad, branching and sparsely septate hyphae
surrounded by ‘Splendore—Hoeppli’ precipitates. This
microscopic picture is diagnostic and distinguishes
entomophthoromycosis from other fungal infec-
tions, including mucormycosis. However, culture is
necessary for species identification, The eostnophi-
lic, periodic acid-Schiff-positive material of the
‘Splendore-Hoeppli’ phenomenon consists mainly of
immune complexes and is an expression of the host
immune response.

Fifteen cases of gastrointestinal entomophthoro-
mycosis have been reported to date, with liver
involvement in only two cases.*® Organisms, when-
ever identified, have been Basidiobolus haptosporus.®
Our second patient was a farmer without any
evidence of immune deficiency, systemic illness or
subcutaneous lesion. We suspect that ingestion of
fungi ked to abscess formation in the caecum, and the
hemicolectomy introduced fungi into the lymphatic
and/or portal venous systems resulting in hepatic
abscesses. Species identification was impossible
because attempts at blood and liver aspirate cultures
were unsuccessful.

Treatment of Zygomycoses requires aggressive meta-
bolic support, antifungal therapy and surgical resection
and/or debridement of necrotic involved tissue, Early
diagnosis, by histological examination, is important so
that life-saving antifungal therapy can be initiated.
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Unusually close association of ectopic
intrathyroidal parathyrold gland and
papillary microcarcinoma of the thyroid

Sir; We here report the unusual case of a papillary
micracarcinoma of the left thyroid lobe in close
proximity to an ectopic intrathyroldal parathyroid
gland. A bilateral nodal goitre had been removed from
a 4l-year-old woman. Clinically, an adenoma was
suspected within the left lobe, and the right lobe
showed a nodule with decreased hormonal function
(‘cold’ nodule) on scintigraphie evaluation. There was
no history of hyperparathyroidism.

On gross examination, the largest diameters of the
two roughly spindle-shaped thyroid lobes were 62 and
48 mm. Cut surfaces revealed multiple nodules meas-
uring up to 25 mm in largest diameter. Histological
analysis showed the typical picture of a ‘struma colloides
nodosa’ with focal regressive changes. However, the
lefi-sided lobe contained an unusual histological find-
ing with the close association of an encapsulated
papillary microcarcinoma (follicular variant, maximum
diameter 7 mm) and an ectopic (intrathyroidal) para-
thyroid gland (Figure 1a). ‘

The papillary microcarcinoma showed characteristic
cytological features with crowding and a ground-glass
appearance of the nuclei {Figure 1b) but a completely
follicular microarchitecture (‘follicular variant of pap-
illary carcinoma of the thyroid’).

Immunochistochemically, the parathyroid gland
revealed a typical endocrine phenotype with expression
of synaptophysin (Figure 1c). The papillary carcinoma
strongly expressed $100 protein, while in the adjacent

normal thyroid and the parathyroid only a few
scattered reticulum cells were reactive with the anti-
$100 antibody (Figure 1d).

The intrathyroidal localization of parathyroid glands
in general seems to be a rare finding, but there are
varying reports as to its true incidence. In several
studies, some of which were concerned with surgery for
primary hyperparathyroidism, the frequency of intra-
thyrzoiélal parathyroid glands ranged from 2.4%? to
8%.4” _

The incidence of occult papillary carcinoma in young
adults (20-40 years) was 3% in an autopsy study of
138 patients.” In people over 40 years of age, however,
this incidence increases, leading to an overall incidence
of 5-24% in the whole population,®®

Thus, the present case of occult papillary micro-
carcinoma in close proximity to an intrathyroidal
parathyroid gland is a most unusual incidental inding.
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Figure 1. a, The encapsulated papillary microcarcinoma is shown on the left, the ectople parathyrold gland in the middle, and normal thyrotd
tissue on the right. Note, the position of the parathyrold gland is in the immediate viclnity of the tumour capsnle. b, At higher magnification,
the carcinoma shows the typical nuclear features of a paplllary tumour with crowding and a ground-glass appearance while the
microerchitecture is completely follicular (= ‘follicnlar variant of papillary carcinoma of the thyroid’). ¢, Immunostaining with an antibody
to synaptophysin exhibits strong cytoplasmic staining of the cells of the parathyroid gland clearly demonstrating the endocrine nature of

the cells. d, Inmunostaining with an antibody to S100 protein decorates the neoplastic cells of the papillary carcinoma while the ectopic
parathyroid gland and normal thyrold tissue contain only few scattered recticnlum cells. The epithelial cells are not stained.

Expression of HER-2/neu gene and protein
in sallvary duct carcinomas of parotid
gland as revealed by fluorescence in-situ
hybridization and iImmunochistochemistry

Sir: We have read with interest the article entitled;
‘Expression of HER-2/neu gene and protein in salivary
duct carcinomas of parotid gland as revealed by
fluorescence in-situ hybridization (FISH) and immuno
histochemistry’ by Skalova et al.® This work represents
the first molecular assessment by FISH of HER2 gene
status in this rare and aggressive neoplasm showing a
histological resemblance to ductal carcinoma of the
breast. The authors studied 10 cases by immunocyto-
chemistry and FISH. They found strong immunohisto-

© 2004 Blackwell Publishing Ltd, Histepathology, 44, 297-306.

chemical positivity (3+ score) in seven cases, four of
which carried HER2 gene amplification (57%), while
three were non-amplified (43%). In three cases the
analysis was inconclusive,

We studied HER2 gene status in formalin-fixed
paraffin-embedded tissue sections of 18 consecutive
cases of salivary duct carcinoma collected in our
institution, according fo previous published methodol-
ogies.? Eleven cases showed a score 3+, eight of which
carried HER2 gene amplification (73%), while three
were non-amplified (27%). None of the immunohisto-
chemically negative cases showed amplification.

In comparison with unselected breast carcinoma
series, both the investigations outline a higher percent-
age of both HER-2 3+/amplified cases (25% versus
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57-73%)° and HER2 3+/non-amplified (ie. false-
positive) cases (3% versus 27—43%)° in salivary duct
carcinoma, )

As far as the pattern of amplification is concerned,
Skalova etal. described a homogeneously staining
region (HSR) pattern in all amplified cases, while
we observed three different patterns of amplification:
(i) five cases presented amplified genes arranged as
HSR, usually one or two per nucleus; (i) one case
showed multiple scattered single-copy HER2 signals
and chromosome 17 polisomy (calculated ratio
between HER2 and centromeric probe (CEP) 17
copy number was more than 2 in all tumour nuclel);
(iif) two cases showed a pattern of hybridization con-
sistent with double minutes (Figure 1), a very unusual
occurrence in breast cancer.

Considering the breast model where the efficiency of
herceptin-based therapy is restricted to HER2 3+ or
amplified cases® and assuming that in salivary duct
carcinoma the biological basis of response to herceptin
is the same as in breast cancer, we can anticipate
successful use of this drug in salivary duct carcinoma.
On the basis of the above-reported findings it might be
expected that >50% of such patients could benefit from
TKR-inhibitor therapy. However, the high rate of HER2
3+ non-amplified cases (>27%), likely te be unrespon-
sive, necessitates FISH analysis for patient selection.
Assessment by FISH is further supported by our
preliminary data regarding the relationship between
protein expression and the amplification pattern.
Despite the presence of a 3+ immunohistochemical
score, we found no HER2 protein by immunoprecipi-

Figure 1. Exampie of HER2 gene amplification In salivary duct
carcinoma (HER2 signals in orange, centromeric probe (CEP)

17 signals in green). Note the pattern of amplification consistent
with the presence of double minutes showing multiple clusters of
amplified genes scattered over the nucleus.

tation and Western blotting experiments in the two
cases carrying double minute-related amplification. If
this finding is confirmed by further experiments and
since the lack of HER2 protein expression is correlated
with an unsuccessful response to herceptin therapy,
FISH is likely to become the assessment of cholce in this
salivary tumour type.

ACKNOWLEDGEMENT

This work was supported by ‘AIRC 2001 (Associazione
Italiana per la Ricerca sul Cancro)’, grant no,
420.198.122.

G P Dagrada
T Negri

E Tamborint
M A Pierotti’?
S Pilotti?

Experimental Molecular Pathology,

Department of Pathology and

1Bxperimental Oncology Department, Istituto Nazionale
per lo Studio ¢ la Cura dei Tumort, Milano, Italy
2Senior Co-authors

1. Skalova A, Starek I, Vanecek T et al Expression of HER-2/neu
gene and protein in salivary duct carcinomas of parotid gland as
revealed by fluorescence in-sity hybridization and immunohisto-
chemistry, Histopathology 2003; 42; 348-356.

2. Dagrada GP, Mexzelani A, Alasio L ¢t al. HER-2/npeu assess-
ment in primary chemotherapy treated breast carcinoma: no
evidence of gene profile changing. Breast Cancer Res. Treat. 2003;
80; 207-214.

3. Panlettl G, Godolphin W, Press MF ¢t al. Detection and quantita-
tion of HER-2/neu gene amplification in human breast cancer
archival material using fuorescence in situ hybridization. Oncogene
1996; 13; 63-72.

4, Mitelman ¥, Catalog of chromosome aberrations in cancer, 5th ed.
New York: Wiley-Liss, 1994.

S. Vogel CL, Coblelgh MA, Tripathy D et al. Efficacy and safety of
trastuzamab es e single agent In frst-line treatment of HER2-
overexpressing metastatic breast eancer. ], Cin, Oncol, 2002; 20;
719-726.

Malignant mixed epithelial and stromal
tumours of the kidney: a report of the first
two cases with a fatal clinical outcome

Sir: Mixed epithelial and stromal tumour of the kidney
{MESTK), a rare benign neoplasm of unknown aetiol-
ogy, is a recently established entity unifying several
neoplasms such as adult mesoblastic nephroma, cystic
hamartoma of the pelvis, adult type cystic nephroma,

© 2004 Blackwell Publishing Ltd, Histopathology, 4?.42397-306.



multilocular renal cysts, and solid and cystic biphasic
tumour of the kidney.>™ In cases reported as MESTK,
recurrence or fatal outcome has, to date, never been
reported. Here, we present two cases of malignant
MESTK with local recurrences and fatal outcomes.

The first case was in a 43-year-old Japanese woman,
who had undergone radical nephrectomy for a right
renal tumour and developed a local recurrent tumour
2 years later. Nine months after extirpation of the
recurrent tumour she developed another local recur-
rence, associated with severe haemorrhage which could
not be sufficiently controlled even by three trials of
transarterial embolization. The recurrent tumour was
found to have invaded adjacent organs allowing only
palliative surgery for mass reduction. The patient died
43 months after initial nephrectomy. The second case
was in a 31-year-old Japanese woman who had under-
gone radical nephrectomy for a tumour in the upper pole
of the left kidney. Four months after the operation, she
developed a local recurrent tumour, accompanied by
massive ascites, She died 11 months after nephrectomy,

In case 1, the primary tumour measured approxi-
mately 70 mm in diameter, was located mainly near
the renal hilus and appeared to consist chiefly of solid
components. In case 2 it measured 70 X 70 x 60 mm,
was generally well circurmnscribed and extended beyond
the renal capsule. It consisted of solid and cystic
components; the former was yellowish and firm and
the latter was filled with haematoma,

The primary tumours of both patients were composed
of proliferating spindle-shaped cells and epithelial tubu-
lar structures of various sizes (Figure 1a). The epithelial
components were intermingled with the stromal com-
ponents throughout the tumours. In case 1, the spindle
cells had bright eosinophilic cytoplasm and fusiform
nuclei with moderate atypia, formed interlacing bundles
and small fascicles with high cellularity (Figure 1b) and
infiltrated the renal hilar fat extensively, In case 2, the
stromal components were composed of varying numbers
of atypical spindle cells with clear cytoplasm that formed
fascicles or whorled around the small tubules. No
blastema was present. In both cases, the sizes of the
epithelial tubular structures were variable, from small
tubules remintscent of normal collecting ducts to cysti-
cally dilated ducts lined by cells with a hobnail appear-
ance (Figure 2). Allthe cells of the epithelial components
lacked cytological atypia. It is noteworthy that tubular
structures could be seen even in the extrarenally
invading part of case 2's tumour and in the recurrent
tumour of case 1, confirming that the tubules were not
normal structures that had become involved but were
integral neoplastic components of the tumours. Mitoses
were conspicuous in both cases.

@ 2004 Blackwell Publishing Ltd, Histopathology, 44, 297-306.
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Figure 1. The primary tumour of case 1. a, The tumour Is composed
mainly of proliferating spindle-shaped cells and epithelial tubular or
cystle structures scattered amidst the spindle cells. b, The spindie cells
have eosinophlic cytoplasm and fusiform nuclel with moderate
atypla and have formed small fascicles with high cellularity.
Haematoxylin and eosin.

Immunohistochemically, the spindle cells of both
cases were vimentin-positive, and those of case 1 were
muscle-specific actin- and o-smooth muscle actin-
positive. The cells of the epithelial. structures of both
cases were cytokeratin- and vimentin-positive and
focally epithelial membrane antigen-positive.

The overall histopathological and immunohisto-
chemical findings of these two cases were similar to
those of MESTK,? but they consisted of more atypical
spindle cells forming interlacing fascicles, bundles and
whorling around the tubules with increased numbers
of mitotic Bgures.

The differential diagnoses include leiomyosarcoma,
biphastc synovial sarcoma® and related tumours.
Although leiomyosarcoma is the most common mesen-
chymal tumour arising in the kidney, it contains
neither neoplastic epithelial components nor entrapped
tubules, because its growth is expansive rather than
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Figure 2, The primary tumour of case 2. Some cystic structures
lined by cells with a hobnail appearance. Haematoxylin and eosin.

infiltrative. Biphasic synovial sarcoma of the kidney is a
rare neoplasm that contains both epithelial and stromal
components.® Even if typical biphasic synovial sarc-
omas occur in the kidney, their epithelial cells are
usually cuboidal or polygonal and form sclid nests and
glandular or tubular structures,® whereas the epithelial
components in the present two tumours lacked obvious
cytological atypia and were considered to be similar to
those of the normal collecting ducts.

In conclusion, rarely, MESTK has a malignant
histopathological appearance and behaves aggres-
sively. In this situation, this tumour needs to be
distinguished [rom leiomyosarcoma and synovial sarc-
oma arising in the kidney.
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Neuroendocrine carcinoma of the vulva
with paraganglioma-like features

Sir: Neuroendocrine tumours (NTs) of the female
genital tract are relatively uncommon.! Particularly,
NTs occurring in the vulva are extremely rare with the
few cases reported in the English literature considered
as Merkel cell carcinoma (MCC).? Here we document
a neuroendocrine vulvar carcinoma with peculiar
microscopic, immunchistochemical and ultrastructural
features reminiscent of a paraganglioma.

@ 2004 Blackwell Publishing Lid, Histopathology, 4;.4%9?—306.



A 62-year-old woman presented with a 20-mm soft,
painful lump located in the right upper portion of
the labia majora. Abdominothoracic computed tomo-
graphy (CT) scan excluded the possibility of it being
a metastasis from a primary tumour elsewhere. An
excisional biopsy was performed and a diagnosis of
neurcendocrine carcinoma made, Three months later
the neoplasm recurred locally and right inguinal
lymphadenopathy was noted. Treatment conststed of
radical vulvectomy followed by local radiotherapy.
Eight months later a total body CT scan revealed an
enlargement of the abdominal and mediastinal lymph
nodes. Nineteen months after the original diagnosis the
patient is still alive with multiple abdominal and
thoracic metastases.

Histologically, the tumour involved the dermis
and subcutis and showed a prevalent organoid or
‘Zellballen’ pattern of growth (Figure 1a). Occasionally,
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Figure 1, a Neoplastic ceils were mainly disposed in organoid nests.
Inset: rare glandular structures were found In another microscopic
field. b, Immunohistochemically, £100 protetn outlined a residnal
stellate /dendritic cell at the periphery of a fumour nest (arrow).

© 2004 Blackwell Publishing Ltd, Histopathology, 44, 297-306.
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hypercromatic, slender cells, resembling sustentacular
cells, outlined the neoplastic nests.

Tumour cells were medium in size, with abundant
clear to eosinophilic cytoplasm; nuclei were round to
oval with fine chromatin and occasional nucleoli.
Mitotic figures, apoptotic bodies, foct of tumour necro-
sis, vascular invasion, and occasional glandular or
pseudoglandular structures (Figure la, inset) were
observed. Mctastatic nodal disease was morphologically
similar to the primary vulvar neoplasm.

Neoplastic cells were immunoreactive for cytokeratin
8 and 18, carcinoembryonic antigen (CEA), synapto-
physin, PGP9.5 and neuron-specific enolase but were
negative for cytokeratin 20, chromogranin A, and
TTF-1. Protein §100 decorated occasional cells at the
periphery of the ‘Zellballen’ (Figure 1b).

Electron microscopy was performed from a paraffin
block. Tumour cells contained numerous dispersed
cytoplasmic membrane-bound dense granules and
exhibited features of epithelial differentiation including
cell junctions. Moreover, electron microscopy showed
the presence of long, slender sustentacular cells,
outlining the epithelial nests.

On the basls of the morphological, immunohisto-
chemical, ultrastructural and clinical findings a final
diagnosis of neurcendocrine carcinoma of the vulva
with paraganglioma-like features was made. The
differential diagnosis included metastatic neurcendo-
crine carcinoma, malignant paraganglioma and MCC.
Careful clinical evaluation and the absence of a
previous history of a neuroendocrine neoplasm help
to rule out a metastasis.

The ‘Zellballen’ growth pattern and the presence of
sustentacular cells suggested a diagnosis of paragan-
glioma. A case of paraganglioma without malignant
features occurring in the vulva has been reported.®
However, in the present case the presence of glands,
the strong cytokeratin and CEA immunoreactivity,
and the ultrastructurally evident desmosomal junctions
strongly supported an epithelial origin of the lesion.
Paraganglioma stains for neuroendocrine markers, but
Is not usually reactive for cytokeratin and CEA.
Although occastonal examples of paraganglioma have
been reported to be immumoreactive for keratin,?
CEA immunostaining has never been described in
this tumour.® Moreover, it is noteworthy that the
presence of sustentacular cells Is not exclusive to
paragangliomas.®

Although the few reports describing primary neuro-
endocrine carcinoma of the vulva support its origin
from epidermal Merkel cells, this case did not show
the typical immunohistochemical and ultrastructural
features of MCC.2
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The origin of primary vulvar neurcendocrine carcin-
omas Is particularly intriguing.”*® In the present case
the apparent lack of any relationship with vestibular
glands and the absence of morphological features other
than neurocendocrine strongly support an origin from
solitary or aggregated cells of the diffuse/dispersed
neurcendocrine system,

Whether the present case is simply a histological
curtosity or has clinical significance is a moot point. We
suggest that the diagnosis of neurcendocrine carcin-
oma, even with an unusual morphological appearance,
should always be taken into account, since these
tumours have a highly malignant clinical course, with
disseminated disease usually occurring within 1 year
following diagnosis.
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Myxoid Epithelioid Gastrointestinal Stromal
Tumor (GIST) With Mast Cell Infiltrations:

A Subtype of GIST With Mutations of
Platelet-Derived Growth Factor

Receptor Alpha Gene

SHINJI SAKURAL MD, TADASHI HASEGAWA, YUJ! SAKUMA,
YUTAKA TAKAZAWA, ATSUSHI MOTEGI, TAKASHI NAKAJIMA,
KEN SAITO, MASASHI FUKAYAMA, AND TADAKAZU SHIMODA

We analyzed 30 gastrointestinal stromal tumors (GISTs) that
were immunochistochemically wexk or negative for KIT, Histologi-
cally, all 30 GISTs consisted of epithelioid tumeor cells in at least a
part of the tumer. The wmor cells showed different morphologics
and arranged themselves in different histological patterns. In 20 of
the 30 GISTs, round or oval epithelioid tumor cells often showed a
less coheslve pattern of growih and showed eosinophilic cytoplasm
and peripherally placed nuclei with myxeid stroma, whereas in the
remaining 10 cases, wmor cells were arranged in a more cohesive
pattern without myxoid stroma. The former type of tumors is called
wmyxoid epithelioid GISTs in this study. Subsequent mutational analyses
showed that the platelet-derived growth factor receptor alpha (PDG.
FRA) gene mutations in exon 12 or exon 18 were identified in 20
(66.7%) of the 30 GISTs, and especially in 18 (90%,) of the 20 myxoid
cpitheliold GISTs. Moreover, 17 (85%) of the 20 myxoid cpithelioid
GISTs were accompanied by mast cell infiltrations within the omor

sastrointestinal stromal tumors (GISTs) are the
most frequent nenepithélial neoplasm in the stomach
and intestine.’™ In 1he past, most GISTs were thought
(o originate from smooth muscle, based on their histo-
logical fealures. However, recent reports clanified the
close relationship between GISTs and interstitial cells
of Cajal (1CCs), which play important roles, sucl as as
the pacemaker that enables cooperative peristalsis or as
the mediator of nitrie oxide—medinted transmission
from nerve terminals o smooth muscle cells in the
gastrointestinal tract.™7 Simultancous expression of
specifie molecules such as KIT, CD34, 1he embryonie
isolorm of myosin heavy chain (SMemb), and nestin in
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nodules. In the remaining cases, 2 (6.7%) of the 30 GISTs had c-kit
gene mutations in exon 11, and no mutation was Found in 8 (26.7%)
of 30 GISTs. None of the patients with myxoid epithelioid GISTs
died of disease. These results suggest that myxoid epithetioid GISTs
are a distinet subtype of GISTs that are closely correlated with the
FPOGFRA gene mutation and that recognition of such histological
characteristics strould be helpful for molecular subclassification of
GISTs that are Important for molecular targeting therapy by imatinib
mesylate (STIS71). Hum PaTioL 85:1223-1230. © 2004 Elsevier Inc.
All rights reserved.

Key words: GISTs, myxeid epithelioid, mast cell infiltration, PDC-
FRA gene mutaton.

Abbreviations: GISTs, gastrolntesiinal stromal 1umors; PDGIRA,
platelet-derived growth factor receptor alpha; ICCs, interstidal cells
of Cajal; PCR, polymerase chain reaction.

both 1CCs and GISTs*'? leads us 10 consider (hat GISTs
may develop from ICCs or their progenitor cells. [n
previous reports, about 90% of G18Ts were immunohis-
tochemically positive for KIT,*'? and mmations of the
¢-kif gene have been found in most of these KIT-positive
GISTs.® Recently, mutations of the platelet<derived
growth factor receptor alpha (PDGFRA) gene encoding
plateletderived growth factora have been reported in
GISTs that are negative for c-kif gene mutations.!*1°
Histopathelogically, most GISTs consist of spindle
tumor cells with acidophilic fibrillary evtoplasm and
clongated or cigar-shaped nuclei with perinuctear vacu-
oles. In our experience, these typical GISTs are usually
KI'T positive by immunohistochemical staining. On the
other hand, tumor cells show pleomorphic or epithe-
lioid histology in rare cases of GISTs, and such histol-
agy is sometimes dilfienlt for pathologists 1o diagnose,
In such cases, an immunohisiochiemically positive result
for KIT is a wseful marker for the diagnosis of GISTs.
However, in our previous analyses, we Tound that
KI'T immuonoreactivity in epithelioid cells of GISTs was
weaker than in sphudie cells in the sane tissue sections
or other tmors. Moreover, some GISTs were coni-
pletely negative for KI'T. Lack of the e-kif gene mutation
had also been veported in GISTs with an epithelioid
component.™ In such cases, accuracy of the diagnosis
of GISTs may be questionable, In this study, 10 clavify
the climcopathologic Teatmres amd molecular genetie
background of such 1onors, we analvzed 97 eases o
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TABLE 1. Risk Category for Gastrointestinal Stromal
Tumor Based on the MIB-1 Grading System
and Tumor Size

Tumor size (cm)

Grade* =3 <6210 >10
Low Luw 1isk Intermediate 115k High 1isk
High High visk High risk Tigh nisk

*Low grade, MIB-1-Jabeling index of <10% and no nunor nie-
vrosis: high grade MIB-1-Libeling index of Z10% o1 twnan necrusis,

GISTs showing weak or negative staining for KIT. From
the results of histological findings and mutational anal-
yses of the c-kif and the PDGFRA gene, we showed that
specific histology of GISTs was closely correlated with
the PDGFRA gene mutation and termed such GISTs
myxoid epithelioid GISTs.

MATERIALS AND METHODS
KIT-Weak or KIT-Negative GISTs

The study was approved by the research ethics committee
of Jichi Medical School, Of the 303 GISTs callected at Jichi
Medical School Hospital, National Cancer Center Hospital,
and related hospitals, all of which were analyzed by the im-
munohistochemical techuiques described in this section, 30
(0.9%) primary GISTs showing negative or weak immuno-
stuining for KIT were selected. A consensus judgment was
adopted as the proper immunohistochemical score of the
tumor on the busis of strength: 0, negative; 1+, weak staining;
2+, moderate stajning; 3+, strong staining. Tissue mast cells,
which stain 2+ or 3+, were used as internal positive controls
for KIT. The distribution of positive cells was also recorded in
an effort to impat the diffuse or focal nature of the positive
cells: spouradic (positive cells <10%), focal (10% w0 <b0%
positive cellz), or dilfuse (50% positive cells). The immnno-
histochemical scores of 0 and 1+ with focal to diffuse distri-
bution were considered 10 be KITaveak or RIT-negative
GISTs.

Of these, 20 GISTs were sirgically resected from 20
patiens, and the remaining | was from an autopsy case in
which the patient died of hypoxic encephalopathy (case 22).
The sites of the primmy tnmors were the stomach (n = 26),
esophagus {n = 1), small imestine (n = 1), and omentum {n
= 2}. One patiemt {case [7) was treared with inssinib mesy-
Ite heenuse of the residisal nmor in the omemum. Formalin-
fixcd myd paralfin-embedded specimens were used Tor his
topathologic and  immunehistochemical studies and for
mtational analyses for the et and PDGHRA penes. AL GISTs
were graded as high, intomediate, o Jow risk according to
oo size and 1o the MIB-F grading system described else-
where,!'? based on tmor differentiation, existence of tuinor
tecrosis, ad prolilersting activity s estiniared by Ki-67
(MIB-1) immouahistochemisuy, Briefly, high-risk GISTs are
=10 emoor are high grade (MIB-1=labeling indes = 109 or
nimor necrosish, inermedine-risk GISTsare >5% emto 10 cm
awd are low grade (MIB-I-Tabeling index of <10% and no
fimor necrosis), aned lowaisk GISTs are 5 oom o and are Jow
grace (Table 1)

[Immunohistochemical Study

hnnnmehistochemical evahation was performed by the
avidin-biotineperoxidase complexs method in 3-ppi-thick see

Volume 35, No. 10 (October 2004)

tions of formalin-fixed and paraffin-embedded specimens of
GISTs and other mesenchymal tumors. We used polyclonal
anmibedies for RIT {DakoCytemation, Glostrup, Denmark:
working dilution, 1:50; IBL, Fujicka, Japan: working dihution,
1:100}, and a monoclonal antibody for CD34 (Becton Dick-
inson, Mauntain View, CA: working dihuion, 1:20}). Cellular
differentiation in GISTs was characterized by using the fol-
lowing antibodies: asmooth muscle actin (DakoCytomation;
monaclenal; working dilution, 1:500) and desmin {DakoCy-
tomation; monoclonal; working dilution, 1:100) as markers
for smooth muscle cells and by using the 8100 protein (Da-
koCytomation; polyclonal, 1:1000) as a marker for Schwann
cells, Ki-67 (MIB-1; MBL, Nogaoya, Japan: monoclonal,
1:100) was used to assess the proportion of proliferating cells,
and the MIB-1-labeling index was estimated as reported else-
where."” For antigen retrieval, formalinfixed sections were
pretreated in a microwave oven before incubation with the
primary antibady.

We also performed toluidine blue staining for detection
of mast cell infiltrations in GISTs. In the same KlT-stained
sections of GISTs, we found many mast cell infilirations be-
tween tumor cells. To acourately evaluate mast cell infiltra-
tions in the tumaors, toluidine blue staining was performed on
all 3-pmi-thick sections of formalin-fixed and paraffinembed-
ded specimens of GISTs in this study. For comparison, 24
cases of KITpositive typical GISTs, all of which had c-kif gene
mutations {23 in exon 11 mutations and 1 in exon 9) as
shown by reverse-tianscription polymerase chain reaction
(PCR) and direct sequencing (data not shown), were also
analyzed.

Sequencing Ancdlyses of the C-Kit and
PDGFRA Genes

Previously identified matational hot spots in the ¢k and
the PDGFRA gene in GISTs were analyzed. Genomic DNA was
extracted from the 30 formalin-fixed and parifTin-embedded
nimor tissues, by a standard proteinase K digestion method.
Then the genomic DNA was amplified by PCR with the prim-
ers listed in Table 2 1o amplify exons 9, 11, 13, and 17 of the
c-kit gene and exons 12 and 18 of the PDGFRA gene. Fach of
the amplified fragments was purified from a polvacrylamide
gel, and direct sequencing was performed with a Thermo
Sequenase [ Dye Terminator Cyele Sequencing Premix Kit
{Amersham Biosciences, Piseataway, NJ) and with an ABI

TABLE 2. Sequences of Primers Used in This Study

Exon Seguaence
kit
Fxon 4F FATGETCTGCTTCTCTACTGOC Y
Fxon OR F-CAGAGOCTANMCATCCCCTT AR
Fxon 11F CAGAGTGOTCTAATGACT G-
Fxon 1R SSACCOAMAAMMNGOGTGACATGGA-S
Fauorn BSF S CANTCAUTTTGULAGTTCL:TGC
Fxon L3R SSACACGGCTTTACCTCCAAATGY
Fxon I7F SSTOTATTCACAGAGACTTGGER
Fxon I7R FGOATTTACATTATGAAGTOACAGEGY
IPDGERA

Fxon 12F F-TUCCAGTCACTOGTGUTGUTTO-Y

Exon 12R MGCAAGGGAMNGOGGAGTOTT-S
Fxou 18F ACCATGGATCAGOCAGTOTT-Y
Fxow IRR FAAMGTOTOGOAGGATOAGOCTO

Ahbneviaton: PRGERA. placletdenved gooawth oo,
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MYXOID ERITHELIOID GISTS WITH MAST CELL INFILTRATIONS (Sokurai et al)

FIGURE 1.

Innmunostaining for KIT. All 27 gastrointestingl stromal tumors in this study were weak (A) or negative (B) for KIT. Strong

immunoreactivity to KIT was observed in infiltrating mast cells In both coses.

PRISM 377 DNA Sequencer (Applicd Biosystems, Foster City,
CA}, using the same primers as were used for PCR. All se-
quencing reactions were performed in both the lorward and
reverse directions.

Statistical Analyses

For the statistical analyses, we compared GISTs with and
without myxaid epithelioid patterns {described in the results)
and mmpur-cl GISTs with or without the PDGFRA gene mu-
tations. Gender, primary site, lumor grade, histologiral types,
Iimmunohistochemical phenotypes, and the existence of mast
cell infiltrations were evaluated by Fishvr's exact test or by x*
test. Age at surgery, maximum size of the mmors, and the
MIB-1-Iabeling incexes were compared by Mani-Whitney U
test,

RESULTS

Of the 30 GISTs exaunined in this study, 26 showed
wenk positive immmnoestaining for KI'T according to our
criteri, and the remaining cases (cases 20, 22, 25, and
26) were completely negative for KIT (Fig 1A and B).
The clinicopathologic dataresulting from the immuno-
histochemistry and mutational analyses of the ¢k and
PDGERA genes are presented in Table 3. The MIB-1-
labeling index ranged from 1% to 21%. According 1o
the eriteria deseribed above, 10 of the 30 tumors were
classifivdl as Jow 1isk, § as intermediale risk, and the
remaining as high risk.

l]mnloguallv, all 30 GISTs slumul epithiclioid (-
mor cells inat least part of the tunor. OF these, we
noticed that the tumor cells showed different morphol
oy and awranged themselves in different patierns in
cacli case with or without myxoid stroma. In cases 1, 2,
7,000, 14, 19, 20, and 30, mmors consisted of both
spindle aned epithelioid tmor cells in varving ralios,
and in the remaining cases, (pilh('liuicl cells occupicd
maost pa s of the imor, Ineases 1,2, 3, 5.7, 11, 17, 14,
27, il 29, the epithelial components of the tamom

cells were mostly cohesive and arranged themselves in a
sheellike structure. Twnor cells in these cases showed
clear or eosinophilic cytoplasm and centrally or periph-
erally placed nuclei {(Fig. 2\).

On the other hand, in the remaining 17 cases of
GISTs in this study, round or oval epithelioid tumor
cells often showed a less cohesive pattern of growth and
showed eosinophilic eytoplasm and peripherally placed
nuclei with myxoid stroma. Multinucleated tumor cells
were also seen in these tumors {Fig 9B), for which we
used the term myaom’ epithelioid GISTs in this study.
Cases 6, 11, and 15, in which the myxoid epithelioid
pattern was scen only in a part of the hunor, were alsn
placed in this category.

Immunochistochemical Phenotypes

Of 1the 30 GISTs in the present study, 25 timors
were positive Tor CD34, and 13 tumors were weakly or
focally positive for aesmooth muscle actin. Only 1 case
was weakly positive for $100 protein, and € cases were
weakly positive for desmin,

Mutations of the C-kit and PDGFRA Genes

OF the 30 GISTs examined here, 2 GISTs had
c-kit gene matations in exon 11 that were point mu-
tations or in-frame deletions. PDCFRA gene muta-
tions were lound in 200 GISTs: 2 tumors had the siune
missense point mutation at codon 561 in exon 19,
and the remaining tmors had indrame deletions
from codon 812 1o 845 o1 had missense point muta-
tions at coden 812 in exon 18, These are the same
mutations ol the PRGEFRY gene in GISTs withomt the
e-kit gene mutation, as previously veported, In the
renaining 8 GISTs, mutations were not fomnud in any
exons of ot or PDCFRA.
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TABLE 3. Clinlcopathological Data Resulfing From Immunchistochemistry and Mutational Analysis of the C-Kit
and PDGFRA Gene In 27 Cases of KIT-Weak or KiT-negative GISTs

MIDe1 Immunchistochemisuy Mutations
Cuse Primay Mast Cell FullowUp
Wi Gender Agr Site Kize L1(%R) Risk Histnlngy RIT (D4 85109 SMA Desmin Grue SBue Infitiraiinn Resndis (mn}
1 M 46 Small 23 N High Spindle-cohicsive Weak ' - - _— — DOD {(22)
inestiue epithiclivid
2 M 57 Esophagne 1.1 18 Iligh Spindle-cohicsve Weak - - - ekiv  Exon 11 K5385, - AW L6}
eputhelioid del VB39
3 M 48 Stumach 75 =l It Cohesive Weak - - - —_ — DOD (6
epithelioid
4 M L0 Stotnach 33 <1 Luw  Myxuid Weak - - - PDGFRA Exon 18 del - boub
r[’!iﬂlrlinltl NIMHR42-845 . 1564)
2 M 73 Stomach ] 8 Low Cohesive Weak - + - —_ — AW [356)
epithelioid
-] N 46 Sianach k] 5 Low Cohesiveanyxoid Weak - - - — —_— AW (207)
cpitheliod
7 F 7t Stramarh 253 3 Law  Spindlecahesive Weak - - - — — AW (19Mm
epithelioid
8 F 76 Stomach 2 @ Low Myxoid Weak - + - PDGFRA Exon 18 DA42V +-q AW (143)
epithelioid
o M 13 Swemadh 2% b Low Myxoid Weak - - - PDOFRA Exon 1§ DYV AW S
epithelioid
11 M 44 Stemach 10 Aot Mweid Weak - - - FDGFRA Exon 18 del tt AW (10])
epithelioid DIMHS42-545
1} M G Stanadh 123 3 High Spisdle-mysud  Weak - + - PDGIRA Exon 18 del 14 AW {Uu)
epithelivid DIMII812:815,
DA4HE
12 M b5 Stemach 3 3 Low Myxuid Wenk — t AW {75)
epithehoid
13 M KO Stamah 21 10 High Mysuid Weak ' ! PDGFRA Exun 18 del + AW {43)
epithelioid NIMIIR42-845
14 M G} Scomach 23 15 High Spivdle-cobiesive Weak t ki Exon bl del — AWG)
epithelioid MYEVH32.5a5
15 M 46 Stanach 1.2t High Colicsivemyxoid Weak + - PDGERA Fxon 15 D342V -—_ AW (1)
cpithebioul
14 F 73 Owenian 4 4 L Mysid Weak 3 - PDGFRA Fxon 1R D842V [ AW (1)
epithelioud
17 M 52 Owenmm ™20 L] High Cohesive Weak PDGFRA Exon 18 del 1 AW
epithehowd DIMH812-815 .
1¥ F R0 Stcmacdy AT 4 Low Myxoid Wouk - - - PDGTRA ¥xon 12 VIG6ID 1 AW (3)
. cpithelioid
10 M Al Stomach 25 2 Low Spindle-tohenve Weuk - - — DOUD
epithelind (W X4))]
0 M L3 Steniwh L 1 e Maxuid — - - PDGFRA Exon 12 Vaull) $o= MNEY
epithelioid
a1 M 49 Stomach 8 14 High Mywxoid Weak PDGFRA Exon 18 del 1 AW Y
eptheliowd DIMHB42-845
2 M tH Stomach 12 9 Low  Myxoid — PDGEFRA Fxon 13 DSV 1 ND
epithelivid
n3 M 51 Stomach 1.1 4 T Myxeird Wiak PDGEFRA Fxo 18 DN4LY Ft AW
epithehowd
i M 71 Stomach N 1.5 Tt Myxuicd Weak PFDGFRA Faou 18 D842V + AW S
epithehod
20 F 36 Stenach 22 74 Low  Mysow — - - - PDCFRA Ixon 18 del 1 AW )
epitheliow DIVTIR2340
i M LY Stomach G %0 Tt Mwxoid — - PDGIFRA Fxou 18 dvl ' BAVEES
epuhehond DIMITS12-54h
i ¥ ul Stoneuh ! -1 Low  Culiesive Weak —_ —_ AW i
epuhelioud
o M G0 Stomadk B o e It Myxoid Weak + - PDGFRA Exan 18 D8OV | AW 11}
epithehond
2 M 50 Sromach 4 0 Low  Spindle-cohesive Weak 1 TNGFRA Exon L5 D812V —_ AW (3)
epithielund
R M 75 Stz h o n Tow  Spatsdle-myxeid  Weak 1 - PHGEFRY Fuean L3 DRy t AW (1)

epuhehod

Abdn eviadions PDGFRA, platelerdeyved growils Lo, GIST gastromtstinal sucemal mazior, LL abolng wdes, SMA smaooth pase ks astg DOD died ol
Aisease del detewon; AW, abwve and well; it inenmediae DOUD, died of vueelaed disease: NI, no daca availible

*For most cell infiluaton mstances
[ Nwmetons muost cell ndiliatuoms stances present sitlnt i tumor nadule

GISTs With or Without Mast Cell Infiltration

Mast colls were eleirly detected by their characteristic
metac hromeatic staining with toluidine Blue, Inlilizaton of
newt cells within the tmnor nodnles was observed in 18 of

the 30 GISTs (6046 Fig 240, abhongh the nomber of
infilirating mast cells was varicd in ciach ease (Talile 3). In
contrast, no mast cell infilration of 2§ KEF-posiive GISTs
with ¢k gene mutations was observed (Fig 3B).
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FIGURE 2. Epithelioid components of gastreintestinal stromal tumors in this study showed diferent histology. (A) Tumor cells In this
case showed clear cytoplasm and centrally or peripherally placed nuclei and were mestly cohesive and aranged themselves in
a sheetlike structure. (B) Tumor cells In other cases showed less cohesive patterns of growth and showed eosinophilic cytopiasm
and petipherdlly placed nuclei with myxeid stroma, Multinucleated tumor cells were <iso seen In these fumars. Hernatoxylin and
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KIT-Weak or KiT-Negative GISTs With or
Without Myxoid Epithelioid Patterns

The clinicopathologic data including other imnmu-
nohistochemical data, the existence of mast cell infil-
trations in the wmoer nodules, and mutations of the
c-kit or PDGFRA gene were compared between the 27
GISTs with or without myxoid epithelicid patrerns (Ta-
hle 4). The gender, age at initial operation, primary
sites and sizes of tumors, MIB-1-labeling index and
tumor risk, and immunohistochemical phenotypes
were not dilferent between the 2 groups, Mast cell
infiltrations within the tumor nodules were preferen-
tially observed in the GISTs with a myxoid epithelioid
pattern (P < 0.0001). Only 1 weakly KIT-positive large
GIST (case 19) withoul a myxoid epithelioid pattern
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FIGURE 3.

was accompanied by mast cell infiliration. The pres-
ence ar site of mutations in the ekit or PDGFRA genes
was significantly different between GISTs with and with-
out 2 myxoid epitheliold pattern (£ < 0.0001). Muta-
tions in the PDGFRA gene were prefercntially found in
the GISTs with a myxeid epithelioid pattern (18 of 20,
80%), whereas only 2 of the 10 GISTs without a myxoi
cpithelioid pattern had a PDGFRA gene mutation {case
17). Twa cases in GISTs without a myxoid epithelioid
pattern {cases 2, 14) had a point mutation or an in-
frame deletion in exon 11 of the c-kit gene,

Prognosis of the patients with KIT-weak o1 KIT-
negative GISTs was as [ollows. Twenty-eight patients
were followed for 1 1o 364 months {mean, 82 months;
mtedian, 12 months}. Four of the 28 patients dicd dur-
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Mast cell Infiltzations were frequently observed in KiT-weak or KIT-negative gustrointestinal stromeal tumons (GISTs; anow:

A) bt not in KIT-positive GISTs with ¢-kit gene mutations (B). Toluidine blue staining.
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TABLE 4. Comparison of Clinlcopathological and Immunohistochemical Data and Mutational Analysis of the
C-Kit and PDGFRA Gene Between Myxoid Epithelioid GISTs and Others

KIT-Weuk o1 KIT-Negative GISTs

Variable Myxnid Fpithelioid GISTs (n = 26) Othas {n = 10) P\zine
Gender fmalefemale) 16:1 91 NS
Age (wr} 3G-80 (avetage 59.5) 46-73 (average, 50.4) NS
Sitex {esn /s /80 mme) 0/20/0/1 1/7/1/1 NS
Size 5448 54 53 NS
MIB-1 LI St 35 78+ %5 NS
Grade {high/int/low) 4/5/1t 4/1/5 NS
Tmmunohisimy :
D34 1820 710 NS
SMA 10,20 3-10 NS
5100 0/20 1/10 NS
Desmin 1/20 1410 NS
Mast cell infilwation 17/20 1/10 00001
Mutadon {c-kit/PDGFRA/negative) 0/18/2 2/2/6 0.0001

Abbreviations: PDGFRA, plawlet-dervived growih (actore GIST, gastrointestinal siromal namer; NS, siatically not significans; oso, esopha
gus: St, stotttacly: 8L, small intestine: LI labeling index; SMA, smooth muscle actin.

ing the follow-up period, of which 2 deaths were caused
by the primary disease {cases 1 and 3, each 22 and 62
months after initial operations) and the remaining
deaths were caused by unrelated disease (cases 4 and
19}. GISTs in cases 1 and 3 had no myxoid epithelioid
component in the tumor cells or mutations in the c-kit
and PDGFRA genes. None of the patients with myxoid
epithelivid GISTs or GISTs with PDGFRA gene muta-
tions died of disease during follow-up periods, although
1 patient had a residual tumar at the primary site {case

17).

DISCUSSION

In recent years, the diagnosis and treatment of
GISTs has advanced and changed dramatically. Most
GISTs consist of spindle cells showing fascicular pat-
terns and are  immunohistochemically  positive  for
KET™!? Morcover, gain-offunction mutations in the
c-kit gene are found in these KIT-positive GISTs>?
Now, GISTs are delined as KIT-positive mesenchymal
tunors in the gastrointestinal tract and are «dislin-
guished Irom other mesenchyvimal tumaors. Recently,
molecular targeting treatments with imatinib mesylate
(S§T1571), which is a RI'T tvrosine kinase inhibitor, have
been given to patients with KI'T-positive GISTs, with
reports of significant effectiveness for metastatic and
unresectable GISTs,#1¢

However, it is known that some GISTs are immu-
nohistochemically weak or negative Tor KIT. In such
cases, the accurate diagnaosis of GISTs might be difticult
for pathologists, although the pathologic diagnosis is
indispensable for correctly presenibing batinib nesy-
late,

More recently, PDGFRY gene mutations have been
reportee i some GISTs withoul -4t gene mutations
that also can be effectively nreated with imatinih mesy-
Late," 52 [Towever, the dinteopathologic and histo-
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logical characteristics of GISTs with PDGFRA gene mu-
tations have not been fully analyzed previousiy.

Overall, 30 of 303 GISTs (9.9%) were weak or
negative for KIT and were analyzed in this study. All 30
GISTs consisted of epithelioid tumor cells exclusively or
focally, although epithelioid GISTs are seen in about
20%-30% of all GISTs in general.*>*! Of 273 KIT-
positive GISTs in our cases, 226 (83%) GISTs were
shown to be the spindle cell type, 38 (11%) were shown
1o be the mixed (combination of spindle and epithe-
liotd cell) type, and 9 {(3%) were shown to be the
epithelioid cell type {(data not shown). Hstologically,
we noticed different patterns within the epithelioid
tumor cells in KI'T-weak or KIT-negative GISTs. In some
epithelioid GISTs, tumor cells arranged themselves in
tightly cohesive patterns, In others, unmor cells loosely
arranged themselves and were accompanied by myxoid
stroma, We called the latter type of GISTs myxoid epithe-
fioid GISTs in our study. Interestingly, subsequent mu-
tational analyses showed a close relationship between
these histological patterns and the type of muotations.
Myxoid epithelioid GISTs closely correlated with PDé-
IRA gene muations in both exons 12 and 18.

The PDGFRA gene mitations were found in 20 of
the 30 KlT-aweak or RIT-negative GISTs (66.6% ). This
rate is higher than that reporied by Heinrich et al,' in
whaose study PDGFRA gene mutations were found in
about 35% of GISTs without c-kif gene muatnions, The
rate became much higher when the cases were Emited
ter the 20 myxoid epithelicid GISTs, of which 18 (90%)
had PDCFRA gene matations.

On the other hand, of 273 KIT-positive GISTSs, 11
tumors were also accompanied by myxoid stroma, wnd
3 of thase were of the epithelioid eoll tvpe resembling
histology of myxaid epithelioid GISTs in this study,
However, those 3 cases hiad mutations in the c-kif gene
exon T hutnaotin the PROCFRA gene (dana pot shiown ).
Thus, the histology of myxoid epithelioid pattean in
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KiT-weak or KIT-negative GISTs is considerably specific
to GISTs with PDGFRA gene mutations. In only 2 GISTs
with PDGFRA gene mutations {cases 17 and 29) were
the GISTs not myxoid epithelioid. The tumorin case 17
was large and classified as high risk. Twmor progression
may have influenced the morphology and growth pat-
tern of the tumor cells in this case, althowgh the tumor
in case 29 was relatively small and was classified as low
risk. In cases 6 and 12, PDGFRA gene mutations were
not identified despite having a myxoid epithelioid pat-
tern. However, the c-kit gene mutations were also not
present in these cases, Mutations in other exons of the
PDFTRA gene that we did not examine in this study
might be present in these 2 tumors. Furthermore, we
also found close relationships between myxoid epithe-
liokd GISTs or GISTs with PDGFRA gene mutaltions and
mast cell infiltration. In general, we frequently found
mast cell infiltrations in various degrees in leiomyomas
and leiomg‘osarcomas in the gastrointestinal tract and
uterus.?>?° Previous reports indicated that the numbers
of mast cells within and around tumor nodules were
thought to be a nseful prognostic factor for soft tissue
sarcomas.™*® In contrast, infiltrations of mast cells
were observed in noene of the KIT-positive GISTs with
c-kit gene mutations in this study. We have nsed (his
histological dilference for distinguishing between
GISTs and other soft tissue tumors for some time.
However, mast cell infiltration was observed in 18 of 30
GISTs (60%) in this study. OF these, 17 lumors were
myxoid epithelioid GISTs (17 of 20, 85%), There is a
close correlation between mast cell infilirations and
miyxoid epithelioid patterns or PDGFRA gene mutations
in GISTs (P << 0.0001). Very recently, Debiec-Rychter et
al®™ also reparted PDGIRA gene mutations in 3 (43%)
of 7 RIT-negative GISTs, whereas their remaining tu-
mors had no mutation in either c-kit o PDOFRA FENCS,
In their reports, mast cell infilirations were alse seen
within twmor nodule, Incidentally, mast cell infiltra-
tions were not abserved in 2 of 3 KI'T-positive tumors
resembling myxoid epithelioid GISTs in this study
{data not shown). .

At present, we have no cvidence tha explains the
presence or absence of mast cell infilirations among
dilterent types of GISTs. Stem cell factor (SCF), a nat-
mal ligand of the KIT receptor, is thonght 1o be pro-
tlueed by smooth muscle cells ad nevrons in the gas-

. " 07 98 I - L

trointestindd  ract.”"=" Mast cell infiloations within
leiomyomas and leiomyosarcomas are probably cansed
by SCF production by tumor cells that are of smooth
muscle cell origin, On the other hand, S8CF expression
by tumor cells of GISTs has not been reported until
now, [However, we confinmed mRNA expression of both
membrane-bound and soluble isoforms of SCF in all
the KIT-positive GISTs by reverse-transeription. PCR
{data not shown), Rapid internalization of SCF hy the
SCF-KIT juxtaerine loop between tightly coliesive (-
mor cells may prevent wast cell infiliration in KI'1-
positive GISTs but not in myxaicd cpithelioid G18Ts,
whicly are less colwsive and weak or negative lor KT,
Further studics about SCF expression in KIT-positive
and KI'Paweak or KITanegadive GISTs will be necded 1o

explain the mechanism of mast cell infilration in myx-
oid epithelioid GISTs.

GISTs are thought to originate from the 1CCs be-
cause of the phenotypic similarity of specific molecules
such as KIT, €D34, Smemb, and nestin.®'? However, in
the human small inlestine, a slow wave is also detected
at the deep muscular plexus level, where KIT-positive
ICCs are not present.™ We previously observed KIT-
negative, CD34-positive, [CClike cells adjacent to KIT-
positive [CCs in (he stomach and siall intestine.! The
existence of KIT-negative fibroblastlike cells adjacent
to KIT-positive ICCs has been reported.®®3! GISTs with
PDGFRA gene mutations may originate from such KIT-
negative ICCs or other unknown mesenchymal cells,
and that may reflect differences of histology and KIT
expression. Futther search and classification of 1CCs
and related mesenchymal cells and analysis of PDGFRA
expression in such mesenchyma) cells will be needed 1o
confirm this hypoihesis.

Although none of the patients with GISTs contain-
ing PDGFRA mutations died of disease, follow-up peri-
ads in this study are too short to conclude henign
hehavior of GISTs with PDGFRA mutations. Five of the
20 GISTs with the PDGFRA gene mutations were classi-
fied as high risk, and 1 of those (case 17) was treated
with imatinib mesylate becanse of the resicdual tnmor in
the omentun. Af present, the patient remains in partial
remission. In this case, the mutation was deletion
DIMII842-845 in exon 18 of the PDGFRA gene, and
GISTs with this type of mutation lrave been reported 1o
e sensitive (o treatment with imatinib mesylate.*® Mu-
lational analysis and molecular subclassification of
GISTs are now moere important since the introduction
of imatinily mesylate, because clinical responses to the
drug and prognosis of patients are different in GISTs
with dilferent mutations.® However, the time and costs
involved in analyzing all mutational hot spots in the
c-kit and PDGFRA genes in GISTs present a problem for
routine pathologic diagnosis. The results of this study
suggest that i is best to analyze mutations in the PIXE
FRA gene first in myxoid epithelioid GISTs with mast
cell inhilirations,

In conclusion, we analyzed 30 GISTs hat were
weak or negative for KIT in this study, We discovered a
cluse correlation between a speeific histological type of
GISTs, myxoid epithelioid GISTs, and PDGIRA gene
mutations. Myxoid epithelioid GISTs were accompa-
nied by mast celi infiltrations that were not found in
other types of GISTs. These histological characleristics
may be nseful for subscquent nintational analvsis and
maolecular subelassification of GISTs,
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Large Scale InVitro Experiment System
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A beam formed radiolrequency (RF) exposure-incubator employing a hom antenna, a dielectvic
lens, and a cullure case in an anecheic chamber is developed for large scale in vitre studies. The
combination of an open 1ype RF exposure source and a culture case through which RF is transmitted
realizes a uniform electric field (£1.5 dB) in a 300 x 300 mm area that accommodates 49 35 mm
diameter culture dishes, This large culture dish area enables simuMancous RF exposure of a large
number of cells or varienscell lines. The RF expasure source operates at 2142.5 MHz corresponding 1o
the middle trequency of the downlink band of the International Mobile Telecommunication 2000
(IMT-2000) cellular system. The dielectric lens. which has a gain of 7 dB, focuses RF energy in the
direction of the culture case and provides a uniform clectric field. The culture case is sealed and
connected 1o the inain unit for environmental control, located outside the anechoic chamber, via ducts.
The temperature at the center of the tray, which contains the cultore dishes in the culture room, is
maintained at 37.0 £ 0.2 “C by air cixculation. In addition, the appropriate CO- density and humidity
supplied to the culture case realizes stable long term culiure conditions. Specific absorption rate (SAR)
dosimetry is performed using an electric field measnrement technique and the Finite Difference Time
Domain (FDTD) calenlation method. The results indicate that the mean SAR of the culture fluid at the
bottom of the 49 (7 x 7 array) culiure dishes used in the in vitro experiments is 0.175 Wikg for an
antenna input power of 1 W and the standard deviation of the SAR distribution is 59%, When only
25 culture dishes (5 x 5 array) are evaluated, the mean SAR is 0.139 W/kg for the same antenna input
power and the standard deviation ofthe SAR distribution is 47%. The proliferation of the H4 cell linc in
72hin a pair of RF exposure-incubators reveals that the cwture conditions are equivalent to those of a

common CO, incubator. Bioelectromagnetics 25:599-606, 2004. & 2001 Wiley-Liss. Ine.
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INTRODUCTION

With the widespread use of mobile radio commu-
nication systems, many in vitre studies related to
radiofrequency (RF) exposure have been conducted. In
general, such studies require experimental systems that
provide the RF exposure of the cells as well as the
stability of the CO; density, humidity conditions, and
temperature reguiation surrounding the cells.

Several kinds of RF exposure systeins have been
reported for in vitro studies so far. These systems
comprise an RF exposure source and an environmental
control unit, and they fall into two categories: closed
and open types. In the closed type, the RF exposure
source is often placed in a common cnvironmental
control unit called 2 CO; incubator, In the open type, the

« 2004 Wiley-Liss, Inc,

environmental control unit is usually self-contained and
the RF exposure source is located separatcly.

For closed type RF exposure systems, the use of
a transverse electromagnetic (TEM) cell |Burkhardt
et al, 1996], a rectangular wavegnide [Schémborn
et al., 2000] and a wire patch cell |Laval et al., 2000]
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