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An autopsy case of granulocyte colony-stimulating factor (G-CSF)- and interleukin-6 (IL-6)-producing diffuse
deciduoid peritoneal mesothelioma is reported. The patient was a 70-year-old man with abdominal distension
and weight loss in the year prior to his death. Laboratory data suggested severe inflammation with marked
leukocytosis, thrombocytosis and elevated serum levels of C-reactive protein, G-CSF and IL-6. Imaging studies
showed an expansive mass occupying the entire abdomen and pelvic cavity. Histological diagnosis of tissue
taken by needle biopsy was difficult due to the unusual sarcomatoid-appearance of the tumor. In addition, there
was severe infiltration of numerous neutrophilic leukocytes. An autopsy revealed that the diffuse peritoneal
tumor had a fresh fishmeat-like appearance with focal mucinous degeneration and entirely encased the
abdominal organs. Histological examination showed a sheet-like proliferation of tumor cells with large ovoid or
polygonal cytoplasm, large atypical nuclei and obvious nucleoli. The tumor cells showed abundant glycogen
and hyaluronic acid, and were immunoreactive to cytokeratin, calretinin, epithelial membrane antigen (EMA),
CA-125, and focally to vimentin. The tumor cells were immunoreactive to G-CSF and IL-6. Electron microscopy
revealed long, slender microvilli on the tumor cell surface. This tumor was diagnosed as a G-CSF- and IL-6-
producing, diffuse deciduoid mesothelioma. We report this case with special reference to the differential
diagnosis of deciduoid peritoneal mesothelioma with paraneoplastic syndrome.
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Diffuse peritoneal mesothelioma accounts for about
a quarter of all cases of malignant mesothelioma.1

Nascimento et al2 advocated a concept of deciduoid
mesothelioma that includes its typical peritoneal
location, a highly aggressive behavior with a poor
prognosis and no etiological correlation with asbes-
tos. The term ‘deciduoid’ was given due to the
unusual histological pattern that closely resembles
ectopic decidual reaction (deciduosis). Although the
original publication reported that malignant decid-
uoid mesothelioma arises most commonly in the
peritoneum of young female cases, recent

publications revealed that it may also occur in the
pleura or pericardium of elderly male and female
subjects, with or without asbestos exposure.3–12 The
pronounced anaplastic morphology of deciduoid
mesothelioma requires differential diagnosis from
other malignant tumors.

It is well known that leukocytosis and thrombo-
cytosis are commonly encountered in a variety of
inflammatory and neoplastic diseases. Thrombo-
cytosis, defined by a platelet count above 400 000/
mm3, has been almost as prevalent in diffuse
malignant mesothelioma: 41% of patients,13 83%14

and 90%15 had thromboembolic episodes. In addi-
tion, granulocytosis also has been previously re-
ported in patients with mesothelioma. In this study,
we present a patient with diffuse deciduoid perito-
neal mesothelioma with special reference to the
differential diagnosis by histology and paraneoplas-
tic syndromes such as leukocytosis and thrombo-
cytosis.
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Materials and methods

The case was an in-patient treated at the Tohoku
Rosai Hospital, Sendai, Japan. Tissue specimens
were fixed in 10% formalin, and 3 mm sections were
cut and then stained with hematoxylin and eosin.
Periodic acid-Schiff staining followed by diastase
digestion, and alcian blue staining followed by
hyaluronidase digestion were performed on selected
slides from the tumor. The immunohistochemical
reagents used are shown in Table 1. Appropriate
positive and negative controls were used in the
staining process.

Electron microscopic examination was performed
on an autopsy specimen fixed in a mixture of 2.5%
glutaraldehyde and 2.0% paraformaldehyde buf-
fered with 0.1M sodium cacodylate at pH 7.2, and
postfixed in 2% osmium tetroxide. Ultrathin sec-
tions stained with uranyl acetate and lead citrate
were examined with a Hitachi 7100 transmission
electron microscope (Hitachi 1000, Ltd, Tokyo,
Japan).

Serum taken from the patient before death, was
frozen at �701C until assayed. Serum levels of
granulocyte colony-stimulating factor (G-CSF) and
interleukin (IL-6) were measured commercially.

Results

Case Report

A 70-year-old man with abdominal distension and a
3-kg weight loss was admitted to a nearby hospital,
where the accumulation of ascites without obvious
tumor mass was noticed. After 3 months, he was
transferred to the Rosai hospital for closer examina-
tion. Laboratory data revealed leukocytosis, throm-

bocytosis and elevated C-reactive protein (CRP)
(Table 2). Computed tomography and magnetic
resonance imaging detected a mass lesion occupying
the entire abdomen and pelvic cavity. Gallium
scintigraphy analysis showed dense staining
throughout the abdomen, but not in the chest or
bones (Figure 1). These imaging studies suggested
either severe inflammatory or carcinomatous pan-
peritonitis, diffuse peritoneal mesothelioma, or infil-
tration of some special type malignant lymphoma.
The patient had no history of asbestos exposure.

Needle biopsy of the abdominal mass was carried
out to make a diagnosis. The tissue taken was
grossly gelatinous. Histological examination of the
tissue revealed sheet-like atypical cells and large
amount of mucinous substance in the background.
The tumor cells had large and glassy eosinophilic
cytoplasm, irregular-shaped nuclei and obvious
nucleoli. Malignant tumors, such as metastasis of
anaplastic large-cell carcinoma, rhabdomyosarcoma,
malignant melanoma and malignant mesothelioma
were suspected and included in the differential
diagnosis. Glycogen was also detected in the tumor
cells. A limited number of immunohistochemical
stains was utilized due to a small biopsy specimen.
The tumor cells were positive for cytokeratin,
focally positive for vimentin and negative for CEA
and CA19-9. These results suggested that the tumor
was either carcinoma or mesothelioma, but not
sarcoma. However, pronounced nuclear atypia of
the tumor cells and the presence of large amounts of

Table 1 Antibodies and working dilutions

Antibodies Sources Dilutions

Cytokeratin
(KL1)a

MBL, Nagoya, Japan 1:250

Vimentin Boehringer Mannheim, Germany 1:15
Desmin Bio-Science, Emmenbrucke,

Switzerland
1:1000

a-SMA DAKO, Glostrup, Denmark 1:500
Calretinin ZYMED, San Francisco, CA, USA 1:10
CA125 Novocastra, Newcastle upon Tyne,

UK
1:100

CA19-9 Centocore, USA 1:2000
Ki-67 DAKO, Glostrup, Denmark 1:200
CEA MOCHIDA, Tokyo, Japan 1:5000
S100 DAKO, Glostrup, Denmark 1:5000
HMB45 Enzo, NY, USA 1:50
EMA DAKO, Glostrup, Denmark 1:100
Myogenin DAKO, Glostrup, Denmark 1:1000
G-CSF (C-18) Santa Cruz Biotech., Santa Cruz,

CA, USA
1:200

IL-6 Ohtsuka Pharm, Tokushima, Japan 1:1200

a
Pancytokeratin strongly reacts with cytokeratin 2, 6, 8, 10, 11, 18, 19,
and weakly reacts with cytokeratin 5, and 14/15.

Table 2 Laboratory data

Peripheral blood
WBC 46300/mm3

Stab. 17.5%
Seg. 78.5%
Monocytes 2.5%
Lymphocytes 1.5%
RBC 437�104/mm3

Hb 11.9 g/dl
Ht. 37.2%
Platelet 85�104/mm3

Biochemistry
ALP 1513 IU/l
LDH 331 IU/ml
TP 6.9 g/dl
Alb 2.4 g/dl
BUN 39mg/dl
Cre 0.75mg/dl
CRP 28mg/dl

Tumor markers
CEA 3.3ng/ml (5.04)
CA19-9 37U/ml (374)
CA125 971U/ml (220–530)
G-CSF 147pg/ml (4.04)
IL-6 317U/ml (354)
Hyarulonic acid 345ng/ml (504)
Thromobomodullin 5.4 FU/ml (2.1–4.1)
SCC 0.5ng/ml (1.54)
CYFRA 11ng/ml (3.54)
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extracellular mucinous substance were unusual for
an ordinary diffuse mesothelioma. A definite diag-
nosis of peritoneal mesothelioma was made difficult
by the limited size of the biopsy specimen. The
patient deteriorated day by day and died of cachexia
2 weeks after biopsy and 1 year after clinical onset.

An autopsy was performed 1h after death. The
abdominal and pelvic cavities were entirely occu-
pied by the tumor tissue, which showed gelatinous,

whitish and fresh fishmeat-like mass. The abdom-
inal organs, including the intestinal loops, liver, gall
bladder and spleen were encased by the tumor and
were unable to separate from each other due to
severe adhesion (Figure 2). In contrast, kidneys,
pleural cavity and lungs were unaffected. Histology
of the tumor tissue showed that the tumor cells were
arranged in a sheet-like pattern. Mucinous degen-
eration was focally observed. The tumor cells had
abundant eosinophilic cytoplasm with irregular-
shaped large nuclei and obvious nucleoli. Severe
infiltration of neutrophilic leukocytes around the
tumor cells was evident (Figure 3). Nuclear atypia
was evident. Multinucleated giant cells were occa-
sionally seen. Both glycogen, detected by digestion
with diastase, and hyaluronic acid, digested with
hyaluronidase, were present. The mucinous sub-
stance, also treated with hyaluronidase, digested
incompletely.

Immunohistochemical staining of the tumor was
positive for cytokeratin, calretinin (Figure 4), epithe-
lial membrane antigen (EMA), CA-125 and vimentin
focally, but negative for a-smooth muscle actin (a-
SMA), desmin, S100, HMB-45 and myogenin. G-CSF
(Figure 5) and IL-6 (Figure 6) immunoreactivity was
also clearly observed in the tumor cells. Immunor-
eactivity to Ki-67 was seen in about 10% of the cells
in the solid area, and not seen in mucinous area.
Electron microscopy revealed long, slender micro-
villi on the tumor surface circumferentially, and
bundles of intermediate-sized filaments in the
cytoplasm.

Measurements of G-CSF and IL-6 in the serum
were 147pg/ml (normal range: 4.0 pg/ml4) and
317U/ml (normal range: 35.0U/ml4), respectively.
All of these findings were consistent with G-CSF-
and IL-6-producing deciduoid diffuse peritoneal
mesothelioma.

Discussion

Diffuse deciduoid mesothelioma is an extremely
rare tumor, and only about 30 cases have been
reported.16 The cases have been reported from the
viewpoint of the differential diagnosis of metastasis
of anaplastic adenocarcinomas, malignant melano-
ma, rhabdomyosarcoma and other unspecified sar-
comas involving serosal membranes. Deciduoid
mesothelioma is distinguished from other tumors
by positive staining for cytokeratin, vimentin,
calretinin, HMBE-1, EMA, CA125 and thrombomo-
dulin and negative staining for CEA, HMB45 and
myogenin.17–20 Some cases showed rhabdoid
changes in deciduoid mesothelioma.9

The presence of intracytoplasmic glycogen and
hyaluronic acid also are important evidences for
diagnosis of mesothelioma. Long slender microvilli
observed with electron microscopy are also a
characteristic for mesothelioma.

Figure 1 Gallium scintigraphy shows dense staining throughout
the abdomen and pelvic cavity but not in the nearby chest or
bones.
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Additionally, a high prevalence of thrombocytosis
in malignant mesothelioma has been reported. The
incidence of thrombocytosis was 83% in patients
with malignant mesothelioma, and, in contrast,
7.5% in patients with lung carcinoma.14 Higashihara
et al21 reported a patient with malignant peritoneal
mesothelioma showing marked thrombocytosis, and
producing large amounts of IL-6 and small amounts
of granulocyte–macrophage colony-stimulating fac-
tor (GM-CSF) and monocyte colony-stimulating
factor (M-CSF). Schmitter et al22 established seven
human malignant pleural mesothelioma cell lines,
and revealed that all mesothelioma cell lines
continuously produce IL-6; however, G-CSF produc-
tion was detected in only one cell line. Since IL-6

Figure 2 A view of cross-section of the abdominal mass.
Abdominal organs such as the intestinal loops, liver and spleen
are encased by the tumor (autopsy specimen).

Figure 3 Sheet-like arrangement of the tumor cells showing
abundant eosinophilic cytoplasm, irregular-shaped large nuclei
and obvious nucleoli. Multinucleated giant cells are occasionally
seen. Severe infiltration of neutrophilic leukocytes to the tumor
cells is characteristically seen.

Figure 4 Calretinin is recognized in both the nuclei and
cytoplasm of the tumor cells.

Figure 5 G-CSF is strongly and granularly stained in the
cytoplasm.

Figure 6 IL-6 is diffusely stained in the cytoplasm of the tumor
cells.
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induces thrombocytosis by stimulating thrombo-
poietin,23 persistent secretion of IL-6 seemed to
promote thrombocytosis in the present patient. A
small number of G-CSF-producing mesotheliomas
have been previously reported in a pleural mesothe-
lioma,24,25 and a pericardial mesothelioma,4 but not
in decidual mesothelioma. However, severe inflam-
matory cell infiltration is commonly observed in the
tumor tissues of the cases of deciduoid mesothelio-
ma reported previously.1,2,17,19 The incidence of
G-CSF or GM-CSF-producing mesothelioma may be
higher than that reported. In addition to immuno-
histochemistry or measurement of serum levels,
mRNA detection by RT-PCR may be used to confirm
the production of G-CSF in tumor tissue or in the
primary culture of tumor tissue.4

The data showing such elevated cytokines may
lead clinicians to diagnose inflammatory disease
rather than neoplastic disease. It is important to
recognize this paraneoplastic phenomenon asso-
ciated with some mesotheliomas including decid-
uoid mesothelioma.
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