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Diffuse malignant mesothelioma of the
peritoneum and pleura, analysis of markers
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Diffuse malignant mesothelioma of the peritoneum is a rare diagnosis. Despite many histopathologic
similarities between peritoneal and pleural tumors, clinical and prognostic features may be quite different.
There is a paucity of data evaluating molecular features of peritoneal mesotheliomas. Therefore, we compared
the results of a battery of immunohistochemical markers, some with therapeutic implications, in patients with
primary peritoneal or pleural mesotheliomas. We examined 24 peritoneal and nine pleural malignant
mesotheliomas with a battery of immunohistochemical markers (cytokeratin AE1/3, calretinin, c-kit’/CD117,
desmin, epidermal growth factor receptor (EGFR), estrogen receptors (ER), progesterone receptors (PR), MIB-1,
and cleaved caspase-3) in an attempt to distinguish any differences in this tumor arising in these two distinct
locations. The results indicate that the only marker to show a significant difference in its staining pattern
between these two sites was EGFR (P=0.0004). In all, 92% (22/24) of peritoneal tumors demonstrated 3 + or 4 +
immunoreactivity with EGFR, opposed to only 33% (3/9) pleural tumors. There was no significant difference in
immunoreactivity between the pleural and peritoneal tumors with c-kit, ER, PR, cleaved caspase 3, calretinin,
and desmin. There was a trend toward increased cytokeratin (P=0.07) and MIB-1 (P=0.08) expression in the
peritoneal group. There was no significant difference in age, sex, or histologic subtype between the two
locations. In conclusion, despite similarities between peritoneal and pleural mesothelioma, there are
differences between this neoplasm arising in these two sites. The EGFR expression is more pronounced in
peritoneal tumors compared to pleural tumors. The increased expression of EGFR in the peritoneal lesions may
be of clinical significance with the recent emergence of epidermal growth factor receptor-targeted therapies.
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Malignant mesothelioma is a rare tumor with an
annual incidence in the United States of approxi-
mately 2500 cases per year." Pleural malignant
mesotheliomas are 10-30-fold more common than
their peritoneal counterparts.>® Regardless of site of
origin, the prognosis is usually poor with a median
survival of 4-12 months for pleural tumors* and less
than 1 year for peritoneal tumors.® Systemic chemo-
therapy and radiation does little to improve the
outcome. Since diaphragmatic extension is common
to both pleural and peritoneal mesotheliomas, it is
not uncommon to have secondary pleural invasion
from peritoneal disease, or vice versa, making the
distinction of peritoneal from pleural tumors diffi-
cult clinically. In an attempt to better clarify the
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surface of origin for mesothelioma, and identify any
possible molecular targets for therapy and immuno-
histochemical differences between tumors arising in
these two sites, we embarked on this comparison of
pleural and peritoneal mesotheliomas.

We examined 24 peritoneal and nine pleural
malignant mesotheliomas with a host of markers
(cytokeratin AE1/3, calretinin, CD117, desmin,
EGFR, ER, PR), including a proliferative marker
(MIB-1) and a marker of apoptotic cell death
(cleaved caspase-3), attempting to elucidate any
differences between tumors arising in these two
distinct locations.

Materials and methods

Malignant mesotheliomas accessioned between 1990
and 2003 within the Department of Pathology of
Wake Forest University Baptist Medical Center were
retrieved. Cases were accepted as mesothelioma
if the light microscopy, immunohistochemistry,



and clinical/surgical findings were fully consistent
with the diagnosis. Benign mesothelial lesions, such
as adenomatoid tumor, well-differentiated papillary
mesothelioma, localized fibrous tumors, and multi-
cystic mesothelioma were excluded from the study.
Tissue for light microscopy was routinely fixed in
10% neutral-buffered formalin and processed for
paraffin embedding and stained with hematoxylin
and eosin. Most of the mesotheliomas were classi-
fied into one of the three characteristic histologic
subtypes: epithelial, sarcomatoid (fibrous), and
biphasic. One desmoplastic and one deciduoid
variant were also in the cohort.

Immunohistochemistry was performed with
the labeled streptavidin—biotin system by means of
an automated immunostainer (Ventana NexES;
Ventana Medical Systems, Tucson, AZ, USA). The
following monoclonal antibodies were applied:
AE1/3 (1:200; DAKO, Carpinteria, CA, USA), calre-
tinin (prediluted; Ventana, Tucson, AZ, USA),
CD117 (1:400; DAKO, Carpinteria, CA, USA), ER
(prediluted; Ventana, Tucson, AZ, USA), PR
(prediluted; Ventana, Tucson, AZ, USA), EGFR
(1:20; Zymed, San Fransisco, CA, USA), desmin
(1:50 with no pretreatment, DAKO, Carpinteria, CA,
USA), MIB-1/Ki-67 (1:80, DAKO, Carpinteria,
CA, USA), and cleaved caspase-3 (1:100, Cell
Signaling Technologies, Beverly, MA, USA). Opti-
mal dilutions were determined by running several
dilutions of antibody using various pretreatments
and then choosing the best dilution based on the
intensity of staining vs background. Negative con-
trols consisted of antibody diluent (Cat. #251-018,
Ventana, Tucson, AZ, USA). Positive controls
reacted accordingly.

A negative — 4 + scoring system was used in the
interpretation of AE1/3, calretinin, CD117, EGFR,
and desmin. Tumors lacking immunoreactivity were
classified as negative. Tumors demonstrating im-
munoreactivity in 1-25% of their cells were scored
as 1+, 26-50 % of cells: 2+, 51-75% of cells: 3+,
and 76-100% of cells: 4+. Estrogen receptor,
progesterone receptor, and MIB-1 positivity were
reported as a straight percentage of neoplastic cells.
As staining may be focal, numerous groups of 20
cells were counted in various fields of the slides and
a percentage of positive cells was obtained from the
total number of cells counted. Nuclear staining was
necessary for ER, PR, and MIB-1 positivity. For
cleaved caspase-3 staining, 50 cells were counted
and the number of cells demonstrating immunor-
eactivity, with or without nuclear changes such as
pyknosis or karyorrhexis, were counted.

Statistical analysis was performed to determine if
there was a significant difference in the immuno-
histochemical staining results between the pleural
and peritoneal tumors. Fisher’s exact tests were used
to assess differences in the categorical characteris-
tics and markers and Wilcoxon rank-sum tests were
used to assess differences in the ordinal and
continuous variables.
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A total of 33 malignant mesotheliomas were exam-
ined, including 24 primary peritoneal and nine
primary pleural tumors (Table 1). Patient character-
istics were similar for the two groups. The perito-
neal cohort consisted of 14 men and 10 women. The
age range for the peritoneal group was 23—85 years
with a median age of 60 years. In all, 20 (83%)
tumors were classified as epithelial (Figure 1), one
(4%) as sarcomatoid, one (4%) as deciduoid, and
two (8%) as biphasic. The pleural group consisted of
six men and three women. The age range was 48—-78
years with a median age of 66 years. Seven tumors

Table 1 Patient and tumor characteristics for peritoneal and

pleural mesotheliomas

Characteristic

Peritoneal # (%) Pleural # (%) P-value

Total
Age-median (range)
Gender
Female 10
Male 14
Histology 20
Epithelial 2
1
1
0

24 (100)
60.5 (23-85)

Biphasic
Sarcomatoid
Deciduoid
Desmoplastic
C-KIT
Negative
ER
Negative 22 (92)
Positive 2
PR
Negative
EGFR
0 1(4)
1+ 1(4)
2+ 0 (0)
3+ 3 (12
4+ 19 (79
MIB-1
Negative
Positive
Median (range)
Caspase-3
0 19 (
1 2 (
1(
2 (

0.03 (0-0.15)

2
3
Desmin
Negative
Cytokeratin
1+ 0
2+ 1
3+ 1
4+ 22
Calretinin
0 4 (17
1+ 4 (17
2+ 0 (0)
3+ 6 (25
4+ 10 (42

9 (100)

66.0 (48—78)  0.5046

) 1.0

)
) 0.4410

0.0004

0.0824
0.01 (0-0.05)

1.0

0.0696

) 0.2226

#No statistics calculated since all subjects were negative in both

groups.
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Figure 1 Malignant epithelial mesothelioma (hematoxylin &
eosin stain; original magnification x 200).

(78%) were classified as epithelial, one (11%)
sarcomatoid, and one (11%) as desmoplastic. There
was no significant difference in age (P=0.50),
gender (P=1.0), or histologic subtype (P=0.44)
between mesotheliomas arising in either location.

The results of immunohistochemical staining for
peritoneal and pleural tumors are also summarized
in Table 1. All tumors, regardless of site, were found
to be negative for c-kit (CD117), desmin, and PR. All
tumors demonstrated some degree of immunoreac-
tivity for cytokeratin AE1/3, but the peritoneal
tumors tended to be more diffusely positive
(P=0.07). Calretinin was positive in 20 of 24
(83%) peritoneal tumors and seven or nine (78%)
pleural tumors (P =1.0). Estrogen receptor positivity
was demonstrated in two peritoneal tumors and zero
pleural tumors (P=1.0). Both ER-positive tumors
occurred in women and one was of the deciduoid
subtype.

Of 24, 18 (79%) peritoneal tumors and six of nine
(67%) pleural tumors demonstrated some degree of
immunoreactivity for MIB-1. In positive cases, the
percentage of MIB-1 positive cells varied between 1—
15% in peritoneal tumors and 1-5% in pleural
tumors. The difference in MIB-1 distributions was of
borderline statistical significance (P=0.08).

Positive staining for caspase-3 was identified in
five of 24 (21%) peritoneal and two of nine (22%)
pleural tumors. The percentage of positive cells was
similar in both groups varying from 1 to 3% in the
peritoneal group and 1 to 2% in the pleural group.
The distributions of caspase-3 were not found to be
significantly different between the two groups
(P=0.95).

The examined marker that demonstrated the
greatest difference in its staining pattern between
the pleural and peritoneal-based tumors was EGFR
(P=0.0004). Of all mesotheliomas examined from
both sites, 31 of 33 tumors (94%) demonstrated
immunoreactivity for EGFR (Figure 2). Of the two
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Figure 2 Malignant mesothelioma demonstrating strong, mem-
branous immunoreactivity for EGFR (immunohistochemical stain
for EGFR; original magnification x 400).

tumors that were negative, one was an epithelial
peritoneal tumor and one a sarcomatoid pleural
tumor. Of the remaining 23, peritoneal tumors 22
showed 3 + to 4+ reactivity, whereas only three of
nine (33%) pleural tumors were as diffusely posi-
tive. In all, 56% of pleural tumors (5/9) showed only
1+ to 2+ reactivity.

Discussion

Malignant mesothelioma is a neoplasm originating
from the mesothelial surface lining cells of the
serous body cavities. Tumors typically originate
from the pleura or, less commonly, the peritoneum
and rarely, the pericardium and tunica vaginalis
testis.® Malignant peritoneal mesothelioma (MPM) is
a rare malignancy characterized by primary neo-
plastic change involving the lining surfaces of the
peritoneal cavity. Widespread peritoneal dissemina-
tion is typical at presentation clinically manifesting
as abdominal discomfort/distention, digestive dis-
turbances, weight loss, and symptomatic malignant
ascites. Cytologic analysis of fluid in this setting
may be helpful, but has a low yield, with most cases
being diagnosed with laparotomy or laparoscopy.
MPM is much less common than its pleural
counterpart, accounting for approximately 10% of
all malignant mesotheliomas.»*® The median age
at diagnosis in the literature and our experience is
60, and there is a male:female ratio of 3:1* The
majority of patients have a history of asbestos
exposure, although this association is much less
common in females™®” Diffuse peritoneal mesothe-
lioma is often described at surgery as numerous
small (1-5 mm), shiny, whitish nodules carpeting all
visualized peritoneal surfaces. Many larger (2—5 cm)
nodular excrescences and infiltrative masses are
also often present. The tumor almost always infil-
trates the entire omentum and, in advanced stages,



involvement of the pleural cavity through trans-
diaphragmatic extension and distant metastatic
disease may be seen."**°

The histologic features of MPM are generally
identical to their pleural counterparts and divided
into epithelial, sarcomatoid, and biphasic subtypes.
Other, less common, subtypes have also been
described. The distribution of the various histologic
subtypes varies from series to series, but epithelial
tumors predominate in both pleural and peritoneal
locations. In the series by Kannerstein and Churg?
which examined 82 peritoneal tumors, 75.6% were
epithelial, 22% biphasic, and 2.4% sarcomatoid.
Sarcomatoid tumors are far more common in the
pleura than the peritoneal cavity. This was not
demonstrated in our data, although our cohort was
admittedly small. Rare peritoneal tumors are char-
acterized by a sheet-like pattern of polygonal cells
with abundant eosinophilic cytoplasm, distinct cell
membranes, and low nuclear to cytoplasmic ratios,
the so-called deciduoid variant. This variant typi-
cally affects the peritoneum of young women and
pursues an aggressive, often fatal, clinical course.’
Ordonez' recently reported four cases of pleural
deciduoid mesothelioma, with three of the four
cases arising in males, two of which gave a history of
asbestos exposure.’” One deciduoid tumor was
identified in this study and involved the peritoneum
of a 27-year-old female.

The prognosis for mesothelioma is poor. Un-
treated, survival ranges from 9 to 18 months for
peritoneal tumors and 4 to 12 months for pleural
tumors.»*"" Treatment modalities do little to pro-
long survival. Complete surgical resection is usually
not feasible. Radiation therapy cannot be given in
sufficient doses to eradicate disease, and systemic
chemotherapeutic agents are notoriously ineffective
in most patients.” However, recent trials of multi-
modality therapy, including cytoreductive surgery
with intraperitoneal chemotherapy, have resulted in
improved survival in many patients.»*27¢

Immunohistochemistry is an important ancillary
technique in the diagnosis of mesothelioma, parti-
cularly in differentiating mesotheliomas from adeno-
carcinoma and sarcoma. This distinction is
exceedingly important for both therapeutic and
medico-legal purposes. Mesotheliomas demonstrate
a common immunohistochemical profile, regardless
of the site of origin. A host of glycoproteins,
including carcinoembryonic antigen, BerEp4,
LeuM1, and B72.3, have been shown to be prefer-
entially expressed by adenocarcinomas, with absent
or limited expression in mesotheliomas.’®*® Thus,
the diagnosis of mesothelioma historically rested
largely on the absence of immunoreactivity for these
markers."””7?° Antigens more commonly expressed in
mesotheliomas than carcinomas have recently been
described and include calretinin, cytokeratin 5/6,
HBME-1, N-cadherin, and thrombomodulin.'”2!
Thus, histopathology coupled with an immunohis-
tochemical panel aids in accurate diagnosis.
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In the current study, we examined a panel of
immunohistochemical markers in an attempt to
identify potential therapeutic targets and any differ-
ences in the staining characteristics of peritoneal
versus pleural mesotheliomas. All tumors demon-
strated immunoreactivity for cytokeratin AE1/3.
Calretinin was positive in 20 of 24 (83%) peritoneal
tumors and seven or nine (78%) pleural tumors. All
tumors, regardless of site, were found to be negative
for c-kit (CD117), desmin, and PR. Horvai et al.??
recently examined c-kit expression in 37 mesothe-
liomas. Although a subset of cases showed nuclear
immunoreactivity, all cases were negative for c-kit
mRNA by RT-PCR. Estrogen receptor positivity was
demonstrated in two peritoneal tumors. Both ER-
positive tumors occurred in women and one was of
the deciduoid subtype. These findings suggest that
ST1-517 (Gleevec) and selective receptor modifiers
and aromatase inhibitors are unlikely to be of
therapeutic value.

MIB-1 (Ki-67) is a nuclear antigen expressed in
greatest concentration during specific parts of the
cell cycle and there is a good correlation between
MIB-1 expression and degree of cell proliferation.*®
In all, 18 of 24 (75%) peritoneal tumors and six of
nine (67%) pleural tumors demonstrated some
degree of immunoreactivity for MIB-1. In positive
cases, the percentage of MIB-1 positive cells varied
between 1-15% in peritoneal tumors and 1-5% of
pleural tumors. While this difference was of border-
line statistical significance (P=0.08), this cohort is
admittedly small to draw any significant conclu-
sions.

The caspase family of serine proteases plays an
essential role in the initiation and regulation of the
proteolytic events occurring during apoptosis.?*?°
Caspase-3 is one of the primary executioners of
apoptosis, necessary for the cleavage of a large
number of proteins and for apoptosis-associated
chromatin margination, DNA fragmentation, and
nuclear collapse during apoptosis.?® The detection
of activated caspase-3 could, therefore, be a valuable
and specific tool for identifying apoptotic cells in
tissue sections, before the morphologic features of
apoptosis are evident.****® Positive staining was
identified in five of 24 (21%) of peritoneal and two
of nine (22%) of pleural tumors. The percentage of
positive cells was similar in both groups varying
from 1 to 3% in the peritoneal group and 1 to 2% in
the pleural group.

The examined marker that demonstrated the
most statistically significant difference in its stain-
ing pattern between the pleural and peritoneal-
based tumors was EGFR, which demonstrated much
greater positivity in the peritoneal tumors. In all,
91% of peritoneal tumors showed 3 +-4 + staining,
whereas only 33% of pleural tumors stained as
diffusely (P=0.0004). Epidermal growth factor
receptor binds epidermal growth factor (EGF),
which has tyrosine kinase activity and is mitogenic
for a variety of epithelial cells and fibroblasts
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in vitro. Epidermal growth factor receptor activity is
an area of intense research in many malignancies
due to the recent development of many therapeutic
agents targeted against the activity of this receptor.
Several human cancers, including cancers of the
upper aerodigestive tract (non-small-cell carcinoma
of the lung, head and neck, esophagus, and
stomach), colon, pancreas, breast, ovary, bladder,
and kidney have been shown to display EGFR RNA
and/or overexpression of the protein.*® In one study,
EGFR expression was demonstrated by immuno-
histochemistry in 68% of paraffin-embedded MPM
specimens.?”” Many therapeutic agents have recently
been developed to abrogate this receptor’s activity.
Janne et al. demonstrated that inhibition of EGFR
signaling by ZD1839 (Iressa) led to marked anti-
proliferative effects of all MPM cell types examined
in vitro.”® Many studies have also demonstrated a
potentiation of the antitumor effects of cytotoxic
chemotherapy agents by Iressa in soft agarose and in
xenograft models.?® Both chemotherapy and radia-
tion are used in the treatment of MPM, and Iressa
treatment may enhance the effects of these mod-
alities. In vitro studies in mesothelioma combining
radiation and chemotherapy with Iressa are pre-
sently underway."®?®

Malignant mesotheliomas of the peritoneum or
pleura are rare tumors portending a poor prognosis.
Many clinical, laboratory, and histologic parameters
have been investigated in an attempt to better
characterize this group of rare neoplasms. Many
immunohistochemical markers were evaluated in
the current study assessing for differences between
the peritoneal and pleural groups. Epidermal growth
factor receptor expression was significantly higher
in the peritoneal group compared to the pleural
group. The clinical, biologic, prognostic, and ther-
apeutic implications of this, if any, are unclear.
Whether patients with malignant mesotheliomas
may benefit or not from EGFR-targeted therapies
remains to be determined.
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