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Abstract: The immunohistochemical characteristics of epithelioid malignant mesothelioma are well described. How-
ever, immunohistochemical analyses of sarcomatoid mesothelioma, the less common type, are limited and its dis-
tinction from other tumors of the chest wall, lung and pleura is often problematic. We evaluated 24 patients with
pleural sarcomatoid mesothelioma who had surgery (12 extrapleural pneumonectomies, 9 pleurectomies and 3 large
biopsies) between 1989 and 2005. Clinicopathologic features and demographic data were recorded. We describe
immunohistochemical results for 10 antibodies: AE1/AE3, CAM5.2 and MNF-116 keratins, calretinin, WT-1 protein,
bcl-2, CD34, desmin, D2-40 and podoplanin. The patients were 23 men and one woman with a median age at diag-
nosis of 64.7 years (range 47 to 76). Tumor cells were positive for the keratin proteins AE1/AE3 in 18/24 cases,
CAM 5.2 in 23/24 cases and MNF-116 in 21/21 cases. Calretinin was positive in 6/24 cases, WT-1 (nuclear) in
8/24 cases, bcl-2 in 0/24 cases, CD34 in 0/24 cases, desmin in 0/24 cases, D2-40 in 24/24 cases and podoplanin
in 24/24 cases. This panel of antibodies may be helpful in establishing a pathologic diagnosis of sarcomatoid meso-
thelioma. In our study, D2-40 and podoplanin are highly sensitive immunohistochemical markers for sarcomatoid
mesothelioma. Additional studies are required to define their role in the differential diagnosis of other spindle cell
tumors.
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Introduction [4,5]. Epithelioid mesothelioma has a well-
characterized immunophenotype, 615 but rela-

Diffuse malignant mesothelioma (DMM) is an
aggressive neoplastic proliferation derived from
cells lining the serosal membranes [1,2]. Malig-
nant mesothelioma has been classified pathol-
ogically into epithelioid, sarcomatoid, mixed
epithelioid and sarcomatoid (biphasic) types
(some authors prefer epithelial and sarcoma-
tous terminology) [3]. Pathologic classification is
based on the histologic patterns and has prog-
nostic value [1,2]

The epithelioid type of mesothelioma is more
common and has a well-characterized immuno-
phenotype that is used widely in the distinction
from adenocarcinoma of lung and other tumors.
Sarcomatoid mesotheliomas are uncommon
tumors and published series are infrequent

tively few immunohistochemical studies of sar-
comatoid mesothelioma have been reported
and the role of immunohistochemistry in the
histopathologic characterization of this type of
mesothelioma is still limited [4,5,16-21] There-
fore we examined clinical and pathological fea-
tures, including histopathologic and immuno-
phenotypic findings, of 24 patients with sarco-
matoid malignant mesothelioma of the pleura
who had available surgical pathology specimens
[22]. In order to define a panel that could prove
useful in establishing a pathologic diagnosis of
sarcomatoid mesothelioma, we used commer-
cial antibodies for AE1/AE3, CAM5.2 and MNF-
116 keratins, calretinin and WT-1 protein, and
bcl-2, CD34 and desmin. We also investigated
the expression of D2-40 and podoplanin, two
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Table 1. Summary of characteristics of patients with sarcomatoid malignant mesothelioma (N = 24 Cases)

Characteristics

Number (%)*

Age (yrs)
Mean + SD
Median
Range

Gender - n (%)
Male
Female

Histology - n (%)
Sarcomatoid NOS
Desmoplastic

Anatomic location - n (%)
Left pleura
Right pleura

Type of Surgery - n (%)
Large biopsy
Pleurectomy
Extrapleural pneumonectomy

Asbestos body count (per g of lung)t
Mean + SD
Median
Range

64.7+6
63.6
47-76
23 (96)
1 4
18 (75)
6 (25)
6 (25)
18 (75)
3 (13)
9 (38)
12 (50)

2344.7 + 1523.8
2306
356-5576

*Due to rounding, not all percentages total 100.

TAsbestos body count was available in 10 of 12 extrapleural pneumonectomies.

markers that have been reported to be highly
specific and sensitive for epithelioid meso-
thelioma [12,23].

Materials and methods
Patients and specimens

We studied 24 patients with pleural sarcoma-
toid mesothelioma who had surgery at Brigham
and Women’s Hospital between 1989 and
2005. The demographic information, tumor
site, type of surgical resection and asbestos
body count (Table 1) were obtained from the
files of the Department of Pathology. The study
was approved by the Institutional Review Board.

Surgical pathology specimens were 12 extra-
pleural pneumonectomies, 9 pleurectomies and
3 large biopsies (with a mean of 82 mm?2 evalu-
able tumor area). We excluded cases with lim-
ited pathologic material or cases referred to our
institution for consultation. Hematoxylin and

15

eosin-stained slides were reviewed, and the
histologic diagnosis of sarcomatoid meso-
thelioma was confirmed by two pathologists
(LRC and JMC) using established criteria [3,24].
A tumor was diagnosed as desmoplastic sarco-
matoid mesothelioma if at least 50% of the tu-
mor had areas of abundant hyalinization. Both
pathologists scored additional pathologic vari-
ables independently; discrepancies were re-
viewed to achieve a consensus.

Asbestos body counts are performed as part of
the pathological assessment of mesotheliomas
in our department. Methodology used has been
previously described [25].

Immunohistochemistry

Selected sections from each case were exam-
ined using an immunohistochemical panel of
ten commercial antibodies. Table 2 lists the
primary antibodies and technical conditions for
immunohistochemical studies. The incubation
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Table 2. Primary antibodies and technical conditions for immunohistochemical studies

Antibody Titer Source Pretreatment Detection System
Keratin Proteins
Clone MNF-116 1:100 Dako Trypsin Envision +
Carpinteria, CA (Dako)
Clone CAM 5.2 1:20 Becton-Dickinson Steamer/ Envision +
San Jose, CA EDTA
Clone AE1/AE3 1:400 Dako Steamer/ Envision +
EDTA
Calretinin 1:150 Zymed Pressure cooker/ Envision +
Rabbit polyclonal S. San Francisco, CA  citrate
WT-1 1:100 Dako Steamer/ Envision +
Clone 6F-H2 EDTA
CDh34 1:50 Coulter Pressure cooker/ Envision +
Clone QBENnd/10 Miami, FL citrate
Bcl-2 1:30 Dako Steamer/ Envision +
Clone 124 EDTA
Desmin 1:50 Dako Steamer/ Envision +
Clone DE-R-11 EDTA
Podoplanin 1:100 AngioBio Co. Pressure cooker/ Envision +*
Hybridoma Del Mar, CA citrate
supernatant
D2-40 lymphatic endothelial 1:100 Covance/Signet Pressure cooker/ Envision +*
marker Labs citrate
Clone D2-40 Dedham, MA

*Amplified 3-step technique (rabbit anti-mouse immunoglobulins antibody followed by rabbit Envision+)

was 1 hour at room temperature for all antibod-
ies. In order to evaluate the specificity of the
antibody, known positive and negative tissues
were used as controls. The evaluated antibod-
ies were clustered into four groups: (1) Keratins
AE1/AE3, CAM 5.2 and MNF 116 known to be
positive in epithelioid malignant mesothelioma,
as well as in sarcomatoid carcinomas but not in
most sarcomas [6,19]; (2) Calretinin and WT-1
known to be useful markers for epithelioid ma-
lignant mesothelioma [15,26-28]; (3) Bcl-2 re-
ported to be positive in synovial sarcomas [29-
35] CD34, positive in most solitary fibrous tu-
mors (SFT) [36], and desmin, positive in leiomy-
osarcomas [37], and negative in limited studies
of sarcomatoid malignant mesothelioma
[38,39]; (4) and D2-40 and podoplanin, re-
ported initially in epithelioid malignant meso-
thelioma as having high specificity and sensitiv-
ity [23,40]. The monoclonal antibody D2-40
recognizes the membrane protein podoplanin,
which is a marker for germ cell tumors, meso-
theliomas, and other tumor types [41-44]. To
eliminate background staining from endoge-
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nous biotin, the EnVision technique was used.*>
The stained sections were reviewed by three
pathologists (L.R.C., G.S.P., and J.M.C.), and a
score was given for percentage of cell staining.
The extent of immunoreactivity in neoplastic
cells was graded according to the percentage of
reactive cells: O if staining was absent in neo-
plastic cells or present in less than 1% of tumor
cells; and 1 through 4 for each 25% increment
in positive tumor cells (Table 3). We reported
each case with grade 1 or higher as positive
and cases with grade O as negative (Table 3).
The number of cases positive for each specific
antibody was also analyzed and reported as a
percentage of all cases immunostained.

Results

Patient demographics and pathologic character-
istics

The patient demographics and pathologic char-
acteristics of the sarcomatoid malignant meso-
thelioma are summarized in Table 1 and illus-
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Table 3. Grading system used for each case according to the extent of immunoreactivity in neoplastic cells

Percentage of immunoreactive cells Grade”
Less than 1%. o
1-25%. 1
26-50%. 5
51-75%. 3
76-100%. 4

* Each case with grade 1 or higher was reported as positive and cases with grade O as negative.

trated in Figure 1. There were 23 men and one
woman. The median age was 63.6 years (range
47-76 years). Most of the primary tumors were
in the right pleura [n=18 (75%)] and the remain-
der of the evaluated cases were located in left
pleura [n=6 (25%)]. Twelve patients (50%) had

pleurectomy and 3 had biopsy (12.5 %). These
characteristics reflected the patient population
in the malignant mesothelioma group. The ma-
jority of tumors (75%) were sarcomatoid meso-
theliomas, with predominant spindle tumor cells
with a subtle wavy architecture, and a diffuse

extrapleural pneumonectomy, nine (37.5 %) had infiltrating growth pattern. This pattern has a

Figure 1. Histopathology of sarcomatoid DMM. Panels A and B. One of the more common patterns of sarcomatoid
malignant mesothelioma. Note a diffuse, infiltrative growth pattern. Predominant spindle tumor cells with a subtle
wavy pattern. This pattern has a striking resemblance to sarcoma or sarcomatoid carcinoma. (A. H&E 200x, B. H&E
600x). Panel C. Higher power magnification from a sarcomatoid mesothelioma showing spindle tumor cells with high
nuclear pleomorphism and scattered mitoses. (H&E 400x). Panel D. This photomicrograph shows a typical
desmoplastic mesothelioma. The tumor is hypocellular with cells arranged in a storiform pattern, in a heavily
collagenized stroma, invading into the adipose tissue of the thoracic wall. Cells are small with small uniform nuclei.
(H&E 400x).
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Table 4. Immunohistochemical profile of sarcomatoid malignant mesothelioma of the pleura.

Case Nr. AE1/AE3 CAMb5.2 MNF-116* Calretinin  WT-1 CD34 Bcl-2 Desmin D2-40 Podoplanin
1 4 4 4 0 0 0 0 0 1 1
2 1 4 1 4 1 0 0 0 3 3
3 3 3 NP 1 0 0 0 0 2 2
4 2 2 3 0 0 0 0 0 3 4
5 1 2 NP 0 0 0 0 0 2 1
6 3 1 1 0 0 0 0 0 2 2
7 3 4 2 2 0 0 0 0 1 1
8 4 4 4 0 0 0 0 0 1 3
9 0 3 1 0 3 0 0 0 3 4
10 2 2 1 0 0 0 0 0 3 3
11 2 1 NP 0 0 0 0 0 1 1
12 0 2 1 0 0 0 0 0 4 4
13 1 3 3 0 0 0 0 0 1 2
14 0 1 3 0 1 0 0 0 1 2
15 0 3 3 0 0 0 0 0 1 2
16 3 3 1 2 2 0 0 0 1 1
17 1 1 2 0 1 0 0 0 2 2
18 0 3 1 0 0 0 0 0 1 1
19 1 3 3 0 0 0 0 0 1 2
20 2 3 4 1 0 0 0 0 1 1
21 3 4 2 1 0 0 0 0 2 2
22 1 3 1 0 1 0 0 0 2 2
23 0 0 1 0 1 0 0 0 4 4
24 2 3 2 0 1 0 0 0 3 4
Total Posi-
tive Cases 18 23 21 6 8 0 0 0 24 24

*NP: not performed.

striking resemblance to sarcoma or sarcoma-
toid carcinoma (Figure 1A and 1B). Some cases
displayed spindle tumor cells with high nuclear
pleomorphism and scattered mitoses (Figure
1C). Six cases (25%) were desmoplastic meso-
thelioma. The desmoplastic tumors were hypo-
cellular with cells arranged in a storiform pat-
tern, in a heavily collagenized stroma, invading
into the adipose tissue of the thoracic wall. Des-
moplastic tumor cells had small, hyperchro-
matic nuclei (Figure 1D). The median overall
survival of all patients (N=26) with sarcomatoid
mesothelioma in this study was 5.1 months
(range 1-28 months).

The asbestos body count results are also in-
cluded in Table 1. Patients had a median of
2306 asbestos bodies per gram of wet lung
tissue (range 356-5576). Mesothelioma had a
broad range of asbestos body counts, (Table 1)
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reflecting high asbestos exposure. The median
control level in our laboratory is 20.

Immunohistochemical characteristics of sarco-
matoid malignant mesothelioma

The immunohistochemical characteristics that
we observed in sarcomatoid malignant meso-
thelioma are shown in Table 4 and Figures 2
and 3. Tumor cells were positive for: AE1/AE3
in 18 of 24 cases, for CAM 5.2 in 23 of 24
cases and for MNF-116 in 21 of 21 cases. In
three cases MNF-116 was not performed due to
exhaustion of tissue from the paraffin block.
Although all cases analyzed were positive for
MNF-116 keratin, thirteen (56.5%) were positive
in less than 50% of tumor cells (Figure 4). How-
ever, none of the examined mesotheliomas
were concomitantly negative for all of the
epithelial markers (Table 4). Tumor cells were
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positive for: WT-1 in 8 of 24 cases (33.3) and
for calretinin in 6 of 24 cases (25%) (Figure 5).
Six mesotheliomas (25%) were positive for WT-1
only, four (16.6%) for calretinin only, twelve

Figure 2. Immunophenotype of sarcomatoid malig-
nant mesothelioma. Panel A. This photomicrograph
illustrates positive immunostaining with AE1/AE3 in
desmoplastic malignant mesothelioma (H&E 400x).
Panel B. This photomicrograph illustrates positive
immunostaining with CAM5.2 in sarcomatoid malig-
nant mesothelioma (H&E 200x). Panel C. Positive
immunostaining with calretinin. Almost all tumor cells
are immunoreactive with calretinin. This case was
scored 4 since more than 75% tumor cells had posi-
tive nuclear or cytoplasmic staining (H&E 400x).
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(50%) were negative for both WT-1 and cal-
retinin and only two mesotheliomas (8.3%) re-
acted simultaneously with both WT-1 and cal-
retinin. Both tumors had a classic sarcomatoid
mesothelioma pattern and a large biopsy was
performed in each case. 24 out of 24 cases
from our study had tumor cells negative for
CD34, bcl-2, and desmin. All cases showed
some degree of positivity when stained with
both D2-40 and podoplanin (Figure 4). However
in most of the cases (17 of 24, 70.8% and 16 of
24, 66.7%) positive tumor cells were present in
less than 50% of the tumor for both D2-40 and
podoplanin, respectively (Table 4 and Figure 4).
Therefore in only 7 of 24 (29.2%) and in 8 of 24
(33.3%) cases were tumor cells positive in more
than 50% of the tumor for both D2-40 and po-
doplanin, respectively. Only one tumor (case nr.
8, Table 4) showed less than 50% positivity for
D2-40 and more than 50% positivity for podo-
planin. Some areas of the tumor were negative
with appropriate positive staining of lymphatic
endothelial cells.

Discussion

Distinction of sarcomatoid mesothelioma from
sarcomatoid carcinoma, various sarcomas and
other tumors of the chest wall, lung and pleura
is often problematic. In the present study we
examined clinical and pathological features,
including histopathologic and immunopheno-
typic findings, in patients with sarcomatoid ma-
lignant mesothelioma of the pleura who had
available large surgical pathology specimens
and excluded cases with limited pathologic ma-
terial. We confirmed presence of asbestos ex-
posure by finding high asbestos body counts by
gquantitative asbestos analysis in the lungs of
the majority of patients with extrapleural pneu-
monectomy. In addition, we investigated expres-
sion of two additional markers in sarcomatoid
malignant mesothelioma, D2-40 and podo-
planin, which are reported to be expressed in
90% of epithelioid mesotheliomas, but not in
any other carcinomas [23] and in approximately
75% of sarcomatoid mesotheliomas [5].

Epithelioid malignant mesothelioma is the most
common subtype and many studies have de-
scribed a number of immunohistochemical
markers that can make possible the distinction
between epithelioid pleural mesothelioma and
pulmonary peripheral adenocarcinomas [6,46].
Pleural epithelioid malignant mesothelioma has
distinctive clinical-pathologic features and a
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Figure 3. Immunophenotype of
sarcomatoid malignant meso-
thelioma. Panels A and B. Sar-
comatoid mesothelioma cells
positive for WT-1. This case was
scored as 4 since more than
75% tumor cells had positive
nuclear staining (A. H&E 200x,
B. H&E 600x ). Panels C and D.
This slide shows that the tumor
cells in the lower part of the
tumor stain with D2-40,
whereas the tumor cells in the
upper part do not. (C. H&E
200x, D. H&E 600x). Panels E
and F. These photomicrographs
show sarcomatoid malignant
mesothelioma positive for po-
doplanin, with positive lym-
phatic channels (E. H&E 200k,
F. H&E 600x). Note the positive
internal control lymphatic endo-
thelial cells.

characteristic immunophenotype. Recent re-
ports have acknowledged two additional mark-
ers, D2-40 and podoplanin which are expressed
in 90% of epithelioid mesotheliomas, but not in
any other carcinomas [23,47,48]. D2-40 is a
monoclonal antibody that recognizes the mem-
brane protein podoplanin, which is a marker for
germ cell tumors, mesotheliomas, other tumor
types and in a variety of normal cells, including
endothelial cells of lymphatic vessels, and
mesothelial cells [10,23,43,44,47,48]. Podo-
planin, a 36 kDa membrane glycoprotein of po-
docytes, is expressed in the endothelium of lym-
phatic vessels and distinctive types of angiosar-
coma [47,49-51]. Because they are highly sen-
sitive and specific for epithelioid mesothelio-
mas, D2-40 and podoplanin may be considered
for inclusion in a series of antibodies to distin-
guishing epithelioid mesotheliomas from carci-
nomas metastatic to the serosal membranes.
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In our current study, we show that tumor cells
were positive for the keratin proteins AE1/AE3,
CAM 5.2 and MNF-116 (Figure 5). The low AE1/
AE3 sensitivity (75%) of sarcomatoid meso-
theliomas in our study is somewhat surprising
and would justify the addition of another keratin
in the work up of sarcomatoid mesotheliomas
that are AE1/AE3 negative. Calretinin was posi-
tive in 6/24 cases, WT-1 (nuclear) in 8/24
cases (Figure 5). We confirmed bcl-2, CD34 as
negative markers of sarcomatoid malignant
mesotheliomas as reported in previous studies
(Figure 5). In addition, we show that D2-40 and
podoplanin are highly sensitive immunohisto-
chemical markers for sarcomatoid meso-
thelioma. In contrast to previous published
analyses that reported the immunophenotype of
sarcomatoid mesothelioma on tissue microar-
rays [5], our study evaluated the immunohisto-
chemistry characteristics on larger sections that
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Figure 4. Scatter plot graph illustrating the immunopheno-
type of sarcomatoid malignant mesothelioma and the per-
centage of positive immunoreactive tumor cells in our study.
Panel A. Distribution of cases according to the degree of
immunoreactive positive cells with the keratin markers, CAM
5.2, AE1/AE3, and MNF-116. In addition, all of the exam-
ined mesotheliomas were positive for at least one of the
keratin antibodies. Panel B shows the distribution of cases
according to the degree of immunoreactive positive cells
with WT-1 and calretinin. Panel C shows the distribution of
cases according to the degree of immunoreactive positive
cells with D2-40 and podoplanin. Horizontal lines represent
mean values.

will minimize the rate of false negative results
due to tumor heterogeneity (Figure 3). Although
some investigators extrapolated the immunohis-
tochemistry findings of the sarcomatoid compo-
nent of mixed mesotheliomas to the “pure” sar-
comatoid mesotheliomas [4], our study is
unique since we were able to evaluate large
amounts of tumor tissue from well-
characterized sarcomatoid mesotheliomas. As
previously reported, the median overall survival
of all patients with sarcomatoid mesothelioma
in this study was 5.1 months (range 1-28
months), similar to that observed in other stud-
ies [2].

Chronic fibrosing pleuritis is not a differential
diagnosis when invasion is identified; however,
in biopsy specimens, the distinction from
chronic fibrosing pleuritis can be more problem-
atic. Although superficial extension of reactive
fibroblasts in parallel and linear layers may be
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seen in chronic fibrosing pleuritis and should
not be confused with evidence of invasion, im-
munohistochemistry in general is not thought to
be effective in differentiating chronic fibrosing
pleuritis and mesothelioma.

Our study demonstrates that D2-40 and podo-
planin together with keratin proteins are highly
sensitive immunohistochemical markers for
sarcomatoid mesothelioma. A positive staining
for CD34, bcl-2 and/or desmin should virtually
exclude sarcomatoid mesothelioma. Since only
a small number of cases of sarcomatoid meso-
thelioma were positive for calretinin or WT-1
protein, a negative stain does not exclude sar-
comatoid DMM. This panel of antibodies can be
helpful in distinguishing sarcomatoid meso-
thelioma from other tumors.
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