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Utility of D2-40, a novel mesothelial marker, in
the diagnosis of malignant mesothelioma

Albert Y Chu, Leslie A Litzky, Theresa L Pasha, Geza Acs and Paul ] Zhang
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Although immunohistochemistry has proven to be valuable in the differentiation of epithelioid mesothelioma
from pulmonary or metastatic adenocarcinoma, no single antibody has demonstrated absolute sensitivity or
specificity in making this distinction. Using immunohistochemical analysis with D2-40, a recently available
monoclonal antibody that has been used as a lymphatic endothelial marker, we examined 53 cases of
mesothelioma, 28 cases of reactive pleura, 30 cases of pulmonary adenocarcinoma, 35 cases of renal cell
carcinoma, 26 cases of ovarian serous carcinoma, 16 cases of invasive breast carcinoma, 11 cases of prostatic
adenocarcinoma, and seven cases of urothelial carcinoma. In addition, immunohistochemistry using calretinin,
cytokeratin 5/6, and WT1 was performed on all cases of mesothelioma, pulmonary adenocarcinoma, ovarian
serous carcinoma, and renal cell carcinoma. Predominantly, membranous D2-40 immunoreactivity was present
in 51 of 53 (96%) mesotheliomas, 27 of 28 (96%) cases of reactive pleura, and 17 of 26 (65%) ovarian serous
carcinomas; membranous staining was not seen in any other tumors examined. Compared to other
immunohistochemical markers of mesothelioma, D2-40 was as sensitive as calretinin and more sensitive than
cytokeratin 5/6 and WT1. We conclude that D2-40 immunoreactivity is sensitive for cells of mesothelial origin,
and may be useful in the differential diagnosis of epithelioid malignant mesothelioma vs adenocarcinoma.
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Malignant mesothelioma, with its wide differential
diagnosis and prognostic implications, often pre-
sents a diagnostic issue in surgical pathology. In
addition to evaluation by conventional light micro-
scopy, multiple ancillary techniques including
electron microscopy and immunohistochemistry
have been employed to increase the accuracy of
diagnosis. While the development of new immuno-
histochemical markers has improved our diagnostic
ability, no single antibody has demonstrated abso-
lute sensitivity or specificity for malignant meso-
thelioma.”™ As a result, pathology laboratories
typically employ a panel of immunohistochemical
markers known to be either positive or negative for
mesothelioma in the differential diagnosis of the
disease.””

D2-40 is a recently developed, commercially
available monoclonal antibody directed against
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M2A antigen, an M, 40 000 surface sialoglycoprotein
originally detected in association with germ cell
neoplasia and fetal testicular gonocytes.® Since D2-
40 has also demonstrated selective immunoreactiv-
ity for lymphatic endothelium,? its proposed clinical
uses include the demonstration of lymphatic inva-
sion by primary tumors and its use as a marker of
certain vascular lesions.®"* In addition to this
previously described selective immunoreactivity
for germ cells and lymphatic endothelium, we
recently observed D2-40 staining in cells of
mesothelial origin. To evaluate the potential utility
of this antibody in making a diagnosis of malignant
mesothelioma, we performed immunohistochemical
analysis using D2-40 on cases of malignant mesothe-
lioma and its potential histologic mimics, including
reactive pleural fibrosis, pulmonary adenocarcino-
ma, and selected carcinomas potentially metastatic
to the lung. To directly compare the performance of
D2-40 in diagnosing malignant mesothelioma with
currently used ‘positive’ immunohistochemical
markers, we also performed immunohistochemistry
using a panel of calretinin, cytokeratin 5/6, and
WT1 on all cases of mesothelioma and a subset
of carcinomas including those of pulmonary, renal,
and ovarian origin.
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Materials and methods
Clinical Specimens

Cases were retrieved from the files of the Depart-
ment of Pathology and Laboratory Medicine, Divi-
sion of Anatomic Pathology, at the Hospital of the
University of Pennsylvania. The study group con-
sisted of 53 cases of pleural malignant mesothelioma
(33 epithelioid, 16 biphasic, and four sarcomatoid),
31 cases of reactive pleura, 30 cases of pulmonary
adenocarcinoma, 35 cases of renal cell carcinoma
(16 conventional, 13 papillary, and six chromo-
phobe), 26 cases of ovarian serous carcinoma, 16
cases of invasive breast carcinoma, 11 cases of
prostatic adenocarcinoma, and seven cases of ur-
othelial carcinoma. The diagnosis of mesothelioma
was based upon the clinical presentation, histologic
features and immunohistochemical evaluation and/
or ultrastructural analysis according to the current
criteria for the diagnosis of mesothelioma.*® Immu-
nostaining for cytokeratin, CEA, calretinin, B72.3,
and/or CD15 were commonly used at the time of the
diagnosis. The original histologic material including
the immunohistochemical staining of all mesothe-
liomas were reviewed by the authors (AYC, LAL,
and PJZ) to confirm the diagnosis. One representa-
tive paraffin block from each case was used for the
study.

Immunohistochemistry

Immunohistochemistry using D2-40 was performed
in all cases; in addition, calretinin, WT1, and
cytokeratin 5/6 immunostaining was performed in
cases of mesothelioma, pulmonary adenocarcinoma,
renal cell carcinoma, and ovarian serous carcinoma.
One case of epithelioid mesothelioma was not
available for cytokeratin 5/6 staining.

For this analysis, formalin-fixed paraffin-em-
bedded tissue was sectioned at 5 yum on Fisherbrand
Superfrost/Plus slides (Fisher Scientific, Pittsburgh,
PA, USA). Antibodies to M2A antigen (clone D2-40,
1:25, Signet Laboratories, Dedham, MA, USA), WT1
(clone 6F-H2, 1:400, DakoCytomation, Carpinteria,
CA, USA), calretinin (rabbit polyclonal, 1:50,
Zymed Laboratories, South San Francisco, CA,
USA), and cytokeratin 5/6 (clone D5/16 B4, 1:25,
DakoCytomation) were immunostained using the
Envision+ HRP detection system via the Dako-
Cytomation Autostainer. Prior to immunostaining,
pretreatment was performed for each antibody as
follows: D2-40 was boiled in 1 x EDTA pH 8.0 (Lab
Vision Corporation, Fremont, CA, USA) at 95-100°C
for 20min, WT1 was steamed in 1 x citrate buffer
pH 6.0 (Lab Vision) at 95-100°C for 20min,
calretinin was microwaved in 1 x citrate buffer pH
6.0 (Lab Vision) for 4min at 70% power (1200 W
microwave oven) x 2, and cytokeratin 5/6 was
boiled in 1x EDTA pH 8.0 (Lab Vision) at 95—
100°C for 20 min. After pretreatment, all specimens
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were cooled for 20 min in their respective retrieval
buffers. Slides were then transferred to fresh wash
buffer for 10 min and then loaded on the instrument
for staining.

The intensity (on a scale of 0—4+), percentage,
and pattern of immunostaining were evaluated and
recorded semiquantitatively by light microscopy.

Results

Results of D2-40 immunohistochemistry are sum-
marized in Table 1; staining characteristics of D2-40-
positive samples are summarized in Table 2.
Membranous and/or luminal immunoreactivity
was seen in tissues of mesothelial origin, including
benign mesothelium (27/28, 96%) and epithelioid
mesothelioma (33/33, 100%) (Figures 1 and 2). In
some cases with very intensive membrane staining,
a less-intensive cytoplasmic staining was also
observed. Membranous D2-40 immunoreactivity
was also seen in most areas of epithelioid differ-
entiation of biphasic mesothelioma (15/16, 94%).
Staining in areas of sarcomatoid differentiation
(either biphasic mesothelioma or pure sarcomatoid
subtype) was less frequent (10 of 16 biphasic, three
of four sarcomatoid), less intense, and with a
cytoplasmic pattern (Figure 3). In addition, a high
level of cytoplasmic immunoreactivity was present
in the entrapped reactive pleural tissue and desmo-
plastic tissue surrounding infiltrating tumor cells in
sarcomatoid cases. A membranous pattern of D2-40
staining was also seen in 17 of 26 (65%) ovarian
serous carcinomas (Figure 4a); however, the staining
was more focally distributed and less intense
compared to cases of reactive pleura and epithelioid
mesothelioma. D2-40 immunoreactivity was seen in
only two of 30 (7%) cases of pulmonary adenocarci-
nomas, with only focal weak cytoplasmic staining
seen in the remaining two cases. Focal weak
cytoplasmic staining was also seen in three of 16
(19%) of invasive breast carcinomas, and five of 13
(38.5%) papillary renal cell carcinomas (Figure 4b).

Table 1 D2-40 staining, all samples

Tissue n  D2-40 positive (%)
Malignant mesothelioma, all subtypes 53 51 (96)
Epithelioid 33 33 (100)
Biphasic 16 15 (94)
Sarcomatoid 4 3 (75)
Reactive pleura 28 27 (96)
Ovarian serous carcinoma 26 17 (65)
Renal cell carcinoma, all subtypes 34 5 (15)
Papillary 13 5 (39)
Conventional 16 0 (0)
Chromophobe 5 0 (0)
Breast carcinoma, invasive 16 3 (19)
Pulmonary adenocarcinoma 31 2 (7)
Prostatic adenocarcinoma 11 0 (0)
Urothelial carcinoma 7 0 (0)




Table 2 D2-40-positive samples, staining characteristics
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Tissue n

% cells staining, mean

Staining intensity, median Predominant staining pattern

Malignant mesothelioma

Epithelioid 33 92

Biphasic 15 902, 26°

Sarcomatoid 3 52
Reactive pleura 27 71
Ovarian serous carcinoma 17 33
Renal cell carcinoma, papillary 5 43
Breast carcinoma, invasive 3 13
Pulmonary adenocarcinoma 2 13

4+ Membranous
347, 1+° Membranous®, cytoplasmic®
1+ Cytoplasmic
4+ Membranous
2/3+ Membranous
1/2+ Cytoplasmic
2+ Cytoplasmic
2+ Cytoplasmic

3Epithelioid areas.
bSarcomatoid areas.

Figure 1 Benign mesothelium. High-power view showing benign
strips of pleural mesothelial cells. (a) Hematoxylin & eosin. (b)
D2-40 immunostain showing intense membranous reactivity.

All cases of conventional renal cell carcinoma,
chromophobe renal cell carcinoma, urothelial carci-
noma, and prostatic adenocarcinoma were negative
for D2-40 immunoreactivity. In all cases, D2-40
highlighted the endothelium of lymphatic vessels
when present in the tissue section in a thin smooth

linear staining pattern, which was very distinct from
that seen in mesothelioma.

The results of immunohistochemistry using calre-
tinin, cytokeratin 5/6, and WT1 in cases of mesothe-
lioma, pulmonary adenocarcinoma, ovarian serous
carcinoma, and renal cell carcinoma are summar-
ized in Table 3. Nuclear and cytoplasmic calretinin
immunoreactivity was present in all cases of
epithelioid mesothelioma (33/33) and epithelioid
areas of differentiation in cases of biphasic mesothe-
lioma (16/16). Seven of 31 (23%) cases of pulmonary
adenocarcinoma focally reacted for calretinin; these
cases tended to be more poorly differentiated
histologically. Cytoplasmic cytokeratin 5/6 staining
was present in most cases of epithelioid (29/32,
91%) and biphasic (13/16, 81%) mesothelioma, but
also in 12 of 31 (39%) of pulmonary adenocarcino-
mas, 13 of 35 (37%) renal cell carcinomas, and nine
of 26 (35%) ovarian serous carcinomas; cytokeratin
5/6 staining in these nonmesothelioma tumors
tended to be focal and weak. WT1 was the least
sensitive marker of mesothelioma tested, demon-
strating nuclear staining in 29 of 53 (55%) cases of
all mesotheliomas and 19 of 33 (57%) cases of the
epithelioid subtype.

Discussion

The increasing availability of ‘positive’ immunohis-
tochemical markers such as calretinin, cytokeratin
5/6, and WT1 has greatly aided in the diagnosis of
malignant mesothelioma. The utility of these anti-
bodies is limited, however, by their lack of absolute
sensitivity or specificity, particularly in cases of
mesothelioma that lack an epithelioid growth
pattern. As a result, it is common practice for
pathologists to employ a panel of both positive
and negative markers of mesothelioma, with the
final diagnosis relying on a probabilistic approach
that takes into account the overall immunopheno-
type. Until a single ancillary technique that
reliably demonstrates both high sensitivity and
specificity for malignant mesothelioma is developed,
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Figure 2 Malignant mesothelioma, epithelioid subtype. (a) Intermediate-power view showing epithelioid tumor cells arranged in a
papillary architecture. (b) High power of D2-40 immunostain illustrating membranous pattern of immunoreactivity with highlighting of
cell borders. This case was also positive for calretinin (¢) and WT1 (d), and negative for cytokeratin 5/6. Note the distinct difference in
staining pattern among D2-40 (membrane), calretinin (cytoplasmic), and WT-1 (nuclear).

Figure 3 Malignant mesothelioma, sarcomatoid type. D2-40
immunostain showing focal weak cytoplasmic reactivity.

evaluation of immunohistochemical markers for use
in a diagnostic panel is likely to continue.

In this study, we have shown that D2-40, a
monoclonal antibody directed against oncofetal
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antigen M2A and a selective marker of germ cells
and lymphatic endothelium, is also a novel and
sensitive marker for cells of mesothelial origin, and
its sensitivity for mesothelioma, particularly in areas
of epithelioid differentiation, is as good or superior
to other currently used positive markers of meso-
thelioma. In differentiating epithelioid malignant
mesothelioma from pulmonary adenocarcinoma,
D2-40 also demonstrates relatively high specificity,
particularly when the characteristic membranous
staining pattern of mesothelial-derived cells is taken
into account. Although a small number of adeno-
carcinomas of nonserous origin demonstrated focal
cytoplasmic immunoreactivity, none demonstrated
membranous D2-40 reactivity. Thus, recognition of
this membranous staining pattern may also be
particularly useful in distinguishing malignant
mesothelioma from various adenocarcinomas such
as breast carcinoma and especially renal cell
carcinoma for which there are no currently available
highly sensitive and specific markers." The addi-
tional presence of membranous D2-40 immunoreac-
tivity in a significant proportion of ovarian serous



carcinomas is comparable to previously described
WT1 nuclear reactivity in both malignant mesothe-
liomas and ovarian serous carcinomas, likely reflect-
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Figure 4 D2-40 immunoreactivity in ovarian serous carcinoma
and papillary renal cell carcinoma. (a) Ovarian serous carcinoma,
showing membranous immunoreactivity similar to that seen in
epithelioid mesothelioma. (b) Papillary renal cell carcinoma,
exhibiting diffuse but weak D2-40 immunostaining in a cytoplas-
mic pattern.
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ing the close histogenetic relationship between
mesothelium and serosal lining cells of Mullerian
origin.™

In a recent study, and review of currently avail-
able immunohistochemical markers, Ordofiez” re-
ported that calretinin, cytokeratin 5/6, and WT1
demonstrated the highest sensitivity for epithelioid
mesothelioma and recommended the use of these
antibodies as positive markers in an immunohisto-
chemical panel for making this diagnosis. Within
the present study, we found that the sensitivity of
D2-40 was equal to that of calretinin, slightly higher
than that of cytokeratin 5/6, and markedly better
than that of WT1. In the differentiation of meso-
thelioma from pulmonary adenocarcinoma, D2-40
demonstrated specificity equal to that of WT1 and
superior to that of calretinin and cytokeratin 5/6.

The frequency of WT1 staining in epithelioid
mesothelioma in the current study is significantly
lower than that observed in most previous studies.”
While possible explanations for this include the use
of a different antibody (monoclonal vs polyclonal)
and variation in antibody dilution and antigen
retrieval methods compared to other studies, the
observation that the degree of WT1 staining in
ovarian serous carcinomas in our study is compar-
able to those previously reported in.'®*° This
suggests that the lack of sensitivity of WT1 in our
laboratory for mesothelioma is due to an as-yet-
unidentified variable external to our immunohisto-
chemical methodology (eg factors related to tissue
fixation and processing) rather than a problem with
the optimization of the use of the WT1 antibody
itself. From a practical standpoint, this exemplifies
the phenomenon of interlaboratory variability and
demonstrates the utility of developing multiple
potentially interchangeable and redundant markers,
particularly when a panel approach is used for
diagnosis.

As with other currently used immunohistochem-
ical markers of malignant mesothelioma,*"** D2-40
is limited by its performance in areas of sarcomatoid
differentiation. In addition to the reduced frequency

Table 3 D2-40, calretinin, WT1, and cytokeratin 5/6 staining characteristics in selected tumors

n D2-40 positive (%)

Calretinin positive (%)

WT1 positive (%) CK 5/6 positive (%)

Mesothelioma, all subtypes 53 51 (96)
Epithelioid 33 33 (100)
Biphasic 16 15 (94)
Sarcomatoid 4 3 (75)

Pulmonary adenocarcinoma 31 2 (7)

Ovarian serous carcinoma 26 17 (65)°

Renal cell carcinoma, all subtypes 35 5 (14)
Conventional 16 0 (0)
Papillary 13 5 (39)°
Chromophobe 6 0 (0)

51 (96) 29 (55) 43 (83)
33 (100) 19 (58) 29 (91)°
16 (100) 10 (63) 13 (81)
2 (50) 0 (0) 1 (25)
7 (23) 2 (7) 12 (39)
8 (31) 23 (89) 9 (35)
4 (11) 1 (3) 13 (37)
2 (13) 0 (0) 5 (31)
1 (8) 1(8) 7 (54)
1(17) 1 (17) 1(17)

%0ne case of epithelioid mesothelioma was unavailable for cytokeratin 5/6 staining.

ball D2-40-positive ovarian serous carcinomas demonstrated a membranous staining pattern.

®All D2-40-positive papillary renal cell carcinomas demonstrated a cytoplasmic staining pattern.
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of positively staining tumor cells, the interpretation
of D2-40 staining in areas of sarcomatoid growth
is complicated by the loss of the characteristic
membranous staining pattern seen in epithelioid
mesotheliomas and the high level of background
staining present in both benign reactive pleural
tissue and desmoplastic tissue surrounding infiltrat-
ing tumor cells. As a result of these factors, it is
likely that the clinical utility of D2-40 will be mainly
limited to malignant mesothelioma of the epithe-
lioid subtype.

In summary, we report that monoclonal D2-40,
previously described as a selective marker of germ
cells and lymphatic endothelium, is also a novel
marker of cells with a mesothelial phenotype, and
may be useful in the differential diagnosis of
epithelioid malignant mesothelioma vs adenocarci-
noma. The sensitivity and specificity of this anti-
body is comparable or superior to currently
available positive markers of epithelioid malignant
mesothelioma and its inclusion in an immuno-
histochemical panel used to make this diagnosis
may be warranted.
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