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Until recently, the standard approach of most lab-
oratories in distinguishing epithelioid pleural me-
sothelioma from metastatic adenocarcinoma has
been a negative result from a panel of adeno-
carcinoma-associated antibodies. However, several
“mesothelium-associated” antibodies have been
proposed as useful in this situation, and we have
applied four of these putative mesothelioma mark-
ers—thrombomodulin, cytokeratin 5/6, calretinin,
and CD44H—to a series of 61 epithelioid pleural
mesotheliomas and 63 metastatic adenocarcinomas
with known primary sites (lung 5 19; breast 5 21;
ovary 5 6; colon 5 10; kidney 5 4; uterus, epididy-
mis, pancreas 5 1 case each). Of the mesotheliomas,
55 of 61 (90%) stained for thrombomodulin, 56 of 61
(92%) for cytokeratin 5/6, 47 of 51 cases (92%) were
positive for calretinin, and 39 of 43 (91%) were pos-
itive for CD44H. Of the metastatic adenocarcino-
mas, 12 of 63 (19%) cases were positive for throm-
bomodulin, 9 of 63 (14%) were positive for CK5/6,
and 27 of 60 (45%) were positive for CD44H. With
calretinin, only 1 case of 59 (2%) showed positive
nuclear staining. All four antibodies stained reactive
mesothelium; thrombomodulin also stained endo-
thelium; and CD44H variably stained lymphocytes,
macrophages, and fibroblasts. We conclude that all
four antibodies show high sensitivity for epithelioid
mesothelioma, but only calretinin (98%), cytokera-
tin 5/6 (86%), and thrombomodulin (81%) show
sufficient specificity for practical use in this situ-
ation.
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Distinguishing epithelioid pleural mesothelioma
and metastatic adenocarcinoma is notoriously dif-
ficult on histopathologic pattern alone. To resolve
this dilemma, most pathologists have used a com-
bination of histochemical staining for neutral mu-
cins, which is positive in up to 75% of cases of
adenocarcinoma (1), and immunohistochemical
staining using antibodies with high specificity and
sensitivity for adenocarcinoma (2– 4). Therefore,
until recently, most laboratories have accepted that
a negative result from a panel of adenocarcinoma-
associated antibodies, usually taken from BerEP4
(5), CEA (6), AUA1 (7), Bg8 (4), Leu-M1 (8), B72.3
(9 –11), and anti-MOC-31 (12), together with a neg-
ative staining for neutral mucins, indicates me-
sothelioma.

However, several commercially available “meso-
thelium-associated” antibodies have now been re-
ported to stain epithelioid mesotheliomas in
formalin-fixed, paraffin-embedded tissues. These
include thrombomodulin (8, 13–18), calretinin (4,
19 –22), CD44H (23), cytokeratin 5/6 (24, 25), and
HBME-1 (26), but the bulk of recent literature has
indicated that the last of these lacks sensitivity,
suggesting that it has no practical value in this
instance (14 –16, 27, 28). We have therefore limited
our investigation to the application of thrombo-
modulin, cytokeratin 5/6, CD44H, and calretinin to
a series of 61 epithelioid pleural mesotheliomas and
63 adenocarcinomas metastatic to the pleura and
lung to determine their potential as additional
markers in an antibody panel for distinguishing
epithelioid mesothelioma and adenocarcinoma.
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MATERIALS AND METHODS

Sixty-one cases of epithelioid mesothelioma of
the pleura and 63 cases of metastatic adenocarci-
noma were retrieved from the files of the Royal
Brompton Hospital, London, UK, and the Heart
Institute and Clinical Hospital of the School of
Medicine, University of Sao Paulo, Brazil. The diag-
nosis of mesothelioma was based on negative his-
tochemical (diastase-periodic acid-Schiff) and im-
munohistochemical (BerEP4, AUA1, and CEA)
staining in the correct clinical and radiologic con-
text. Of the metastatic adenocarcinomas, 21 derived
from the breast, 19 from the lung, 10 from the
colon, 6 from the ovary, 4 from the kidney, 1 from
the epididymis, 1 from the uterus, and 1 from the
pancreas.

Immunohistochemical analysis was performed
with antibodies to thrombomodulin (Dako, Ely, UK;
1/40 dilution), cytokeratin 5/6 (Boehringer Mann-
heim [Roche], Lewes, UK; 1/100 dilution), calretinin
(Zymed, San Francisco, CA; 1/100 dilution), and
CD44H (Novocastra, Newcastle-upon-Tyne, UK;
1/40 dilution), using a standard avidin-biotin tech-
nique in which the peroxidase label was visualized
with diaminobenzidine. Epitope retrieval was facil-
itated with superheated steam for all four antibod-
ies before application.

Staining for thrombomodulin and CD44H was
considered positive if any number of tumor cells

showed positive membrane staining. Staining for
cytokeratin 5/6 was considered positive if any num-
ber of tumor cells showed cytoplasmic staining.
Both nuclear and cytoplasmic staining were as-
sessed for calretinin. Staining was graded semi-
quantitatively as negative, 1 if between 1 and 10%
of tumor cells stained, 11 if 11 to 50% stained, and
111 if more than 50% stained.

RESULTS

Of the mesotheliomas, 55 of 61 cases (90%) were
positive for thrombomodulin (Fig. 1), 56 of 61 (92%)
were positive for cytokeratin 5/6 (Fig. 2), 39 of 43
(91%) were positive for CD44H (Fig. 3), and 47 of 51
(92%) were positive for calretinin. Staining for cy-
tokeratin 5/6 was graded 111 in 69% (42 of 61),
compared with 61% (31 of 51) for calretinin, 36%
(22 of 61) for thrombomodulin, and 37% (16 of 43)
for CD44H. Conversely, 21% (9 of 43) of cases were
graded 1 for CD44H, compared with 25% (15 of 61)
for thrombomodulin, 14% (7 of 51) for calretinin,
and only 10% (6 of 61) for cytokeratin 5/6 (Table 1).
Staining for calretinin was both nuclear and cyto-
plasmic, with the majority of cases showing equal
or stronger nuclear staining when compared with
cytoplasmic staining (Fig. 4).

Of the metastatic adenocarcinomas, 12 of 63
(19%) were positive for thrombomodulin, 9 of 63
(14%) for cytokeratin 5/6, and 27 of 60 (45%) for

FIGURE 1. Positive membrane staining of mesothelioma for
thrombomodulin. Note the positive staining of endothelium (top left).

FIGURE 2. Positive cytoplasmic staining of mesothelioma for
cytokeratin 5/6.
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CD44H, with all degrees of staining well repre-
sented (Table 1). For calretinin, there was weak to
moderate cytoplasmic staining in 23 of 59 (39%)
cases (Fig. 5), but only 1 of 59 (2%) cases showed
positive nuclear staining.

With regard to the staining pattern of specific
antibodies, cytokeratin 5/6 was positive in 2 of 7
metastatic carcinomas from the female genital
tract, 3 of 10 metastatic colonic carcinomas, but
only 1 of 19 cases of metastatic pulmonary adeno-
carcinoma and 2 of 21 metastatic breast carcinoma.
Furthermore, positive staining was generally
weaker and more focal than in epithelioid mesothe-
liomas, especially in the three positive cases of met-
astatic colonic carcinoma. Staining for thrombo-
modulin was positive in 7 of 19 cases of primary
lung origin and 2 of 4 metastatic renal carcinomas,
but in only 2 of 21 from the breast and in none of
the cases from the other sites. With CD44H, apart
from metastatic breast carcinoma, at least 40% of
tumors from other sites showed positive membrane
staining, many in addition showing cytoplasmic
staining. With calretinin, there was a moderate in-
cidence of cytoplasmic staining in most types of
metastatic adenocarcinoma, although the degree
and intensity of cytoplasmic staining was generally
less than that seen in epithelioid mesotheliomas.
Furthermore, when assessment was limited to pos-
itive nuclear staining, there was only one positive
case (Table 2).

All four antibodies stained reactive mesothelium,
sometimes complicating the distinction of me-
sothelioma from mesothelial hyperplasia. In addi-
tion, calretinin stained stroma in between the tu-
mor cells (Fig. 6). Thrombomodulin consistently
stained endothelium (Fig. 1), and CD44H stained
some leukocytes, especially macrophages and some
fibroblasts. In general, assessment of cytokeratin
5/6 and calretinin was easier than assessment of
CDD44 and thrombomodulin as membrane stain-
ing of tumor cells was sometimes difficult to distin-
guish from adjacent inflammatory cells and vascu-
lar channels.

DISCUSSION

Thrombomodulin is a surface glycoprotein in-
volved in the regulation of intravascular coagula-
tion. It has been reported in a variety of tumors and
has been recommended for distinguishing epithe-
lioid mesotheliomas from metastatic adenocarci-
nomas, although its sensitivity has variably been
reported as between 52 and 100% and its specificity
as between 30 and 94% (8, 13–18). We found it to
have a sensitivity of 90% and a specificity of 81%.
Most false-positive cases in our series were adeno-
carcinomas derived from either lung or kidney (37%
and 50%, respectively), compared with only 8% of
carcinomas from other sites. The reason for this is
unknown, but it may relate to its variable expres-
sion in different types of normal epithelium and
types of lung cancer other than adenocarcinoma
(29 –32), and the known heterogeneity of non–small
cell lung cancer (33).

CD44H is a transmembrane glycoprotein that
acts as a major cell receptor for hyaluronic acid and
is thought to play a role in cell adhesion. It is widely
expressed by hemopoietic cells and some other me-
sodermal cells. One study reported it showing 85%
specificity and 75% sensitivity for mesothelioma
when compared with adenocarcinomas (23), al-
though another study showed positive staining in
10 of 14 non–small cell carcinomas of the lung (34).
We obtained 91% sensitivity but only 55% specific-
ity, with positive staining in adenocarcinomas from
all sites.

The use of cytokeratin 5/6 as a putative marker is
based on the relatively select expression of cytoker-
atin 5 in mesothelial cells, when compared with
adenocarcinomas (35, 36). Blobel et al.(35) sug-
gested in 1985 that cytokeratin 5 was useful in dif-
ferentiating epithelioid mesotheliomas from pul-
monary carcinomas, but until recently, this
antibody was limited to frozen tissues. However,
with heat retrieval, Clover et al.(24) reported 100%
sensitivity and 85% specificity. Ordonez (25) also
found 100% sensitivity and 85% specificity, com-

FIGURE 3. Positive membrane staining of mesothelioma for CD44H.

Mesothelium-Associated Antibodies (P.M. Cury et al.) 109



pared with our figures of 92% sensitivity and 86%
specificity.

Calretinin is a 29-kDa protein that belongs to a
family of calcium-binding proteins and that is
strongly expressed in both neural tissues and cer-
tain non-neural cell types, including mesothelium
(37). Its exact function is unknown, but it has been
suggested that it is involved in the regulation of cell
cycles (38). Sensitivity varying between 42 and
100% and specificity over 90% are reported for ep-
ithelioid mesotheliomas when compared with met-
astatic adenocarcinomas. The variation in the sen-
sitivity may partly be explained by the use of
different antibodies (4), and our high sensitivity was
attained with the preferred antibody recommended
by Ordonez, after his comparison of commercially
available antibodies to calretinin (21). With regard
to specificity, weak to moderate cytoplasmic stain-
ing for calretinin frequently was observed in meta-

static adenocarcinomas, but when the assessment
was limited to nuclear staining, the specificity rose
from 61% to 98%, there being only 1 positive ade-
nocarcinoma out of 59 cases.

Although results for calretinin, cytokeratin 5/6,
and thrombomodulin are promising, it should be
noted that because all of these epitopes are ex-
pressed by reactive mesothelium, they do not dis-
tinguish malignant from reactive mesothelial hy-
perplasia. In addition, thrombomodulin stains
endothelium (30), and it is sometimes difficult to
distinguish tumor from blood vessel; CD44H stains
lymphocytes, macrophages, and fibroblasts as well
as mesothelial cells, making assessment difficult in
fibrotic and inflammatory specimens. Note also has
to be taken of recent reports that calretinin is ex-
pressed by colonic carcinomas, especially those
that are poorly differentiated, although this was
with a different commercially available antibody

TABLE 1. Expression of Mesothelioma-Associated Antibodies in Epithelioid Pleural Mesotheliomas and Metastatic

Adenocarcinomas to the Pleura

Thrombomodulin Cytokeratin 5/6 CD44H
Calretinin

(Cytoplasmic)
Calretinin (Nuclear)

0 1 11 111 0 1 11 111 0 1 11 111 0 1 11 111 0 1 11 111

Mesothelioma 6 15 18 22 5 6 8 42 4 9 14 16 4 7 9 31 4 7 9 31
total: 55/61 (90%) total: 56/61 (92%) total: 39/43 (91%) total: 47/51 (92%) total: 47/51 (92%)

Adenocarcinoma 51 5 5 2 54 5 1 3 33 6 13 8 36 4 8 11 58 1 0 0
total: 12/63 (19%) total: 9/63 (14%) total: 27/60 (45%) total: 23/59 (39%) total: 1/59 (2%)

0, negative; 1, 1 to 10%; 11, 11 to 50%; 111, .50%.

FIGURE 4. A case of epithelioid mesothelioma showing both nuclear
and cytoplasmic staining for calretinin.

FIGURE 5. A case of colonic adenocarcinoma metastatic to the
pleura showing cytoplasmic staining only for calretinin.
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from the one used in our study (39). Together with
the high incidence of thrombomodulin in pulmo-
nary adenocarcinomas in our study and the high
incidence of cytokeratin 5/6 in ovarian carcinomas
in other series (25), this indicates a need for greater
characterization of these antibodies. Also, our study
was limited to distinguishing pleural mesothelioma
from adenocarcinoma and not from other types of
carcinoma, as cytokeratin 5/6 is usually positive in
squamous cell carcinomas and transitional cell car-
cinomas (25, 36). None of these antibodies is totally
specific, and results obtained with them should be
assessed only in the context of the clinical and
routine histopathologic features.

Despite these reservations, we conclude that all
four antibodies have similar sensitivities (90 to
92%), with nuclear staining for calretinin (98%)
showing high specificity. Cytokeratin 5/6 (83%) and

thrombomodulin (81%) are also reasonably spe-
cific, but CD44H (52%) seems insufficient for prac-
tical use. Of cytokeratin 5/6 and thrombomodulin,
the former is somewhat easier to assess because of
its cytoplasmic rather than membrane staining.
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