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Summary

Purpose: The morphology of the epithelioid malig-
nant mesothelioma (MM) of the pleura is similar to lung
adenocarcinoma involving pleura. The aim of this study
was to evaluate the value of immunohistochemistry in the
accurate diagnosis of MM, especially of the epithelioid
type with needle biopsy of the pleura.

Materials and methods: The diagnosis of MM was
established with pleural needle biopsy and tumor immu-
nophenotyping in 30 patients. A broad spectrum of mon-
oclonal antibodies was applied: HBME-1, E-cadherin,
calretinin, cytokeratin 5/6, vimentin, thyroid transcrip-
tion factor (TTF-1) and surfactant apoprotein A (SP-A).

Results: We diagnosed 24 epithelioid, 2 biphasic
and 4 sarcomatoid MM. HMBE-1 was the most sensitive

tumor marker of the epithelioid type, being positive in
100% of the cases. Calretinin, E-cadherin and cytokera-
tin 5/6 were positive in 70%, 73%, and 50% of all tumors,
respectively. TTF-1 and SP-A were negative in all MM.
Vimentin was positive in spindle cells of all sarcomatoid
and biphasic MM (20%).

Conclusion: The accurate diagnosis of MM is man-
datory for appropriate treatment decision (surgical or
nonsurgical). Our results demonstrate that HMBE-1 is a
most useful diagnostic antibody for epithelioid MM, and
TTF-1 for lung adenocarcinoma (its thyroid origin ex-
cluded) involving pleura.
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Introduction

Before the era of immunohistochemistry histo-
logical diagnosis of MM was frequently dependent on
clinical and radiological findings. MM is classified by
the current WHO classification into epithelioid, sarco-
matoid, and biphasic type, according to morphologic
and immunophenotypic pattern [1]. The differential di-
agnosis between the epithelioid type of MM and lung
adenocarcinoma involving pleura is a known problem,

as well as it is between the sarcomatoid type and ex-
tensive pleural fibrosis, or metastatic sarcoma, espe-
cially in samples taken by percutaneous pleural needle
biopsy. The morphology of epithelioid MM and lung
adenocarcinoma is similar. The epithelioid type shows
mostly tubulo-papillary pattern composed of well-dif-
ferentiated, uniform cuboidal cells with acidophilic cy-
toplasm and less pleomorphic nuclei with prominent
nucleoli. Some cuboidal cells contain vacuoles mim-
icking adenocarcinoma. Extensive fibrosis, sometimes
with numerous blood vessels, is present among neo-
plastic epithelioid cells. The sarcomatoid pattern is char-
acterized by spindle-shaped cells with nuclear pleo-
morphism and mitoses, sometimes associated with ex-
tensive fibrosis and desmoplastic pattern.

Nowadays, immunohistochemistry has resolved
most of the aforementioned dillemas; as one antibody
does not show absolute specificity and sensitivity for
either tumor, a panel of antibodies must be applied in
diagnosing MM. Our study was carried out in order
to assess the diagnostic value of immunohistochem-
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istry in MM by defining a standard panel of available
commercial monoclonal antibodies according to the
literature and our abilities.

Materials and methods

The histological diagnosis of MM was estab-
lished on tissue samples of the pleura obtained by
percutaneous needle biopsy and pleuroscopy from 30
patients. All of them had clinical and radiological ev-
idence of pleural tumor: multinodular or diffuse growth
of the pleural surface, with or without infiltration of
the pulmonary tissue, lung atelectasis and pleural ef-
fusion.

Immunohistochemical staining

Immunohistochemical staining was performed
on 4 µm thick sections cut from formalin-fixed, par-
affin wax-embedded tissue, using microwave antigen
retrieval and a standard streptavidin-biotin based-tech-
nique. A panel of monoclonal antibodies was selected
according to the tumor morphology: epithelioid type
was stained by mesothelial cell antibody (HBME-1),
calretinin, E-cadherin and cytokeratin 5/6, and sarco-
matoid and biphasic type by vimentin. TTF-1 and SP-
A were used to exclude adenocarcinoma of the lung.
Dilution rates of primary antibodies were carried out
according to the manufacturers� instructions or the
literature [2]. Negative and positive controls were
added in each test. Diffuse and local cytoplasmic,
membrane, and nuclear staining was labelled as pos-
itive reaction [2].

Results

We diagnosed 30 MMs applying immunohis-
tochemistry, including 24 cases of epithelioid, 4 of
sarcomatoid, and 2 of biphasic type, according to the
WHO classification.

The overall incidence of the immunopositivity
of the various antibodies used in 30 MMs is present-
ed in Figure 1.

The most sensitive monoclonal antibody was
HBME-1. It was expressed in all cases of the epithe-
lioid type MM, differentiating it from lung adenocar-
cinoma involving pleura (Figure 2). In the whole se-
ries this marker was positive in 83% of the cases.
One of 2 biphasic MMs also exhibited HBME-1 im-
munostaining. The other one was HBME-1-immu-
nonegative, both in needle biopsy samples and in op-

erative tissue after pleuropneumonectomy; its nature
was confirmed by calretinin, E-cadherin and cytok-
eratin 5/6 immunopositivity. Four sarcomatoid MMs
reacted in the same way.

Calretinin was immunopositive in 21 epitheloid
and in 2 biphasic MM, ie. in 77% of all cases. Fifteen
pleural biopsies of all 3 types of MMs exhibited cy-
tokeratin 5/6 staining in 50%.

E-cadherin was positive in 22 (91%) epithelioid
MMs, and in 73% overall. It manifested as membrane
staining, which excluded adenocarcinoma.

Vimentin was positive in the cytoplasm of pleo-
morphic spindle cells in 4 sarcomatoid and in 2 bipha-
sic MMs (20%).

TTF-1 was not expressed in the nuclei of MM
cells; this finding along with SP-A negativity exclud-
ed lung adenocarcinoma.

Pleuropneumonectomy was performed in 6 op-
erable cases according to the clinical stage (Figure 3).
Histological findings in the postoperative biopsies were
the same as in needle biopsy material which confirmed
the preoperative diagnosis of MM in all cases.

Discussion

MM of the pleura and pleural carcinomatosis
share similar clinical manifestations of tumor spread
in a form of diffuse, multinodular growth on pleural
surface, with or without pleural effusion. Histologi-
cally, there are difficulties in distinguishing MM from
lung adenocarcinoma involving pleura in H&E sec-
tions of percutaneous and pleuroscopic needle biop-
sy. Both tumors have a similar tubulopapillary pat-
tern. The differentiation is possible only with the use
of immunohistochemistry.

The panel of various antibodies used was de-
signed according to the ability of the antibody to dif-

Figure 1. Immunoreactivity of the tested antibodies in malig-
nant mesothelioma.
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ferentiate between an adenocarcinoma, especially of
lung origin, and MM, and taking into consideration
that no single antibody is of absolute and high sensi-
tivity or specifity to determine the kind of a given tu-
mor and its origin [3].

The mesothelial cell antibody HBME-1 is a help-
ful antibody, characteristically present on the mem-
brane of the mesothelial cells. It gives a specific thick
membrane pattern. HBME-1 also shows reactivity in
adenocarcinoma cells of the kidney, ovary, pancreas
and thyroid gland, but usually with cytoplasmic stain-
ing [4-6]. In our study HBME-1 was completely reli-
able in diagnosing the epithelioid type of MM by spe-
cific, thin, linear immunostaining under apical mem-
brane of mesothelial cells. It was highly sensitive,
positive in 96% of the cases, more than in the study
of Abutaily et al. (63%) [4].

Immunohistochemically, MM cells showed
strong positivity for calretinin. This antibody is ex-
pressed in about 80% of epithelioid MMs [5,7,8], which
is comparable to our findings (70%). Calretinin is lo-
calized in the cytoplasm and the nuclei, and does not
react with normal and reactive mesothelial cells. It
can also be positive in about 6% of adenocarcino-
mas, showing cytoplasmic staining [5,7,8].

Cytokeratin 5/6 is also sensitive in MM cells,
exhibiting pericellular and cytoplasmic staining in 72%
of the cases; it is also expressed in 6% of adenocar-
cinomas in the same pattern [9]. This antibody was
not of much diagnostic significance in our series, be-
ing positive only in 50% of the cases, less than in
other reports [4,9]. But the high rate of cytokeratin 5/
6 immunoexpression in epithelioid MM, and the low
rate in adenocarcinoma makes this antobody useful
for differential diagnosis [9].

Figure 2. a) Epithelioid type of malignant mesothelioma is dif-
ficult to distinguish from lung adenocarcinoma (H&E ×20). b)
HBME-1 immunopositivity in epithelioid malignant mesothe-
lioma (×40). c) Lung carcinoma involving pleura (H&E ×20).
Figure 2a and 2b come from the same patient.

Figure 3. Malignant mesothelioma: diffuse, nodular thickening
of costal pleura; right pleuropneumonectomy.
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Mesothelial cells sometimes express E-cadherin.
It is a sensitive cell membrane antibody, seen in 22%
of epithelioid MMs, and in 100% of adenocarcino-
mas [4,10,11]. In the latter, the staining pattern is more
strong and consistent than in MM cells. If E-cadherin
is negative, a tumor cannot be adenocarcinoma
[4,10,11]. E-cadherin was immunoexpressed in 73%
of our cases of MMs as a membrane antibody.

Vimentin labels mesenchymal cells. In MM, vi-
mentin is localized in pleomorphic spindle cells of the
mesenchymal component in the biphasic and sarco-
matoid types [12,13]. It can also be coexpressed with
cytokeratin in normal mesothelial cells as a sign of
their immaturity. Vimentin positivity was associated
with the sarcomatous component in 2 biphasic and 4
sarcomatoid MMs of our series.

TTF-1 is a specific marker for lung adenocarci-
noma, if its thyroid origin is excluded. As a nuclear
staining, it is positive in 100% of lung adenocarcino-
mas, as well as in neuroendocrine lung tumors. TTF-
1 is never expressed in MM [14-16], a finding corre-
sponding with our results.

SP-A is demonstrated in lung adenocarcinomas
and bronchioloalveolar carcinomas. In adenocarcino-
ma it displays mostly cytoplasmic staining pattern, less
membranic. If positive in MMs, it shows a membran-
ic staining. In some cases, TTF-1 and SP-A, together
with E-cadherin, are able to establish the diagnosis of
adenocarcinoma of lung origin [4,17]. No MM in our
series exhibited SP-A.

In conclusion, HMBE-1 is a diagnostic antibody
for the epithelioid type of MM, and TTF-1 for lung
adenocarcinoma involving pleura (excluding thyroid
carcinoma). No single antibody is of absolute and high
sensitivity to determine the precise diagnosis of MM
and to differentiate between MM and adenocarcino-
ma, or sarcoma [18,19]. It is necessary to apply a broad
spectrum of antibodies to diagnose a pleural tumor.

References

1. Travis WD, Colby TV, Corrin B, Shimosato Y, Brambilla E.
Histological typing of lung and pleural tumours. Mesothe-
lial tumours. World Health Organisation International His-
tological Classification of Tumours (3rd edn). Berlin, Spring-
er, 1999, pp 51-54.

2. Taylor CR, Cote RJ (eds). Immunomicroscopy: A diagnos-
tic tool for the surgical pathologist (2nd edn). Philadelphia,
WB Saunders, 1994, pp 12-32.

3. Dabbs DJ (ed). Diagnostic immunohistochemistry; pleural

neoplasms. Philadelphia, Churchill Livingstone, 2002, pp
285-305.

4. Abutaily AS, Addis BJ, Roche WR. Immunohistochemis-
try in the distinction between malignant mesothelioma and
pulmonary adenocarcinoma: a critical evaluation of new
antibodies. J Clin Pathol 2002; 55: 662-668.

5. Oates J, Edwards C. HBME-1, MOC-31, WT1, and calre-
tinin: as assessement of recently described markers for
mesothelioma and adenocarcinoma. Histopathology 2000;
36: 341-347.

6. Ordóñez NG. Value of antibodies 44-3A6, SM3, HBME-1
and trombomodulin in differentiating epithelial pleural me-
sothelioma from lung adenocarcinoma: a comparative study
with other commonly used antibodies. Am J Surg Pathol
1997; 21: 1399-1408.

7. Ordóñez NG. Value of calretinin immunostaining in differ-
entiating epithelial mesothelioma from lung adenocarcino-
ma. Mod Pathol 1998; 11: 929-933.

8. Doglioni C, Dei Tos AP, Laurino L et al. Calretinin: a novel
immunocytochemical marker for mesothelioma. Am J Surg
Pathol 1996; 20: 1037-1046.

9. Ordóñez NG. Value of cytokeratin 5/6 immunostaining in
distinguishing epithelial mesothelioma of the pleura from
lung adenocarcinoma. Am J Surg Pathol 1998; 22: 1215-
1221.

10. Han AC, Filstein MR, Hunt JV et al. N-cadherin distin-
guishes pleural mesotheliomas from lung adenocarcinomas:
immunocytochemical study. Cancer 1999; 87: 83-86.

11. Han AC, Peralta-Soler A, Knudsen KA et al. Differential
expression of N-cadherin in pleural mesotheliomas and E-
cadherin in lung adenocarcinomas in formalin-fixed, paraf-
fin- embedded tissue. Hum Pathol 1997; 28: 641-645.

12. Churg A. Immunohistochemical staining for vimentin and
keratin in malignant mesothelioma. Am J Surg Pathol 1985;
9: 360-365.

13. Jasani B, Edwards RE, Thomas ND et al. The use of vi-
mentin antibodies in the diagnosis of malignant mesothe-
lioma. Virchows Arch 1985; 406: 441-448.

14. Ordóñez NG. Thyroid transcription factor-1 is a marker of
lung and thyroid carcinoma. Adv Anat Pathol 2000; 7: 123-
127.

15. Marson VJ, Mazieris J, Groussard O et al. Expression of
TTF-1 and cytokeratins in primary and secondary epithe-
lial lung tumors: correlation with histological type and grade.
Histopathology 2004; 45: 125-134.

16. Stenhouse G, Fyfe N, King G, Chapman A, Kerr KM.
Thyroid transcription factor 1 in pulmonary adenocarcino-
ma. J Clin Pathol 2004; 57: 383-387.

17. Ordóñez NG. The immunohistochemical diagnosis of me-
sothelioma: differentiation of mesothelioma from adeno-
carcinoma. Am J Surg Pathol 1989; 13: 276-291.

18. Brockstedt U, Gulyas M, Dobra K et al. An optimized
battery of eight antibodies that can distinguish most cases
of epithelial mesothelioma from adenocarcinoma. Am J Clin
Pathol 2000; 114: 203-209.

19. Brown RW, Clark GM, Tandon AK et al. Multiple marker
immunohistochemical phenotypes distinguishing malignant
pleural mesothelioma from adenocarcinoma. Hum Pathol
1993; 24: 347-354.


