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ABSTRACT
Background: Malignant pleural mesothelioma (MPM) is a fatal tumor that
originate from the mesothelial cells. Sometimes, it is difficult to be diagnosed based
on morphology alone as reactive mesothelial hyperplasia (RMH) and some
metastatic carcinomas may be confused with mesothelioma . Our study aims to
adjust diagnostic value of BRCA1 “Breast Cancer gene” associated protein-1
(BAP1), Programmed Cell Death4 (PCD4), and Epithelial membrane antigen
(EMA) in differentiation of malignant mesothelioma (MM) from reactive
mesothelial hyperplasia (RMH) by immunohistochemistry (IHC).
Methods: This retrospective study, include 60 patients, was carried out in Chest
and Pathology Departments of Zagazig University from October 2016 till August
2020. The expression levels of BAP1, PCD4 and EMA were investigated using
cytological analysis compared with cell block method in all cases of MPMs and
RMH.
Results: BAP1loss was detected in cases of malignant mesothelioma confirmed by
cytology in 19 out of 20 patients with sensitivity of 95%, specificity 92.5%. PCD4
was positive in 39 out of 40 patients of RMH and can diagnose reactive
mesothelioma with sensitivity of 85.7% and specificity 100%. EMA was positive
95% in MM confirmed by cytology and can diagnose malignant mesothelioma with
a sensitivity of 95% and specificity 97.5%.
Conclusions: Cell block method increases the sensitivity of diagnosis in cases that
were recorded as reactive mesothelial hyperplasia by conventional cytological
smears. BAP1 loss, negative PCD4 and positive EMA immunostaining can
differentiate and diagnose MM from RMH with improved diagnostic accuracy.
Keywords: BAP1; PCD4; EMA; Malignant mesothelioma; Diagnosis

INTRODUCTION

I\/I alignant pleural mesothelioma (MPM) is

a fatal tumor that originate from the
mesothelial cells; the incidence of disease
increased in last years. According to registry of
the Egyptian National Cancer Institute (NCI)
2020, MPM constitute 0.1% and 0.17% of
cancers among male and females respectively
[1].
The diagnosis of MPM is vague on morphology
alone, atypical reactive mesothelial hyperplasia
and some metastatic carcinomas may be

confused with mesothelioma [2]. Most patients
about 54-89% presented with pleural effusion.
Identification of benign or malignant
mesothelial cells in pleural fluid smear cytology
is essential for the treatment [3].

Use of IHC markers with cytological smear
contributed to increase of diagnostic accuracy.
Fluid cytology and immunocytology on cell
block is being essential for detection of MPM in
problematic cases [4]. The molecular pathways
involved in MPM are still unidentified regarding
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gene alteration that triggers tumor genesis and
progression [5].
BAP1 [BRCA1-associated protein 1] is a tumor
suppressor gene involved in gene expression,
transcription and DNA repair. BAP1 mutations
are initial step for the development of MM.
BAP1 mutations have been recorded in 23 - 81%
MM and it increased especially in cases of
epithelioid MM [6]. Germ line BAP1 mutations
occur in 2% of MM patients [7].
Programmed Cell Death 4 (PDCDA4) is an onco-
suppressor gene whose expression is frequently
altered in cancer. PDCD4 plays its role by
affecting both mRNA transcription and
translation [8].
PDCD4 suppress many oncoproteins by
interfering the activity of eukaryotic initiation
factors 4A and 4G (elF4A, elF4G) and interact
with the INK/c-Jun/AP-1 pathway implicated in
gene transcription. Decreased nuclear PDCD4
expression is a marker for malignant
transformation [9]. PCD4 had been used to
distinguish MPM from benign mesothelial
conditions [10]
Epithelial membrane antigen (EMA) is a
glycoprotein found in the Golgi apparatus of
human milk fat membrane. It can promote
invasion of extracellular matrix by malignant
cells [11].
Our study aims to adjust diagnostic value of
BRCA1  associated protein-1  (BAP1),
Programmed Cell Death (PCD4) and Epithelial
membrane antigen (EMA) in differentiating
malignant mesothelioma (MM) from reactive
mesothelial hyperplasia (RMH) by
immunohistochemistry (IHC).

METHODS
Study design
Retrospective cohort study was run over a period
of 34 months, from October 2016 till August
2020.1t was carried out in Chest and Pathology
Departments of Zagazig University, Zagazig,
Egypt. Cases were collected from archive of
Pathology. Written informed consent was
obtained from all participants, the study was
approved by the research ethical committee of

Faculty of Medicine, Zagazig University. The
study was done according to The Code of Ethics
of the World Medical Association (Declaration
of Helsinki) for studies involving humans.
Methods

This study included 60 accessible patients of
exudative pleural effusion, from those admitted
to chest and oncology departments. The Full
clinical medical history and a detailed clinical
examination was done for all patients, routine
hematological investigations: complete blood
picture, liver, kidney function tests, erythrocyte
sedimentation rate (ESR), prothrombin time
concentration, partial thromboplastin time,
fasting and 2 h postprandial blood glucose.
Radiology was done using plain chest
radiography: posteroanterior and lateral views in
addition to chest ultrasonography. Conventional
contrast enhanced computed tomography.
Pleural fluid aspiration (pleural fluid was
aspirated from the patients and sent for full
pathological, chemical, bacteriological,
adenosine deaminase (ADA) according to
Weinberger et al [12].

Cytological examination of pleural fluid
specimen from every patient with an exudative
pleural effusion, which is suspected to be
mesothelioma should be sent for cell block [13].
Inclusion criteria include cellular smears with
suspected mesothelioma.

Exclusion criteria include, other variants of
mesothelioma, metastatic lung adenocarcinoma
and cytology specimens were excluded if cell
count was not satisfactory

The confirmation of MM diagnosis was through
IHC stains as calretinin, WT-1, CK5/6, CK7 and
20, TTF and desmin. All the patients were
associated with clinical and radiological features
diagnosed as MM.

Preparation for cell block

Fluid intended for CB was subjected to fixation
for 1 h by adding 5ml of 10% alcohol-formalin
for one hour then fluid was centrifuged 15 min,
the sediment was put on a filter paper and
processed as routine histopathological specimen
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in which 4-um section from each submitted
paraffin block specimens stained by H&E [18].
Immunohistochemical smears preparation
Stained smear preparations incubated with
antihuman BAP1(rabbit polyclonal, ab245391,
diluted 1/100, Abcam), Anti-PCD4(mouse
monoclonal ab9G6, diluted 1/100, Abcam) and
antiEMA (mouse monoclonal ab546-2, diluted
1:200, Abcam). Antibody binding was detected
by Dako’s HRP Envision Kit (Dako Cytomation,
Denmark) and then  visualized with
3,3’diaminobenzidine and counterstained with
Mayer’s hematoxylin.
Inflammatory cells acted as positive control for
BAP1.Normal human tonsil tissue was used as
positive control for PCD4 and positive control
for EMA was breast carcinomas.
Interpretation of immunohistochemical
staining
BAP1 was recorded as negative if the nuclear
staining was totally absent in all the cells, and
positive if at least 50% of the atypical
mesothelial cells showed nuclear immune
staining [15]
For PCD4 evaluation: Negative if cells show no
staining and weak positive if <30 of cells shows
immunostaining [16].
As regards EMA evaluation; it considered
negative if cells show no staining, focal/weak
positive if there was (<20%) scattered cells that
showed membranous staining pattern [17].
Statistical analysis
Data analysis was performed using the software
SPSS (Statistical Package for the Social
Sciences) version 20. using their means and
standard deviations were described for
quantitative variables. Absolute frequencies of
categorical variables were described. Kappa
Cohen coefficient was used to measure interrater
reliability between biopsy and cytology.
Medcalc software was used to calculate
performance of each marker in identifying
nature of mass. Statistical significance was set at
5% (P<0.05).

RESULTS
Clinicopathological characteristics

The study was conducted on 60 patients among
them 35 were males and 25 were females, with a
mean age of 54.2 + 10.91 years. Malignant
mesothelioma as evident in 33.3% of patients by
cytology, which increased to 68.3% on doing
cell block. BAP1 loss, EMA and PCD4 were
evident in 36.7%, 33.3% and 30% of patients
respectively (Tablel.Fig 1,2).
Immunohistochemical results

BAP1 loss was detected in malignant
mesothelioma in 19 out of 20 patients confirmed
by cytology and 20 out of 21 confirmed by cell
block. Absence of BAP1 loss excludes reactive
mesothelial cells in 37 out of 40 patients
confirmed by cytology. However, it was absent
in 37 out of 39 patients with reactive
mesothelioma by cell block. BAP1 loss can
diagnose malignant mesothelioma (compared to
cytology) with a sensitivity of 95%, specificity
92.5%, PPV 86.4%, NPV 97.4% and accuracy
93.3%. BAP1 loss can diagnose malignant
mesothelioma (compared to cell block) with a
sensitivity of 95.2%, specificity 94.9%, PPV
90.9%, NPV 97.4% and accuracy 95%. There is
almost perfect agreement between BAPL1 loss
and detection of mesothelioma by each of
cytology and cell block (Table 2. Fig 3,4).
Negative PCD4 present in  malignant
mesothelioma in 17 out of 20 patients confirmed
by cytology and 18 out of 21 confirmed by cell
block. Presence of PCD4 rule out reactive
mesothelial cells in 39 out of 40 patients
confirmed by cytology and 39 out of 39
confirmed by cell block. Negative PCD4 can
diagnose malignant mesothelioma (compared to
cytology) with a sensitivity of 85%, specificity
97.5%, PPV 92.9%, NPV 94.4% and accuracy
93.3%. Positive PCD4 can diagnose reactive
mesothelial cells (compared to cell block) with
85.7% sensitivity, 100% specificity, 100%PPV,
92.9% NPV and 95%accuracy. There is
substantial agreement between PCD4 (positive)
and detection of reactive mesothelioma by each
of cytology and cell block (Table 3. Fig 5,6).
EMA detects malignant mesothelioma in 19 out
of 20 patients confirmed by cytology and 20 out
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of 21 confirmed by cell block. Absence of EMA
excludes reactive mesothelial cells in 39 out of
40 patients confirmed by cytology and all those
confirmed by cell block. EMA can diagnose
malignant mesothelioma (compared to cytology)
with a sensitivity, specificity, PPV, NPV and
accuracy 95%, 97.5%, 95%, 97.5% 96.7%
respectively. Absent EMA can diagnose reactive
mesothelial cells (compared to cell block) with a

95.2% sensitivity 100%specificity, 100% PPV,
97.5% NPV and 98.3% accuracy. There is
almost perfect agreement between EMA
(positive) and detection of mesothelioma by
each of cytology and cell block (Table 4. Fig 7).
There is statistically significant perfect
agreement between cytology and cell block in
malignant mesothelioma diagnosis (Table 5).

Table 1: Clinicopathological data of the studied patients

Data N=60
Age (year):

Mean = SD 54.2 £10.91
Range 38-70
Gender:

Male 35
Female 25
Result of cell block:

Reactive 40
Malignant 20
Result of cytology:

Reactive 41
Malignant 19
BAP1 loss:

Positive 22
Negative 38
EMA

Positive 20
Negative 40
PCD4.

Positive 18
Negative 42

%

58.3
41.7

66.7
33.3

68.3
31.7

36.7
63.3

33.3
66.7

30
70
Table 2: Performance of BAP1 loss in diagnosis of malignant mesothelioma in comparison to result of
cytology and biopsy.

BAP1loss  Mesothelioma by cytology Mesothelioma by cell Total
block
Malignant  Reactive Malignant  Reactive
Positive 19 3 20 2 22
Negative 1 37 1 37 38
Total 20 40 21 39 60
Cytology Cell block
Sensitivity  95% 95.2%
Specificity  92.5% 94.9%
PPV 86.4% 90.9%
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NPV 97.4%

Accuracy 93.3%

Kappa 0.854  (almost
agreement)

97.4%
95%
perfect 0.889 (almost perfect agreement)

Table 3: Performance of PCD4 in diagnosis of reactive mesothelioma in comparison to result of
cytology and biopsy
Mesothelioma by cytolog

Mesothelioma by cell block Total

Malignant  Reactive
Positive 3 =
Negative 17 1
Total 20 40
Cytology
Sensitivity  85%
Specificity  97.5%
PPV 92.9%
NPV 94.4%
Accuracy 93.3%
Kappa

Malignant  Reactive

3 39 42
18 0 18
21 39 60
Cell block

85.7%

100%

100%

92.9%

95%

0.69 (substantial agreement) 0.723 (substantial agreement)

Table 4: Performance of EMA in diagnosis of malignant mesothelioma in comparison to result of
cytology and biopsy.
Mesothelioma by ¢

Mesothelioma by cell block Total

Malignant  Reactive
Positive 19 1
Negative 1 39
Total 20 40
Cytology
Sensitivity  95%
Specificity  97.5%
PPV 95%
NPV 97.5%
Accuracy 96.7%
Kappa 0.886  (Almost
agreement)

Malignant  Reactive

20 0 20
1 39 40
21 39 60
Cell block

95.2%

100%

100%

97.5%

98.3%

perfect 0.923 (Almost perfect agreement)

Table 5: Agreement between cytology and biopsy in diagnosis of malignant mesothelioma

Cytology

Reactive

Malignant
*p<0.05 is statistically significant

Cell block Test

Reactive Malignant Kappa p

N= (%) N= (%)

40 (97.6) 0 (0) 0.962 0.038*
1(2.4) 19 (100)
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Fig 1: Cell block from reactive mesothelial cell hyperplasia (H&Ex100).
Fig 2: Cell block from malignant mesothelioma epithelioid type (H&Ex400).
Fig 3: Cell block showing nuclear staining of BAP1 in reactive mesothelial cells (immuneperoxidase

x400).

Fig 4: Cytological smear of MM with loss of BAP1 nuclear staining (immuneperoxidase x400).
Fig 5: Cell block of reactive mesothelial hyperplasia showing positive PCD4 immunestaining (immune

peroxidase x100).

Fig 6: Cytological smear Low expression of PCD4 immunostaining in malignant mesothelioma (immune

peroxidase x400).

Fig 7: Cytological smear showing strong membranous EMA staining in malignant mesothelioma

(immune peroxidase x400).
DISCUSSION

We found that BAP1 loss was detected in
malignant mesothelioma confirmed by cytology
in 19 out of 20 patients with sensitivity of 95%,
specificity 92.5%. PCD4 was positive in 39 out
of 40 patients of RMH confirmed by cytology
and can diagnose reactive mesothelioma with a
sensitivity of 85 % and specificity 97.5%. EMA
was positive 95% in MM confirmed by cytology
and can diagnose malignant mesothelioma with
a sensitivity of 95%, specificity 97.5%. There is
almost perfect agreement between both BAP1
loss and positive EMA in detection of
mesothelioma by each of cytology and cell
block.

The cytomorphological features found in MPM
, reactive mesothelial cells hyperplasia and

metastatic carcinoma usually overlap, so
guidelines  for malignant  mesothelioma
International by Academy of Cytology and the
Papanicolaou Society of Cytopathology [19]
including cytomorphological criteria as: (1)
highly cellular sample; (2) Larger mesothelial
cells (3) molules with a scalloped surface; (4)
acidophilic extracellular matrix cores; (5) large
nucleoli; (6) cell membrane protrusion ; (7)
multinucleated giant cells; and (8) vacuoles
overlapping nuclei .

BAP1 mutations were detected in some
melanocytic tumors, breast, lung, and renal cell
carcinomas. [20]. Reported cases of
mesothelioma (48.8%) showed a loss of nuclear
BAP1 expression. In contrast, all RMC showed
nuclear BAP1 expression. [21].
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In our current study, BAP1 loss was positive in
19 out of 20 patients confirmed by cytology in
cases of MM. Near results to our results was
given by studies by Cigognetti et al. [20]. Hwang
et al. [22] and Onder et al. [24] also reported
similar findings.

Results were consistent with studies by Hwang
et al. [22] and Sheffield et al. [23] who reported
that BAP1 loss was more in epithelioid variant
of mesothelioma.

This study showed BAP1 IHC in cytological
samples had a sensitivity of 95 %, specificity
92.5 %, PPV 86.4%, NPV 97.4% and accuracy
93.3%. With cell block had a sensitivity of 95%,
specificity 94.9%, PPV 90.9 %, NPV 97.4% and
accuracy 95 % respectively. These results were
close to that obtained in a study by Onder et al.
[24].

PDCD4 can inhibit the translation of several
oncoproteins by suppression elF4A and elFAG
factors. In addition, it can affect gene
transcription by interacting with the JNK/c-
Jun/AP-1 pathway down-regulation and this is
correlated with tumor progression in different
tumors of thyroid, colon, esophagus and ovary
[25].

Our study showed PCD4 expression of 20 % of
cases of mesothelioma and in 19 out of 20
reactive mesothelial cells confirmed by cytology
and 19 out of 19 confirmed by cell block.

This study showed that PCD4 IHC results in
cytological samples with sensitivity, specificity,
PPV NPV and accuracy tests were 85 %, 97.5 %,
92.9%, 94.4% and 93.3% respectively.
Meanwhile, with cell block the sensitivity was
85.7%, specificity 100 %, PPV 100 %, NPV 92.9
% and accuracy 95 %.

The current study showed PCD4 is higher in
reactive than mesothelioma, this is consistent
with another similar study by Nicolé et al. [16]
who reported decreased PDCD4 immuno-
staining in MPM compared to non-neoplastic
samples.

PDCD4 has the ability of malignant behavior
inhibition by the enhancement of both apoptosis
and chemo-sensitivity, so can be used as a

potential regulatory marker for novel therapeutic
strategies [26].

Epithelial membrane  antigen  (EMA)
immunostaining was negative in reactive
mesothelial cells and positive in 92.3%
malignant cells. The current study showed EMA
expression in cytological samples had a
sensitivity of 95 %, specificity 97.5 %, PPV
95%, NPV 97.5% and accuracy 96.7%. With cell
block had a sensitivity of 95.2%, specificity 100
%, PPV 100 %, NPV 97.5 % and accuracy 96.3
%.

On routine cytological examination 11 cases
(46%) of pleural fluid effusion were reported
positive for malignancy while with cell block
increased to 13 cases (54.1%). An additional
increase of two cases of malignancy (8.3%).
Near similar findings of Bhanvadia et al. [27]
who observed an additional increase of 14% by
cell block over routine cytological examination.
Similarly, Udasimath et al.[28] who studied cell
block sections of pleural fluid and were able to
diagnose six additional cases thus increasing
diagnostic yield for malignancy by 14%.Similar
findings by Arslan et al. [29] who found that
staining with EMA was observed in 45 of 67
(68.7%) of malignant mesotheliomas.

The results were consistent with Al Mehy et al.
[11] who reported that EMA staining results was
5.9% of RMH and 92.3% of MM cases. In a
study of Hasteh et al. [30] and Minato et al. [31]
it was found that 9% (6 of 64) of benign cases
showed positivity for EMA. All MM showed
EMA positivity.

Reported EMA as a positive marker for MM
cases in another study by Chang et al. [32].

The results were similar to another study by
Gouda et al. [33] who reported that EMA
sensitivity was 97% and specificity was 90%.
10% of RMH cases showed positive staining,
however, nearly all cases showed positive
staining of it.

Conversely, Salman et al., [34] reported in their
study a case of primary MM of the peritoneum
that showed positivity for desmin and negative
expression of EMA.
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Mesothelioma incidence was increased in Egypt
last years, there is an urgent need for early
diagnosis of malignant mesothelioma which
mimics metastatic carcinoma or reactive
mesothelial cells hyperplasia in many cases.
Immunocytology of pleural cytology or cell
block, which is simple and cheap method in our
developing countries, can help in such cases and
this is the main reason for conducting this study.
Limitations of the study

First, the small number of cases. Second, we
didn’t fulfill the cytomorphological criteria for
diagnosis for every case. Third we did not study
the correlation between the expression of the
markers and the prognosis of patients with MM.
Conclusions

Cell block method increases the sensitivity of
diagnosis in cases that were recorded as reactive
mesothelial  hyperplasia by conventional
cytological smears. BAP1 loss, negative PCD4
and positive EMA immunostaining can
differentiate and diagnose MM from RMH with
improved diagnostic accuracy.
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