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statistically significant). ROC curve to predict cut off value. Results:
In MM cases 61.1% showed BAP1 negative nuclear expression. In
reactive mesothelial proliferation cases; 20% showed BAP1
negative expression. In atypical mesothelial proliferation cases, 80%
showed BAPL negative nuclear expression. synchronous cytology/ biopsy pairs (13 cases)
showed BAP1 matching results. There was a highly statistically significant correlation between
BAP1 expression and the study groups (P-value <0.001). There was statistically significant
correlation between BAP-1 expression and histological types of mesothelioma (P-value <0.05)
and stage (P-value <0.05). In cell blocks; sensitivity was 80% and specificity was 80% for
atypical mesothelial proliferation. In tissue biopsy; sensitivity was 61.1% and Specificity was
80% for mesothelioma. Conclusion: In effusions, negative BAP1 strongly support the diagnosis
of malignant mesothelioma, so BAP1 may be included in immunohistochemical panels for

malignant mesothelioma cytodiagnosis.
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Introduction:

Malignant mesothelioma (MM) is an
aggressive tumor that arises from mesothelial
cells which form the lining of the pleural,

pericardial, and peritoneal cavities (1).

Majority of malignant mesothelioma occur in
pleural cavity while most of the remaining
occur in peritoneal cavity (2). According to
the National Cancer Institute’s Surveillance,
Epidemiology and End Results (SEER)
database, annual incidence rates for
mesothelioma are holding steady around one

new case per 100,000 people (3).

In the United States (U.S) around 3,000 new
cases are diagnosed each year (4). In Egypt
pleural malignant tumors formed 1.28% of
total malignant tumors. Pleural mesothelioma
is the most common primary malignant

tumor forming more than half of the cases

).

The main risk factor for pleural
mesothelioma is exposure to asbestos. Some
individuals develop malignant mesothelioma
following exposure to small amounts of
asbestos, whereas others exposed to heavy
amounts do not, suggesting that genetic
factors influence risk of this disease. Other
risk factors may include; radiation exposure,

being older, being male and exposure to
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certain  other mineral (6). Malignant
mesothelioma is identified by three cell types
that compose tumors; epithelioid,
sarcomatoid and biphasic (7). Patient present
clinically by cough, chest pain, difficulty
breathing, pleural nodules, diffuse pleural
thickening and pleural effusion (8).

Staging describes the anatomical extent of a
tumour and the classification based on TNM
staging  system established by the
International Mesothelioma Interest Group
(IMIG) and the International Association for

the Study of Lung Cancer (IASLC) (9).

The nuclear grading system for epithelioid
mesothelioma based on the two independent
prognostic factors: nuclear atypia and

mitotic count (10).

Prognosis is very poor with median survival
of 9-12 months of pleural cases and could be
affected by histological subtype, age and
gender. Epithelioid subtype associated with
the best prognosis and the sarcomatoid
subtype with the worst (11). Distinguishing
between begnin and malignant mesothelial

proliferation on effusions is a challenge (12).

BAP-1 is tumour suppressor gene located
on chromosome 3p2land functions as a
deubiquitinating

enzyme, specifically

regulating chromatin remodeling, functioning
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as a mediator of DNA damage responses and
growth suppression (13).

BAP-1 plays a role in modulation of calcium-
induced apoptosis, so mutation may result in
accumulation of DNA-damaged cells and
greater susceptibility to development of

malignancy (14).

Germline mutations in BAP-1 have been
observed in families with a high frequency of
malignant mesothelioma and was associated
with earlier age of onset (15). Mutations in
BAP1 gene also occur in other tumors like
uveal melanoma, begnin atypical melanocytic
lesions, cutaneous melanoma, renal cell
carcinoma, cholangiocarcinoma and basal

cell carcinoma (16).

Aim of the work:

This study aims to evaluate the diagnostic
utility BAP-1 immunohistochemistry in
distinguishing between reactive and atypical
mesothelial cells in pleural effusion and
correlate the results to clinico-pathological

findings.

Material and methods:

This is retrospective study carried on 61
cases; 36 cases of pleural biopsies and 25
cases of pleural cell blocks; thirteen cases

have both pleural biopsies and pleural
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effusions. Out of the 25 pleural effusions cell
blocks, 10 cases were atypical mesothelial
proliferation and 15 cases were reactive
mesothelial proliferation. This study was
performed on archival formalin fixed paraffin
embedded blocks which were collected from
Benha Pathology Department and Early
Cancer Detection Unit (ECDU), Faculty of
Medicine, Benha University proved by
ethical committee. They were collected from
January 2013 to December 2017. All the
original histologic slides were reviewed by
two pathologists; they were blinded to patient
identity and initial tumor categorization to
ensure tumor consistency. Cases were graded
into low grade (G 1) and high grade (G Il and
[11) tumors according to Kadota et al.,
(2012)(10) and staged according to Berzenji
et al., (2018)(17). Sarcomatoid and biphasic
types were gathered into non epithelioid
group for statistical analysis since they are
both considered high grade. Stage I and Il
were gathered as low stage and stage Il and
IV were gathered as high stage for statistical

analysis.

For Immunohistochemical studies: avidin-
biotin complex technique was used following
manufacture instructions (Dako, CA). For
antigen retrieval citrate monohydrate (pH
6.0) was used. Slides were incubated with an
anti-BAP1 antibody (Abbexa Ltd Innovation
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Centre, Cambridge Science Park,
Cambridge, CB4 OEY, UK) at 1:200 dilution,
for 1 hour at room temperature. Freshly
prepared chromogen diaminobenzine (DAB)
was used; it was incubated with slides for 3-5
minutes. In each staining session sections of
breast carcinoma was used as positive control
for BAP-1. For negative control, the primary
antibody was omitted and replaced by normal
rabbit serum 1gG. At the time of interpreting
the immunohistochemistry, the observers
were blinded to the underlying diagnosis. All
immunostained slides were examined by 2
observers, the candidate and supervisor for
confirmation.

Immunohistochemical interpretation:
Sections were evaluated under light
microscope and only nuclear BAP-1
expression is regarded. The extent of
immunostaining was evaluated in random 4
fields under the power of 200 magnification.
According to cut off value in our results, the
results were expressed in histologic section
as; positive staining when > 57.5% of target
cells show nuclear immunoreactivity,
negative staining when < 57.5% showed
immune-reactivity.  The  results  were

expressed in cell blocks as; positive staining

when > 32.5% of target cells show immune-
reactivity, negative staining when < 32.5%
showed nuclear immune-reactivity. Negative
nuclear BAP1 expression indicate
malignancy. Cases with cytoplasmic staining
were disregarded (18).

Statistical analysis: Results were analyzed
using the computer program Statistical
package for social science (SPSS version 20
for windows; SPSS Inc., Chicago, Illinois,
USA). ROC curve used to predict the cutoff
point of BAP-1.

Statistically significance of the tests were
expressed in P-value. A P value <0.05 was
considered statistically significant. P value

<0.01 was considered highly significant.

Results

Out of studied 61 cases; 36 cases are
mesothelioma pleural biopsies and 25 cases
are pleural cell blocks, 13 cases have both
pleural biopsies and pleural effusions. Out of
the 25 pleural effusions cell blocks, 10 cases
were atypical mesothelial proliferation and
15 cases were reactive mesothelial

proliferation. The atypical cases diagnosed

by pleural effusion were confirmed by biopsy biopsy. In all cases; forty seven cases were
to be malignant mesothelioma. Out of 15 cases males and 14 cases were female. The mean age
of reactive mesothelial proliferation, 3 cases was 55.9£12.51. Clinicopathological data are

were found to be malignant mesothelioma, by shown in Table (1).



51

Benha medical journal vol. 38, academic issue, 2021

Histopathological results :

There was a statistically significant correlation
between histologyical types with presentation
by pleural effusion (P-value <0.05) and
clinical presentation with diffuse pleural
thickning or pleural nodules (P-value <0.05).
No statistically significant correlation between
histologyical types with staging (P-value
>0.05) and grading (P-value >0.05).

Immunohistochemical results : shown in
Table (1)

There was statistically significant correlation
between BAPL1 expression and reactive
mesothelial proliferation, atypical mesothelial
proliferation and mesothelioma (P value
<0.001). Figure (1)

There was statistically significant correlation

between BAP-1 expression with histological

by 0

types of mesothelioma (P-value <0.05) and the
<0.05). No statistically
between  BAP-1
expression and the grade (P-value >0.05) was
detected.

stage (P-value

significant  correlation

By using ROC curve: in tissue biopsy, AUC
was 0.92, sensitivity was 61.1% and specificity
was 80%, cut off value of BAP-1 expression
was 57.5%, Positive predictive value was 88%
and negative predictive value was 46.1% for

mesothelioma.

By using ROC: in cell blocks, AUC of BAP-1

was 0.95, Sensitivity was 80% and Specifity
was 80%, Cut off value of BAP-1 expression
was 32.5%, positive predictive value was
72.5% and negative predictive value was
85.5% for atypical mesothelial proliferation.
Graph (1)

Figure (1): (@) BAP1 staining cell block preparation: reactive mesothelial proliferation; positive nuclear BAP1 expression in scattered
mesothelial cells and positive lymphocytes (internal control) (b) BAP1 staining cell block preparation: atypical mesothelial proliferation,
negative nuclear BAP1 expression in mesotheliomatous clusters. ©BAP1 staining in malignant mesothelioma; tissue section: positive
nuclear BAP1 expression in some mesotheliomatous cells. (d) BAP1 staining in malignant mesothelioma; tissue section: negative nuclear

BAP1 expression in mesotheliomatous cells. (ABC X 400)
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Table 1: Clinicopathological data of studied groups.

Pleural biopsy

Pleural effusion

Mesothelioma group (36)  Reactive group (15) Atypical group (10) P value
Sex
Male 27(75%) 12(80%) 8(80%)
Female 9(25%) 3(20%) 2(20%)
Age /year 58.39+12.49 49.73+12.69 56.2+9.93
Pleural thicknning -
Nodules 18(50%)
Diffuse 18(50%)
Pleural effusion -
Present 25(69.4%)
Absent 11(30.6%)
H&E
Epitheloid 22(61.1%)
Non epithelioid 14(38.9%)
Grade
Low 5(13.9%)
High 31(86.1%)
Stage -
Low 15(41.7%)
High 21(58.3%)
BAP1 <0.001*
Positive 14(38.9%) 12(80%) 2(20%)
negative 22(61.1%) 3(20%) 8(80%)

*highly significant

Discussion:

Malignant pleural mesothelioma is an
aggressive cancer that develops in the pleura
and it is the most common site among the
four sites of mesothelioma (19). According to
National Cancer Institute about 3,000 new
cases of mesothelioma are diagnosed in the

US each year, more often in men, those aged

65 years and older (3). In Egypt, according to

the National Cancer Institute, pleural
mesothelioma was the most common primary
pleural malignant tumor forming more than
half the cases (53.08%). Epithelioid type
mesothelioma was the most frequent
histologic subtype forming76.20% of all

mesotheliomas (5).
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It is difficult to distinguish reactive
mesothelial proliferation from malignant
mesothelioma especially in effusion. A new
marker may aid in distinguishing malignant
mesothelioma  (MM)  from  reactive
mesothelial proliferation, namely BRCAL-

associated protein 1 (BAP1) (12).

The current work showed that the mean age
of mesothelioma cases was 58.4 (range from
36-84 years) which is close to the study
performed by others (20) who stated that the
mean age of patients was 52.1 years (range
from 24-78 years).

On the other hand, the age distribution is
different from the data derived from many
Western studies, where most patients are
diagnosed at age 65 or older. According to
the latest SEER _report (2014)(21), people
aged 80-84 have the highest mesothelioma

incidence. This may be explained by different
number of cases, variable exposure to
environmental conditions and incidence

increased by age.

In our work, 75% of mesothelioma cases are
males and 25% are females.

This was in line with the study performed by
other researchers (22) who indicated that
there is increase in the incidence of pleural

mesothelioma especially for men because of
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the exposure to asbestos. Same results were
obtained before (23)

On the other hand, the study performed by
the group of researchers on 2011 (20) showed
that the male: female (M: F) ratio was 1:1.
The difference may be due to all female cases
came from endemic areas.

The current work showed that 69.4% of
mesothelioma cases presented with pleural
effusion. These results were consistent with
the study performed previously (24) which
showed that up to 95% of patients suffer
from a pleural effusion during their disease
course. Similar finding by were obtained by a
group of researchers (25, 26) who stated that
malignant pleural effusion (MPE) occurs in
54-90% of all
mesothelioma cases which indicated that

malignant  pleural

83% of mesothelioma had a pleural effusion
at presentation. These results showed that
malignant pleural effusion (MPE) is the

commonest presentation of mesothelioma.

BAP-1 is tumour suppressor gene located
on chromosome 3p2land functions as a
deubiquitinating enzyme, which mutation
may play role in malignant transformation
(23). Concerning immunohistochemical
results, statistical analysis receiver operating
characteristic (ROC) curve analysis was
performed to establish the cut-off value. The

results were expressed in mesothelioma as;


https://seer.cancer.gov/explorer/application.php?site=111&data_type=1&stat_type=2&compareBy=race&chk_sex_1=1&chk_sex_3=3&chk_sex_2=2&chk_race_5=5&chk_race_4=4&chk_race_3=3&chk_race_6=6&chk_race_2=2&chk_age_range_1=1&advopt_precision=1&showDataFor=sex_1_and_age_range_1
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positive staining when > 57.5% of target cells
show immunoreactivity, negative staining
when < 57.5% showed immune-reactivity.
The results were expressed in cytology as;
positive staining when > 32.5% of target cells
show immune-reactivity, negative staining

when < 32.5% showed immune-reactivity.

There were some studies which dealt with the
cutoff issue. One define negative staining
when >50% of target cells show loss of
immunoreactivity. (27), the other proposed a
score according to the percentage of positive
tumor cells: 0 (<10%), 1 (10%-49%), 2
(50%-90%), 3 (>90%). (28). In other studies,
the expression of BAPL is described as
negative or positive as the studies.(29) and
(18).

The difference in the cutoff value may be
explained by different sample size, different
marker antibody or technique used. In our
work, out of 15 cases of reactive mesothelial
proliferation 80% were positive BAP1
nuclear expression and 20% were BAP1
negative nuclear expression, which were
proved in biopsy examination to be
mesothelioma. This discordance in the results
of cytology and biopsy explained that the
atypia in negative BAP1 cases is low so the
diagnosis by H&E may not be accurate 100%

(27). Another explanation, that in a fraction

BAP1 in reactive and neoplastic mesothelial proliferation, 2021

of mesotheliomas, loss of BAP1 protein
might represent an early and irreversible
event  anticipating full mesothelial
transformation (12).

Out of 10 cases of atypical mesothelial
proliferation 80% were negative BAP1
nuclear expression and 20% were positive
BAP1 nuclear expression, which confirmed
by biopsy examination to be mesothelioma.
The positive cases may be explained that not
all cases of mesothelioma occur due to BAP1
Another

mutation. explanation for this

positive cases that they may be due to
type
generally exhibit less shedding of cells into

sarcomatoid type as sarcomatoid

pleural space (30).

The current work illustrated that there is
highly significant correlation between BAP-1
mesothelial

expression  and  reactive

hyperplasia, atypical mesothelial
proliferation and mesothelioma (P-value
<0.001).

61.1% of mesothelioma and 80% of atypical

BAP-1 negative expression in

mesothelial proliferation and retained in 80%
of reactive mesothelial proliferation, which
indicate that negative expression of BAP1
may contributes to malignant transformation.
This was explained by the fact that BAP-1is

tumour suppressor gene. (31).
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The BAP1

immunohistochemistry

expression by
represents a
biomarker of excellent clinical utility for the
diagnosis of malignant mesothelioma being
lost in 66% of mesotheliomas.(12) Our
results were consistent with the study
performed before in which it was stated that
negative BAP1 expression was found in
47.5% in mesothelioma.(18)
It was stated that BAP1 loss seems to be
exclusively seen in malignant lesions. As loss
of BAP1 expression was found in 59% on
malignant mesothelioma cases. (32) Similar
finding were proved by other researchers (33,
34).
The difference in BAP-1 negativity
percentage may be explained by different
number of cases and different cut off value
used.
The current work showed 77.3% of
epithelioid mesothelioma was negative
nuclear BAP1 expression and 35.7% of non-
epithelioid mesothelioma were negative
nuclear BAP1 expression. There was
statistically significant correlation between
BAP-1 expression and histological types of
mesothelioma (P-value <0.05).
The percentage of negative cases was higher
in epithelioid mesothelioma. This may be
explained by higher number of cases or
BAP1 mutation is more common in epithelial

type than non-epithelial type (35).
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It was proved that negative BAP1 expression
was evident mainly in epithelioid type of
mesothelioma.(36)

It was established that BAP1 protein was lost
in a large proportion of mesotheliomas,
especially with epithelioid type (70%) and
biphasic types (60%). BAP1 loss was also
seen in sarcomatoid and desmoplastic
mesothelioma (15%), although with lower
frequency.(12, 29)

This was also consistent with the study that
confirmed that the difference in BAP1
negativity between epithelial and non-
epithelial variants (71% vs 10%). (18)

From all previous results BAP1 could be
useful in the diagnosis of epithelioid type
MM, because the lack of the tumor
suppressor BAP1 may be more specifically
involved in the pathogenesis of epithelioid-
type MM rather than non-epithelioid MM
(36).

The current work revealed that BAP-1
expression has no statistically significant
correlation with grading of mesothelioma (P-
value >0.05).

Up to our knowledge, there was no previous
study illustrated the relationship between
BAP-1 and the grade of mesothelioma. On
the contrary, a study established that BAP1

mutated colorectal and renal carcinomas are



associated with  high tumor grading
(P<0.0001).(37) Also another study indicated
that BAP1 deficient in clear cell renal cell

carcinoma were of high grade.(18)

This discrepancy could be explained by
different functions of BAP-1 depending on
the tissue in which they are expressed. This
work showed that BAP-1 expression has
statistically significant correlation with stage
of mesothelioma (P-value <0.05).

Up to our knowledge, there were no previous
studies illustrated the relationship between
BAP-1 and the stage of mesothelioma. It was
concluded before that nuclear BAP1-negative
RCC had higher tumor size, higher Fuhrman
grade, and higher stage, a greater amount of
vascular and capsular invasion and a higher
incidence of metastases (39). Also another
study on intrahepatic
cholangiocarcinoma established that patients
with BAPL loss were less likely to present
with more advanced tumors or with
lymphatic invasion, but were more likely to

present with larger tumors. (33)

The current work showed the sensitivity of
BAP-1 was 80.0 % in atypical mesothelial
proliferation and 61% in mesothelioma.

The sensitivity of BAP1 is higher in effusions
may be explained by the fact that most of the
atypical shed cells are from the epithelioid
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type MM, effusions commonly of epithelioid
type, as sarcomatoid mesothelioma often
does not shed malignant cells into the pleural
effusion and may instead induce an overlying

reactive mesothelial proliferation (30).

Our results were close to the studies
performed on year 2015 (12), where the
sensitivity was 66% and that on year 2016,
(40) who cited 67.5 % using BAP1 IHC for
MM diagnosis, but different from the studies
performed on 2015 (34) who reported a
sensitivity 27% for mesothelioma and that
done on 2018 (41) which stated that the
sensitivity of BAP1 IHC was 37.1% for MM
diagnosis.

This difference could be because of the
higher number of epithelioid mesothelioma
cases included in the present study.

The specificity of BAP-1 was 80% in both
pleural effusion and biopsy cases. Our study
was close to the study performed before
which reported 95% specificity and that on
2016reported 85.7% specificity. (33.27)

Other studies reported higher specificity of
BAP1 in both pleural effusion and biopsy.
For instance, a study done on 2015 (12) was
in line with our study, showing the high
specificity (100%) of BAP1 loss for
mesothelioma diagnosis. Similar results were
also obtained. (34, 18, 41).
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This variation could be explainable by a
different ways to evaluated immunostaining
BAP1 results and the difference in the

number of studied sample.

The current work revealed that positive
predictive value was 88 and negative
predictive value was 46.1 in mesothelioma
cases and 72.5 positive predictive value and
85.5 negative predictive value in atypical
mesothelial proliferation.

This was close to the study performed on
2015 (12) which also establishes that BAP1
had 100% positive predictive value for
mesothelioma development, whereas 90%
negative predictive value. Similar results
were obtained 18) where it was established
that, the PPV value (BAP1 staining negative)
is 100%.

Conclusion

BAP1 immunohistochemistry negativity on
cytology preparations may be used as a
useful tool for distinguishing between
malignant versus reactive pleural effusions
together with routine preparation. It could be
included in IHC panels for MM
cytodiagnosis. It may be used to support the
diagnosis of malignancy in atypical
mesothelial proliferations. The finding of a
positive BAP1 IHC result does not exclude a

MM diagnosis, because not all MMs may
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harbor alterations of the BAP1 gene. Also
minority of epithelioid MM retained BAP1

staining.
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