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The distinction between malignant mesothelioma and reactive mesothelial proliferation can be challenging both
on histology and cytology. Recently, variants of the BRCA1-associated protein 1 (BAP1) gene resulting in nuclear
protein loss were reported in hereditary and sporadic mesothelioma. Using immunohistochemistry, we evaluated
the utility of BAP1 expression in the differential diagnosis between mesothelioma and other mesothelial
proliferations on a large series of biopsies that included 212 mesotheliomas, 12 benign mesothelial tumors, and
42 reactive mesothelial proliferations. BAP1 stain was also performed in 70 cytological samples (45
mesotheliomas and 25 reactive mesothelial proliferations). BAP1 was expressed in all benign mesothelial
tumors, whereas 139/212 (66%) mesotheliomas were BAP1 negative, especially in epithelioid/biphasic compared
with sarcomatoid/desmoplastic subtypes (69% vs 15%). BAP1 loss was homogeneous in neoplastic cells except
for two epithelioid mesotheliomas showing tumor heterogeneity. By fluorescence in situ hybridization, BAP1
protein loss was paralleled by homozygous deletion of the BAP1 locus in the vast majority of BAP1-negative
tumors (31/41, 76%), whereas 9/10 BAP1-positive mesotheliomas were normal. In biopsies interpreted as reactive
mesothelial proliferation BAP1 loss was 100% predictive of malignancy, as all 6 cases subsequently developed
BAP1-negative mesothelioma, whereas only 3/36 (8%) BAP1-positive cases progressed to mesothelioma. On
cytology/cell blocks, benign mesothelial cells were invariably positive for BAP1, whereas 64% of mesotheliomas
showed loss of protein; all 6 cases showing BAP1 negativity were associated with histological diagnosis of
BAP1-negative mesothelioma. BAP1 stain also showed utility in the differential of mesothelioma from most
common pleural and peritoneal mimickers, such as lung and ovary carcinomas, with specificity and sensitivity of
99/70% and 100/70%, respectively. Our results show that BAP1 protein is frequently lost in mesothelioma,
especially of epithelioid/biphasic subtype and is commonly associated with homozygous BAP1 deletion. BAP1
immunostain represents an excellent biomarker with an unprecedented specificity (100%) in the distinction
between benign and malignant mesothelial proliferations. Finding BAP1 loss in mesothelial cells should prompt
to immediately reevaluate the patient; moreover, it might be useful in mapping tumor extent and planning
surgical resection.
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The diagnosis of malignant mesothelioma and its
distinction from serosal involvement by other malig-
nant processes and from benign mesothelial prolif-
erations is of primary importance not only to patient
treatment and prognosis, but also for its forensic
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implications, because of the occupational nature of
mesothelioma. In the United States, after a peak
registered in 2000–2004, malignant mesothelioma
incidence decreased,1,2 with a rate between 2007 and
2011 of 1.9 and 0.4 per 100 000 inhabitants,
respectively, in men and women.3 Higher incidence
has been observed in Italy where between 1993 and
2008, the National Mesothelioma Registry recorded
3.55 (male) and 1.35 (female) cases of malignant
mesothelioma per 100 000 inhabitants.4,5 Moreover,
either the late asbestos ban or the long latency period
for full transformation to mesothelioma validate the
expected increasing incidence trend and peak within
10–15 years in Italy, as well as in other European
countries.4,6,7

Immunohistochemistry is of definite support to the
differential diagnosis between mesothelioma and
serosal involvement by extraserosal neoplasms,8,9
and although the distinction of mesothelioma from
reactive mesothelial proliferations remains challen-
ging, it is fundamentally based on the demonstration
of stromal invasion,10–12 with limited support by
immunohistochemistry.12 In fact, a variety of mar-
kers, such as desmin, epithelial membrane antigen,
p53, IMP3, GLUT-1, CD146, and CD147, have been
evaluated on both tissue and cytological samples, but
none of them appeared to achieve sufficient diag-
nostic adequacy in the separation between malignant
and benign mesothelial lesions.13–36

Using fluorescence in situ hybridization (FISH),
the homozygous deletion of CDKN2A gene is found
in 52–88% of mesotheliomas, but not in reactive
mesothelial proliferations;23,37–39 using a cut-off
value of 10% positive mesothelial cells, p16 protein
expression resulted to be closely related to CDKN2A
status in some,23,38 but not all, studies,37 thus ham-
pering its use as a reliable marker to distinguish
mesothelioma from reactive mesothelial prolifera-
tions.

Recently, Carbone et al40 identified a novel cancer
syndrome related to germline BRCA1-associated
protein 1 (BAP1) loss-of-function mutations and
inherited with dominant autosomal transmission.
Family members bearing BAP1 germline mutations
show increased susceptibility to develop a variety of
neoplasms, including uveal melanoma, cutaneous
melanoma, atypical Spitz tumor, clear cell renal
cancer, basal cell carcinoma, and mesothelioma, the
latter occurring independently from occupational or
environmental asbestos exposure.40

Initially identified as a BRCA1-binding protein,
BAP1 is a deubiquitinating enzyme with C-terminal
active hydrolase domain (UCH) and N-terminal
nuclear localization signals (NLS1, NLS2).41,42 Its
tumor suppressor functions have been recently
described and it has been found that BAP1 plays
a role in cycle-cell progression, DNA ionizing
radiation breaks repair, gene expression regulation
through hystone H2A deubiquitinase activity, and
subsequent chromatin remodeling.42–49 As further
evidence of BAP1 as a tumor suppressor gene,

somatic gene inactivating deletions or point muta-
tions have been detected in the same types of neo-
plasms associated with BAP1-cancer syndrome.50–53
Bott et al54 first reported BAP1 somatic variants in
malignant mesothelioma, identifying gene losses
and/or mutations in 22 of 53 pleural mesotheliomas
(42%) that resulted in absent BAP1 immunoreacti-
vity in tumor cells; interestingly, immunohisto-
chemical analysis revealed a negative BAP1 staining
also in eight cases in which mutations were not
detected.54 Yoshikawa et al55 observed frequent
deletion of the 3p21.1 region in mesothelioma
primary cultures and cell lines; the same authors
subsequently detected somatic biallelic BAP1 altera-
tions in 14 of 23 cases of mesothelioma (61%);56
similar percentages of cases showing loss of BAP1
protein expression were found in other more recent
studies.57,58

In a recent study performed on tissue microarray
containing 49 benign and 26 malignant mesothelial
proliferations, Sheffield et al39 showed that BAP1
immunostain separates benign from malignant pro-
cesses, with a 100% specificity and 27% sensitivity;
sensitivity increased to 58% when BAP1 stain was
combined with 9p21 FISH analysis. In their study, a
roughly equivalent number of epitheloid/biphasic
and sarcomatoid mesothelioma cases were included,
but whether BAP1 reactivity differed between sub-
types was not specified.

In this study, we evaluated the diagnostic utility of
BAP1 expression using a large series of histological
samples, including 12 benign mesothelial tumors, 42
simple or atypical reactive mesothelial prolifera-
tions, and 212 mesotheliomas. The results fully sup-
ported the diagnostic role of anti-BAP1 as biomarker
to distinguish benign from malignant mesothelial
proliferations; specificity and sensitivity reached
100% and 66%, respectively, the latter raising
to 69% when only epithelioid/biphasic subtypes
were included. FISH analysis of BAP1 gene demon-
strated that homozygous deletion of the BAP1
locus was commonly associated with BAP1 protein
loss. Finally, the utility of BAP1 immunohisto-
chemistry was also proven on cytological and cell-
block samples.

Materials and methods

Case Selection

Histological, cytological, and cell-block samples
were collected from the pathology archives from
University-Spedali Civili of Brescia, Policlinico
Hospital (Modena), IRRCCS (Reggio Emilia), Angelo
Hospital (Mestre), and S. Chiara Hospital (Trento).
All cases had been diagnosed or reviewed by patho-
logists with expertise in pleuropulmonary pathology.

Histological diagnoses of cases included in the
study are reported in Table 1. Normal mesothelium,
covering lung tissue (4 cases) or tuba (7 cases) from
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samples surgically removed for nonmesothelial-
related diseases, was used as control. Benign
mesothelial tumors included three abdominal benign
multicystic mesotheliomas, two abdominal benign
papillary mesotheliomas, three uterine, and four
paratesticular adenomatoid tumors. A total of 212
biopsies of mesothelioma obtained from the same
number of patients included either thoracoscopic
biopsies (136 cases) or surgical specimens (76 cases)
and had been removed from pleura (207 cases) or
peritoneum (5 cases); in all cases, diagnosis was
based on clinical and imaging data, and fully
supported by both positive and negative meso-
thelioma immunohistochemical markers, as recom-
mended.8,9 A total of 42 biopsies classified as
reactive mesothelial proliferation were obtained
from 41 patients and were further subclassified as
simple reactive mesothelial proliferation (27 cases)
or atypical reactive mesothelial proliferation (15
cases), according to Churg et al.10 These samples
(40 thoracoscopic biopsies and 2 surgical specimens)
were removed from pleura (38 cases) or peritoneum
(4 cases); 28 pleural biopsies were performed in
symptomatic patients with recurrent effusion/pleu-
ritis and past asbestos exposure (15 cases) and/or
thoracoscopic anomalies (13 cases). Clinical data
from cases of reactive mesothelial proliferation are
reported in Table 2. In addition, five surgical tissue
blocks were part of an extensive sampling of invasive
pleural mesothelioma and were classified as atypical
reactive mesothelial proliferation because of absence
of stromal invasion.

Cytological and cell-block samples included 18
cases of benign mesothelial reaction associated with
inflammation (15 cases) or lung adenocarcinoma (2
cases), 45 cases of mesothelioma, and 8 samples
defined as atypical mesothelial cells of indetermi-
nate nature. Data on cytological/cell-block samples
are reported in Table 3.

A large series of nonmesothelial pleural and peri-
toneal malignant tumors most commonly included
in the differential diagnosis with mesothelioma were

also enrolled in the study; they were represented by
184 cases of lung adenocarcinoma (all major sub-
types), 21 cases of lung squamous cell carcinoma, 95
cases of ovarian carcinoma (all major subtypes), and
8 cases of lung epithelioid hemangioendothelioma.
Lung and ovarian tumors were tissue microarrays
samples (containing from two to four representative
1mm cores for each case), whereas epithelioid heman-
gioendothelioma were surgical samples (Table 4).

In all cases with histological or cytological diag-
nosis of reactive mesothelial proliferation, the
clinical, radiological, and eventual subsequent histo-
logical data were collected during a follow-up period
of variable duration (up to 9 years), until pleural
disease resolution, frank mesothelioma diagnosis,
extramesothelial diseases, or neoplastic nonmeso-
thelial malignancy were identified. Furthermore,
the Brescia Province as well as the National Meso-
thelioma Registries were consulted.

The study was performed in accordance with
the institutional ethical board protocols of Brescia,
Modena, Reggio Emilia, Mestre, and Trento
hospitals.

BAP1 Immunohistochemistry

On 4-μm-thick formalin-fixed, paraffin embedded
sections, BAP1 immunostain was performed upon
microwave oven epitope retrieval in Tris ethylene-
diamine tetra-acetic acid (EDTA) buffer (pH 9.0).
Sections were incubated for 60min with anti-BAP1
mouse monoclonal antibody (clone C-4, Santa Cruz
Biotechnology, Santa Cruz, CA, USA) followed by
horseradish peroxidase-conjugated Novolink poly-
mer (Leica Microsystem, Newcastle upon Tyne, UK).
The reaction was developed using diaminobenzidine
(DAB) as chromogen and sections were counter-
stained with hematoxylin. The same procedure
was used for cytological and cell-block samples;
the former were represented by slides previously
stained with papanicolaou or hematoxylin–eosin, as
previously described.59

On selected cases, especially to distinguish
between mesothelial cells and associated histiocytes,
double immunohistochemistry for BAP1 combined
either with epithelial membrane antigen (Leica
Microsystem), calretinin (Invitrogen, Carlsbad, CA,
USA), or cytokeratin 5/6 (Invitrogen) as mesothelial
markers and CD11c (Leica Microsystems) and CD68
(clone PGM1, Dako, Glostrup, Denmark) as histiocyte
markers was performed, as previously described,60
using the Mach 4-alkaline phosphatase (AP) detec-
tion system (Biocare Medical, Concord, CA, USA)
and Ferangi Blue (Biocare Medical) or New Fucsin
(Dako) as chromogens.

Only the nuclear expression of BAP1 was consi-
dered for evaluation, despite the fact that in some
cases fine granular cytoplasmic positivity was also
noticed. All cases contained positive controls repre-
sented by nonmesothelial BAP1-reactive cells, such

Table 1 BAP1 immunoreactivity in tissues biopsies

Diagnosis No. of cases BAP1 loss (%)

Normal mesothelium 11 0/11 (0)
Benign mesothelial tumor 12 0/12 (0)
Benign multicystic mesothelioma 3 0/3
Benign papillary mesothelioma 2 0/2
Adenomatoid tumor 7 0/7

Malignant mesothelioma 212 139/212 (66)
Epithelioid 184 128/184 (70)
Biphasic 15 9/15 (60)
Sarcomatoid 8 1/8 (13)
Desmoplastic 5 1/5 (20)

Reactive mesothelial proliferation 42 6/42 (14)
Simple 27 2/27 (7) a

Atypical 15 4/15 (27) a

aAll BAP1-negative cases developed malignant mesothelioma.
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Table 2 Clinical features, BAP1 expression, and follow-up of cases of reactive mesothelial proliferation

No.
Age/
gender

Histological diagnosis (reactive
mesothelial proliferation) Clinical information and associated lesions/diseases BAP1 Follow-upa

1 80/M Simple Serofibrinous pleuritis and lung nodules. Ureter–bladder–urethra carcinoma
5 years later

+ Regression (9 years)

2 75/M Simple Recurrent pleural effusions + NED (9 years)
3 58/M Simple Pleural effusion and inflammatory features on TSP. Sigmoid colon

adenocarcinoma with liver and lung metastases
+ Regression (1 year)

4 74/M Simple Recurrent pleural effusions + Regression (2 years)
5 57/M Simple Pleural effusion; hyperemia and pleural thickening on TSP. Small-cell lung

carcinoma
+ Regression (1 year)

6 44/M Simple Chronic pleural empyema. Recent pleuropneumonia HIV+ and HCV+ patient + Regression (4 years)
7 71/M Simple Chronic pleuritis + Regression (o 1 year)
8 71/M Simple Pleural effusion and pulmonary opacity. Previous sigmoid colon

adenocarcinoma with node metastases and high-grade prostatic
intraepithelial neoplasia

+ Regression (o 1 year)

9 66/F Simple Pleural effusion, lung nodule, hilar, and mediastinal lymphadenopathy
Previous breast carcinoma and small-cell lung carcinoma

+ Died of small-cell lung cancer (1 year)

10 66/M Simple Pleuritis of unknown origin. Prostate adenocarcinoma and non-Hodgkin’s
B-cell lymphoma of mediastinum

+ Regression (o1 year)

11 25/M Simple Intraperitoneal ALK+ inflammatory myofibroblastic pseudotumor + Surgery treatment with Crizotinib
NED (20 months)

12 72/M Simple Lepidic lung adenocarcinoma + Regression (1 year)
13 61/F Simple Pleural plaques in probable asbestos exposure + Regression (1 year)
14 68/F Simple Recurrent pleural effusion; pleural nodules and thickening on TSP; pleural

localization of diffuse large B-cell lymphoma (DLBCL); previous diagnosis of
nodal DLBCL and adenocarcinoma of the endometrium

+ NED (30 months)

15 75/M Simple Ascites and pleural effusion. Diffuse lymphoid hyperplasia of the omentum + NED (o 1 year)
16 23/F Simple Uterine leiomyoma, pelvic endometriosis + NED (o 1 year)
17 77/M Simple Plaque-like masses in parietal pleura; classical Hodgkin’s lymphoma + Epithelioid BAP1+ mesothelioma

(3 weeks)
18 78/F Simple Pleural effusion and plaque-like masses and thickening on TSP − Epithelioid BAP1− mesothelioma

(2 weeks)
19 76/F Simple Pleural effusion and aspecific inflammatory features on TSP − Epithelioid BAP1− mesothelioma

(26 months)
20 68/M Simple Cardiac tamponade + Regression (1 year)
21 56/M Simple Pleuritis + Regression (o1 year)
22 72/M Simple Pleural metastasis from lung adenocarcinoma + NA
23 69/M Simple Pleural metastasis from thyroid papillary carcinoma + NA
24 77/M Simple Pleural metastasis from renal clear cell carcinoma + NA
25 71/M Simple Pleural metastasis from lung squamous cell carcinoma + NA
26 72/M Simple Pleural metastasis from lung adenocarcinoma + NA
27 83/M Simple Pleural fibrin deposition and pleural hyperemia on TSP + Acute pleuritis in Legionella

pneumonia infection
28 47/M Atypical Pneumothorax and emphysematous bulla + NED (8 years)
29 59/M Atypical Recurrent pleuritis + NED (7 years)
30 81/M Atypical Recurrent pleural effusions and previous diagnosis of nonspecific chronic

pleuritis treated with talc pleurodesis
+ Regression (4 years)

31 60/M Atypical Pleural effusion; hyperemia and pleural thickening on TSP + Regression (2 years)
32 78/M Atypical Hemorrhagic pleuritis and hemothorax + Regression (o1 year)
33 81/M Atypical Pleuritis + Regression (o1 year)
34 53/M Atypical Pleural effusion and nodules of unknown origin + Regression (o1 year)
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as inflammatory cells, fibroblasts, pneumocytes, or
endothelial cells (Figure 1). On occasional cases,
nuclei of neutrophils or lymphocytes were weakly
positive or negative for BAP1. The ‘positivity’ or
‘negativity’ of mesothelial cells was defined as
unambiguous presence or absence of BAP1 expres-
sion in mesothelial nuclei, without percentage or
intensity cutoff values.

FISH for BAP1

FISH analysis for BAP1 gene anomalies was performed
on 51 mesothelioma biopsies, 41 showing BAP1 protein
loss, 10 with normally expressed protein, as well as on
6 control samples with nontumoral mesothelium.T

ab
le

2
(C
on

ti
n
u
ed

)

N
o.

A
ge
/

ge
n
d
er

H
is
to
lo
gi
ca

l
d
ia
gn

os
is

(r
ea

ct
iv
e

m
es
ot
h
el
ia
l
p
ro
li
fe
ra
ti
on

)
C
li
n
ic
al

in
fo
rm

at
io
n
an

d
as
so
ci
at
ed

le
si
on

s/
d
is
ea

se
s

B
A
P
1

Fo
ll
ow

-u
p
a

35
51

/F
A
ty
p
ic
al

P
le
u
ra
l
ef
fu
si
on

;
su

sp
ec
te
d
m
es
ot
h
el
io
m
a
on

T
S
P

−
E
p
it
h
el
io
id

B
A
P
1
−

m
es
ot
h
el
io
m
a

(4
m
on

th
s)

36
76

/F
A
ty
p
ic
al

A
sb
es
to
s
ex

p
os
u
re
;
su

sp
ec
te
d
m
es
ot
h
el
io
m
a
on

T
S
P

−
E
p
it
h
el
io
id

B
A
P
1
−

m
es
ot
h
el
io
m
a

(2
5
m
on

th
s)

37
59

/F
A
ty
p
ic
al

A
bn

or
m
al

p
le
u
ra
l
su

rf
ac

e
on

T
S
P
.
T
w
o
ye

ar
s
be

fo
re

lu
n
g
re
se
ct
io
n
of

lu
n
g

ad
en

oc
ar
ci
n
om

a
an

d
p
re
se
n
ce

of
si
m
il
ar

at
yp

ic
al

re
ac
ti
ve

m
es
ot
h
el
ia
l

p
ro
li
fe
ra
ti
on

+
E
p
it
h
el
io
id

B
A
P
1+

m
es
ot
h
el
io
m
a

(2
m
on

th
s)

38
43

/F
A
ty
p
ic
al

P
le
u
ra
l
ef
fu
si
on

;
h
yp

er
em

ia
an

d
th
ic
ke

n
in
g
on

T
S
P
.
P
re
vi
ou

s
ca

rc
in
om

a
of

th
e
br
ea

st
+

E
p
it
h
el
io
id

B
A
P
1+

m
es
ot
h
el
io
m
a

(1
4
m
on

th
s)

39
64

/M
A
ty
p
ic
al

P
le
u
ri
ti
s

+
R
eg
re
ss
io
n
(4

ye
ar
s)

40
75

/M
A
ty
p
ic
al

R
ec
u
rr
en

t
p
er
it
on

ea
l
ef
fu
si
on

;
su

sp
ic
io
n
of

lo
ca
li
ze
d
p
er
it
on

it
is

−
D
ie
d
of

m
u
lt
ip
le

h
ep

at
ic

an
d
p
an

cr
ea

ti
c

m
et
as
ta
se
s
(4

ye
ar
s)

41
67

/M
A
ty
p
ic
al

P
le
u
ri
ti
s

+
R
eg
re
ss
io
n
(2

ye
ar
s)

42
71

/M
A
ty
p
ic
al

P
le
u
ra
l
ef
fu
si
on

;
p
le
u
ra
l
th
ic
ke

n
in
g
on

T
S
P

−
E
p
it
h
el
io
id

B
A
P
1
−

m
es
ot
h
el
io
m
a

(1
1
m
on

th
s)

A
bb

re
vi
at
io
n
s:

N
A
,
n
ot

av
ai
la
bl
e;

N
E
D
,
n
o
ev

id
en

ce
of

d
is
ea
se
;
T
S
P
,
th
or
ac
os
co

p
y.

a W
h
en

n
ot

ot
h
er
w
is
e
sp

ec
if
ie
d
,
th
e
fo
ll
ow

-u
p
re
fe
rs

to
th
e
se
ro
sa
l
d
is
ea
se
.

Table 3 BAP1 immunoreactivity in cytological and cell-block
samples

Diagnosis
No. of
cases

BAP1 loss
(%)

Benign mesothelial reaction 17 0/17 (0)
Inflammatory 15 0/15 (0)
Lung adenocarcinoma 2 0/2 (0)

Malignant mesothelioma 45 29/45 (64)
Atypical mesothelial cells of
indeterminate origin

8 6/8a (75)

aAll BAP1-negative cases developed malignant mesothelioma.

Table 4 BAP1 immunoreactivity in lung and ovary carcinomas
and in epithelioid hemangioendothelioma of the lung

BAP1

Diagnosis
No. of
cases Positive Negative

Lung
Adenocarcinoma 184 182a 2
Acinar/acinar+lepidic 111 110 1
Solid 14 13 1
Solid+lepidic or acinar 22 22 0
Lepidic 19 19 0
Mucinous 9 9 0
Micropapillary 7 7 0
Papillary 2 2 0

Squamous cell carcinoma 21 21 0
Epithelioid
hemangioendothelioma

8 8 0

Ovary
Serous carcinoma 71 71a 0
Endometrioid carcinoma 11 11 0
Undifferentiated carcinoma 4 4 0
Clear cell carcinoma 6 6a 0
Mucinous carcinoma 3 3 0

aScattered BAP1-negative tumor cells within predominant BAP1-
positive tumor cells were identified in one or two cores from 18 cases
of lung adenocarcinoma (13), serous (4), and clear cell (1) ovarian
carcinoma, respectively.

Modern Pathology (2015) 28, 1043–1057

BAP1 in mesothelial proliferations

M Cigognetti et al 1047



Deparaffinized tissue sections were treated with HCl
0.2N for 20min, subsequently with the pretreatment
solution (Vysis Paraffin Pretreatment Kit; Abbott Mole-
cular, Des Plaines, IL, USA) at 82 °C for 30min and
digested with protease I, 250mg at 37 °C for 10min.
Samples were incubated with the BAP1/CEN3q probe
(Abnova, Taipei, Taiwan) using the Hybrite system
(Hibridizer, Dako) at 75 °C for 5min for codenaturation
and at 37 °C overnight for hybridization. Posthybridiza-
tion stringency wash was carried on in 2× SSC/0.3%
NP-40 at 73 °C for 2min. Finally, slides were mounted
with DAPI/antifade (Vector Laboratories, Burlingame,
CA, USA) and examined with the epifluorescent
microscope (Nikon, Eclipse 90i). FISH images were
captured at ×100 magnification and elaborated using
the Genikon software (Nikon Instruments S.p.A., Italy).

The BAP1/CEN3q probe labels the chromosome 3
centromere green (G) and the BAP1 gene red (R). In
normal interphase cells, two green and two red signals
(2G–2R) were clearly detectable. Based on the evalua-
tion of 60 normal nuclei in each 6 normal samples,
cutoff values for gene anomalies were defined as
follows: (1) 20% for homozygous deletion (at least one

green without red signals, 1/2G–0R or 42G–0R), (2)
29% for heterozygous deletion (two green with a
single red signal, 2G–1R, or green more numerous
than red signals, G4R), and (3) 43% for chromosome
3 monosomy (a single green and red signal, 1G–1R).

Sensitivity and specificity, as well as diagnostic
predictive values, were calculated using the online
MedCalc statistical software (http://www.medcalc.
org/calc/diagnostic_test.php); statistical analysis of
mesothelioma incidence in reactive mesothelial
proliferations in relation to BAP1 expression was
performed using the two-tailed Fisher’s exact test.

Results

Normal Mesothelium and Benign Mesothelial Tumors
Regularly Express BAP1 Protein

In all control cases the flat monolayer surface
mesothelium showed moderate to intense nuclear
BAP1 expression. Similarly, BAP1 signal was easily
detectable in all benign mesothelial tumors, inde-
pendently from subtype and location (Figure 1).

Figure 1 Positive BAP1 immunoreactivity in normal mesothelium and lung alveolar epithelium (a) and in a case of adenomatoid tumor
(b); in a peritoneal benign papillary mesothelioma (c, hematoxylin and eosin), BAP1 is also strongly expressed by mesothelial cells (d).
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BAP1 Loss in Reactive Mesothelial Proliferations Is
Predictive of Malignancy

In all, 36 cases of reactive mesothelial proliferations
(25/27 simple and 11/15 atypical) showed BAP1
nuclear expression, whereas 2/27 simple reactive
mesothelial proliferations and 4/15 cases of atypical
reactive mesothelial proliferation were BAP1 negative.
All 6 (100%) BAP1-negative reactive mesothelial proli-
feration cases were diagnosed having BAP1-negative
mesothelioma within a time period between 2 and
104 weeks, whereas only 3/36 (8%) cases of BAP1-
positive reactive mesothelial proliferation (1 simple
and 2 atypical) had mesothelioma diagnosed within a
time period between 3 and 56 weeks (Figure 2).

The incidence of mesothelioma in BAP1+ and
BAP1− reactive mesothelial proliferation cases was
significantly different (8% vs 100%, respectively;
Fisher’s exact test: Po0.0001); considering all
reactive mesothelial proliferation excluding the 5
cases associated with pleural metastases (cases
22–26; Table 2) the lack of BAP1 expression had
100% (95% confidence interval: 54–100%) positive
predictive value and 90% (95% confidence interval:
74–98%) negative predictive value for mesothelioma
development, respectively.

BAP1 Expression Is Frequently Lost in Malignant
Mesothelioma, Especially in the Epithelioid Subtype

Loss of BAP1 was observed in 139 of the 212 meso-
thelioma cases (66%), particularly in the epithelioid
(128/184; 70%) and the biphasic subtypes (9/15;
60%) (Figure 3a–d), whereas it was infrequent in the
sarcomatoid and desmoplastic variants (2/13; 15%).
BAP1 protein loss was consistently observed in
tumor cells in all cases except for two epithelioid
mesotheliomas that showed tumor heterogeneity for
the marker (Figure 3e and f). Interestingly, some
invasive mesothelioma cases were associated with a
surface mesothelium layer showing expression of
BAP1 similar to that of the underlying invasive
component, independently from its morphological
growth pattern (single flat layer versus papillary) and
the degree of cell atypia. On occasion, in BAP1-
negative cases, focal areas of surface mesothelium
with preserved BAP1 expression were detected.

In five additional cases, extensive sampling from
wide surgical resection of deeply invasive mesothe-
lioma included tissue blocks defined as atypical
reactive mesothelial proliferation as no invasion was
detectable in the underlying stroma. In four of them,
both the atypical reactive mesothelial proliferation
and the invasive mesothelioma lacked BAP1,
whereas the fifth case represented one of the
mesotheliomas containing both BAP1+ and BAP1−
tumoral cells and such heterogeneous neoplastic
population was also clearly noticeable in the atypical
reactive mesothelial proliferation areas.

Comparing the results of BAP1 expression in
benign mesothelial lesions and mesothelioma, the

sensitivity and specificity of BAP1 loss for diagnos-
ing mesothelioma was 66% (95% confidence inter-
val: 59–72%) and 100%, respectively; sensitivity
increased to 69% (95% confidence interval:
62–75%) if only cases of epithelioid and biphasic
mesotheliomas were considered.

BAP1 Expression on Cytological and Cell-Block
Samples

Immunostain on cytological and cell-block samples
was easily evaluable similar to tissue sections
(Figure 4). In 15 cytological samples from obvious
inflammatory pleural effusions and in 2 cases con-
taining lung adenocarcinoma tumor cells, meso-
thelial cells regularly expressed BAP1. In 29 out of
45 cases of mesothelioma (64%), BAP1 stain resulted
negative in atypical mesothelial nuclei; one of these
cases contained a mixed BAP1+ and BAP1− tumor
cell population according to the finding of BAP1
heterogeneity on the corresponding biopsy. In a
further case, a BAP1− cytological sample belonged
to a patient on whom a histological diagnosis of
BAP1+ mesothelioma was done 2 years before. Six
out of 8 samples containing atypical mesothelial
cells of unknown significance were BAP1 negative
and all of them had a previous, concomitant, or
subsequent biopsy showing BAP1− mesothelioma.
In the remaining two cases, mesothelial cells were
BAP1 positive: one patient had BAP1+ mesothe-
lioma and the other a non-Hodgkin’s lymphoma
involving the pleura.

BAP1 Is Expressed in the Vast Majority of Lung and
Ovarian Carcinomas

In order to evaluate whether BAP1 might also be
useful in the distinction between malignant mesothe-
lioma and potential mimickers involving the pleura
and peritoneum, a large cohort of tumor samples
from lung and ovary carcinomas were analyzed.
With the exception of one acinar and one solid lung
adenocarcinomas that were totally BAP1 negative,
all other cases strongly expressed BAP1 (Table 4 and
Supplementary Figure 1). Interestingly, a minority
of cases contained a BAP1-negative component
associated with the predominant BAP1-positive
one (Supplementary Figure 1). All eight samples
of epithelioid hemangioendothelioma of the lung
resulted intensely positive for BAP1 (Supplementary
Figure 1).

BAP1 Loss in Mesothelioma Is Frequently Sustained by
Homozygous Deletion of BAP1 Gene by FISH

All six control samples containing normal mesothe-
lium showed unaltered BAP1 gene pattern on FISH
(2G–2R). In 36 of 41 (88%) BAP1-negative mesothe-
lioma cases, at least one abnormality at the BAP1
locus was observed. As defined by the established
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cutoff values, homozygous deletion was detected in
31 cases (76%; 1/2G–0R or 42G–0R; Figure 5b); 6 of
them also contained cells with heterozygous dele-
tion. Heterozygous-only deletion was found in one
case (2G–1R or G4R), whereas three cases showed

chromosome 3 monosomy (1G–1R). Finally, one case
showed unexpected chromosome 3 polysomy.

Remarkably, in one mesothelioma case, tumor
heterogeneity at the protein level was supported by
heterogeneous deletion of the BAP1 locus in

Figure 2 BAP1 immunostain in cases of noninvasive mesothelial proliferations. (a and b) Case 28 in Table 2. Hematoxylin and eosin
shows the irregular mesothelial proliferation with papillae (a) and cytological atypical features (inset); BAP1 is strongly reactive in
mesothelial and stromal-inflammatory cells. (c–f) Three different cases of mesothelial proliferation showing BAP1 negativity that were
associated with mesothelioma (c and d: case 19, e: case 18; and f: case 40, all from Table 2).
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mesothelioma cells. Eight of 10 BAP1-positive meso-
theliomas showed no BAP1 anomalies (Figure 5a).
One homozygous deletion and one gene amplifica-
tion pattern were detected in the remaining two
cases, respectively.

Discussion

By analyzing a large cohort of clinical samples, this
study establishes that BAP1 expression by immuno-
histochemistry represents a biomarker of excellent

Figure 3 (a–d) Examples of three BAP1-negative malignant epithelioid and biphasic mesotheliomas. (a) The BAP1-positive lung
parenchyma (upper left) infiltrated by the mesothelioma (lower right); (b) BAP1 is expressed by inflammatory cells and vascular
endothelium within the tumor. (c and d) A case of biphasic mesothelioma double stained for BAP1 (brown) and epithelial membrane
antigen (blue), the latter being helpful to identify the BAP1-negative spindle cells in the sarcomatoid areas. (e and f) The only two cases of
epithelioid mesothelioma containing distinct tumor populations regarding BAP1 expression.
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clinical utility for the diagnosis of malignant meso-
thelioma. Although expressed in all benign meso-
thelial lesions, BAP1 protein was lost in a large

proportion of mesotheliomas, especially with epi-
thelioid (128/184, 70%) and biphasic (9/15, 60%)
features. BAP1 loss was also seen in sarcomatoid and
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desmoplastic mesothelioma, although with lower
frequency (2/13, 15%). Remarkably, BAP1 protein
loss was paralleled by homozygous deletion of the

BAP1 locus in the vast majority of BAP1-negative
tumors (31/41, 76%). Our results show the high
specificity (100%) of BAP1 loss for mesothelioma
diagnosis, in keeping with data recently obtained
on a small series of tissue microarray mesothelial
lesions;39 in contrast with the latter study, however,
sensitivity was much higher (66% versus 27%),
probably because of the higher number of epi-
thelioid/biphasic mesothelioma cases included in
the present study.

The use of BAP1 immunostain can be particularly
useful in the differential diagnosis between mesothe-
lioma and reactive mesothelial proliferations that
can be challenging in several instances9–11,61 and
especially on small tissue samples where stromal
invasion cannot be properly evaluated. In this
differential scenario, the role of immunohistochem-
istry is very controversial, as the results obtained
using several markers (e.g., desmin, epithelial mem-
brane antigen, p53, IMP3, GLUT-1, CD146, CD147,
p16) were poorly reproducible among studies, with
marked variability in sensitivity and specificity.13–38
This lack of reproducibility might depend on pre-
analytical issues62 or, alternatively, on data inter-
pretation (eg, definition of the biomarker cutoff
values). In contrast, the evaluation of BAP1 immuno-
stain is straightforward and protein loss or retention
is easily recognizable, therefore requiring no thresh-
old values. BAP1-negative tumor cells were also
easily recognizable in mesothelioma cases showing
heterogeneity. Notably, in one of the cases, FISH
analysis confirmed heterogeneity at the genomic
level.

BAP1 stain in reactive mesothelial proliferations
was of great support in the identification of malig-
nancy, as five cases originally defined as simple or
atypical reactive mesothelial proliferation and lack-
ing protein expression were diagnosed having
mesothelioma within a time period ranging from
2 to 104 weeks. An additional fifth case classified as
atypical reactive mesothelial proliferation of the
peritoneum was from a patient who died 4 years
later with multiple abdominal metastases; unfortu-
nately, no further biopsies were performed in this
case. Overall, BAP1 negativity in cases of reactive
mesothelial proliferation had a 100% positive pre-
dictive value for mesothelioma development,
whereas BAP1 positivity had a negative predictive
value of 90%.

Interestingly, the reactivity of BAP1 (including
BAP1 loss) was highly concordant between the
invasive component and the surface mesothelial
layer, independently from its morphological features

Figure 4 BAP1 immunostain on cytological (a) and cell-block (b) samples from two cases of epithelioid mesothelioma showing BAP1-
negative malignant cells surrounded by numerous BAP1-positive inflammatory cells. Double stain for BAP1 (brown) and CD11c (blue)
reveals the histiocytic nature of the BAP1-positive cells embedding the tumor papillae (b). (c–h) Shown is a patient (no. 42 in Table 2) who
showed pleural effusion containing rare atypical cells (c) that resulted negative for BAP1 (d, single immunostain for BAP1; e, double
immunostain for BAP1 and cytokeratin 5/6, respectively brown and blue); pleural biopsy was unremarkable (f); 11 months later, frank
invasive BAP1-negative mesothelioma was diagnosed (g and h).

Figure 5 Fluorescence in situ hybridization using the BAP1/
CEN3q probe in a case of BAP1-positive mesothelioma that shows
normal copy numbers (a) and in a case of BAP1-negative
mesothelioma with homozygous deletion of BAP1 (b).
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and degree of atypia. This indicates that, in a fraction
of mesotheliomas, loss of BAP1 protein might repre-
sent an early and irreversible event anticipating
full mesothelial transformation. With this in mind,
biopsies including only BAP1-negative surface
mesothelium should lead to immediate reevaluation
to exclude invasive mesothelioma. A similar con-
clusion was made by Hwang et al63 who applied
FISH for the CDKN2A gene in 18 mesotheliomas and
found homozygous deletion in 6/18 cases in both
invasive tumor and the corresponding surface
mesothelial proliferation.

In addition to its relevant role in distinguishing
mesothelioma from reactive mesothelial prolifera-
tions, BAP1 stain also showed utility in the differ-
ential of mesothelioma from most common pleural
and peritoneal mimickers, such as lung and ovary
carcinomas, with specificity and sensitivity of
99/70% and 100/70%, respectively.

Malignant mesothelioma often presents with
recurrent serous effusions and cytology of the pleural
fluid represents the initial diagnostic procedure.
Unfortunately, the diagnostic sensitivity is extremely
variable with a high rate of false-negative cases, the
latter finding partially explained by the broad
morphologic overlap between reactive and malig-
nant mesothelial cells.64,65 Accordingly, the Interna-
tional Mesothelioma Interest Group established that
effusion cytology has limited usefulness for a
definitive diagnosis of mesothelioma.65 Immunohis-
tochemical markers used on histological samples to
differentiate between benign and malignant meso-
thelial proliferation have also been used in cytology
with similar unsatisfactory results.28–36 The present
study shows that the BAP1 profile of mesothelial
cells is also easily identifiable on effusions and cell
blocks. Benign mesothelial cells were invariably
positive for BAP1, whereas 64% of mesotheliomas
showed loss of protein; in equivocal cases by
morphology, BAP1 negativity on mesothelial cells
had a 100% positive predictive value for the diag-
nosis of mesothelioma: all six samples containing
mesothelial cells negative for BAP1 were associated
with a histological diagnosis of BAP1-negative
mesothelioma.

BAP1 gene loss of function has been previously
detected in cases of sporadic mesothelioma and
related to different and sometimes coexisting mecha-
nisms, including homozygous/heterozygous dele-
tions or sequence mutations.54,56,58,66 The possibility
of posttranslational mechanism has also been con-
sidered, as loss of protein has been occasionally
associated with preserved BAP1 transcript.54 In this
study FISH analysis of BAP1 gene showed that 32
out of 41 BAP1-negative mesotheliomas revealed
biallelic (31/41, 76%) or monoallelic (1/41, 2%)
deletion of the BAP1 locus; in other studies
performed on mesothelioma cohorts not selected
on the basis of BAP1 expression, gene deletions were
detected with lower frequency.54,56,66 Interestingly,
BAP1 homozygous deletion was also identified in

1 out of 10 cases of mesothelioma expressing BAP1
protein; it is conceivable to retain that in this single
case the gene region transcribing the epitope recog-
nized by anti-BAP1 antibody is uncovered by the
BAP1 probe. Taken together, these data suggest that
BAP1 FISH analysis can support immunohistochem-
istry in confirming the diagnosis of mesothelioma.

A striking difference in the percentage of mesothe-
lioma cases showing BAP1 loss was found between
epithelioid/biphasic and sarcomatoid/desmoplastic
mesothelioma (69% versus 15%). These data are in
keeping with those reported by Yoshikawa et al,56
whereas Bott et al54 did not find correlation between
gene anomalies and histologic mesothelioma var-
iants. It is known that epithelioid and sarcomatoid
mesotheliomas show different antigen expression,
with many mesothelial markers being frequently
negative in sarcomatoid subtype.67–73 A recent gene
expression profile analysis applied to a large series
of pleural mesothelioma cell lines and tissue
samples identified two mesothelioma subgroups.
Although sarcomatoid and desmoplastic mesothelio-
mas belonged to a single group associated with
poorer prognosis, epithelioid mesotheliomas were
either included in the sarcomatoid/desmoplastic
group or fell in a distinct subgroup with a better
prognosis. Interestingly, in this study mutation
analysis of BAP1, CDKN2A, CDKN2B, NF2, and
TP53 was also performed and showed that the
subgroup with better prognosis exhibited more
frequent BAP1 genetic variants.74 This observation
is in keeping with the data obtained by Arzt et al57
who found that lack of BAP1 protein expression in
mesothelioma is associated with better survival.

The role of BAP1 mutations during mesothelial
transformation is poorly understood. In contrast to
sporadic or familiar atypical Spitz tumors where
BAP1 mutations are not sufficient to induce malig-
nant transformation,52 in mesothelial cells their
occurrence is invariably associated with malignancy.
A recent study in mice showed that the heterozygous
deletion of BAP1 increased the susceptibility to
mesothelioma induced by chronic exposure to
asbestos; interestingly, transformed mesothelial cells
acquired a second hit and showed biallelic loss of
BAP1 gene.75 BAP1 haploinsufficiency, however, is
not sufficient to promote spontaneous tumorigenesis
in the host, as no mesotheliomas or other malig-
nancies were observed in unexposed mice during
87 weeks of surveillance.

In conclusion, this study shows that BAP1 protein
is frequently lost in malignant mesothelioma,
especially of epithelioid/biphasic subtype (69%).
This marker has an absolute specificity (100%) in
the distinction between benign and malignant
mesothelial proliferations, whereas sensitivity is
lower. Nevertheless, in cases with uncertain diag-
nosis the identification of loss of BAP1 protein in
mesothelial cells should prompt to immediately
reevaluate the patient with additional biopsies or
close follow-up. BAP1 loss might be useful in
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mapping tumor extent and planning surgical resec-
tion, especially in peritoneal mesothelioma where
prognosis may depend on surgical radicality.76
Finally, despite the fact that loss of protein likely
depends more commonly on somatic events invol-
ving the BAP1 gene, the identification of mesothe-
lioma with BAP1-negative phenotype might guide to
perform BAP1 germline testing in family members.
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