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Introduction

Malignant mesothelioma (MM) is a rare but highly 
aggressive neoplasm. It has a poor prognosis and a median 
survival time of 20 months after diagnosis (1). Tumor 
development is associated with exposure to several known 
carcinogens such as asbestos fiber, rhesus virus 40, and 
radiation, of which asbestos exposure is the most important 
risk factor (2). The early clinical symptoms of MM lack 
specificity and are often characterized by large amounts 
of pleural effusion, which make clinical and imaging 
diagnoses difficult. Mesothelioma often goes undiagnosed 
until the late stages of the disease, at which time no marked 
effects can be achieved, regardless of whether the patient 
and medical team select surgery or radiotherapy and 
chemotherapy.

Differential diagnosis of MM from reactive mesothelial 
hyperplasia (RMH) or metastatic carcinoma is crucial to 
patient care and prognosis, but distinguishing these specific 
conditions from each other can be very difficult. RMH 
is a benign condition, but it often mimics the features 
of neoplasm including high cellularity, the presence 
of numerous mitotic figures and cytologic atypia, the 
formation of papillary groups, the presence of necrosis, and 
entrapment of mesothelial cells within fibrosis, mimicking 
invasion (3). This makes MM and RMH appear very 
similar in histological appearance. Immunohistochemistry 
(IHC) for calretinin, podoplanin, cytokeratin 5/6, and 
Wilms’ tumor-1 proteins are commonly used to diagnosis 

MM, with a sensitivity of greater than 90%, 90–100%, 
75–100%, and 70–95%, respectively (3). Although these 
immunohistochemical markers have high sensitivity for MM, 
they are also positively expressed in some RMH cases (4). 
Similarly, histopathologic differentiation between MM and 
lung adenocarcinoma is often challenging. Epithelial MM 
is a tumor with a small tube, acinar, flaky atypical growth 
pattern formed by epithelial mesothelial cells, similar 
to the histological structure of lung adenocarcinoma. 
Distinguishing MM from lung adenocarcinomas can be 
difficult, even when multiple immunohistochemical stains 
are deployed. Sometimes MM expresses “carcinoma” 
markers such as epithelial membrane antigen (5), and 
lung adenocarcinomas do not always express thyroid 
transcription factor 1 or Napsin A, so their sensitivity is 
not more than 80% (6). For this reason, it is important to 
identify more specific markers that facilitate the early and 
accurate diagnosis of MM.

Recently two new markers that appeared to be useful for 
distinguishing benign from MM were discovered, namely 
p16 [cyclin-dependent kinase inhibitor 2A (CDKN2A)], a 
tumor suppressor gene, and BRCA1-associated protein 1  
(BAP1). Deletion of p16 has proven to be a reliable way 
of differentiating benign from MM proliferation, which 
is one of the most common cytogenetic abnormalities 
in MM and can be detected by fluorescence in situ 
hybridization (FISH). P16 deletion has been found in 
47.4–81.3% of MM cases, but no cases of RMH have been 
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reported to harbor p16 deletion (4,5,7,8). However, even 
at a specificity of 100%, some MM cases do not show 
p16 deletion. Thus, another useful marker, BAP1 was 
identified. Previous studies have shown that BAP1 loss 
can occur as a result of gene deletion, point mutations, or 
other indirect mechanisms and BAP1 loss can be assessed 
by IHC (9,10). Loss of BAP1 staining has been observed 
in many tumors such as epithelioid atypical Spitz tumors, 
melanoma, renal cell carcinoma, and MM (11). The 
relationship between BAP1 loss and MM is significant. 
BAP1 loss has been reported in 15–67.5% of MM cases, 
with a specificity of 100% for differentiating between MM 
and RMH (4,7,12-15). Thus together, p16 and BAP1 are 
reliable markers for differentiating MM from RMH.

BAP1 has also been used to identify MM and lung 
adenocarcinoma. Although the correlation between 
BAP1 loss and lung cancer is not completely understood, 
it is known that loss of BAP1 expression is rare in lung 
adenocarcinoma (16,17). Thus, it is reasonable to assume 
that loss of BAP1 in a thoracic malignancy would provide 
strong support for the diagnosis of MM.

The goal of this study was to establish the value of p16 
deletion detected by FISH and BAP1 loss detected by 
IHC for MM diagnosis, and to determine the value of p16 
deletion and BAP1 loss in distinguishing MM from RMH 
and lung adenocarcinoma.

Methods

Patients

We retrospectively reviewed 78 cases from 2011 to 2017 
including 35 cases of MM, 9 cases of RMH, and 33 cases 
of lung adenocarcinoma. All patients were diagnosed at the 
First Affiliated Hospital of Guangzhou Medical University 
(Guangdong, China). Tissue paraffin block from all cases 
were preserved. In total, 26 MM cases and 5 RMH cases 
were biopsy specimens; and 9 MM cases, 4 RMH cases, and 
all lung adenocarcinoma cases were resection specimens. 
Clinical data collected included age, sex, and smoking 
history.

FISH

Commercially available SpectrumOrange-labeled locus-
specific p16 (9p21) probe and SpectrumGreen-labeled 
chromosome 9 centromeric probe (Vysis LSI CDKN2A 
SpectrumOrange/CEP9 SpectrumGreen Probe; Abbott 

Laboratories, Chicago, IL, USA) were used for the dual-
color FISH studies, which were performed on formalin-
fixed, paraffin-embedded histologic sections of 3 μm 
in thickness. The paraffin sections were deparaffinized 
in xylene, followed by rehydration and pretreatment in 
deionized water at 100 ℃ for 15 min. After immersion in 
2× saline sodium citrate (SSC; Sigma, St. Louis, MO, USA) 
for 5 min, slides were digested by proteinase K (20 mg/L in 
2× SSC; Sigma) at 37 ℃ for 5 min in a humidified chamber, 
washed in 2× SSC again for 5 min, and air dried at room 
temperature. Slides were dehydrated and co-denatured with 
the probes for 5 min at 80 ℃, hybridized at 42 ℃ for 18 h  
in the ThermoBrite unit (Abbott Japan, Tokyo, Japan), 
washed with 2× SSC/0.1% NP40 at 46 ℃ for 10 min, and 
counterstained with DAPI/antifade (Abbott, Japan). The 
slides were scored on a cell-by-cell basis using an Olympus 
microscope (Olympus, Tokyo, Japan) with a single band 
pass filter for DAPI, SpectrumGreen, and SpectrumOrange. 
A hematoxylin and eosin-stained section was used to verify 
the presence of the tumor. At least 100 cells were scored for 
each case.

IHC

IHC was performed on formalin-f ixed,  paraff in-
embedded tissue sections of 4 μm in thickness. Tissue 
sections were baked at 65 ℃ overnight and then an 
automatic immunohistochemical instrument (LEICA, 
Wetzlar, Germany) and mouse monoclonal anti-human 
BAP1 antibody (clone C-4, 1:200 dilution; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) were used for IHC. 
After automated immunohistochemical treatment, the 
sample was washed with anhydrous alcohol and the slide 
was allowed to dry. An automatic sealing machine (LEICA) 
was used to seal the slice. All sections were observed 
under an Olympus microscope (Olympus). The absence 
of nuclear immunoreactivity in the presence of preserved 
immunoreactivity in the lymphocytes and fibroblasts of 
tumors was indicative of BAP1 loss. The number of tumor 
cells with BAP1 loss was determined as the percentage of all 
tumor cells.

Cut-off values for normal p16 FISH signaling

Nuclear signal deletion was divided into two main types: 
homozygous deletion and hemizygous deletion. P16 
homozygous deletion was defined as loss of both p16/
CDKN2A signals with at least one centromere enumeration 
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probe 9 (CEP-9) signal (0SpO/1-2SpG), and hemizygous 
deletion was defined as the presence of only one p16 
signal in cells with two CEP-9 signals (1SpO/2SpG). 
Because sectioning of paraffin-embedded blocks creates 
nuclei truncation and some deletions can be caused by 
signal loss, a cut-off value for normal p16 FISH signaling 
was established. We used methods described in previous 
works to select the cut-off value for normal p16 FISH 
signaling, and at least 100 cells were scored for each case (8).  
In this study, cut-off levels were calculated as the mean 
percentage + four standard deviations of nuclei of RMH. 
We calculated the frequency of p16 deletion in the nine 
cases of RMH. Here, 1–8% (mean, 3.2%) of the cells had 
homozygous deletions, and 2–11% (mean, 4.8%) had 
hemizygous deletions. In this work, 5–16% (mean, 8.3%) of 
each nucleus showed homozygous or hemizygous deletions. 
P16 homozygous deletion was defined as more than 12.1% 
nuclei exhibiting a 0SpO/1–2SpG pattern, hemizygous 
deletion was defined as more than 15.7% nuclei exhibiting 
a 1SpO/2SpG pattern, and homozygous or hemizygous 
deletion was defined as more than 24.5% nuclei exhibiting 
a 0SpO/1–2SpG or 1SpO/2SpG pattern. The cut-off value 
of normal p16 FISH signaling in lung tissue was shown in 
our previous study (18). It was set according to the nuclear 
signal of p16 in normal lung tissue or lung tissue with 
inflammation and benign alveolar epithelial hyperplasia. 
P16 homozygous deletion was defined as more than 13.2% 
of nuclei showing a 0SpO/1–2SpG pattern, p16 hemizygous 

deletion was defined as more than 34.2% of nuclei showing 
a 1SpO/2SpG pattern, and homozygous/hemizygous 
deletion was defined as more than 41.8% of nuclei showing 
a 0SpO/1–2SpG or 1SpO/2SpG pattern.

BAP1 IHC cut-off values

Although BAP1 IHC is unambiguously and homogeneously 
expressed in the nuclei of most tumor cells, heterogenous 
BAP1 expression has also been observed in several cases. 
We used previously published methods to establish cut-
off values for normal BAP1 expression, as determined by 
IHC; at least 500 cells were scored for each case (7). In 
this work, we calculated the proportion of BAP1-IHC-
positive cells among the tumor cells, and receiver operating 
curve analysis was used to establish the cut-off value for 
the BAP1 IHC assay. Fewer than 19.7% of cells expressed 
BAP1, indicating some BAP1 loss. According to this cut-off 
value, the sensitivity and specificity were 67.5% and 100%, 
respectively, for MM diagnosis. We also used this cut-off 
value to assess the error caused by heterogenous BAP1 
expression.

Statistical analysis

Statistical analysis was performed using SPSS Statistics for 
Windows, Version 16.0, and the χ2 test was used to compare 
the clinical data. BAP1 and p16 were used to correlate 
MM with relevant matching data. P<0.05 was considered 
statistically significant.

Results

Clinical features

The clinical features of the 35 patients with MM, 9 patients 
with RMH, and 33 patients with lung adenocarcinoma are 
summarized in Table 1.

p16 FISH

FISH analysis was successful in 32 of the 35 MM cases. 
The remaining three cases were removed because they had 
fewer than 100 tumor cells, including two cases of biopsies 
and one case of resection. Of the remaining 32 patients 
who had undergone p16 FISH, 62.5% (20/32) showed 
homozygous deletion, 9.4% (3/32) showed hemizygous 
deletion, and 28.1% (9/32) showed no deletions. A total 

Table 1 Clinical characteristics of all patients in this study

Characteristic
Malignant 

mesothelioma 
(n=35)

Reactive 
mesothelial 
hyperplasia 

(n=9)

Lung 
adenocarcinoma 

(n=33)

Sex

Male 16 4 11

Female 19 5 22

Age

≥60 years 23 4 19

<60 years 12 5 14

Smoking history

Evera 12 3 12

Never 23 6 21
a, includes current and former smokers.
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of 9 patients with RMH and 33 with lung adenocarcinoma 
successfully underwent FISH. None of the RMH cases had 
p16 deletions. Here, 45.5% (15/33) of lung adenocarcinoma 
patients were found to have p16 deletions, all of which were 
homozygous deletion (Figure 1). According to the results 
shown in Table 2, the difference between MM and RMH 
had obvious statistical significance (P<0.01). Table 3 shows 
the results of p16 FISH in the MM cases. There was no 
correlation between p16 FISH expression and the age or sex 
of MM patients, but their smoking history correlated with 
p16 expression, as detected by FISH (P<0.05).

BAP1 IHC

The BAP1 IHC assay was successfully performed for the 
35 MM cases, 9 RMH cases, and 33 lung adenocarcinoma 
cases (Figure 2). Of the MM cases, 37.1% (13/35) showed 
loss of BAP1 expression, of which 7 of the 13 cases 
showed p16 homozygous deletion, 1 showed hemizygous 
deletion, and 2 had fewer than 100 tumor cells. All of 
the RMH and lung adenocarcinoma cases had BAP1 
expression. Tables 4,5 showed that the difference between 
MM and RMH or lung adenocarcinoma was statistically  
significant (P<0.05). According to the results of the 
Fisher’s exact test, there was no correlation between 
BAP1 expression and age, sex, or smoking history in 
patients with MM (Table 6).

A B

Figure 1 Hybridization of Vysis LSI p16 (9p21) SpectrumOrange/CEP9 SpectrumGreen probe. (A) Tumor with p16 deletion-positive 
(loss of 2 orange signals per cell and presence of 2 green signals), positive non-neoplastic cells should always be present and serve as a 
useful internal controls; (B) tumor with p16 deletion-negative pattern (presence both of 2 orange signals and 2 green signals). Original 
magnifications ×1,000.

Table 2 Identification of malignant mesothelioma and reactive 
mesothelial hyperplasia with p16 deletion

Histologic 
diagnosis

P16 deletion
P

Positive Negative

Malignant 
mesothelioma

23 9 0.000

Reactive 
mesothelial 
hyperplasia

0 9

Table 3 Relationship between p16 deletion and clinical data

Characteristic
P16 deletion 

P
Positive (n=23) Negative (n=9)

Sex 0.122

Male 10 7

Female 13 2

Age 1.000

≥60 15 6

<60 8 3

Smoking history 0.049

Evera 6 6

Never 17 3
a, includes current and former smokers.
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Figure 2 Hematoxylin–eosin (HE) stained sections, BAP1 immunohistochemistry (IHC) in malignant mesothelioma (MM), reactive 
mesothelial hyperplasia (RMH) and lung adenocarcinoma cases. (A) HE staining in MM; (B) BAP1 IHC loss-negative in MM; (C) HE 
staining in MM; (D) BAP1 IHC loss-positive in MM; (E) HE staining in RMH; (F) BAP1 IHC loss-negative in RMH; (G) HE staining in 
lung adenocarcinoma; (H) BAP1 IHC loss-negative in lung adenocarcinoma. Original magnifications, ×200.
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Relationship between p16 FISH and BAP1 IHC for MM 
diagnosis

Next, we investigated the correlation between p16 deletion 
and BAP1 loss. Table 7 shows the results of p16 FISH and 
BAP1 IHC for MM. Analysis of the matched data showed 
that there was no correlation between the results of the  
two methods for diagnosing MM (P>0.05). However, when 
the methods were used in combination, they showed greater 
sensitivity (from 71.9% to 80%) than BAP1 IHC or p16 
FISH alone.

Discussion

The results of this study demonstrate that p16 deletion and 
BAP1 loss have excellent clinical utility for the diagnosis of 
MM. In addition, they can be used to differentiate benign 
from MM proliferation, and BAP1 loss can be used to 
distinguish MM from lung adenocarcinoma.

P16 is a tumor suppressor gene located on human 
chromosome 9 short arm 2 zone 1 band (9p21) (19), 
and is directly involved in regulation of the cell cycle 
and the negative regulation of cell proliferation and 
division. Abnormal p16 expression is closely related to the 
development of various tumors. Many studies have shown 
that p16 deletion is useful for differentiating between 
MM and RMH, but to date, there have been no published 
reports on the role of p16 deletion in RMH (20-22). In 
this study, the sensitivity of p16 FISH was 71.9% (23/32) 
for MM diagnosis and none of the RMH cases showed p16 
deletion, consistent with previous findings. Although this 
marker has relatively high sensitivity, some patients with 
MM do not show p16 deletion, so another useful marker, 
BAP1, was evaluated in this study.

BAP1 is located on chromosome 3 (3p21.1). It is a 
nuclear ubiquitin hydrolase that regulates the cell cycle, 
cellular differentiation, transcription, and DNA repair and 
functions as a classical tumor suppressor (23). Several studies 
have revealed that BAP1 protein expression is often lost in 
MM (7,12,24). In this study, the sensitivity of BAP1 IHC 
was 37.1% (13/35) for MM diagnosis, and the specificity of 
distinguishing MM from RMH was 100%. The sensitivity 
was not as high as that described by Hida et al., who cited 
67.5% using BAP1 IHC for MM diagnosis, although the 
same cut-off values were used. The difference in results may 
be due to the smaller sample sizes used in this study.

Table 4 Identification of malignant mesothelioma and reactive 
mesothelial hyperplasia with BAP1 loss

Histologic 
diagnosis

BAP1 loss
P

Positive Negative

Malignant 
mesothelioma

13 22 0.041

Reactive 
mesothelial 
hyperplasia

0 9

Table 5 Identification between malignant mesothelioma and lung 
adenocarcinoma with BAP1 loss

Histologic 
diagnosis

BAP1 loss
P

Positive Negative

Malignant 
mesothelioma

13 22 <0.001

Lung 
adenocarcinoma

0 33

Table 7 Correlation between p16 deletion and BAP1 loss in 
malignant mesothelioma

P16 deletion
BAP1 loss

χ2 P
Positive Negative

Positive 8 15 0.133 1.000

Negative 3 6

Table 6 Relationship between BAP1 loss and clinical data

Characteristic
BAP1 loss

P
Positive (n=13) Negative (n=22)

Sex 1.000

Male 7 12

Female 6 10

Age 0.282

≥60 years 10 12

<60 years 3 10

Smoking history 0.463

Evera 3 9

Never 10 13
a, includes current and former smokers.
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The problem with both p16 FISH and BAP1 IHC is that 
each has limited sensitivity. However, their combined use 
was expected to increase the sensitivity, resulting in greater 
confidence in the accuracy of MM diagnosis. Based on the 
estimated probabilities for the results of each assay in our 
study, combined testing produced a significant improvement 
(from 71.9% to 80%) compared to p16 FISH testing 
alone, in accordance with previous studies showing that the 
combined use of BAP1 IHC and p16 FISH assays increased 
the sensitivity (7,15,25).

Differentiating among MM, non-small cell lung cancer, 
and especially adenocarcinoma, once they metastasize to the 
pleura or peritoneum can be difficult. It has also difficult to 
find novel diagnostic markers that can be used to distinguish 
between MM and lung adenocarcinoma. According 
to previous studies, p16 deletion occurs in 29–59% of 
primary lung adenocarcinomas (26-29); 45.5% (15/33) of 
adenocarcinomas showed p16 deletion in our study, which 
made it impossible to use this marker to differentiate MM 
from lung adenocarcinoma. None of the patients (0%, 0/33) 
with adenocarcinoma showed BAP1 loss, confirming that 
BAP1 loss is rare in lung adenocarcinoma (16,17,30).

BAP1 can be used to distinguish MM from lung 
adenocarcinoma. Some studies have also reported that 
Ber-EP4 and MOC-31 immunostaining may be useful 
for this purpose as well (31-34). Ber-EP4 is a monoclonal 
antibody distinct from keratin or other common epithelial-
associated antigens, which reacts with most epithelial cells 
and neoplasms (35). MOC31 is a cell surface glycoprotein 
of unknown function, and the pattern of reaction is 
plasmalemmal. MOC31 is expressed in most normal and 
malignant epithelial cells (36). Although multiple studies 
have shown that Ber-EP4 and MOC31 are positive 
markers for lung adenocarcinoma and negative markers 
for MM, they are not expressed in every case of lung 
adenocarcinoma (30,37) and they occasionally stain a small 
fraction of MM cells (38-40). Therefore, although the 
diagnostic value of BAP1 for this differential diagnosis is 
limited due to low sensitivity of BAP1 loss in mesothelioma, 
it  can also be used as a supplementary marker in 
discriminating MM from lung adenocarcinoma. Thus, IHC 
for BAP1 can be added to the clinical diagnostic panel used 
in the context of the differential diagnosis of MM from lung 
adenocarcinomas.

The results of this study showed that p16 deletion 
showed higher sensitivity for MM than BAP1 loss. P16 
deletion could only be detected by FISH and not by 
IHC. Loss of p16 expression occurs not only through 

p16 deletion but also through p16 methylation or other 
genetic abnormalities. However, in contrast to p16 deletion, 
which can only be detected by FISH, BAP1 loss can be 
conveniently assessed by IHC. FISH is more expensive, 
more labor intensive, and less likely to be available in 
clinical laboratories than IHC. Thus, although it has low 
sensitivity, BAP1 IHC may still be a good starting point for 
testing because it is faster and cheaper than p16 FISH, and 
when used in combination with FISH, the accuracy of MM 
diagnosis will increase.

Conclusions

P16 and BAP1 both showed independent diagnostic value 
for the diagnosis of MM, and the combination of p16 
deletion detected by FISH and BAP1 loss detected by 
IHC detected MM with greater sensitivity greater than 
each method used alone. BAP1 is also a good marker for 
distinguishing MM from lung adenocarcinoma. Future 
studies should include greater sample sizes, and the 
relationship between p16 and BAP1 expression and the 
prognosis of MM should be separately analyzed.
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