
Nuclear BAP1 loss is common in intrahepatic 
cholangiocarcinoma and a subtype of hepatocellular carcinoma 
but rare in pancreatic ductal adenocarcinoma

Asmaa Mosbeh1,2,4, Khalil Halfawy2, Wael S. Abdel-Mageed3, Dina Sweed4, and Mohamed 
H. Abdel Rahman1,4,5,∫

1National Liver Institute Sustainable Sciences Institute Collaborative Research Center 
(NLISSICRC), Menoufia University, Egypt

2Molecular Biology, Genetic Engineering and Biotechnology Research Institute, University of 
Sadat City, Egypt

3Genetics Department, Faculty of Agriculture, Beni-Suif University, Egypt

4Department of pathology, National Liver Institute (NLI), Menoufia University, Egypt

5Division of Human Genetics and Department of Ophthalmology, The Ohio State University, 
Columbus, Ohio, US

Abstract

Deletion in the 3p21 region, the chromosomal location of BAP1, has been reported in a subset of 

hepatocellular carcinoma (HCC), biliary and pancreatic cancers. This suggests that BAP1 could 

play a role in the pathogenesis of these tumors. We assessed the frequency of BAP1 loss by 

immunohistochemistry in 103 hepatic, biliary and pancreatic cancers. We also assessed 

chromosomal alterations in the BAP1 region in the same tumors by genotyping. We identified high 

frequency 4/8 (50%) of BAP1 loss in intrahepatic cholangicarcinoma (ICC). However the 

frequency was lower in HCC 9/51 (17.6%), pancreatic 1/42(2.4%) and extrahepatic biliary cancers 

(0/2). Loss of heterozygosity of at least one marker from the 3p21 region was observed in 75% of 

ICC, 52.9% of HCC and 45.2% of pancreatic cancers. Expression of hepatocytic (HepPar1) and 

bile duct (cytokeratin 7) markers were common (7/9, 77.8%) in the HCC tumors with loss or 

decrease of BAP1 compared with those with preserved BAP1 (18/42, 42.9%), (Fisher exact 

p=0.0751). Our results confirm the high frequency of BAP1 alterations in ICC and low frequency 

in pancreatic cancers. It also suggests that BAP1 is commonly altered in a subtype of HCC with 

both hepatocytic and biliary differentiation. Further studies of the therapeutic implications of our 

findings are warranted.
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Introduction

BAP1 (BRCA1 associated protein-1) is a tumor suppressor gene located in the 3p21 

region[1]. BAP1 encodes a 729 amino acids long nuclear-localizing protein with an 

ubiquitin carboxy-terminal hydrolase (UCH) domain that gives BAP1 its deubiquitinase 

activity[1]. BAP1 functions as a component of the ubiquitin proteasome system. The tumor 

suppressor function of BAP1 is thought to be through its role in transcription regulation, cell 

cycle regulation, chromatin modification and DNA damage response [2-6].

Deletion of the 3p21 region, the chromosomal location of BAP1, is a frequent and early 

event in the formation of multiple tumors most significantly lung, breast and kidney cancers 

[7]. In addition, epigenetic inactivation of genes located in the region is a common and 

important event in the carcinogenesis of multiple tumors [8]. Multiple genes including, 

RASSF1, HYAL2, NPR2L, FUS1, BLU/ZMYND10, CYB561D2 (101F6), TMEM115 
(PL6) and CACNA2D2 have been suggested as tumor suppressor driver genes in tumors 

with deletion in the 3p21 chromosomal region [9]. Given the important role of BAP1 in 

tumorigenesis of many cancers it is likely that it is a major driver for tumorigenesis in many 

tumors with deletion of this chromosomal region. Loss of heterozygosity (LOH) or deletion 

in the 3p21 region and its vicinity has been reported in a subset of HCC, biliary and 

pancreatic cancers suggesting that BAP1 could be an important tumor suppressor in the 

pathogenesis of these tumors [8, 10].

Germline mutation of BAP1 is associated with a tumor predisposition syndrome (BAP1-

TPDS) with increased risk for four main cancers: uveal melanomas, cutaneous melanomas, 

malignant mesothelioma and lung adenocarcinoma[11-14]. However, several other cancers, 

including intrahepatic cholangiocarcinoma (ICC), hepatocellular carcinoma (HCC) and 

pancreatic adenocarcinoma (PDAC), have been reported in probands and families with 

germline mutation in BAP1[15, 16]. In addition, somatic mutations in BAP1 have been 

observed in the four main cancers associated with the BAP1-TPDS and in many other 

cancers in particularly ICC[15].

Hepatic, pancreatic and biliary carcinomas are aggressive tumors and represent three of the 

most lethal malignancies worldwide [17]. BAP1 is a potential target therapeutic candidate 

with multiple emerging studies targeting its downstream signals[18-20]. Also, in many 

cancers BAP1 loss is associated with tumor aggressiveness and prognosis[2, 21-23]. The 

goal of this study was to investigate the contribution of BAP1 to the tumorigenesis of the 

3p21 deletion in hepatic, pancreatic and biliary tumors.
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Materials and Methods

Tumor Samples

This study included tumor tissues from 51 HCC, eight ICC, two cases of lower common bile 

duct carcinoma (CBD) and 42 pancreatic tumors. The pancreatic tumors were five cases of 

ampullary carcinoma (AC) and 37 cases of PDAC. The eight cases of ICC included four 

peripheral and four hilar tumors. Corresponding non-tumor tissues were available in all 

cases. The clinicopathologic data for the 103 samples included in the study is summarized in 

Table 1. All specimens were retrospectively obtained from the archive of the pathology 

department National Liver Institute, Menoufia University or from the biorepository of the 

National Liver Institute Sustainable Sciences Institute Collaborative Research Center 

(NLISSICRC). The study was carried out according to an NLI institutional IRB approved 

protocol.

Immunohistochemical (IHC) staining

IHC was carried out for all tumors except the ICC on 2mm diameter tissue microarrays 

(TMA) according to our previously published protocol[24]. At least two representative cores 

from each tumor and one core from matching non-tumor tissue were included. For the ICC 

cases tissue sections from the whole tumors were used. Tissue sections from the whole 

tumors were used for validation of the negative staining identified in the TMA.

After deparaffinization and rehydration, heat-induced antigen retrieval was performed using 

the DAKO high pH antigen retrieval solution in a vegetable steamer for 20 minutes at 97°C 

followed by incubation for an additional 20 minutes in the warm buffer. All antibodies were 

incubated overnight at 4 C°. Sections were incubated with a 1:50 dilution of a mouse 

monoclonal primary anti-BAP1 antibody (clone C-4, Santa Cruz Biotechnology, Dallas, 

Texas USA). Additionally, HCC samples were immunostained with HepPar1 (clone 

OCH1E5, DAKO A/S, Glostrup, Denmark, ready to use) and anti-cytokeratin 7 (clone OV-

TL 12/30, DAKO A/S, Glostrup, Denmark, ready to use). Detection of the immunostaining 

was carried out utilizing the Envision™ FLEX/HRP detection system (DAKO A/S, 

Glostrup, Denmark) with the 3-diaminobenzidine (DAKO) as chromogen. For optimization 

of the immunohistochemistry protocol cell blocks were prepared from a melanoma cell line 

with strong expression of BAP1 (OCM3-positive control) and from the NCI-H226 a lung 

cancer cell line with biallelic loss of BAP1 (negative control), Figure 1. The expression of 

BAP1 in the cell lines was assessed by Western blot, Figure 1. In addition a negative control 

by omission of primary antibody was used for each run. After counterstaining with 

haematoxylin, the slides were independently assessed by two pathologists (MHA and DS) 

for detection of loss of nuclear staining of BAP1. Negative staining was defined as 

completely loss of nuclear staining[25-27], irrespective of cytoplasmic staining, in tumor 

cells with retained staining in non-tumor tissues (non-tumor liver or pancreas, blood vessels, 

lymphocyte and/or stromal cells) from the same section. Qualitative data were expressed as 

frequency and percent. Fisher exact test was used to measure association between BAP1 

expression and hepPar1/CK7 expressions.
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Genotyping

Genomic DNA was extracted from both tumor and non-tumor samples using the Gentra 

PureGene extraction kit (Qiagen, Valencia, CA). Genomic DNA yield and quality were 

determined using a Nanodrop ND1000 spectrophotometer (ThermoScientific) and further 

visually inspected by agarose gel electrophoresis. LOH was assessed using microsatellite 

polymorphic markers flanking the BAP1 gene (D3S1578, D3S3561, D3S3026), as well, as 

two markers D3S3630 (3p26.3) and D3S3644 (3p14.1) in the p arm of chromosome 3.

The PCR products were analyzed using an ABI 377 sequencer and the GeneScan and 

Genotype software (Applied Biosystems, Foster City, CA, USA). The allelic imbalance 

factor (AIF) was determined by calculating the ratio of alleles for both the normal (N) and 

tumor (T) sample, and then the tumor ratio was divided by the normal ratio: T1:T2/N1:N2 as 

previously suggested[28, 29]. LOH was defined AIF of more than 1.5 or less than 0.67 for 

scoring regions with allelic imbalance. This ratio is equivalent to an allelic imbalance 

observed in at least 33% of the tumor cells[30].

Quantitative Reverse Transcription PCR (qRT-PCR)

RNA from frozen HCC tissue samples was isolated using the TRIZOL (Invitrogen, 

Carlsbad, CA) according to the manufacturer's protocol. The extracted RNA was stored at 

-80°C until the time of experiments. Complementary DNA (cDNA) was synthesized using 

the SuperScript VILO cDNA Synthesis Kit according to the manufacturer's protocol 

(Invitrogen, Carlsbad, CA). TaqMan 5′ nuclease quantitative real-time PCR assay was 

carried out using the pre-developed TaqMan assay according to the manufacturer's protocol 

(Applied Biosystems, Foster City, CA). The reactions were carried out in triplicates and 

performed on the ABI7500. The relative expression levels and fold changes of the target, 

normalized to GUSB levels, and relative to the matching non-tumors were determined by the 

comparative CT method using the formula 2-ΔΔCt.

Results

BAP1 protein expression

Table 2 summarizes the observed BAP1 IHC results. Forty two out of the 51 (82.4%) HCC 

tumors showed strong uniform nuclear expression of BAP1 in the tumor and non-tumor 

liver, Figure 1 supplement. In the remaining nine tumors, total loss of nuclear BAP1 protein 

expression was observed in three tumors, very weak expression in four tumors and 

heterogeneous expression with loss of expression in >50% of the tumor cells in two 

additional tumors, Figure 2. In total, no or markedly decrease expression of BAP1 was 

observed in 9/51 (17.6%) tumors, Table 2. The median age for the nine cases was 58 years 

and all were males.

All 51 HCC tumors showed strong expression of HepPar1. While 25/51 (49%) tumors 

showed >10% expression of CK7. Seven out of the 9 (77.8%) HCC with loss or decrease in 

BAP1 expression showed strong combined CK7/HepPar1 expression, Figure 2. While 

showed loss or weak expression of BAP1, Figure 2. The difference in BAP1 expression 

between tumors with combined CK7 and HepPar1 expression (7/25 and those with only 
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HepPar1 expression was not statistically significant (p=0.033). Identification of both CK7 

and HepPar1 staining in the same tumor suggests a subtype of HCC with mixed 

hepatocellular and biliary differentiation of the tumor cells.

For the eight ICC, four tumors showed total loss of BAP1 (two peripheral and two hilar). All 

four ICC cases with loss of BAP1 were females, while the four cases with preserved BAP1 

expression were males. The median age was 53 years. Perineural invasion was observed in 

all four cases with loss of BAP1. Lympho-vascular invasion was observed in three out of 

four cases with loss of BAP1 while it was observed in two out of the four in those with 

preserved BAP1 expression.

Out of the 37 PDAC tumors five tumors showed weak nuclear staining while only one 

showed total loss of BAP1 expression. The patient was 56 years old male and presented with 

grade III tumor with positive perineural and vascular invasions and lymph node metastasis. 

The two CBD and the five AC showed preserved BAP1 expression.

BAP1 RNA expression

Matching tumor and non-tumor liver tissue was available for assessment of RNA expression 

of BAP1 for the six HCC tumors (THCC-17, THCC-89, THCC-63, THCC-84, THCC71 and 

THCC82) with weak or markedly heterogeneous BAP1 expression. BAP1 RNA expression 

in each tumor was assessed relative to the matching non-tumor tissue, Table 3. In the tumor 

with strong expression of BAP1, a close to 5 folds increase in the expression was observed 

in the tumor compared to the matching control. While in the four tumors with weak 

expression 2.1-5 folds decrease in the BAP1 expression was observed and in the two tumors 

with heterogeneous expression mild increase to no change in expression of BAP1 was 

observed, Table 3.

Genotyping

Table 2 summarizes the informative genotyping results for the five tested microsatellite 

markers. Loss of heterozygosity (LOH) in at least one marker was identified in 27 (52.9%), 

6 (75%) and 21 (45.2%) of HCC, CC and pancreatic tumors respectively. BAP1 biallelic 

inactivation as evident by loss of protein expression was observed in only a small subset of 

HCC, PDAC, AC and CBD. However, for ICC out of the four tumors with loss of BAP1 

expression three showed LOH suggesting that BAP1 is a major tumor suppressor gene in the 

region in ICC but not in the other tumors.

Discussion

Hepatic, pancreatic and biliary cancers have been reported in patients with germline 

mutations in BAP1 suggesting it as potential driver in these tumors. The role of BAP1 in 

tumorigenesis of a subset of ICC is well documented, however its role in HCC and PDAC is 

still not clear[31-33]. The most significant finding in this study is the loss of BAP1 in a 

subtype of HCC tumors with coexpression of hepatic and biliary markers. Although BAP1 

loss was observed in a small, 17.6%, subset of HCC tumors, all of the BAP1 negative cases 

and 4/6 of low BAP1 expressing cases showed coexpression of hepatocytic cellular marker 

(HepPar 1) and a biliary marker CK7. The weak or heterogenous expression of BAP1 
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protein in HCC tumors was further validated by qRT-PCR, which showed significance 

decrease in the tumors compared to the matching non-tumor tissues. Positive combined 

HepPar1 and CK7 expressions in this subset of tumors could be explained by either arrest of 

hepatic progenitor cells (HPCs) maturation during the process of hepatocarcinogenesis or 

dedifferentiation of mature hepatocytes to a progenitor cell/biliary phenotype. HPCs are 

bipotential cells expressing both CK7 and HepPar1 markers. This observation suggests that 

BAP1 negative HCC is a unique molecular subtype of the tumor. After submission of our 

manuscript another publication came out showing higher frequency of BAP1 mutation in an 

aggressive subset of HCC expressing stemness genes[34]., Utilizing multi-omics integration 

of the copy number variation, DNA methylation and messenger RNA expression the authors 

of that study showed three subclasses of HCC with BAP1 more frequently mutated in the 

more aggressive subclass[34]. In addition, BAP1 knock down was associated with 

significant over expression of stemness genes (CA9, EPCAM, KRT19 and PROM1). Taken 

together with our findings, BAP1 loss is associated with a subtype of HCC that is 

characterized by dedifferentiation, expression of stemness genes and likely more aggressive 

phenotype. Further studies on a larger cohort will be needed to delineate the molecular 

biology of this unique tumor subtype.

Although we didn't have survival information for patients included in the study, an 

association between BAP1 loss in cases with biliary differentiation, high tumor grade 

(66.7%) and perineural invasion (100%) indicates the aggressive nature of these tumors. 

Loss of nuclear BAP1 expression correlates with poor prognosis in other tumors such as 

uveal melanoma[25, 26]. Further studies of the outcome of HCC and ICC patients and their 

response to therapy are needed. The strong correlation between BAP1 protein expression as 

detected by IHC and RNA expression assessed by qRT-PCR indicates that IHC could be 

considered as a good representative for BAP1 expression status in HCC tumors.

The incidence rates of CC vary among different areas of the world, and this is mostly due to 

genetic differences and variation in geographical risk factors [35]. In the West, primary 

sclerosing cholangitis is the most common cause while in Southeast Asia[36], liver fluke 

infection is the most common etiology[37]. In Egypt, the etiology of ICC is not clear. Liver 

fluke is not a known etiology in Egyptian patients and we didn’t observe evidence of 

sclerosing cholangitis in the eight patients with ICC included in the study. Contamination of 

drinking water with many pollutants such as chemical carcinogens, heavy metals, pesticides, 

and polychlorinated biphenyls as a result of contamination of drinking water with industrial 

wastes and agricultural irrigation wastewater [38] could be a potential etiology. In addition, 

Hepatitis C viral infection, which has been observed commonly in our patients, has been 

implicated in the carcinogenesis of ICC [39, 40], however, the information on the status of 

the infection was not available for most of our patients.

Our study confirmed the important role of BAP1 in the tumorigenesis of ICC including both 

peripheral and hilar subtypes. We observed a high frequency (50%) of loss of BAP1 

expression in the tumors. In addition, BAP1 protein expression was strongly linked to LOH 

in all ICC cases, which indicates biallelic inactivation of BAP1 gene in these tumors. Our 

result is consistent with the high frequency (25%) of somatic biallelic inactivating of BAP1 

reported in ICC [33]. In ICC, loss of BAP1 expression occurred in large tumors with lymph 
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node metastasis 75%. This is consistent with previous reports suggesting association 

between BAP1 loss and poor prognosis in ICC [31]. Metastatic liver adenocarcinoma is very 

difficult to distinguish from ICC either by morphology or IHC. The high frequency of BAP1 

loss in ICC may be of diagnostic importance for surgical pathologists.

For pancreatic tumors (PDAC and AC) the loss of BAP1 protein expression was found in 

one out of 42 (2.4%). The low frequency of BAP1 loss in pancreatic tumors is consistent 

with other reports suggesting that it is not a major tumor suppressor driver. The relative high 

frequency of LOH in these tumors suggests that genes other than BAP1 are main drivers for 

the pathogenesis of the 3p21 chromosomal loss in these tumors. Frequent allelic loss and 

large homozygous deletions of human chromosome 3p.21 region are specially one of the 

earliest molecular changes of many cancers suggesting that it contains many tumor 

suppressor gene candidates, with varying role, in different types of tumors[10].

Given the high frequency of BAP1 alterations in many tumors there is an increasing interest 

in its utilization as potential target for therapy. However, targeting a tumor suppressor is 

quite challenging. There is some evidence that targeting downstream signaling of BAP1 

could have potential therapeutic utility. It has been suggested that histone deactylase 

inhibitors could have a therapeutic effect in uveal melanoma, lung cancer and mesothelioma 

in particular those with BAP1 loss[19, 20].EZH2 and PARP inhibitors have been suggested 

as other potential therapeutic targets[18, 41]. Currently several clinical trials are ongoing 

utilizing these potential therapeutic targets (clinicaltrials.gov: NCT02860286, 

NCT03207347 and NCT00121225). Knowledge of BAP1 expression status will be 

important for proper selection of patients for individualization of patients care.

In conclusion, BAP1 loss is common in ICC and a subtype of HCC with bile cell 

differentiation of tumor cells and it is a major driver for cancer in these tumors. Our result 

also suggests that BAP1 loss is rare in pancreatic cancers including both PDAC and AC. It 

also suggests that BAP1 expression could be used as a biomarker to identify a subset of 

hepatic tumors with biliary differentiation. Based on the recent progress in molecular based 

therapies targeting BAP1 our results support the utility of these agents in ICC and a subset 

of HCC tumors.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Loss of BAP1 is common in cholangiocarcinoma and a subtype of 

hepatocellular carcinoma but rare in pancreatic cancer.

• Hepatocellular carcinomas with BAP1 loss show co-expression of biliary and 

hepatic epithelial markers suggesting that they are a unique subtype of the 

tumor.

• Loss of heterozygosity of the 3p21 region is commonly detected in the 

hepatobiliary and pancreatic tumors.
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Figure 1. Optimization of BAP1 immunostaining and representative of tumors with negative and 
positive staining
A) Two cell lines OCM3 (BAP1 positive) and NCI-H226 (BAP1 negative) were selected. 

Western blot confirmed BAP1 nuclear expression in OCM3. Immunostaining showed strong 

nuclear expression in OCM3 but no expression in the NCI-H226 cell line.

B) A cholangiocarcinoma case with loss of BAP1 expression occasional nuclear expression 

is seen in some ducts which are possibly non tumorous. Stroma and blood vessels 

endothelial cells are positive for nuclear BAP1 expression.

C) A cholangiocarcinoma with preserved nuclear expression of BAP1. Weak cytoplasmic 

expression is also observed.
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Figure 2. Immunostaining of HCC showing association of BAP1 loss with positive staining with 
bile duct cell marker cytokeratin 7
A) HCC case with homogenous loss of nuclear staining of BAP1, note positive staining in 

stromal and infiltrating inflammatory cells. B) CK7 immunostaining of the tumor in (A) 

showing positive expression of tumor cells to the bile duct epithelial marker. C) HepPar 

immunostaining of the tumor in (A) showing positive expression of tumor cells to the 

hepatocyte marker.

D) HCC case with heterogenous loss of nuclear staining of BAP1(white arrow loss of 

nuclear expression, red arrow show preserved expression, yellow arrow show preserved 

expression in a non-tumor bile duct). E) CK7 immunostaining of the tumor in (D) showing 

heterogenous expression of tumor cells to the bile duct epithelial marker. C) HepPar 

immunostaining of the tumor in (D) showing homogenous positive expression of tumor cells 

to the hepatocyte marker.

Mosbeh et al. Page 13

Cancer Genet. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mosbeh et al. Page 14

Table 1
Summary of the clinical and pathological features of samples included in the study

HCC CC AC PDAC

Total Number No=51 No=10 No=5 No= 37

Age (Mean ±SD) 57.1±6.8 52.5±3.5 57.40±7.5 54.92±12.91

Gender

Male 42 (82.4%) 6(60%) 2(40%) 25(67.6%)

Female 9 (17.6%) 4(40%) 3(60%) 12(32.4%)

Tumor size

Mean ±SD 7.3±13.4 7.3±13.4 2.5±0.3559 3.3±1.2

Tumor grade

Grade I 0 0 2(40.0%) 6(16.2%)

Grade II 26(51%) 7(70%) 2(40.0%) 23(62.2%)

Grade III 25(49%) 3(30%) 1(20.0%) 7(18.9%)

Grade IV 0 0 0

NA 1 (2.7%)

Vascular invasion 24(47.1%) 4(40%) 0 10(27.0%)

HCC: hepatocellular carcinoma, ICC: intrahepatic cholangiocarcinoma, DBD: distal bile duct carcinoma, AC: ampullary carcinoma, PDAC: 
pancreatic ductal adecarcinoma. NA: a case of signet ring carcinoma (not graded).SD: standard deviation from the mean.
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Table 3
BAP1 RNA expression in HCC tumors with weak or heterogenous protein expression

Tumor BAP1 RNA expression * (qRT-PCR) BAP1 protein expression (IHC)

THCC-100 4.78 (± 0.96) Strong

THCC-17 1.19 (± 0.36) Heterogeneous

THCC-89 0.44 (± 0.35) Weak

THCC-63 0.20 (±0.3) Weak

THCC-84 0.47 (±0.26) Weak

THCC-71 1.96 (±0.65) Heterogeneous

THCC-82 0.45 (±0.40) Weak

*
Numbers represent fold changes of BAP1 expression in the tumors compared to its matching non-tumor tissues.
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