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a b s t r a c t 

BRCA1 associated protein-1 (BAP1 ) germline mutations define a novel hereditary cancer syndrome, 

namely BAP1 tumor predisposition syndrome ( BAP1 -TPDS), characterized by an increased susceptibility 

to develop different cancer types, including mesothelioma, uveal and cutaneous melanoma, renal cell 

carcinoma, and basal cell and squamous cell carcinoma. Currently, the role of BAP1 germline mutations 

in intrahepatic cholangiocarcinoma (iCCA) pathogenesis is less known. H ere we report the first clinical case 

of a female patient who developed an iCCA when she was 47-years-old and was found to carry a novel 

germline mutation at a splicing site of exon 4 in BAP1 gene (NM_004656.4: c.255_255 + 6del). An accurate 

anamnesis revealed the absence of risk factors linked to iCCA development, except for a low occupational expo- 

sure to asbestos. In tumor tissue, BAP1 sequencing, multiplex ligation-dependent probe amplification and 

immunoistochemistry showed the loss of heterozygosity and lack of nuclear expression, suggesting that 

BAP1 wild-type allele and functional protein were lost in cancer cells, in line with the classical two-hit 

model of tumor suppressor genes. Further studies are needed to confirm whether iCCA may be included 

into BAP1 -TPDS cancer phenotypes and whether minimal asbestos exposure may facilitate the develop- 

ment of this malignancy in individuals carrying BAP1 germline mutations. 

© 2020 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ntroduction 

Cholangiocarcinoma (CCA) is the second most common primary 

iver cancer after hepatocellular carcinoma and arises from the ep- 

thelial cells of the intrahepatic (iCCA) and extrahepatic (eCCA) bil- 

ary tree [1] . During the past three decades, iCCA incidence has 

een progressively increased worldwide, with an average age of 

resentation in general population in the seventh decade of life 

nd a slight preponderance in males [2] . Despite several patho- 

ogical conditions have been clearly established as risk factors for 

CCA and eCCA and may explain, at least in part, the increasing 

orldwide iCCA incidence [2] , the role of inherited genetic disorders 

n the pathogenesis of this disease is less known. Mutations in HFE1 

nd PKHD1 genes, inherited in an autosomal recessive manner, are 
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inked to hemochromatosis type 1 and Caroli’s disease development, 

espectively, both reported as risk factors for iCCA [2] . 

Heterozygous germline mutations in the BRCA1 associated 

rotein-1 (BAP1 ) gene, codifying a deubiquitinating hydrolase [3] , 

efine a novel hereditary cancer syndrome, namely BAP1 tu- 

or predisposition syndrome (BAP1-TPDS), characterized by an in- 

reased susceptibility to develop multiple cancer types, including 

esothelioma, uveal and cutaneous melanoma, renal cell carci- 

oma, and basal cell and squamous cell carcinoma [4] . Initially dis- 

overed in two families from USA, currently BAP1-TPDS has been 

escribed in about one-hundred of families worldwide [ 5–7 ]. Sim- 

larly to TP53 germline mutations in the Li-Fraumeni syndrome, 

AP1 germline mutations are inherited in autosomal-dominant 

anner with a very high penetrance, as more than 80% of car- 

iers develop throughout their life at least one of the main can- 

er types associated to BAP1-TPDS [4] . Genomic analysis of tumors 

rom these individuals typically shows the loss of the remaining 

AP1 wild-type allele, suggesting that BAP1 may act as a classical 
nder the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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two-hits” tumor suppressor gene [8] . The tumor suppressor func- 

ion of BAP1 has been ascribed not only to its ability to maintain 

enome integrity, but also to regulate mitochondrial apoptosis and 

erroptosis upon exposure to cellular stress conditions ([ 3 , 9 , 10 ]).

mpairment of these cellular mechanisms makes BAP1 mutant cells 

ore prone to accumulate DNA mutations and may account for the 

igh cancer rate observed in individuals carrying BAP1 germline 

utations. To date the whole spectrum of the cancer types as- 

ociated with BAP1-TPDS still remains to be fully characterized; 

otwithstanding, it is becoming clear that besides mesothelioma, 

veal and cutaneous melanomas, renal cell carcinomas, basal cell 

nd squamous cell carcinomas, other tumors may be linked to this 

yndrome [4] . 

As far as CCA is concerned, current epidemiological data are 

till too scarce to confirm a link between BAP1 germline mutations 

nd the development of this disease. To date the only literature 

ases include a patient with a metastatic adenocarcinoma from a 

ancer of unknown primary origin (likely from a CCA) who was 

ound to carry the BAP1 germline truncating mutation c.1182C > G, 

.Tyr394 ∗ [11] , and a patient with uveal melanoma, peritoneal 

esothelioma and a primary biliary tract adenocarcinoma devel- 

ped in short succession who was found to carry the BAP1 germi- 

al missense mutation g.52441252A > G, p.Tyr173Cys [6] . Further 

linical evidences are therefore needed to confirm this link. 

On this basis, here we report the first clinical case of a female 

atient carrying a novel BAP1 germline mutation, who developed 

n iCCA when she was 47-years-old and was found to be exposed 

o low levels of asbestos fibers. 

aterials and methods 

valuation of asbestos exposure 

Information on asbestos exposure of the patient at work, 

ome and in general environment was collected according to the 

ational Registry of Mesotheliomas ( ReNaM) questionnaire [12] , 

hich was administered by a trained interviewer. The question- 

aire included the following sections: (1) occupational history, 

ith special sections for industrial activities and occupations with 

ossible asbestos use; (2) residential history, including address and 

escription of dwellings and their neighbourhood environment; (3) 

escription of the dwelling environment, with checklists for the 

resence/use of asbestos-containing materials. Duration (the dif- 

erence between the start and end date) and frequency (the pro- 

ortion of time) of occupational, domestic and environmental as- 

estos exposure was estimated from the questionnaire by an ex- 

ert. A combined exposure index (intensity × frequency × dura- 

ion) was computed for each type of exposure, and all exposures 

ere summed to calculate a cumulative exposure index. Asbestos 

xposure was classified as follows: a) high: subject working in an 

ndustrial activity using asbestos as raw material, insulator, ship- 

ard worker, or docker; b) low: subject never working in any high- 

xposure activity, but with at least one job that was assessed as 

ntailing occupational exposure or with at least one identified cir- 

umstance of non-occupational exposure; c) no exposure: subject 

ith a complete history without any identified exposure circum- 

tance; d) unknown exposure: subject with incomplete history. 

enomic DNA extraction and BAP1 sequencing 

Genomic DNA was extracted from peripheral blood lympho- 

ytes and from formalin-fixed, paraffin-embedded (FFPE) iCCA tu- 

or tissue using the QIAamp 

R © DNA Blood Maxi Kit (QIAGEN, CA, 

SA) and the QIAamp 

R © DNA FFPE Tissue Kit (QIAGEN, CA, USA), 

espectively, according to the manufacturer’s protocol. PCR am- 

lification of BAP1 exons and splicing junctions was performed 
58 
nder standard conditions and purified PCR products were se- 

uenced with Big Dye v1.1 (Life Technologies, CA, USA) accord- 

ng to manufacturer’s instructions. The reaction products were an- 

lyzed on 3730 DNA Analyzer (Life Technologies, Carlsbad, CA, 

SA). The primers were designed using the reference sequences 

NM_004656.4) on GRCh38.p13 (Supplementary Table 1). Nomen- 

lature of variants was defined according with Human Genome 

ariation Society (HGVS). 

AP1 deletion/duplication analysis 

BAP1 deletions and duplications were assessed in peripheral 

lood lymphocytes and FFPE iCCA tumor tissue DNA by Multiplex 

igation-dependent Probe Amplification analysis (MLPA) (SALSA 

LPA P417-B2 BAP1 probemix, MRC 

–Holland, Amsterdam, the 

etherlands), according to the manufacturer’s protocol. The reac- 

ion products were analyzed on 3500 Dx DNA Analyzer (Life Tech- 

ologies, Carlsbad, CA, USA) and Coffalyser Software v.140721.1958 

MRC Holland) was used for the quantitative analysis of the elec- 

ropherograms. 

AP1 immunohistochemistry 

FFPE tumor tissue from resected iCCA was collected from the 

atient. Immunohistochemistry (IHC) was carried out using No- 

olink Polymer Detection System (Leica Mycrosystems, Germany) 

ccording to the manufacturer’s instructions. Briefly, 3-μm-thick 

ections were cut from FFPE block, deparaffinized, rehydrated and 

ubjected to antigen retrieval by heating for 30 min at 99 °C in cit- 

ate buffer pH 6.0. Endogenous peroxidase activity and non-specific 

inding sites were blocked by 5 min of incubation in peroxidase 

lock and protein block, respectively. Tumor sections were then 

ncubated overnight at 4 °C with BAP1 rabbit polyclonal antibody 

GeneTex, Inc. San Antonio, TX, USA). At the end of the incuba- 

ion, immune complexes were incubated in post-primary antibody 

or 30 min at room temperature, and then in Novolink polymer 

ertiary antibody for a further 30 min at room temperature. Fi- 

ally, sections were developed in 3,3 ′ -diaminobenzidine and coun- 

erstained with hematoxylin. 

BAP1 was considered positive when a nuclear positivity was ob- 

erved in tumor cells; negative staining was defined as complete 

bsence of nuclear staining in neoplastic cells in presence of a pos- 

tive internal control (such as stromal cells or inflammatory cells). 

ytoplasmic staining with negative nuclear staining was consid- 

red negative, as previously reported [13] . 

esults 

ase presentation 

A 47-year-old woman presented with a significant weight loss in 

pril 2017. A contrast enhanced computed tomography (ceCT) scan 

f thorax, abdomen and pelvis revealed a heterogeneously enhanc- 

ng 56 × 43 mm mass in the V segment of the liver with portal 

ein thrombosis. In June 2017, the patient underwent laparoscopic re- 

ection of the V liver segment and hepatic pedicle lymphadenectomy 

 Fig. 1 , red circle), with pathological diagnosis of iCCA pT3N0M0, stage 

IIA, according to the 8th edition of the AJCC staging system [ 14 ] . An

ccurate anamnesis revealed the absence of risk factors linked to iCCA 

evelopment [ 2 ] except for a low occupational exposure to asbestos, 

ssessed by a standardized questionnaire [ 12 ] , during her job in in- 

ustrial kitchens (about 15 years). Given the presence of unresectable 

ortal vein thrombosis, surgical resection of iCCA in the V liver seg- 

ent was considered not radical (R2) and the patient underwent four 

ycles of gemcitabine/cisplatin chemotherapy (ABC-02 regimen) from 

uly to September 2017. Due to a significant progression of neoplastic 
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Fig. 1. Arterial phase ceCT scan of patient’s abdomen showing laparoscopic resection 

of primary iCCA in the V segment of the liver (red circle) and subsequent multiple 

confluent iCCA lesions affecting the right liver lobe (green line). (For interpretation 

of the references to colour in this figure legend, the reader is referred to the web 

version of this article.) 
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hrombosis, a second-line chemotherapy with 5-FU/LV plus oxaliplatin 

Folfox 4) was administered from October 2017 to January 2018. The 

eCT scan after 6 cycles of chemotherapy showed a further progres- 

ion of the disease, with the appearance of multiple confluent iCCA 

esions affecting the right liver lobe ( Fig. 1 , green line). At the same

ime, the patient reported an acute-onset cervical spine pain. A cer- 

ical MRI revealed a neoplastic mass replacing the C3 vertebral body 

nd right posterior elements, without spinal cord compression; pallia- 

ive radiotherapy (35 Gy in 14 fractions) was administered with tran- 

ient clinical benefit. Laboratory data showed preserved hepatic func- 

ion and hypercalcemia. In May 2018, the patient started a third-line 

hemotherapy with 5-FU/LV plus irinotecan (Folfiri), that was defini- 

ively interrupted due to intrahepatic progressive disease and appear- 

nce of peritoneal carcinosis in August 2018. Therefore treatment 

ith only best supportive care was continued until patient death 

n October 2018. 

AP1 mutation analysis, multiplex ligation-dependent probe 

mplification and immunohistochemistry 

Since multiple relatives were reported to have developed can- 

er, the patient was referred to genetic counselling. Family pedigree 

 Fig. 2 ), based on patient report, showed several first and second- 
ig. 2. Pedigree of the patient’s family. Type of malignancies are shown in the legend. N

lack arrow indicates the proband. 

59 
egree relatives (mainly on father side) affected by different cancer 

ypes diagnosed at a relatively early age (range: 43–63 years), with 

 distribution pattern consistent with autosomal dominant inher- 

tance. When considering the tumor types, the co-occurrence of 

idney cancer and pleural mesothelioma in the patient’s brother, 

long with the report of uveal melanoma in an uncle, led us to 

ypothesize that the cause could reside in a BAP1 gene defect. In- 

eed uveal melanoma, mesothelioma and clear cell renal cancer, 

ogether with cutaneous melanoma, atypical Spitz tumor and basal 

ell carcinoma, are confirmed BAP1-TPDS tumours and testing for 

AP1 is suggested when two or more of these tumours occur in 

ne patient and/or in first or second-degree relatives [4] . There- 

ore, germline BAP1 mutation analysis was performed. As shown 

n Fig. 3 A, compared to an iCCA patient harbouring BAP1 wild-type 

sed as control (upper panel), a novel heterozygous BAP1 germline 

utation was detected in our iCCA patient (lower panel). Notably, 

he mutation occurred at a donor splice site of BAP1 gene and was 

ue to a deletion involving the last nucleotide of exon 4 and the 

rst six nucleotides of intron 4 (NM_004656.4: c.255_255 + 6del). 

his mutation was predicted to create a BAP1 truncated protein of 

32 aminoacids, with a substitution of 47 aminoacids starting from 

he Gln85 of the BAP1 ubiquitin carboxyl hydrolase (UCH) domain 

nwards (p.Gln85?). Unfortunately, no other relatives of the patient 

ere available for genetic testing, therefore we were unable to as- 

ess segregation of the variant in the family. Further BAP1 sequenc- 

ng on resected iCCA of the patient revealed BAP1 loss of heterozy- 

osity (LOH) ( Fig. 3 B); in particular MLPA analysis on peripheral 

lood and iCCA tumor tissue proved whole gene deletion ( Fig. 3 C, 

). Further IHC analysis showed the complete loss of BAP1 pro- 

ein expression in the nucleus and a faint positivity in the cyto- 

lasm of tumor cells ( Fig. 4 , panels a, b). Conversely, a concomi- 

ant nuclear/cytoplasmic BAP1 staining was observed in the tumor 

issue of the iCCA patient harbouring BAP1 wild-type, used as con- 

rol ( Fig. 4 , panels c, d). Overall these findings suggest that in our

atient, besides a BAP1 germline mutation, a further somatic loss 

f BAP1 wild-type allele occurred in tumor cells. 

iscussion 

BAP1 somatic inactivating mutations occur with a relatively 

igh frequency in iCCA (16–32%) and have been reported to cor- 

elate with poor overall survival and relapse-free survival [ 15–

7 ]. Conversely, the incidence of BAP1 germline mutations and 

heir contribution to cholangiocarcinogenesis still remain to be 

ully clarified. The current few available studies suggest a possible 

redisposition to develop this malignancy in individuals carrying 
umbers near the symbols represent the age at pedigree collection or at death (d). 
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Fig. 3. A) DNA Sanger sequencing from the peripheral blood of an iCCA patient harbouring BAP1 wild-type used as control (upper panel), and from the peripheral blood 

lymphocytes of our patient (lower panel). Black arrow shows a heterozygous BAP1 germline mutation found in our patient. The mutation occurred at a donor splice site 

and was due to a deletion involving the last nucleotide of exon 4 and the first six nucleotides of intron 4 of BAP1 gene (NM_004656.4: c.255_255 + 6del); B) DNA Sanger 

sequencing from the tumor tissue of an iCCA patient harbouring BAP1 wild-type used as control (upper panel) and from the resected tumor tissue of our patient (lower 

panel). Black arrow shows LOH; C, D) BAP1 MLPA analysis in the peripheral blood and in the tumor tissue of the iCCA patient harbouring the germline BAP1 mutation. Ref 

seq: reference sequence. 
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AP1 germline mutations ([ 6 , 11 ]), but further clinical evidences are 

eeded. 

In the present study we report the clinical case of a female pa- 

ient who developed an iCCA when she was 47-years-old and who 

as found to carry a novel heterozygous germline mutation in the 

CH domain of BAP1 gene (NM_004656.4: c.255_255 + 6del). It is 

ell recognized that missense and truncating mutations occurring 

n the UCH and NLS (nuclear localization signal) domains of BAP1 

ature protein may lead to cancer development, as they can af- 

ect BAP1 deubiquitinating activity and nuclear localization, both 

equired for the tumor suppressor function of this gene [18] . More 

ecently, it has been shown that also mutations affecting the splice 

ites of BAP1 pre-mRNA may contribute to tumorigenesis by dis- 

uption of normal splicing and formation of aberrant mRNA tran- 

cripts [19] . Proper pre-mRNA splicing is indeed an essential step 

or normal protein translation and function and requires an accu- 

ate recognition by the spliceosome machinery of consensus se- 

uences that define the exon-intron boundaries. Among these, the 

ost evolutionary conserved consensus sequences are the donor 

plice site (mainly composed of an intronic GU dinucleotide pre- 

eded by an exonic AG dinucleotide) located at the 5 ′ region of the 

ntron, and the acceptor splice site located at the 3 ′ end of the in-

ron [20] . Mutations occurring in these conserved sequences have 

een reported to result in errors during the splicing process, due 

o an improper intron removal and exon joining, thus leading to al- 
60 
erations of the open reading frame [21] . Notably, the heterozygous 

ermline mutation identified in our iCCA patient was found to oc- 

ur in the conserved consensus sequence of the donor splice site 

nvolving the 3 ′ end of exon 4 and the 5 ′ region of intron 4 of BAP1

ene. This mutation was predicted to create a BAP1 truncated pro- 

ein of 132 aminoacids, with a substitution of 47 aminoacids start- 

ng from the Gln85 of the BAP1 ubiquitin carboxyl hydrolase (UCH) 

omain onwards (p.Gln85?). Although the functional role of this 

ovel mutation is unknown, the critical role of the UCH domain in 

riving BAP1 tumor suppressor function has been well established 

18] . It is therefore conceivable that this genetic event may result 

n a truncated non-functioning BAP1 protein, as suggested by the 

ack of nuclear translocation. This observation is in line with pre- 

ious studies showing that BAP1 inactivating mutations invariably 

ssociated with the lack of nuclear localization and/or presence of 

ytoplasmic staining [22] . In addition, BAP1 LOH in the tumor tis- 

ue of our patient indicate that, besides this germline mutation, a 

urther genetic event occurred at somatic level in tumor cells, in 

ine with the classical Knudson two-hit model of tumor suppres- 

or genes [8] ; this phenomenon may account for the faint BAP1 

ytoplasmic positivity in tumor cells. 

Previous studies have also shown that BAP1 heterozygous 

ermline mutations may increase cancer risk after minimal expo- 

ure to asbestos fibers in animal models [23] . In particular, it has 

een reported that BAP1 ( + /-) mice have a significantly higher 
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Fig. 4. BAP1 IHC analysis in the resected iCCA of our patient (panels a, b), showing a negative nuclear staining and a faint positivity in the cytoplasm in tumor cells, and in 

the tumor tissue of an iCCA patient harbouring BAP1 wild-type, used as control (panels c, d), showing a concomitant nuclear and cytoplasmic BAP1 expression. Panels a, c: 

magnification 10X; Panels b, d: magnification 40X. 
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ncidence of mesothelioma after exposure to very low doses of 

sbestos compared to wild-type [23] . Furthermore, in BAP1 ( + /-) 

ice mesotheliomas have been found to arise faster than in wild- 

ype, showing an increased invasiveness and proliferation rate [24] . 

rawing parallels to humans these findings suggest that, compared 

o wild-type subjects, individuals carrying BAP1 germline muta- 

ions may be more susceptible to asbestos carcinogenesis, even 

hen exposed to low levels of fibers. Notably, asbestos exposure 

as been recently demonstrated to represent a strong risk factor 

ot only for malignant mesothelioma, but also for iCCA develop- 

ent ([ 25 , 26 ]). In line with these observations, our patient car-

ying a BAP1 heterozygous germline mutation was found to be 

xposed to low levels of asbestos and to develop an iCCA at a 

ounger age than general population. 

In summary, in this case report we identified a novel BAP1 het- 

rozygous germline mutation occurring at a splice site of exon 4 

NM_004656.4: c.255_255 + 6del). Moreover here we reported the 

rst clinical evidence about a possible link between BAP1 germline 

utations and iCCA development in a patient exposed to low lev- 

ls of asbestos fibers. However, further studies are needed to con- 

rm whether iCCA may be included into BAP1 -TPDS cancer phe- 

otypes and whether minimal asbestos exposure may facilitate 

he development of this malignancy in individuals carrying BAP1 

ermline mutations. 
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