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A B S T R A C T   

Objectives: Although asbestos exposure is the most common cause of malignant mesothelioma (MM), an 
aggressive cancer of the pleura or peritoneum, up to 7% of patients harbor a genetic predisposition to MM. 
Pathogenic germline variants in the BRCA1-associated protein 1 (BAP1) gene cause a dominantly inherited tumor 
predisposition syndrome, BAP1-TPDS, in which MM is the second most common associated cancer. Other 
frequent cancers in BAP1-TPDS are uveal melanoma (UM), cutaneous melanoma and renal cell carcinoma. 
Additionally patients can exhibit benign skin lesions, BAP1-inactivated nevi (BIN). Most BINs arise sporadically, 
but patients with BAP1-TPDS may harbor multiple BINs before other tumors or as the only indication of the 
syndrome. Our objective was to establish the frequency of pathogenic germline BAP1 variants in Finnish patients 
with MM. 
Materials and methods: 56 DNA samples archived in the Helsinki Biobank from Finnish patients with MM were 
sequenced for germline BAP1 variations. Formalin fixed paraffin embedded nevi from a pathogenic variant 
carrier were subjected to immunohistochemistry and exome sequencing. 
Results: Sanger sequencing identified one patient with Finnish founder mutation c.1780_1781insT, p. 
(G549Vfs*49) in BAP1. The carrier was diagnosed with MM over fifteen years before the cohorts mean onset age 
(mean 68, range 27 to 82) although the patient had no asbestos exposure or family history of BAP1-TPDS. 
However, the patient had three BINs removed prior to the MM. The c.1780_1781insT is now found from five 
Finnish BAP1-TPDS families with unknown common ancestor. 
Conclusion: The frequency of pathogenic germline BAP1 variants in Finnish patients with MM is 1.8 % (95 % CI, 
0.04 to 9.2), comparable to the frequency in Finnish patients with UM (1.9 %). The frequency of recurring BINs 
in patients with BAP1-TPDS should be studied further and genetic testing for BAP1 variants considered if the 
patient has ≥ 2 BAP1-TPDS core tumors, including BINs.   

1. Introduction 

Malignant mesothelioma (MM) is an aggressive cancer of the pleura 
or peritoneum with the annual incidence of 14.7/million in Finland [1]. 
Prolonged occupational or other exposure to asbestos is the most com-
mon cause of MM. The risk depends on age, gender, and geographical 
location because of differences in the use of asbestos [1]. Additionally, 
12 % of the patients with MM are identified with a pathogenic germline 
variant in BAP1, BLM, BRCA1-2, CDKN2A, CHEK2, MLH1-2, MRE11A, 
PALB2, POT1 or TP53 [2,3]. Variants in the BRCA1-associated protein 1 

(BAP1) tumor suppressor gene are the most frequent and found in up to 
7 % of patients with MM [2]. In Bap1 mutant mice, minimal exposure to 
asbestos is enough to promote the development of MM [4], but germline 
BAP1 mutation prompts the MM formation independently of asbestos 
[5]. Almost one-half of patients with MM die within one year from 
diagnosis despite of treatment, and about 80 % die in three years [1]. 
Loss of BAP1 has adverse effects on patient prognosis as it can prolong 
survival for up to 5 years [6]. 

MM is the second most common cancer in the dominantly inherited 
BAP1-tumor predisposition syndrome (BAP1-TPDS; OMIM 614327) 
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arising in 17 % of non-probands and 25 % of probands with BAP1 null 
variant [7]. Uveal melanoma (UM) is considered the most common 
BAP1-TPDS related tumor and observed in 16 % of non-proband and 36 
% of proband variant carriers [7]. Other frequent cancers occurring in 
this syndrome are cutaneous melanoma and clear cell renal cell carci-
noma, accounting for 12 %, and 5 %, respectively, of the tumors 
observed in non-proband null variant carriers [7]. The spectrum of 
cancers is expected to expand as more pathogenic variants carriers are 
identified [7]. 

Patients affected by BAP1-TPDS exhibit often multiple benign skin 
lesions, BAP1-inactivated nevi (BIN) [7,8]. BINs may occur even before 
cancer or as the only associated tumor [9]. Variably referred to as a 
BAP1-inactivated melanocytic tumor, atypical Spitz tumor, or BAPoma, 
BIN is generally a small dome-shaped melanocytic lesion of the skin that 
can be pinkish in color [8]. By immunohistochemistry (IHC), BIN show 
at least partial loss of nuclear BAP1 staining. Because the skin has not 
been systematically screened, the true frequency of BINs in carriers of 
deleterious BAP1 variants is not known [7]. Most BINs have underwent a 
somatic BAP1 inactivation, but 12–20 % of patients with BINs harbor a 
pathogenic BAP1 variant in the germline and 75 % of variant carriers 
have at least one BIN [9]. 

The frequency of pathogenic germline BAP1 variants in Finland has 
so far been systematically studied in patients with UM, where their 
frequency is 1.9% [10]. Two Finnish founder mutations have been 
identified in four (c.1780_1781insT) and two (c.67 + 1G > T) families 
[10]. Here we report germline variant analysis of BAP1 in Finnish pa-
tients with MM collected from the biobank. 

2. Materials and methods 

2.1. Patient selection 

All Finnish patients diagnosed with MM between 2010 and 2019 
with relevant material donated to the Helsinki Biobank were eligible to 
participate in the study. The project was approved by the institutional 
review board of the Hospital Region of Helsinki and Uusimaa and was 
conducted following the tenets of the Declaration of Helsinki. All pa-
tients gave informed written Biobank consent. 

2.2. DNA samples and mutation analysis 

Germline DNA was isolated at the Helsinki Biobank from frozen 
peripheral blood buffy coats using QIASymphony DSP DNA Midi Kit 
(Qiagen, Hilden, Germany) according to the manufacturer’s in-
structions. Germline BAP1 variant analysis was done using Sanger 
sequencing as described earlier [10]. More on variant interpretation can 
be found in Supplementary Methods. 

For mutation analyses on nevi, 1–3 punches (1 mm diameter) from 
formalin-fixed, paraffin-embedded (FFPE) blocks were subjected to QS 
GeneRead DNA FFPE Treatment followed by DNA extraction with QS 
DSP DNA mini kit using automated QIAsymphony SP (all from Qiagen) 
procedure at the Helsinki Biobank. Exome sequencing was done at the 
Institute for Molecular Medicine Finland (FIMM) Technology Centre, 
University of Helsinki (detailed description of exome sequencing and 
bioinformatics analysis are presented in Supplementary Methods). The 
panel of analyzed genes included those found often mutated in nevi and 
are listed in Supplementary Table S1. 

2.3. Immunohistochemistry 

The calretinin and BAP1 immunohistochemistry stainings for diag-
nostic purposes were obtained from the pathology department and 
detailed information is available upon request. Briefly, sections were 
stained for calretinin (Abcam, Cambridge, UK) and BAP1 (Santa Cruz 
Biotechnology, Dallas, TX) with Ventana Benchmark XT using Optiview 
detection kit (760–700, Roche, Ventana, Tucson, AZ). The stainings Ta
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were scanned using Pannoramic 250 FLSH III digital scanner (3DHis-
tech, Budapest, Hungary) and analyzed using CaseViewer viewing 
application (3Dhistech). 

3. Results 

3.1. Study cohort 

The 56 enrolled patients were mostly male (82 %) (Supplementary 
Table S2). 53 (95 %) of the patients exhibited pleural mesothelioma, one 
had peritoneal and one pericardial mesothelioma. Additionally, one 
patient was diagnosed with well-differentiated papillary mesothelioma 
of the peritoneum. The mean age at diagnosis was 68 years (range, 27 to 
82); two patients (4 %) were younger than 50 years. Asbestos exposure 
was reported by 29 (52 %) patients, all male, 9 (16 %) patients were 
unaware of possible exposure, and exposure history was not available 
for a single patient. One patient, diagnosed with MM at the age of 58 
years without any history of asbestos exposure, had 3 of 4 siblings 
diagnosed with MM. One of them reported asbestos exposure. The mean 
survival of 46 (82 %) deceased patients was 2.2 years. Ten patients were 
alive at the time of the study with a mean survival of 3.3 years after 
diagnosis. Patient demography can be found in Supplementary Table S2. 

3.2. One patient with MM is heterozygous for a pathogenic Finnish 
founder mutation 

Two patients, who reported no family history of BAP1-TPDS related 
cancers, were heterozygous for two different rare variants in exon 14 of 
BAP1 (Table 1). However, the cohorts’ only patient with several first- 
degree relatives affected by MM was not identified with a germline 
BAP1 variant. 

The first patient harbored a synonymous variant c.1839G > A (p. 
Thr613Thr, rs756450018), and the computational algorithm predicts no 
probable effect on splicing (Table 1). Following the classification of 
American College of Medical Genetics guidelines (ACMG), we interpret 
it as benign. 

The second patient was heterozygous for the pathogenic Finnish 
founder variant c.1780_1781insT described previously from four 
different Finnish families with UM [10]. This thymine insertion causes a 
frameshift leading to premature termination of protein translation p. 
(Gly594Valfs*49). The patient developed MM more than 15 years before 
the cohort mean age at diagnosis (68 years, Supplementary Table S2), 
did not smoke, and had no asbestos exposure. Instead of the frequently 
longer survival observed in BAP1 mutation carriers with MM [6], the 
patient died within a year after diagnosis. Immunohistochemical stain-
ing of the mesothelioma was positive for calretinin and negative for 

BAP1 (Fig. 1). 

3.3. BAP1 c.1780_1781insT variant carrier with recurring BINs 

The patient with the c.1780_1781insT variant had eight nevi 
removed before the diagnosis of MM. Three of the nevi (#2, 4, and 5) 
were BINs characterized by loss of nuclear BAP1 staining in immuno-
histochemistry (Fig. 2). 

DNA extracted from five nevi, including the three BINs, was analyzed 
for somatic variations commonly observed in nevi using exome 
sequencing (Table 2, Fig. 2). Genes subjected for analysis are listed in 
Supplementary Table S1. Nevi #1 and 3 retained BAP1 and had somatic 
BRAF c.1799 T > A, p.(Val600Glu) and NRAS c.181C > A, p.(Gln61Lys) 
mutations. All three BINs harbored the BRAF p.(Val600Glu) variant, and 
nevus #4 additionally had a second BRAF variant c.1825C > G, p. 
(Gln609Glu) in the same allele. Nevus #2, a BIN with low-grade 
dysplasia, harbored a second truncating BAP1 variant c.178C > T, p. 
(Arg60Ter) leading to biallelic loss of BAP1 and negative IHC staining. 
This BIN harbored an additional PLCB4 variant c.1181A > T, p. 
(Glu394Val) with inconsistent in silico predictions about pathogenicity 
(Table 2, Supplementary Table S3). In the two other BINs, nevus #4 and 
5, a somatic BAP1 variant was not identified. The c.1780_1781insT VAF 
in nevus #4 and 5 were 55 % and 86 %, respectively, however, a copy 
number variation analysis was unsuccessful and the cause for nuclear 
BAP1 loss of the immunostaining remains undetermined. Details of the 
discovered variants are listed in Supplementary Table S3. 

4. Discussion 

Our search for pathogenic germline BAP1 variants in Finnish patients 
with MM identified one patient (1/56) with c.1780_1781insT, p. 
(Gly594Valfs*49), a Finnish founder mutation previously published in 
five patients with UM from four families [10]. Based on the extended 
family history of these families (unpublished data) the frequencies of 
UM and MM in carriers of c.1780_1781insT are 47 % (7/15) and 20 % 
(3/15). Regardless of our efforts, the presumed common ancestor of 
these families has not been identified and the age of the mutation is 
unknown. This founder mutation is not recognized in any of the 141, 
456 individuals, of which 12, 562 are Finnish, represented in the gno-
mAD database. Nuclear localization and deubiquitinating activity are 
needed for the BAP1 protein to function as a tumor suppressor. The 
identified thymine insertion causes a frameshift that leads to a prema-
ture stop codon in protein translation and loss of the C-terminal nuclear 
localization signals of BAP1 [10]. The truncated p.Glu594Valfs*49 
mutant protein is sequestered in the cytoplasm but preserves the enzy-
matic activity in vitro [10]. 

Fig. 1. Immunohistochemical stainings of the primary malignant mesothelioma. The biopsy (A) was stained for calretinin (B) and BAP1 (C). The tumor cells are 
calretinin positive and BAP1 negative. 

P. Repo et al.                                                                                                                                                                                                                                    



Lung Cancer 165 (2022) 102–107

105

Fig. 2. Hematoxylin and eosin (H&E; left column) and BAP1 immunohistochemical staining (middle and right columns) of the five nevi that were analyzed for 
somatic variations. Areas used for DNA isolation (diameter of 1.0–1.2 mm) are indicated in the H&E staining. A higher magnification image from the BAP1 staining 
(middle column) was taken to show either the presence or absence of nuclear BAP1 staining (right column). The location of magnification is marked with a square in 
the middle column. Note granular immunoreaction displaced to the cytoplasm in nevi #2, 4, and 5. 
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The estimated frequency of disease-causing germline BAP1 variants 
is 1.8 % (95 % confidence interval, 0.05 % - 9.6 %) in Finnish patients 
with MM and thus similar to the frequency of pathogenic BAP1 variant 
carriers in Finnish patients with UM (1.9 %) [10]. The mean survival of 
the cohort was 2.2 years as compared to less than a year in patients with 
pleural MM in a large study from Finland [1]. The median survival of 
patients with BAP1 loss is longer than that of patients with normal BAP1 
expression [6]. Although the longer than average survival of our cohort 
might have favored the inclusion of patients with pathogenic BAP1 
germline variants, the majority of BAP1 variants in MM are somatic. The 
findings of our study need to be validated in a larger population-based 
cohort to define the exact frequency of deleterious germline BAP1 var-
iants in Finnish patients with MM. 

Here we report the fifth unrelated BAP1-TPDS family with the 
Finnish founder mutation c.1780_1781insT. Although BAP1-TPDS is 
inherited dominantly with at least 85 % penetrance [7], probands from 
two families have reported no family history of the four core cancers. 
The variant carrier identified here had three BINs removed before the 
MM. Generally, BINs are benign and frequent, and sometimes the only 
tumor type observed in patients with BAP1-TPDS [9]. The patient was 
relatively young at the time of MM diagnosis, a feature observed in 
germline BAP1 null variant carriers [2,7]. Even when the family history 
is not suggestive of BAP1-TPDS, genetic testing for BAP1 variants could 
be considered if the patient has ≥ 2 BAP1-TPDS core tumors, including 
BINs [8,9], and the patient is considerably young at the time of diagnosis 
[2,7]. As other MM predisposition genes have been described [2,3], 
further testing in other genes could be considered if inherited predis-
position is suspected. 

In conclusion, we found a comparable frequency of pathogenic BAP1 
germline variants (about 2 %) in patients with MM as we have previ-
ously reported in UM. The role of recurring BINs in BAP1-TPDS patients 
should be studied further. The frequency of disease-causing germline 
BAP1 variants in Finnish patients with other BAP1-TPDS index tumors, 
cutaneous melanoma, and renal cell carcinoma should be studied. 
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Table 2 
Somatic driver mutations identified in five nevi of a patient with malignant mesothelioma and germline pathogenic BAP1 variant c.1780_1781insT p.(G594fs). 
Histological classification, status of nuclear BAP1 in IHC, and somatic variants of interest identified in nevi of pathogenic germline BAP1 variant carrier.  

Nevus BAP1* 
IHC 

Histological classification BAP1 c.1780_1781insT 
p.(G594fs) 

BAP1 c.178C 
> T p.(R60X) 

BRAF c.1825C 
> G p.(Q609E) 

BRAF c.1799 T 
> A p.(V600E) 

NRAS c.181C 
> A p.(Q61K) 

PLCB4 c.1181A 
> T (p.E394V) 
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VAF 50 %   
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VAF 33 %   
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– combined BAP1- inactivated 
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DP 175 
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DP = read depth VAF = variant allele frequency (the percentage of sequence reads with the variant in question) 
* Normal nuclear immunostaining  
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