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Abstract Mucoepidermoid carcinomas are common
malignant salivary gland tumors. Despite recent advances
in diagnosis and treatment, there has not been much
improvement in outcome of these patients, necessitating
identification of novel targeted therapeutic agents. Geno-
mic profiling of mucoepidermoid carcinomas has recently
revealed aberrations in BAPI gene. Therefore, we con-
ducted this study to identify BAP1 loss by immunohisto-
chemistry in these tumors. Mucoepidermoid carcinoma
cases were retrieved; hematoxylin-and-eosin stained sec-
tions were reviewed. Immunohistochemistry for BAP1 was
performed. Forty cases were assessed, including 25 sali-
vary gland and 15 pulmonary mucoepidermoid carcinomas.
There were 19 cases in the parotid (76%), two in sub-
mandibular gland (8%), and remaining 16% from minor
salivary gland locations. Ten (40%) were low grade, nine
(36%) were intermediate grade, and six (24%) were high
grade mucoepidermoid carcinomas. Thirteen (86.7%) pul-
monary mucoepidermoid carcinomas were tracheo-
bronchial, while two (13.3%) were intraparenchymal; all

were low grade mucoepidermoid carcinomas. On
immunohistochemistry, BAP1 nuclear staining was
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retained in all cases (100%), irrespective of tumor location
or grade. Therapeutic connotations necessitate the identi-
fication of readily applicable techniques to detect BAPI
loss in mucoepidermoid carcinomas. Using immunohisto-
chemistry, loss of BAP1 staining was not seen in any of our
cases, suggesting insensitivity of BAP1 THC to detect
aberrations at genomic level in these tumors. Analysis of
BAP] alterations by targeted sequencing may therefore be
performed prior to excluding the possibility of response to
BAPI-targeted therapeutics based on immunohistochem-
istry alone.
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Introduction

Mucoepidermoid carcinomas (MECs) account for approx-
imately one-third of all salivary gland neoplasms [1]. They
are the most common malignant salivary gland tumors,
accounting for approximately 38% of adult salivary gland
carcinomas [2—4]. MECs are classified into low, interme-
diate and high grades, based on certain histological
parameters [5]. The importance of histological grade lies in
the worse outcome seen in high grade MECs, which usu-
ally present at a high stage, and require adjuvant therapies
following surgical resection [4]. Chen et al. [6] reported
5-year disease specific survival rates of 98.8%, 97.4%, and
67.0% for low, intermediate and high grade MECs,
respectively. MECs are the commonest salivary gland-type
neoplasms of the lung, usually arising in an endobronchial
location in the central airways, due to their origin from
submucosal glands lining the tracheobronchial tree [7, 8].
Bronchopulmonary MECs (BPMECs) are classified into
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low and high grades based on morphological parameters
[8, 9]. While low grade BPMECs have a good outcome,
high grade BPMECs are associated with aggressive
behavior and significantly shorter overall survival periods
[9]. Thus, despite recent advances in diagnosis and treat-
ment, there has not been much improvement in the out-
come of patients with high grade MECs, necessitating the
identification of genetic alterations and novel targeted
therapeutic agents for improved management of these
tumors.

MECs are associated with an oncogenic recurrent
genetic alteration viz. translocation t(11;19) which results
in fusion of the CRTC1 and MAML2 genes. This alteration,
detected by fluorescent in situ hybridization or real-time
PCR, has been identified in 50-65% of MECs, and is more
frequent in low and intermediate grade tumors [10-12].
More recently, comprehensive genomic profiling of clini-
cally advanced MECs has revealed genomic aberrations in
80 unique genes, some of which include TP53, CDKN2A,
BAPI and PIK3CA [1, 4, 13]. Among these, BAPI
(BRCAI-associated protein 1) located on 3p21.1 is a rela-
tively recently identified tumor suppressor gene which
encodes for a de-ubiquinating enzyme located in the
nucleus, and plays a role in regulating transcription, cell
growth, cell cycle progression, cell death and DNA damage
repair [14]. Its tumor suppressor role, initially described in
uveal melanomas, and subsequently in malignant
mesotheliomas and renal cell carcinomas, is exerted
through dysregulation of these cellular processes [15-19].
Approximately 20% of MECs have recently been reported
to demonstrate BAPI truncation mutations [4]. The avail-
ability of BAP1 immunohistochemistry (IHC) has provided
a simple, rapid, reliable and economical method for
detection of BAPI genetic alterations, as various tumors
with BAPI mutations show loss of BAP1 immunoexpres-
sion [19]. In view of the identification of BAPI mutations
in MEC, we conducted this study to identify loss of BAP1
by IHC in a cohort of MECs. To the best of our knowledge,
this is the first study to assess BAP1 expression by IHC in
MECs.

Materials and Methods

Cases of MECs diagnosed between 2014 and 2017 were
retrieved from the archives of Department of pathology at
our institute. These included resection specimens only for
salivary gland tumors, and biopsy as well as resection
specimens for BPMEC. Cases with insufficient tissue for
IHC were excluded. All specimens had been routinely fixed
in formalin and paraffin-embedded. Hematoxylin and eosin
stained slides were reviewed. Salivary gland tumors were
classified as low, intermediate and high grade as per the
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modified Brandwein grading system; BPMECs were clas-
sified as low or high grade [5, 9]. IHC for BAP1 was
performed on freshly cut 5 p-thick formalin fixed paraffin-
embedded whole tumor tissue sections using a mouse
monoclonal antibody against BAP1 (Santa Cruz, Dallas,
TX; clone C4) at a dilution of 1:100 with overnight incu-
bation. Universal labeled streptavidin biotin kit was used as
a detection system (Dako, Denmark). Antigen retrieval was
performed in a microwave oven using citrate buffer at pH
6.0. Sections from normal testicular tissue were used as a
positive control. In addition, nuclei of fibroblasts, lym-
phocytes, endothelial cells, adjacent normal salivary gland
structures, pneumocytes, and bronchial epithelial cells
served as internal positive controls [20-24]. IHC had been
validated in normal salivary gland tissue and lung par-
enchyma. Liver biopsies were used as negative controls, as
described previously [19]. Staining intensity was graded as
strong, medium or weak. Tumors were categorized as
having retained BAP1 when strong homogeneous nuclear
staining of > 90% of tumor cells was seen, and as dis-
playing BAP1 loss when there was no nuclear staining in
tumor cells with intact expression in non-neoplastic stro-
mal and endothelial cells or in external controls [24].
Approval was obtained from the Institute Ethics Commit-
tee (IEC-474/01.09.2017, RP37/2017), All India Institute
of Medical Sciences, to conduct this observational study on
archival patient tumor samples. Informed consent from
patients was waived due to the retrospective nature of this
study.

Results

Forty MEC cases were assessed immunohistochemically in
this study. They included 25 salivary gland MECs and 15
BPMECs. The salivary gland MECs were located in the
parotid gland (19 cases; 76%), submandibular gland (2
cases; 8%), and other rare sites, including two cases (8%)
from palate, and one case (4%) each from tongue and
pinna. Of these, 10 (40%) were low grade MEC, nine
(36%) were intermediate grade, and six (24%) were high
grade MECs. The mean age was 41.6 years; M:F ratio was
1.08:1. Thirteen (86.7%) BPMECs were tracheobronchial
in location, while two (13.3%) were intraparenchymal. All
were low grade MECs. The mean age of the BPMEC
cohort was 27.3 years; M:F ratio was 2:1.

On immunohistochemistry, BAP1 nuclear staining was
retained with strong intensity in all cases (100%), irre-
spective of tumor location or grade (Fig. 1). All types of
cells, viz. epidermoid, intermediate and mucous, showed
BAPI staining. The intensity of staining was equal to that
of the internal control viz. endothelial cells.
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Fig. 1 BAPI staining in MECs:
Case of submandibular high
grade MEC (a HE, x 100) with
retained BAPI staining in
squamoid, intermediate and
mucous cells (d IHC, x 200).
Case of parotid MEC,
intermediate grade (¢ HE,

x 100), with retained BAP1
expression in solid as well as
cystic components (d IHC,

x 100). Case of endobronchial
low grade MEC (e HE, x 100)
showing nuclear BAP1
positivity in tumor cells (f IHC,
x 200)

Discussion

BAPI mutations were first described in uveal melanomas,
followed by malignant mesotheliomas, and renal cell car-
cinomas [15-18]. Germline BAPI mutations characterize
the BAPI hereditary cancer predisposition syndrome [16].
The role of BAPI mutations in the differential diagnosis of
benign versus malignant mesothelial proliferations, and
malignant mesothelioma versus pulmonary non-small cell
carcinomas is now well established [25, 26]. BAPI loss
also has been found to be prognostically relevant in various
malignancies such as colorectal carcinoma, lung adeno-
carcinoma and renal cell carcinoma, where reduced BAP1
expression was associated with poorer patient outcomes
[27-29]. Identification of loss of BAPI has therapeutic
connotations as well. Currently, phase II clinical trials are
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under way to evaluate response of therapeutic agents like
PARP inhibitors and EZH?2 inhibitors in BAPI-deficient
neoplasms [30, 31]. This highlights the possibility that
novel targeted therapies for tumors with loss of BAPI will
be available in the near future. As such novel therapeutic
options emerge, the assessment of tumors for BAP1 loss
will become necessary to identify those patients that are
likely to benefit from these newer drugs.

IHC for BAP1 has emerged as a simple, rapid, reliable
and economical method for detection of BAP/ mutation in
routine pathology practice. Koopmans et al. [32] reported a
strong, significant correlation between BAPI mutation and
loss of BAP1 expression in uveal melanomas. They found a
sensitivity and specificity of 88% and 97%, respectively,
for the detection of BAPI mutation by BAP1 immunos-
taining. Similarly, Bott et al. reported a significant
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association between BAP] alterations and lack of BAP1
immunoexpression, which was corroborated by other
studies [17, 19].

MECs are the most frequent malignant salivary gland
tumors, which display aggressive clinical behavior [33].
While surgery followed by radiotherapy is the standard of
care, management of patients in the setting of local
recurrence or distant metastases leaves much to be desired,
necessitating the identification of potentially actionable
therapeutic targets, along with rapid and economical
methods to identify them in routine clinical practice [1].
MECs are characterized by CRTCI/MAML?2 translocation,
seen in 38-70% of MECs, is more frequent in lower
grades, and has also been found to be associated with
prolonged survival [11, 34-38]. However, apart from this
translocation, not much is known about the genomic profile
of MECs, as they have mostly been included in small
numbers in large studies encompassing all histological
types of salivary gland carcinomas. Kato et al. included 5
MEC:s in their analysis of genomic landscape of 117 sali-
vary gland tumors by targeted next-generation sequencing
[1]. They identified genetic aberrations in TP53 (2 cases),
PI3K pathway (2 cases), PTEN (2 cases), and BAPI (2
cases) genes in MECs, apart from other genes. BAPI
alterations were also identified in 4/49 adenoid cystic car-
cinomas, 3/46 adenocarcinomas, not otherwise specified,
and 1/7 acinic cell carcinomas. Subsequently, Ross et al.
[13], identified BAP1 alterations in approximately 20% of
57 MECs included in their comprehensive genomic pro-
filing of 623 salivary gland carcinomas. Almost simulta-
neously, the same group published their experience with
genomic alterations exclusively in MECs, with BAPI
truncation mutations being seen in 10 out of 48 MECs
(20.8%) [4]. However, none of these studies assessed
immunoexpression of BAP1 to correlate with results of
genomic analysis.

In view of the description of novel BAPI mutations in
MECs, as well as the recent identification and inclusion in
clinical trials of drugs targeting tumors with BAPI loss, we
analyzed a cohort of MECs across all grades and locations
for loss of BAP1 immunoexpression. In our study, mean
age of patients with bronchopulmonary MEC was a decade
earlier than for salivary gland MECs; a greater male pre-
ponderance was also noted in the former. None of the MEC
cases showed loss of BAP1 immunoexpression, irrespec-
tive of tumor location or grade. This negative result raises
several considerations. Firstly, it is possible that truncating
mutations in BAPI may have led to a qualitative but not
quantitative defect in BAP1 protein, resulting in production
of a functionally abnormal BAP1 protein which could be
detected immunohistochemically. Next, the antibody clone
used in this study detects the epitope between aa 430 and
739 of the BAP1 protein, which would detect BAP1 wild-
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type and mutant forms that retain the nuclear localization
signals lying between aa 656-661 and aa 717-722 [19].
Any mutations outside this frame would not affect
immunostaining. The third, albeit remote, possibility is that
yet unknown genetic or epigenetic changes downstream of
BAPI may have led to restoration of BAP1 immunoex-
pression despite BAPI mutation. Lastly, as the ethnicity
and demographic profile of the patient cohort included is
different from that of previous studies demonstrating BAP1
alterations, their genetic profile may also differ. It is pos-
sible that inclusion of larger number of cases may result in
detection of mutations that occur at a lower frequency, and
the small sample size analyzed in this preliminary study
remains a pitfall.

Thus, it follows that comprehensive genetic analysis of
larger numbers of MECs is required to understand the
implications of our results. The urgency of this is stressed
by the therapeutic connotations of identification of BAP]
loss in the near future. Our study is limited by the lack of
correlation with genetic analysis and use of a single clone
of BAP1 for IHC. Thus, further analysis of BAPI genomic
aberrations in MECs by targeted sequencing is recom-
mended prior to excluding the possibility of response to
BAP]-targeted therapeutics based on immunohistochem-
istry alone.
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