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ABSTRACT

PA and Ca-ex-PA.

Objectives: It is hypothesized that carcinoma-ex-pleomorphic adenoma (Ca-ex-PA)
is malignant from the beginning or is a malignant transformation of a recurrent
or a long-standing pleomorphic adenoma (PA). The accumulation of genetic
instabilities is suggested to be the main reason for malignant transformation in PA.
The aim of this study was to determine the prevalence of BRCA1/2 mutations in

Materials and Methods: A total of ninety salivary gland tumors (45 Ca ex-PA
and 45 PA) were selected. Immunohistochemistry was performed for all samples.

Analyses were conducted through SPSS software version 22.0 (SPSS, Inc.,
Chicago, IL, USA). Chi-square test was used to examine the differences between
the variables. Significant level was set at 0.05.

Results: In general, 93.3% of PA samples showed positive staining for BRCA1
(in myoepithelial cells); however, BRCA2 positivity was found in 60% of
samples (in myoepithelial cells). Among 45 samples of Ca-ex-PA, 93.3% of
showed positivity for BRCA1 and 80% of samples showed positivity for BRCA2.
Chi-square test found differences between PAs and Ca-ex-PAs regarding BRCA1/2
mutations in ductal cells and myoepithelial cells (P = 0.007, 0.000), respectively.
Conclusions: The present study found a trend toward the presence of BRCA1/2
mutations in PA and Ca-ex-PA samples. Patients with BRCA1/2 mutation carriers
are excellent cases for therapies, such as the poly (ADP) ribose polymerase
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INTRODUCTION

leomorphic adenoma (PA) is the most common

benign salivary gland tumor, constituting 45% to
85% of all major and minor salivary gland tumours.t'?!
It has been suggested that PA arises from myoepithelial
cell and ductal cell differentiation into mesenchymal
and epithelial structures. It is also believed that PA
originates from reserve cells or stem cells of intercalated
ducts which differentiate to mesenchymal and epithelial
cells which may explain morphological diversity in
PA, but the initiation factors of tumor progression are
not fully wunderstood.®’ Carcinoma-ex-pleomorphic
carcinoma (Ca-ex-PA), a high-grade malignancy,
accounts for 5%—15% of all salivary cancers.
Histologically, Ca-ex-PA contains both benign PA and
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malignant component.’”) The pathogenesis of Ca-ex-PA
is not clear, but it is hypothesized that this tumor
is malignant from the beginning or is a malignant
transformation of a recurrent or a long-standing PAI®
as longevity and recurrence appear to increase the risk
of malignant transformation. Malignant changes are
present in 1.3%-7.5% of PAs."! The accumulation of
genetic instabilities is suggested to be the main reason
for malignant transformation in PA.B! Similar to the
majority of tumors, PA is a multifactorial, polygenic
disease. Salivary Ca-ex-PA develops from a PA due
to loss of heterozygosity on 8q, 12q, and 17p.”! It is
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suggested that heredity may play a crucial role in its
development.['”

BRCA1/2 genes involve in some biological processes
expressed in different cells. BRCA1 regulates all phases of
the cell cycle and triggers the cell response to DNA damage
which blocks cell proliferation and promotes apoptosis;
therefore, it stops malignant transformation. In cases of
mutation in BRCA1/2 genes, the accumulation of damaged
DNA occurs in the replicating cells, resulting in cancer
development. In 2%-3% of all breast cancers, BRCA1/2
mutations have been reported."!! Altered expression level
of BRCAL is associated with poor prognosis and shortened
survival in breast cancer.’”? BRCA2 mutation is also
associated with a high risk of prostate cancer and a worse
prognosis.['*! Salivary glands and breast tissue are composed
of tubular acinar exocrine glands; therefore, it can be
expected to share similar pathological disorders. There is
enough evidence of developing the same types of tumors in
both tissues. One of these neoplasms is PA which has been
reported in both salivary glands and breasts.!'*' Therefore,
there is a need for investigations on the mechanisms
associated with tumorigenesis. Immunohistochemistry of
BRCAL1/2 proteins in tumor cells can be a useful method in
patient screening.!'®!

The aim of this study was to determine the prevalence
of BRCA1/2 mutations in PA and CA-ex-PA which has
beneficial prognostic factors for patients with examined
salivary gland tumors.

MATERIALS AND METHODS

PATIENT SELECTION

As Ca-ex-PA is not a common lesion, only 45 cases
were found in the Archive of Pathology Department of
Loghman Hakim Hospital, Tehran, Iran, from 2000 to
2016. Therefore, 45 cases of PA were selected to make
better match between two tumor types. As the paraffin
blocks of the patients were used for this study, the ethical
committee of the university declared that there was no
need for ethical approval.

IMMUNOHISTOCHEMICAL ASSESSMENT

First, the formalin-fixed, paraffin-embedded samples
were cut for preparing H and E staining to confirm the
diagnosis. Then, 5 wm cut sections were deparaffinized,
rehydrated, and immersed in pH 6.0 citrate buffer.
Heat-induced antigen retrieval was performed for
20 min. Slides were incubated with primary mouse
monoclonal anti-BRCA1 antibody (Abcam, ab16780) at
1:90 dilution and primary rabbit polyclonal anti-BRCA2
antibody (Abcam, ab 27976) at 1:80 for 1 h at room
temperature, followed by incubation with secondary
antibody for 30 min and immunostained with DAB

(3, 3’-diaminobenzidine) for 5 min as a chromogen and
hematoxylin as counterstain. Breast cancer tissue served
as positive control.

VARIABLE CONSIDERATIONS

Brown cytoplasmic/nuclear staining was considered to
be a positive immunoreactivity for BRCA1, and brown
nuclear staining was considered a positive staining for
BRCA2. All positive staining were evaluated using a
semi-quantitative scoring system for the percentage of
positively stained cancer cells as follows: occasional
staining but <10% were considered negative, 10%—40%
were considered mild, 40%—70% were scored moderate,
and >70% were considered intense staining.['”)

STATISTICAL ANALYSES

Analyses were conducted through SPSS software
version 22.0 (SPSS, Inc., Chicago, IL, USA). Chi-square
test was used to examine the differences between the
variables. Significant level was set at 0.05. To employ
Chi-square test, all the 45 cases of Ca-ex-PA were
considered as one group (regardless of histological
subtypes).

RESULTS

The studied population consisted of ninety samples
(45 samples of each lesion; PA or Ca-ex-PA). Thirty
samples of PA were female and 15 were male, with
a mean age of 56.4 years (range: 23-80 years). Of
CA-ex-PA samples, 32 were female and 13 were male,
with a mean age of 60.3 years (range: 31-79 years).
The parotid gland was the main site affected by PA
in thirty cases, followed by minor salivary glands
of palate in ten cases, and the remaining five cases
affected by submandibular glands. Of the 45 cases
of Ca-ex-PA, 38 cases involved the parotid glands,
6 cases palatal salivary glands, and only one case was
found in submandibular glands. In general, 93.3%
of PA samples showed positive staining for BRCAI
(in myoepithelial cells); however, BRCA2 positivity
was found in 60% of samples (in myoepithelial cells)
[Figures 1-3]. Among the 45 samples of Ca-ex-PA,
93.3% of showed positivity for BRCA1 and 80% of
samples showed positivity for BRCA2. Chi-square
test found differences between PAs and Ca-ex-PAs
regarding BRCA1/2 mutations in ductal cells and
myoepithelial cells (P = 0.007, 0.000), respectively.
Mann—Whitney test showed that there was a significant
difference between BRCA1 expression level in
myoepithelial cells not in ductal cells in compared
groups (P = 0.000). In addition, there were significant
differences between BRCA2 expression levels in
both ductal cells (P = 0.004) and myoepithelial
cells (P = 0.000) in examined groups.
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Figure 1: Higher magnification shows BRCA1 positivity in
pleomorphic adenoma sample. Notice nuclear/cytoplasmic positivity
in ductal cells, myoepithelial cells, and the cells in the myxoid
material

Figure 2: High power shows BRCA1 nuclear/cytoplasmic positivity in
myoepithelial cells and the cells in the chondroid material in pleomorphic
adenoma sample

Figure 3: Higher magnification indicates BRCA2 nuclear positivity in
myoepithelial cells and the cells in the chondroid material in pleomorphic
adenoma samples

Among the 45 cases of Ca-ex-PA, there were 19 cases
of adenocarcinoma not otherwise specified (AdNOS),
12 cases of salivary ductal carcinoma (SDC), 5 cases
of epithelial-myoepithelial carcinoma (EMC), 5 cases
of myoepithelial carcinoma (MC), 3 cases of adenoid
cystic carcinoma (AdCC), and one case of polymorphous
low-grade adenocarcinoma (PLGA). Tables 1 and 2
summarize BRCA1/2 staining in PA and Ca-ex-PA
samples, respectively. All samples except two AANOS
samples and one SDC sample were positive for BRCA1
mutation in ductal cells [Figures 1-3]. In addition,
all samples except four AANOS samples, three SDC

Table 1: The BRCA1 and BRCA?2 expression levels in
different cells of pleomorphic adenoma samples

Cell type BRCA1 (%) BRCA2 (%) P
Ductal cells
<15 16 (76.2) 0 0.000*
>15 5(23.8) 21 (100)
Myoepithelial cells
Positive 0 9(42.9) 0.000*
Negative 21 (100) 12 (57.1)
Chondroid cells
Weak 20 (95.2) 1(4.8) 0.000*
Moderate 1(4.8) 18 (85.7)
Strong 0 2(9.5)
Myxoid cells
Weak 8 (38.1) 0 0.000*
Moderate 11 (52.4) 7(33.3)
Strong 2 (9.5) 14 (66.7)

Table 2: The BRCA1 and BRCA2 expression levels in
carcinoma-ex-pleomorphic adenoma samples

Cancer subtype

BRCA1 (%) BRCA2 (%)

Adenocarcinoma not otherwise specified

Positive 16 (76.2) 0

Negative 5(23.8) 21 (100)
Salivary duct carcinoma

Positive 0 9(42.9)

Negative 21 (100) 12 (57.1)
Epithelial-myoepithelial carcinoma

Positive 0 9(42.9)

Negative 21 (100) 12 (57.1)
Myoepithelial carcinoma

Positive 0 9(42.9)

Negative 21 (100) 12 (57.1)
Adenoid cystic carcinoma

Positive 0 9(42.9)

Negative 21 (100) 12 (57.1)
Mucoepidermoid carcinoma

Positive 0 9(42.9)

Negative 21 (100) 12 (57.1)
Polymorphous low-grade carcinoma

Positive 0 9(42.9)

Negative 21 (100) 12 (57.1)
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samples, and two MC samples were positive for BRCA2
mutation in ductal cells. Figures 4-15 show BRCA1/2
mutations in examined samples.

DiSscusSION

According to the morphological and immunohistochemical
features, Ca-ex-PAs are classified into two groups.
The first group constitutes those with ductal epithelial
differentiation, probably derived from ductal luminal
cells, including AdNOS, SDC, MEC, and PLGA.
The second group comprises those with myoepithelial
differentiation, likely derived from the precursor of
myoepithelial and ductal cells, such as MC, EMC, and
AdCC.® Although both luminal and myoepithelial cells
may undergo carcinomatous transformation, it is believed
that, in most cases, malignancy arises from the luminal
structures.I'¥! Ca-ex-PA arises in a primary or recurrent
PA mainly in the parotid gland. A low rate of recurrence
and regional metastasis are the clinical features of
Ca-ex-PAs. The malignant part of that is mostly a
high-grade carcinoma such as SDC or MC.['!

Figure 4: High-power photomicrograph exhibits a strong nuclear/
cytoplasmic BRCA positivity in adenocarcinoma not otherwise specified
subtype. Note all ductal and myoepithelial cells show positivity

P N 2
Figure 6: Lower magnification demonstrates a strong BRCA1 nuclear/

cytoplasmic positivity in salivary ductal carcinoma subtype. Arrow
indicates the intraductal component
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As there are similarities between the embryogenesis of
salivary gland and breast as well as the dual epithelial—
myoepithelial cell differentiation in both tissues, it is
logical to expect the occurrence of salivary gland-type
neoplasm in the breast.'"¥ Some neoplasms of the breast
have similar histological features to salivary gland
tumors. In addition, the same genetic abnormalities are
found in both salivary gland tumours and breast cancers.
For example, a recurrent t (6;9) translocation resulting
in the formation of the MYB-NFIB fusion gene can be
found in AdCC of both salivary glands and breast.[*%
DNA repair deficiencies are described as risk factors
in several cancers. Different proteins are involved in
repairing the DNA damage. In case of inefficiency
of one of these mechanisms, some others promote
the DNA repair.?'! BRCA1/2 genes involve in DNA
repairing.'!! To the best of our knowledge, this is the first
time that BRCA1/2 mutations have been investigated
in two salivary gland tumors. In general, the present

A
) B T RTE T
Figure 5: High-power photomicrograph indicates a strong nuclear BRCA2
positivity in adenocarcinoma not otherwise specified subtype. Positive
staining is observed in majority of myoepithelial cells and ductal cells
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Figure 7: Low-power photomicrograph shows a strong BRCA2 nuclear
positivity in salivary ductal carcinoma subtype
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Figure 8: A lower magnification of BRCA1 nuclear positivity in
epithelial-myoepithelial carcinoma subtype. The myoepithelial cells
are strongly reactive

: Figure 11:
Figure 10: High magnification of strong BRCA1 positivity in myoepithelial carcinoma subtype. Strong nuclear reactivity can be seen
myoepithelial carcinoma subtype and residual pleomorphic adenoma in all tumor cells
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Figure 12: A lower power shows a strong nuclear/cytoplasmic BRCA1 Figure 13: A low power shows a strong nuclear BRCA2 positivity in
positivity in adenoid cystic carcinoma subtype adenoid cystic carcinoma subtype

study indicated BRCA1 mutation in 95.6% of PAs and  cells showed BRCA1/2 mutations. Komenaka et al
60% of Ca-ex-PAs. Both luminal and myoepithelial  have found BRCA1/2 mutations in 60%—-85% of breast
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Figure 14: High magnification shows a strong BRCA1 positivity in
polymorphous low-grade adenocarcinoma subtype. Note the single-cell
pattern infiltration (arrow)

o S

cancers.' According to Madjd et als. study, 46% of
the breast cancer samples were BRCA1 positive. The
authors arrived at the conclusion that BRCA1 protein can
be a prognostic marker.?? Petrucelli et al. have shown
BRCA1/2 mutations in 50% of all hereditary breast
cancers.”! Strickland et al. in a study on high-grade
serous ovarian cancer found 94.1% positivity of BRCA1
in the samples.?" Lavie et al. have reported the BRCAI
germline mutation in 20% of uterine serous papillary
carcinomas. These findings explain the importance of
accurate identification of high-risk cases to increase life
expectancy.

Several genomic alterations are associated with
progression from PA to Ca-ex-PA including those in
pleomorphic adenoma gene 1 (PLAGL), HMGA2,
MDM2, TP53, MYC, and epidermal growth factor
receptor.?*281 In addition, the amplification of MDM?2,
HMGAZ2, and deletion of 5923.2q31.2 and 8q22.1q24.1
is an important factor in the transition from PA to
Ca-ex-PA.®!  Therefore, molecular subtyping of
salivary neoplasms can help in targeted therapies.’”
Chromosomal translocations involving the long arms of
chromosomes 8 (8q12), 12 (12ql5), and 6 (6p21) have
been reported in PAs.F!! Chromosomal translocations
of 8q12 usually lead to the activation of the PLAG1;P%
however, rearrangement of the other two genetics results
in high mobility group (HMG) protein genes, such as
HMGI-C and HMGIY.B? PLAGI1 has a dual role, as
oncogene and as tumor suppressor. It promotes cellular
growth and also inhibits proliferation. In pleomorphic
adenoma-like tumor of the breast, PLAGI, activated
by the reciprocal chromosomal translocations involving
8ql12, is also rearranged and overexpressed in salivary
PA. The abnormal expression of PLAG1 may result in a
deregulation of PLAGI target genes involving salivary

Figure 15: A lower magnification indicates a strong BRCAZ2 positivity in
polymorphous low-grade adenocarcinoma subtype. Notice the single-file
cells and infiltrative invasive front

gland tumorigenesis.”™ PLAGI1 overexpression has
been detected in PA and in low-grade histopathologic
subtypes of Ca-ex-PA, such as MC and EMC.F¥ In
PA, PLAGI1 expression has been demonstrated in both
myoepithelial cells and ductal epithelial cells, supporting
the hypothesis of a monoclonal origin of PA. Activation
of PLAGI during malignant transformation from
PA to Ca-ex-PA is one of the pathways of malignant
transformation.? HMGA?2 is a target gene in both PA
and Ca-ex-PA. In PA, it is targeted with translocations
involving 12q14-15.27 Bahrami et al. found PLAGI
abnormality and HMGA2 abnormality in 22.7% and
18.2% of Ca-ex-PA cases, respectively. However,
only one case showed abnormality for both PLGAI
and HMGA2.?"! Katabi et al. indicated that 67% of
hypocellular myxoid PAs showed PLAG1 or HMGA2
rearrangements; however, only 29% of cellular PAs
showed PLAG1 or HMGA?2 rearrangements. The authors
proposed that cellular PA might represent a discrete
genetic subgroup. Besides, EWSR1 gene rearrangement
has been shown as a common event in myoepithelial
tumors such as salivary gland tumors.?

It is believed that p53 mutation is an early event in the
progression of PA to Ca-ex-PA. In a previous report, p53
positivity was found in 0%—41% of PAs and 45.2%—-75%
of Ca-ex-PAs.®) However, another investigation carried
out by DeRoche ef al. indicated that p53 expression is not
a reliable factor to predict early malignant transformation
in PA.B3 In addition, p53 and PIK3CA mutations have
been identified in acinic cell carcinoma of the breast;
nevertheless, the same mutations have not been detected
in salivary gland acinic cell carcinoma.? It has been
suggested that BRCA1/2 and p53 pathways cooperate
in breast cancer suppression. In addition, the p53 gene
mutation has frequently been reported in breast cancer as
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well as other cancers. It is proposed that mutation in both
pathways enhances tumor growth.>”

Overexpression of HER-2/neu protein, a well-known
proto-oncogene, was detected in the majority of SDCs of
parotid gland associated with a poor prognosis. According
to Skalova et al%s. report, HER-2/neu protein was
overexpressed in SDC and Ca-ex-PA but not in the benign
cells of PA, suggesting the HER-2/neu protein as a useful
tool in detecting malignant transformation of PAs.B*!

CONCLUSIONS

PA is the most common benign salivary gland tumor
and Ca-ex-PA is a rare, aggressive salivary gland tumor
with unknown pathogenesis. Some investigators believe
that Ca-ex-PA is a carcinomatous transformation of PA;
however, some others propose that it is a malignant tumor
from the onset. This study was carried out to clarify the
pathogenesis of Ca-ex-PA., The present study found a
trend toward the presence of BRCA1/2 mutations in PA
and Ca-ex-PA samples. As there are some similarities
between salivary gland tissue and breast tissue, it may be
logical to arrive at this conclusion that the patients with
salivary gland neoplasms have a high risk of BRCA1/2
mutations. Previous studies have shown that the patients
with BRCA1/2 mutation carriers are excellent cases for
therapies, such as the poly (ADP) ribose polymerase
inhibitor.'”’ THC is a low-cost and efficient method;>"
therefore, it can serve as a screening test for detection
of BRCA1/2 dysfunction in salivary gland tumor. The
knowledge of the spectrum of mutations can provide more
efficient protocol for screening and therapeutic strategy.
Rarity of Ca-ex-PA limits the number of cases. Further
studies with more cases should be done to confirm the
results of this study, especially those for rare subgroups.
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