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Pleomorphic adenoma (PA) is the most common neoplasm of salivary glands and
consists of epithelial and mesenchymal components. Although a benign lesion, it
harbors a potential for recurrence and malignant transformation. Also, due to its
histological diversity and unpredictive behavior PA can represent both diagnostic
and therapeutic challenge. Matrix metalloproteinases (MMPs) are well known
modifiers of extracellular matrix (ECM) PA component and in conjunction with
their endogenous tissue inhibitors (TIMPs) may influence PA tumor biology.
PLAGL1 oncogene also has an important role in PA; however, neither the exact
mechanisms of its influence nor its interactions with other genes are completely
elucidated. The aims of this study were to assess the expression of PLAG1, MMP-2,
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MMP-7, MMP-9, TIMP-1 and TIMP-2 genes in PAs, and find a possible association
of gene expression levels with clinical/epidemiological parameters of PA patients.
Relative mRNA levels were assessed using Quantitative real-time PCR analyses in
15 PAs of the parotid gland and 5 normal salivary glands (NSGs). A statistically
significant overexpression of PLAG1 was observed in PA compared to NSG samples
(P=0.010); PA had 5.48 times higher mRNA levels than NSG. Out of the three
analyzed MMP genes, significantly lower levels of MMP-7 were found in PA
patients (P=0.026). TIMP2 was also downregulated in PA samples, compared to
NSGs (P=0.040). MMP-7 and TIMP-2 mRNA levels were decreased 2.95 and 2.85
times respectively, in PA samples. No association was found between gene
expression and clinical/epidemiological PA parameters. Our results suggest that
PLAG1 overexpression with concomitant MMP7 and TIMP2 downregulation may
contribute to PA development.

Keywords: salivary gland, pleomorphic adenoma, MMP-7, TIMP-2,
PLAG1, gene expression

INTRODUCTION

The field of salivary gland tumor biology is wide and challenging, given the numerous
subtypes of both benign and malignant neoplasms that may develop in major and minor salivary
glands. Salivary gland neoplasms are among those with the greatest cytomorphological and
clinical heterogeneity creating, firstly, diagnostic difficulties, but also issues regarding treatment
and disease outcome prediction (RITO et al., 2018). The 2017 World Health Organization
Classification of Head and Neck Tumors defined at least 31 different benign and malignant
epithelial tumors (EL-NAGGAR et al., 2017). Pleomorphic adenoma (PA) is the most common
salivary gland neoplasm worldwide, accounting for 70-80% of abnormal SG growths (BOKHARI
et al., 2020) and it mainly occurs in the superficial lobe of the parotid gland, ut can also affect
the submandibular and minor salivary glands. It most often presents as a painless bulging mass
of epithelial and myoepithelial tissues with minor stromal and mesenchymal components (SINGH
et al., 2017).

An interesting feature of the genetic background of SG neoplasms is that they often
arise from chromosomal translocations, which are usually considered a characteristic of
hematological malignancies rather than solid tumors. Hence, for many years studies were mainly
focused on chromosomal rearrangements, and indeed highly specific patterns of chromosome
translocations have been described in SG neoplasms, such as t(11;19) (q14-21;p12-13) resulting
in CRTC1-MAML2 oncogenic fusion seen in many mucoepidermoid carcinomas (O'NEILL et al.,
2009; ILIC-DIMITRIEVIC et al., 2014), t(6:9)(q22-23;p23-24) translocations which predominantly
result in MYB-NFIB gene fusions described in adenoid cystic carcinomas, etc. (BRILL et al.,
2011).

Activation of the PLAG1 gene on chromosome 8912 is the most frequent gain-of-
function mutation found in pleomorphic adenomas of the salivary glands and represents the
result of different recurrent chromosomal translocations involving, for instance the B-catenin
gene on 3p21 int (3;8 (p21;q12), the leukemia inhibitory factor receptor gene on 5p13 found in t
(5;8)(p13;912) and others (voz et al., 2000). PLAG1 role in PA tumorigenesis is undeniable;
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however, its interactions with other genes involved in PA development are less well
characterized.

PAs are known to comprise both epithelial and myoepithelial cells embedded in a
mesenchyma-like stroma (1TO et al., 2009), and the extracellular matrix (ECM) component
represents a crucial regulator of tumor growth and progression (PEREIRA et al.,2005). ECM
molecules are modified by matrix metalloproteinases (MMPs), a family of enzymes that
influences the behavior of cells by creating space for their migration, by releasing ECM-bound
growth factors and by activating signaling molecules (PAGE-MCCAW et al., 2007). Another
important element affecting salivary gland tumor biology is the subtle balance between matrix
MMPs and their endogenous tissue inhibitors (TIMPs), which functions as a regulator of ECM
turnover (zHANG et al., 2009). Thus, the aims of the present study were (a) to assess the
expression of the following genes: PLAG1, MMP-2, MMP-7, MMP-9, TIMP-1 and TIMP-2 in
pleomorphic adenomas of the salivary glands and (b) to find a possible relationship between
these molecular markers and clinical/epidemiological parameters of PA patients.

MATERIALS AND METHODS

A total of 20 samples of salivary gland tissue were included in the present study. The
study group consisted of fifteen pleomorphic adenomas of the parotid gland and the control
group of five normal salivary glands (NSGs) i.e. histopathologically tumor free glands that were
obtained from patients with oral cancer undergoing radical neck dissection (Figure 1). The
patients were recruited from July to October 2020 at the Clinic for Maxillofacial Surgery, School
of Dental Medicine, University of Belgrade. This study was performed according to the ethical
principles of the Helsinki Declaration, and the patients signed a written informed consent.

Figure 1. Specimens of normal salivary gland (a) and pleomorphic adenoma exhibiting typical histological
features, i.e. the presence of epithelial component with ductal structures (left) and a
mesenchymal myxoid component (right) (b) (magnification 20X).

Total RNA was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA), and
complementary DNA (cDNA) was synthesized through a reverse transcription reaction using
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Thermo Scientific RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific,
Waltham, MA).

Quantitative real-time PCR analyses were performed to assess the relative gene
expression levels of PLAG1 oncogene, matrix metalloproteinase (MMP) -2, -7 and -9, the tissue
inhibitor of metalloproteinases (TIMP) -1 and -2, using the SYBR-green based fluorescence
quantification system (SensiFAST™ SYBR® HiROX Kit, Bioline, London, UK) and specific
primers (Table 1). Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an
endogenous control for the normalization and relative gene expression levels in all samples were
defined as the ratio of each gene of interest to GAPDH expression, using the comparative Ct (2-
AACt) method.

Descriptive statistics was presented as mean * standard deviation values. Statistical
analyses were conducted using SPSS 22.0 (SPSS, Chicago, IL, USA) or the GraphPad Prism 6.0
software. Kolmogorov—-Smirnov normality test was performed for the outcome values and
depending on the distribution, Student’s t-test or Mann-Whitney U-test were performed. The
Spearman’s rank correlation coefficient (p) was used to assess the relationship between relative
expression levels of the investigated genes. All p values less than 0.05 were considered
significant.

Table 1. Sequences of primers used in the study and the corresponding amplicons’ lengths

Gene Sense and antisense bp

PLAGL 5’-ATCACCTCCATACACACGACC-3’ 76
5’-AGCTTGGTATTGTAGTTCTTGCC-3’

MMP-2 5’-CTCCTGAATGCCCTTGATGT-3’ 425
5’-ATGACAGCTGCACCACTGAG-3’

MMP-7 5’-CCAATGAATGAATGAATGGATG-3’ 180
5’-GTATGGGACATTCCTCTGATCC-3’

MMP-9 5’-GAACAAATACAGCTGGTTCC-3’ 345
5’-TACCCTATGTACCGCTTCAC-3’

TIMP-1 5’-AGTCAACCAGACCACCTTATACCA-3’ 386
5’-TTTCATAGCCTTGGAGGAGCTGGTC-3’

TIMP-2 5’-CTCTGTGACCCAGTCCATCC-3’ 177
5’-ATGCACATCACCCTCTGTGA-3’

GADPH 5’-TCATGACCACAGTCCATGCCATCA-3’ 450
5’-CCCTGTTGCTGTAGCCAAATTCGT-3’

bp — base pair

RESULTS
The relative gene expression of PLAG1 oncogene, matrix metalloproteinases -2, -7 and
-9 and tissue inhibitors of metalloproteinases -1 and -2 genes was assessed in fifteen
pleomorphic adenoma (PA) cases and five normal salivary glands (NSGs) (Table 2, Figure 2).
A highly significant overexpression of PLAG1 was observed in PA compared to NSG
samples (p=0.010) (Figure 2a). Levels of PLAG1 mRNA were 5.48 times higher in PA than in
controls.
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Table 2. The mean + standard deviation values for relative gene expression levels in pleomorphic
adenomas (PA) and normal salivary glands (NSGs)

Group Mean+SD p value*
PA (N=15) 0.074537+0.098197
PLAG1 0.010
NSG (N=5) 0.013582+0.003639
PA (N=15) 0.032152+0.104362
MMP-2 0.206
NSG (N=5) 0.026929+0.036044
PA (N=15) 0.033852+0.049544
MMP-7 0.026
NSG (N=5) 0.099983+0.068824
PA (N=15) 0.000175+0.000290
MMP-9 0.359
NSG (N=5) 0.000049+0.000049
TIMP-1 PA (N=15) 0.627082+0.69193 0.896
NSG (N=5) 0.410688+0.26028 '
TIMP-2 PA (N=15) 0.046952+0.026906 0.040
NSG (N=5) 0.133800+0.094328 '
*Mann-Whitney U Test, significant at p<0.05
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Figure 2. Relative gene expression levels of PLAG1 (a), MMP-2 (b), MMP-7 (c), MMP-9 (d), TIMP-1 (e)
and TIMP-2 (f) in pleomorphic adenoma (PA) and normal salivary gland (NSG) specimens.
Significant differences (p < 0.05) are indicated on the graph.
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Out of the three analyzed MMPs, only MMP-7 levels were altered in PA compared to
controls. Namely, MMP-7 was significantly down-regulated in PA samples (p=0.026) (Figure
2¢). TIMP-2 was also downregulated in PA, compared to NSGs (p=0.040) (Figure 2f). MMP-7
and TIMP-2 mRNA levels were decreased 2.95 and 2.85 times respectively, in PA compared to
normal tissue. Moreover, a highly significant positive correlation was observed between MMP-7
and TIMP-2 relative gene expression levels in the PA group (p=0.768, p=0.001).

No association was observed between relative gene expression levels of either of the
analyzed genes and the tumor size, nor epidemiological parameters such as gender, age and
smoking status (data not presented).

DISCUSSION

Genetics and epigenetics play a fundamental role in the ethiopathogenesis of
pleomorphic adenomas, the most frequent type of salivary gland tumors. Not only PA are the
most frequent type of SG tumors, but this benign neoplasm has also the capacity to relapse and
undergo malignant transformation (NIKoLIC et al., 2015). Although the golden standard for the
diagnosis of SG tumors are their morphological and histological characteristics, there is an
obvious need of improving the currently existing system of their classification with new
molecular markers.

Pleomorphic adenoma gene 1 (PLAG1) has been shown to function as an oncogene in
several human tumors, i.e. its overexpression has been documented in lipoblastomas,
gastrointestinal stromal tumors, angiomyofibroblastomas, synovial sarcomas, etc. (MATSUYAMA
et al., 2012). In the present study, a 5.5 fold increase of PLAG1 expression has been found in PA
compared to control tissue, confirming some previous findings on the crucial role of this
oncogene activation in PA pathogenesis (DE BRITO et al., 2016a; DE BRITO et al., 2016b;
BRODETSKY!I et al., 2020; LEE et al., 2019). In our study, no correlation could be established
between PLAGL1 expression and clinical/epidemiological parameters. There are only sporadic
reports dealing with PLAG1 expression as a prognostic marker and only in pituitary tumors a
correlation between PLAG1 down-regulation and tumor aggressiveness has been established (Yu
et al., 2016). However, it is estimated that PLAG1 may help in differential diagnosis of salivary
gland benign and malignant tumors (ROTELLINI et al., 2014). Moreover, it also appears that
PLAG1 expression can discriminate pleomorphic carcinomas originating from pleomorphic
adenomas from carcinomas arising de novo (BAHRAMI et al., 2012).

As already stated, MMPs and TIMPs, and more specifically their balanced expression,
are very important factors in the maintenance/remodeling of the extracellular matrix. Disruptions
in this balance may lead to different pathological conditions, including tumors. Out of the three
MMP and two TIMP genes analyzed in the present study, MMP-7 and TIMP-2 displayed
approximately three times lower mRNA levels in PA compared to controls. Importantly, there
was a positive correlation of their down-regulation pointing to their joint involvement in PA
development. To the best of our knowledge, this is the first report on MMP-7 expression in PA.
It must be emphasized however that in several types of salivary gland carcinomas (acinic cell
carcinoma, adenoid cell carcinoma and mucoepidermoid carcinoma) lower levels of MMP-7
were associated with increased aggressiveness and poorer survival (LUUKKAA et al., 2010;
HAMETOJA et al., 2021). Data regarding the expression of TIMP-2 in SG tumors are also rather
scarce. There are only few comparative studies dealing with the distinction between benign and
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malignant tumors as well as between different types of SG carcinomas based on TIMPs
expression and their ratio to MMPs. Usually, this MMP/TIMP ratio was found to be increased in
carcinomas compared to adenomas (NAGEL et al., 2004). Contrary to our findings, several
authors have found high levels of immunohistochemical expression of matrix metalloproteinase
tissue inhibitors, including TIMP-2 in pleomorphic adenomas (SOUZA FREITAS et al., 2018). It
must be stressed that some of the inconsistencies in the literature are probably due to different
techniques applied in expression analyses, very heterogeneous tumor types included in the
studies and, sometimes, somewhat small sample sizes.

In conclusion, our findings support the view that PLAG1 gene is a key player in PA
development. Additionaly, the present study uncovered the involvement of MMP-7 coupled with
TIMP-2 in the pathogenic process. However, a larger cohort of patients is necessary in order to
provide a consistent hypothesis about the cross-talk of the analyzed molecular markers in this
salivary gland neoplasm.
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Izvod

Pleomorfni adenom (PA) je najée$¢a neoplazma pljuvaénih Zlezda i sastoji se od epitelnih i
mezenhimskih komponenti. lako benigna, ova lezija poseduje potencijal recidiviranja i maligne
transformacije. Takode, zbog histoloske raznolikosti i ponasanja koje nije uvek moguée
predvideti, PA moze da predstavlja ozbiljan dijagnosticki i terapijski izazov. Matriksne
metaloproteinaze (MMP) su dobro poznati modifikatori vancelijskog matriksa i zajedno sa
njihovim endogenim tkivnim inhibitorima (TIMP) mogu uticati na biologiju PA. Onkogen
PLAG1 takode ima vaznu ulogu u PA; medutim, ni taéni mehanizmi njegovog delovanja niti
interakcije sa drugim genima nisu u potpunosti razjasnjeni. Ciljevi ove studije bili su da se
odredi nivo ekspresije PLAG1, MMP-2, MMP-7. MMP-9, TIMP-1 i TIMP-2 gena u PA i pronade
eventualna veza izmedu njihove ekspresije i klinickih/epidemioloskih parametara u grupi
pacijenata sa PA. Relativni nivo genske ekspresije utvrden je primenom kvantitativne PCR
analize u realnom vremenu u 15 PA parotidne zlezde i 5 normalnih pljuvaénih zlezda (NSG).
Ekspresija PLAG1 bila je 5,48 puta visa u PA u poredenju sa uzorcima NSG (P = 0,010). Od tri
analizirana MMP-a, samo je MMP-7 gen pokazao kod pacijenata sa PA zna¢ajno niZi nivo nego
u kontrolama (P = 0,026); ekspresija TIMP2 je takode bila smanjena u uzorcima PA, u poredenju
sa NSG (P = 0,040), 2,95 puta za MMP-7, odnosnho 2,85 puta za TIMP-2. Nije utvrdena
povezanost izmedu ekspresije gena i klini¢kih/demografskih parametara PA. NaSi rezultati
sugerisu da prekomerna ekspresija PLAG1 sa istovremenim smanjenjem ekspresije MMP7 i
TIMP2 moze doprineti razvoju PA.
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