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Abstract

Background Salivary gland mucoepidermoid carcinoma (MEC) poses a considerable risk of locoregional and distant metas-
tasis after conventional treatments. There is an evident need for specifying prognostic biomarkers to identify patients who
are in need of more intensive and prolonged follow-ups. This study aimed to assess the mucin 1 (MUC1) expression level
and its potential regulatory microRNAs in salivary gland MEC and their prognostic potentials.

Materials and Methods The expression of MUCT in salivary gland MEC tissues was assessed in 47 samples using immu-
nohistochemistry. Related microRNA (miR-145 and miR-21) were evaluated using quantitative Reverse Transcription PCR.
The associations between MUC1 and microRNAs expressions and clinicopathological parameters were investigated.
Results MUC1 expression levels positively correlated with histologic grade (p<0.001), clinical stage (p=0.04), risk of
nodal metastasis (p=0.02), as well as the likelihood of opting for radical treatment (p=0.01). Increased expression of miR-
21 (p<0.001) and decreased expression of miR-145 (p <0.001) were observed in MECs compared to normal salivary gland
tissue. MiR-145 negatively (p=0.01) and miR-21 positively (p=0.01) correlated with MUC1 overexpression. Based on the
univariate cox proportional hazard model, histologic grade and MUCI expression level were significantly associated with
disease-free, cancer-specific, and overall survival. However, the multivariable cox proportional hazard model indicated
tumor grade as the only prognostic factor associated with disease-free survival.

Conclusion Our results support the tumor suppressor role of miR-145 and the oncogenic role of miR-21 in salivary gland
MEC. Also, MUC1 and miR-145 overexpression, as well as miR-21 suppression, show promising association with histo-
logic tumor grade and clinical stage.

Keywords miR-145 - miR-21 - mucoepidermoid carcinoma - mucin 1 - salivary gland neoplasms

Introduction neck neoplasms. According to cancer statistics of GLOBO-
CAN 2020, the worldwide salivary gland malignancies esti-
Salivary gland tumors (SGTs) are an infrequent and diverse ~ mated incidence rates were approximately 0.57 per 100,000

group of tumors that constitutes about 3 to 6% of head and [1]. Among these, mucoepidermoid carcinoma (MEC) is
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considered to be the most common type of salivary gland
malignant tumor.

Despite considerable developments in the diagnosis and
treatment of MEC, there is still an increased risk for locore-
gional and distant failures, which leads to poor overall sur-
vival [2]. Furthermore, the exact mechanisms leading to the
poor prognosis of anticancer therapeutic approaches have
not been elucidated. Thus, there is an absolute necessity to
uncover the molecular mechanism underlying the tumor
progression, poor prognosis, and unfavorable outcomes [3].

Mucin 1 (MUC1) is a heterodimeric plasma membrane-
bound protein that is expressed on the apical plasma mem-
brane of most epithelia. In salivary glands, mucinous cells
show positive apical membranous staining for MUC1, while
in the intermediate, clear, and epidermoid cells of mucoepi-
dermoid carcinoma, the entire membrane shows positive
reactivity for MUCI [4]. Although specific mucin expres-
sion patterns could be preserved during tumoral transforma-
tion in an organ-dependent manner, abnormal expression of
MUCT has been identified in up to 95% of adenocarcinomas
[5]-

Several studies have indicated that increased MUCI
expression is associated with metastasis and poor prognosis
in breast, prostate, lungs, and colorectal cancers [6]. In sali-
vary gland carcinomas, few studies have been carried out
to investigate the possible link of MUCI1 expression to the
prognosis, with quite contradictory results [4]. While poten-
tial regulatory biomarkers of MUC1 have been observed in
ovarian cancer and breast cancer, there is an evident lack of
studies focusing on salivary gland malignancies [7, 8].

MicroRNAs are small, 18-25 nucleotide, non-coding
RNAs that modulate gene expression at the post-transcrip-
tional level. These classes of RNAs suppress gene expres-
sion through translational repression or cleavage of mRNAs
targets [3]. There is convincing evidence suggesting that
microRNAs have crucial roles in several biological pro-
cesses as well as oncogenic pathways, including cell cycle,
proliferation, migration, cell differentiation, invasion, angio-
genesis, and apoptosis [9]. The dysregulation of microRNAs
that has been frequently detected in most human cancers is
known to play a crucial role in cancer development as either
oncogenes or tumor suppressors, determined by their target
transcripts. Recent studies showed the profound association
between microRNAs and the progression of salivary gland
carcinomas [10].

MiR-145 has been described as a vital tumor suppres-
sor microRNA under-expressed in different malignancies,
including pancreatic, colorectal, breast, prostate, ovarian
cancer, as well as head and neck squamous cell carcinomas
[3]. It is shown to play a significant role in inhibiting tumor
initiation, growth, invasion, and metastasis in a cell-specific
manner [3, 8]. Additionally, lower miR-145 expression is

accompanied by poor prognosis in different types of can-
cers, indicating the need to identify its possible contribu-
tions to regulating signaling pathways [8].

MiR-21 is one of the most comprehensively surveyed
oncomiRs broadly expressed in various malignancies, such
as breast, gastric, colorectal, and lung cancer [9, 11]. The
cancerous roles of miR-21 are well studied in the head and
neck cancer pathogenesis, especially in squamous cell car-
cinoma. Although several studies have attempted to uncover
its contribution to the initiation and propagation of SGTs,
salivary adenoid cystic carcinoma (AdCC) has received the
most attention [12]. miR-21 is overexpressed in the salivary
gland AdCC, which interferes with apoptosis and enhances
cell proliferation, cell invasion, migration, and metastasis
[13]. Nevertheless, the potential miR-21 mediated gene
regulation process in the development of the most common
salivary gland tumor, mucoepidermoid carcinoma, needs to
be further investigated.

This study aimed to assess the MUCI expression level
and its potential regulatory microRNAs, miR-21 and miR-
145, in salivary gland MEC to determine a possible correla-
tion with tumor prognosis, which might consequently help
to enhance the treatments and survival rates.

Materials and methods
Ethics approval

This study was conducted in accordance with the Declara-
tion of Helsinki and the protocol was approved by the Bio-
medical Research Ethics Committee of Tehran University of
Medical Sciences (IR. TUMS.DENTISTRY.REC.1398.011).
Written informed consents were obtained from all patients
prior to participation.

Case selection

Tumor specimens from 47 patients with major and minor
salivary gland malignancies that underwent surgery
between 2012 and 2018 were retrieved from the Depart-
ment of Pathology at the cancer institute of Imam Khomeini
hospital complex at Tehran University of Medical Sciences
(TUMS). The samples were histologically re-evaluated and
graded according to Brandwein classification [14]. More-
over, the clinical staging was assessed based on the 8th edi-
tion of the American Joint Committee on Cancer staging
system (AJCC) [15]. The patients with multiple synchro-
nous malignancies (except for metastatic MEC) or a his-
tory of other types of cancer before MEC were excluded.
Surplus salivary gland tissues from the periphery of lesions
or at least 1 cm away from the tumor tissue, which did not
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contain any malignant cells or inflammation, were obtained
from six patients as controls. The demographics and clinico-
pathological features of all patients are presented in Table 1.

Bioinformatics assessments to identify suitable
microRNAs

At this stage, we evaluated MUCI in the MiRTargetlinker
(https://ccb-web.cs.uni-saarland.de/mirtargetlink), ~ MiR-
Tarbase (https://mirtarbase.cuhk.edu.cn), and MienTurnet
(http://userver.bio.uniromal.it/apps/mienturnet) databases
and mapped the link between the candidate gene and the
microRNAs. The lower the p-value for disease ontology or
KEGG analysis, the more significant the term or pathway
will be (p<0.05). (Fig. S1)

Total RNA extraction and cDNA synthesis

The tumor and paired normal tissues of seven shaved cuts
(11 pm thickness) from each block were deparaffinized
with xylene and ethanol. Total RNA was extracted from
Formalin-fixed, paraffin-embedded (FFPE) tissue using
TRIzol™ Reagent Ambion by Life Technologies, Thermo
Fisher Scientific, Waltham, Massachusetts) according to the
manufacturer’s protocol. Extracted RNA was then treated
with DNase I (RNase free) (YT9054 Deoxyribonuclease I
DNase) to eliminate the contamination of the entire genomic
DNA and stored at -80 °C. The concentration and quality
of extracted RNA were evaluated using the ND-1000 spec-
trophotometer (Thermo Fisher Scientific, Inc.) according to
absorbance (A) at 260 and 280 nm. The mRNA was reverse
transcribed to complementary DNA (¢cDNA) using miScript
II RT Kit (Qiagen®).

Quantitative real-time PCR

Quantitative PCR was carried out in a 7900 Real-Time PCR
System (Applied Biosystems; Thermo Fisher Scientific,
Inc.) using the miScript® SYBR® Green PCR Kit (Qia-
gen). Universal primer, provided with the Kit, and specific
primers for miR-21 and miR-145 were applied. The rela-
tive level of microRNA expression was determined using
human U6 snRNA as the control. The threshold cycle (Ct)
for each microRNA was defined as the number of cycles
at which the reaction crossed an arbitrary placed thresh-
old. For statistical analysis, the 24T method was utilized.
Primer sequences designed using the BLAST software are
presented in Table S1. Each qRT-PCR experiment run was
performed in triplicate.

@ Springer

Immunohistochemistry

MEC samples and normal salivary gland tissues were stained
using anti-MUCI antibody (Clone ZM35, Master Diagnos-
tica, Granada, Spain). Detection was performed with the
Master Polymer Plus Detection System (Master Diagnos-
tica, Granada, Spain). As a positive control, colon adenocar-
cinoma was used. For negative control, the primary antibody
was substituted by nonimmune serum. The two pathologists
who were blinded to clinical outcomes evaluated the IHC
results independently by determining the staining intensity
(negative =0, weak = 1, moderate =2, strong=3) and count-
ing the percentages of positive tumor cells (0%= 0, 1-10%=
1, 11-50%= 2, 51-80%= 3, 81-100%= 4). Overall immu-
noreactivity score (IRS) was calculated by multiplying the
numeric values of both parameters. In order to determine the
optimal cut-off for further statistical analysis, an online tool
(https://molpathoheidelberg.shinyapps.io/CutoffFinder
v1/) was used. The patients were divided into two groups;
a group with low MUCI expression levels (IRS 0—4) and
another group with high MUC1 expression levels (IRS >4).

Statistical analysis

Statistical analyses were performed with statistical software
IBM SPSS Statistics for Windows, version 23 (IBM Corp.,
Armonk, N.Y., USA) and MedCalc® Statistical Software
version 19.8 (MedCalc Software Ltd, Ostend, Belgium).
All statistical tests were two-sided, and P<0.05 was consid-
ered statistically significant. The Shapiro-Wilk W-test was
used to check the normality assumption of the continuous
variables. Mann-Whitney U-test was used to test the differ-
ences between the means of the two groups. The Chi-square
test was applied to examine the correlation between the two
categorical variables. Disease-free survival was defined as
the time from the initial diagnosis to recurrence or death
from any cause or to the last follow-up. Cancer-specific
survival was considered as the time from the initial diag-
nosis to death due to mucoepidermoid cancer or to the last
follow-up. Overall survival was calculated from diagnosis
to the death of the patient for any cause or to the last fol-
low-up. Survival curves were generated using the Kaplan
Meier method according to MUCT1 expression (low vs. high
expression level), grade, and stage and compared using the
log-rank test. Univariate Cox’s proportional hazards model
was used to assess the association between each selected
characteristic and disease-free survival, cancer-specific sur-
vival, and overall survival. A stepwise Cox’s proportional
hazards model was applied to simultaneously account for
variables emerging from univariate analyses with a P-value
of <0.15.
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Table 1 Baseline demographics and clinicopathological features of total patients with MEC and MicroRNAs analyzed subpopulation

Characteristic MEC patients MicroRNAs
(n=47) analyzed
subpopulation
(n=19)
Age 51.47+18.02 47.63+21.10
Gender
Female 29 (61.70%) 13 (68.42%)
Male 18 (38.30%) 6 (31.58%)
Anatomic site
Major salivary glands
Parotid 35 (74.47%) 15 (78.95%)
Submandibular 5(10.64%) 2 (10.53%)
Minor salivary glands
Skull base 1(2.13%) 0 (0.00%)
Maxilla 1(2.13%) 0 (0.00%)
Pharynx 3 (6.38%) 1(5.26%)
Mandible 2 (4.26%) 1 (5.26%)
Histologic grades
Grade I 19 (40.42%) 9 (47.37%)
Grade II 11 (23.40%) 3 (15.79%)
Grade 111 17 (36.17%) 7 (36.84%)
Tumor size
I 11 (23.40%) 6 (31.58%)
I 15 (31.91%) 5(26.32%)
11 11 (23.40%) 4 (21.05%)
IVa 9 (19.15%) 4 (21.05%)
IVb 1(2.13%) 0 (0.00%)
Ve 0 (0.00%) 0 (0.00%)
Lymph node involvement
NO 36 (76.60%) 17 (89.47%)
NI 11 (23.40%) 2 (10.53%)
Distant metastasis
MO 45 (95.74%) 18 (94.74%)
M1 2 (4.26%) 1(5.26%)
Stage
I 11 (23.40%) 6 (31.58%)
I 11 (23.40%) 4 (21.05%)
111 15 (31.91%) 5(26.32%)
IVa 6 (12.76%) 3 (15.79%)
IVb 2 (4.26%) 0 (0.00%)
IVe 2 (4.26%) 1 (5.26%)

Treatment modality

Total parotidectomy

Partial parotidectomy
Hemi-maxillectomy

Total submandibulectomy
Segmental mandibulectomy
Nasopharynx mass resection
Oropharynx mass resection
Recurrence

Recurrent specimens
Primary specimens
Margins

Free

11 (23.40%)
22 (46.81%)
3 (6.38%)
4(8.51%)
4(8.51%)
1 (2.13%)
2 (4.26%)

10 (21.28%)
37 (78.72%)

28 (59.57%)

4 (21.05%)
11 (57.89%)
0 (0.00%)

1 (5.26%)
2(10.53%)
0 (0.00%)
1(5.26%)

5(26.32%)
14 (73.68%)

12 (63.16%)
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Table 1 (continued)

Characteristic MEC patients MicroRNAs
(n=47) analyzed
subpopulation
(n=19)
Involved 16 (34.04%) 7 (36.84%)
Unknown" 3 (6.38%) 0 (0.00%)

Abbreviations: MEC, Mucoepidermoid carcinoma; NO, No regional lymph node metastases; N1, Regional lymph node metastases present; MO,

Distant metastasis absent; M1, Distant metastasis present

Note: Data are expressed as mean+ SD or no. (%) unless otherwise noted.

* Margin could not be assessed due to fragmentation of the specimen.

Results

The baseline demographics and clinicopathological features
of total patients with MEC and microRNAs analyzed sub-
population are summarized in Table 1. The median follow-
up was five years, ranging from 1 to 10 years. There were
14 deaths, of which 13 had shown recurrence. Among 14
deaths, 12 were due to cancer, and two were unrelated. Of
the 33 patients that survived, 20 had no evidence of dis-
ease, and 13 showed recurrences. Kaplan-Meier curves of
overall, cancer-specific, and disease-free survivals of MEC
patients are presented in Fig. S2.

MUC1 immunohistochemical findings

MUCI1 immunohistochemical findings of the patients with
MEC are presented in Table 2. Representative photomi-
crographs of normal salivary gland tissues and examples
of each tumor grade are depicted in Fig. 1. In grade I, 3
(15.79%) showed apical membranous staining of MUCI, 3
(15.79%) cytoplasmic staining, and 13 (68.42%) both api-
cal membranous and cytoplasmic staining. In grade II, 2
(18.18%) showed entire membranous staining, 1 (9.09%)
cytoplasmic staining, and 8 (72.73%) both membranous and
cytoplasmic staining. In grade III, the aforementioned pat-
terns were 8 (47.06%), 0 (0.00%) and 9 (52.94%), respec-
tively. Despite no significant differences, more membranous
staining was observed in higher grades (Exact p=0.15).

Association between MUC1 expression level and the
selected patients’ characteristics

There was a significant positive association between MUCI1
expression and both histologic grade (p<0.001) and tumor
stage of MEC patients (p=0.04). IRS was significantly
higher in node-positive MEC patients compared to node
negative MEC patients (p=0.02). There was a significant
difference between the patients selected for radical treat-
ment versus conservative modalities regarding MUCI1
expression (p=0.01). However, no significant association
was found between IRS and tumor size, age, and gender.

@ Springer

Furthermore, primary and recurrent specimens were similar
in median IRS. (Table 3)

Relative expression levels of microRNAs in MEC and
control groups

Baseline demographics and clinicopathological features of
the patients in microRNAs analyzed subpopulation did not
differ from the total MEC patients. Lower expression lev-
els of miR-145 were found in MEC patients compared to
the normal salivary gland tissues (p <0.001, Fig. 2 A, Table
S2). The median miR-21 expression level was significantly
higher in MEC patients compared to normal salivary gland
tissues (p<0.001; Fig. 2B, Table S2).

Association between miR-145 and miR-21
expression levels and the selected patients’
characteristics

A negative correlation was found between the expres-
sion level of miR-145 and the histologic grade of MEC
patients (p=0.004). A positive association was observed
between miR-21 expression level and both histologic grade
(p=0.004) and tumor stage of MEC patients (p=0.04).
However, no significant association was found between
miR-145 or miR21 expression levels and age, gender, tumor
size, being primary or recurrent, and treatment modality.
(Table 3)

Association between MUC1 expression level and
expression levels of microRNAs

There was a negative association between IRS and miR-145
expression level (r=-0.56 and p=0.01) and a positive asso-
ciation between IRS and miR-21 expression level (r=0.56
and p=0.01).
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Fig. 1 Representative hematoxylin-eosin (H&E) (A, C, E, G) and immunohistochemistry for MUCI (B, D, F, H) in normal salivary gland tissue
(A, B), grade 1 (C, D), grade II (E, F), and grade 111 (G, H) MECs

Association between the selected patients’ histologic grade and MUCI expression level were sig-
characteristics overall, cancer-specific, and disease- nificantly associated with the overall, cancer-specific, and
free survival disease-free survival. Margins involvement, tumor size, and

tumor stage were significantly associated with the over-
Based on the univariate cox proportional hazard model, all and cancer-specific survival. There was a significant

@ Springer



1140

Head and Neck Pathology (2022) 16:1134-1145

Table 2 MUC-1 immunohistochemical findings of patients with MEC

Characteristic MEC
(n=47)
Extent
Absent 0 (0.00%)
<10 6 (12.76%)
11-50% 10 (21.28%)
51-80% 20 (42.55%)
>80% 11 (23.40%)
Intensity
Absent 0 (0.00%)
Week 15 (31.91%)
Moderate 20 (42.55%)
Strong 12 (25.53%)
Immunoreactivity score*
Median (range) 6(1to12)
Cellular compartment
Membrane 12 (25.53%)
Cytoplasm 4 (8.51%)
Membrane + Cytoplasm 31 (65.96%)

Abbreviations: MEC, Mucoepidermoid carcinoma
Note: Data are expressed as no. (%) unless otherwise stated.

* The numeric values of Extent and intensity parameters were mul-
tiplied, resulting in an immunoreactivity score (IRS) ranging from
0to 12.

association between lymph node involvement and cancer-
specific survival. Age, anatomic site, primary or recurrent
MECs, and treatment modality were not significantly asso-
ciated with overall, cancer-specific, and disease-free surviv-
als. (Table S3)

Association between MUC1, miR-145, and miR-21
expressions and disease-free, cancer-specific, and
overall survival

According to univariate analyses, MUCI expression
level was significantly associated with overall (p=0.01,
HR=1.22), cancer-specific (p=0.01, HR=1.23), and
disease-free survival (p=0.02, HR=1.13). MiR-145 and
miR-21 expressions were not significantly associated with
overall, cancer-specific, and disease-free survivals. (Table
S3)

Survival curves generated by the Kaplan Meier method
are presented according to grade, stage, and MUCI1 expres-
sion (Fig. 3).

Results of multivariable cox proportional hazard
model for the association of MUC1, miR-145,
expression, and patients’ characteristics with
disease-free survival

There was evidence of collinearity among miR-145, MUC1
and grade. To avoid multicollinearity in multivariable cox

@ Springer

proportional hazard modeling, three models were fitted and
these parameters were alternatively entered into the model.
Table S4 represents the results of multivariable cox pro-
portional hazard model for the association of MUC1 and
miR-145 expressions and the patients’ characteristics with
disease-free survival. Based on multivariable Cox propor-
tional hazard models, the histologic grade was confirmed
to be the only significant predictor of disease-free survival
(p=0.002, HR =4.58).

Discussion

The role of protein-coding genes and their regulatory
microRNAs in a variety of cancers has been evaluated [16].
While there are multiple therapeutic benefits in discovering
these key regulators, biomarkers capable of identifying poor
outcomes in patients need to be further investigated. There
are few studies on head and neck cancers that evaluate the
association between MUCI1 expression and prognosis; how-
ever, these studies presented contradictory results [4]. The
studies focusing on the molecular regulatory mechanism
underlying mucins gene expression and their related data on
the prognostic significance of microRNAs in salivary gland
malignancies are missing.

MUCI, a glycoprotein involved in the maturation of
glandular structures, plays a prominent role in the regula-
tion of various cellular processes, including cell-matrix and
cell-cell adhesion, cell proliferation, angiogenesis, invasive
growth, cancer metastasis, and apoptotic avoidance [4, 6].
MUCI1 overexpression as an oncogene in colon, pancreas,
ovarian, breast, and bladder tumors is associated with the
epithelial to mesenchymal transition process (EMT) of
different cancer cells. Therefore, MUCI1 could serve as a
critical regulator of metastasis. MUCI overexpression
is accompanied by a significant increase in expression of
Vimentin, Snail and Slug transcription factors along with
E-cadherin repression, favoring the initiation of EMT, inva-
sion of tumor cells, and augmentation of metastasis [17].

In this study, we found a significant positive association
between MUCI expression and tumor stage and grade. High
grade MECs demonstrate the most intense entire membra-
nous MUCI1 expression in epidermoid, intermediate, and
clear cells, while low-grade tumors showed apical membra-
nous staining of mucinous cells around the lumina with mild
cytoplasmic positivity of intermediate cells.

Although recent IHC studies on 40 and 45 salivary MEC
found only cytoplasmic expression pattern [4], other inves-
tigations evaluating MUCI1 expression patterns, in line with
our finding, showed both cytoplasmic and membranous
staining.
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Table 3 Association between the MEC patients’ characteristics and both immunoreactivity score and relative expression levels of microRNA

Characteristic MUC 1 expression level Relative expression levels of microRNAs
IRS P miR-21 P miR-145 P
Age r=0.21 P=0.15 r=0.32 P=0.18  r=-0.08 P=0.73
Gender P=0.58 P=0.10 P=0.83
Female 6(2t08); (1to12) 17.47 (6.28 to 24.22); 0.07 (0.02 to 0.19);
(2.26 t0 70.36) (0.01 to 0.45)
Male 6(3.75t09); (1 39.24 (17.02 to 0.06 (0.02 to 0.14);
to 12) 52.12); (14.19 to (0.004 to 0.18)
57.15)
Histologic grades r=0.80 P<0.0001 r=0.63 P=0.004 r=-0.52 P=0.02
Tumor size r=0.28 P=0.051 r=0.45 P=0.052 r=-0.15 P=0.54
LN involvement P=0.02 N/D N/D
NO 5(2to0 6); (1to 12) - -
N1 9(4to12); (2to - -
12)
Distant metastasis N/D N/D N/D
MO - - -
M1 - - -
Tumor stage r=0.30 P=0.04 r=0.46 P=0.049 r=-0.15 P=0.54
Treatment modality P=0.01 P=0.10 P=0.61
Conservative 4 (2t06); (1t012) 17.71 (6.61 to 28.11); 0.05 (0.03 to 0.17);
(2.26 t0 70.36) (0.01 to 0.45)
Radical 6 (6 t0 9.75); (2 35.18 (19.79 to 0.09 (0.01 to 0.16);
to 12) 53.80); (14.19 to (0.005 to0 0.18)
57.15)
Recurrence P=0.66 P=0.96 P=0.58
Recurrent 6 (2.75 t0 9.75); (1 14.19 (7.75 to 60.40); 0.03 (0.01 to 0.32);
to 12) (2.26 t0 70.36) (0.005 to 0.45)
Primary 6(2to7);(1to12) 19.38 (8.24 to 37.21); 0.07 (0.03 to 0.14);

(3.17 to 57.15) (0.01 t0 0.25)

Abbreviations: MEC, Mucoepidermoid carcinoma; IRS, Immunoreactivity score; MUCI, Mucin 1; LN, Lymph node

Note: Data are expressed as median (IQR); range or Spearman’s correlation coefficient.

N/D: No statistical analysis was done due to insufficient data.

Radical treatment modalities: Total parotidectomy, Submandibular gland excision, Hemi-maxillectomy, Segmental mandibulectomy, Hard

palate excision.

Conservative treatment modalities: Partial parotidectomy, Nasopharynx mass resection, Oropharynx mass resection, retromolar trigone mass

resection.

The evaluation of immunohistochemical MUCI1 expres-
sion in different benign and malignant histologic types of
salivary gland neoplasms demonstrated that MUC1 expres-
sion could act as a marker of worse prognosis in salivary
gland tumors [18]. The evaluation of MUCI1 expression in
pleomorphic adenoma showed that high expression is cor-
related with malignant transformation and recurrence [18].
The investigation of 63 MECs by the immunohistochemical
staining technique revealed shorter progression-free survival
related to elevated MUClexpression [19]. Further stud-
ies on 357 cases of MEC using IHC demonstrated that the
MUCI expression was correlated to histologic grade, stage,
and nodal involvement [20]. In addition, MUC1 expres-
sion in more than 50% [21] and 75% [22] of tumor cells
in MECs was strongly associated with a greater histologic
grade, risk of metastasis, and worse prognosis. However, a
study evaluating mucin genes expression using quantitative

PCR techniques showed that elevated MUC1 expression in
tumor cells of MECs was related to a less aggressive disease
course and a raised survival rate [23]. The present study
revealed that overexpression of MUC1 was associated with
a greater risk of nodal involvement and lower survival and
indicated the need for more radical treatment.

Over the last few years, microRNAs regulation has been
identified as one of the most frequent epigenetic modifica-
tions. It is known that microRNAs are capable of acting as
tumor suppressors or oncogenes by suppressing the trans-
lation of related target mRNAs [24]. MiR-145 is a tumor
suppressor microRNA known to have an inhibitory effect
on various malignancies, considered a principal molecule in
the regulation of the EMT process. It can inhibit the propa-
gation of EMT pathways by regulating essential markers of
these pathways, including ZEB2, tumor suppressor candi-
date 3 (TUSC3), and MUCI [25, 26]. The regulatory effect
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Relative expression level of miR-145
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Fig. 2 Relative expression levels of (A) miR-145 and (B) miR-21. Middle point: median; box: interquartile range (25th to 75th percentiles); whis-
ker: range (excluding outliers). Each error bar is constructed using a 95% confidence interval of the mean

of MiR-145 on MUCI has been demonstrated in the patho-
genesis of non-neoplastic salivary gland disease, includ-
ing Sjogren’s Syndrome [27]. Downregulation of miR-145
induced by type I interferon could lead to overexpression of
MUCI and consequently, inflammation and glandular dys-
function [27].

MiR-145 has been demonstrated to be a tumor suppres-
sor in ovarian cancer tissues, cell lines, and serum samples
using Northern blot and qRT-PCR analysis, suggesting
that its overexpression leads to suppressing cell prolifera-
tion, invasion, and tumor growth by negative regulation of
MUCI expression [26].

In addition, using western blot assay in a study on ovar-
ian cancer revealed that the up-regulation of circWHSCI
could lead to MUC1 overexpression. By sponging miR-145,
CircWHSC1 could regulate MUCI oncogene expression
that consequently affects ovarian cancer progression [7].

Further in vitro studies on serous epithelial ovarian carci-
noma cell line (SKOV3) demonstrated that miR-145 could
inhibit MUCI1 expression by directly targeting the MUC1
3’-untranslated region that significantly interferes with cell
migration and invasion [28]. In the metastatic breast cancer
cell line, MUC1 was identified as a direct target of miR-145.
Overexpression of MUC1, which induces cell invasion and
metastasis, can be suppressed by miR-145 associated with
lower B-catenin and oncogenic cadherin 11 expressions [8].

In the head and neck region, the studies that evaluated
miR-145 in oral squamous cell carcinoma (OSCC) sug-
gested that miR-145 via suppression of HOXA1 can inter-
fere with the ERK/MAPK signaling pathway resulting in the
suppression of tumor progression [29]. Moreover, in OSCC
c-Myc and Cdké6 have been identified as the possible tar-
get genes of miR-145 at the post-transcriptional level [30].

@ Springer

This is the first study that evaluated miR-145 and one of its
known target genes (MUC1) in salivary gland malignancy.

In agreement with previous observations, we recorded
significantly lower expression of miR-145 in MEC com-
pared to normal salivary gland tissue, and confirmed a
negative correlation between miR-145 expression level and
MUCI expression and histologic grade.

A study on colon cancer CR-HCT-116 cells reported
that miR-21 could negatively regulate tumor suppressor
miR-145 expression. On the other hand, an elevated level
of miR-145 expression can suppress miR-21 through nega-
tive feedback. This regulatory mechanism might be due to
miR-21 overexpression role in the activation of the RAS
Signaling cascade, which results in the repression of miR-
145 [31].

Unlike miR-145, the expression of miR-21 in salivary
gland malignancies has been evaluated in recent studies,
which mainly focus on AACC. These studies demonstrated
that miR-21 overexpressed in AACC compared to normal
salivary gland tissue and also indicated that miR-21 overex-
pression was associated with metastasis and a worse prog-
nosis [13].

However, few studies concerning the assessment of miR-
21 in salivary gland MEC reported that the expression level
of miR-21 is significantly higher in MEC compared to nor-
mal salivary gland tissue. These findings were in agreement
with the results of our study [10]. Additionally, the current
study showed that the high expression level of miR-21 was
significantly associated with MUCI1 expression, grade of
differentiation, and clinical stage. High miR-21 and low
miR-145 expression in the serum of patients with colorectal
cancer were found to be correlated with tumor size, grade,
and stage [32].
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Fig. 3 Kaplan-Meier curves of overall survival stratified with (A) tumor stage (P=0.003), (D) grade (P<0.001), and (G) MUCI expression level
(Low expression (IRS: 0 to 4) vs. high expression (IRS >4)) (P=0.04). Kaplan-Meier curves of cancer-specific survival stratified with (B) tumor
stage (P=0.004), (E) grade (P<0.001), and (H) MUC1 expression level (Low expression (IRS: 0 to 4) vs. high expression (IRS >4)) (P=0.04).
Kaplan-Meier curves of disease-free survival stratified with (C) tumor stage (P=0.16), (F) grade (P<0.001), and (I) MUC1 expression level (Low
expression (IRS: 0 to 4) vs. high expression (IRS >4)) (P=0.01). Note: P-values are obtained using log-rank test

In conclusion, our findings indicated that MUCI could
act as a useful grade predictor biomarker in salivary gland
MEC. MiR-145, a tumor-suppressor microRNA, might be
negatively correlated with its potential target MUC1. MiR-
21 as an oncomiR may correlate with miR-145 suppres-
sion resulting in the positive regulation of MUCI. In future
studies, these microRNAs may eventually constitute useful
biomarkers as well as therapeutic targets in salivary gland
MEC.
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