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elucidated.
Methods: RT-qPCR was utilized for the de

to clarify the potential mech
Results: miR-493 was

atients with TSCC having low miR-493 expression
gte. Functionally, miR-493 upregulation inhibited TSCC cell

in TSCC cells, and therefore reduced HMGA?2 expression at the
ad protein level. Furthermore, HMGA2 was overexpressed in TSCC tissues and
gelated with miR-493. Moreover, silenced HMGA2 expression simulated the
or-suppressing roles of miR-493 overexpression on TSCC cells. HMGA2 overexpression
ated the inhibitory roles of miR-493 overexpression on TSCC cells.

Conclusion: These observations demonstrated that miR-493 is a tumor suppressor inhibited
the oncogenicity of TSCC cells by directly targeting HMGA2. These results provide suffi-
cient evidence for the miR-493/HMGA? axis as a novel therapeutic target for the treatment
of patients with TSCC in the future.

Keywords: tongue squamous cell carcinoma, microRNA-493, high-mobility group AT-hook
2, gene therapy

Introduction

Oral cavity cancer is a devastating human malignancy with high morbidity and
mortality." Approximately 300,000 novel cases and 130,000 oral cavity cancer-
associated deaths are estimated to occur each year globally.? Tongue squamous cell
carcinoma (TSCC), the most commonly occurring type of oral cavity cancer, is
characterized by its significantly aggressive biological nature with a high incidence
of local or distant metastasis.® Despite remarkable improvements in TSCC therapy,
patient outcomes have not noticeably improved in the past few decades.” To date,
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several risk factors, including human papillomavirus infec-
tion, excessive drinking and tobacco intake, have been
identified to be involved in the oncogenesis and progression
of TSCC.>® However, the detailed mechanisms underlying
the pathogenesis of TSCC remain largely unknown.
Therefore, the elucidation of relevant mechanisms under-
lying TSCC occurrence and development is necessary to
identify novel therapeutic targets for the clinical manage-
ment of patients with this disease.

microRNAs (miRNAs/miRs) are a cluster of short,
endogenous, non-coding RNA molecules.” They are
approximately 18-24 nucleotides in length and negatively
regulate genes expression through complete or incomplete
base-pairing with the 3'-untranslated regions (3'-UTRs) of
their target genes to induce translational inhibition and/or
mRNA degradation.® Previous evidence has indicated that
miRNAs account for only 1-3% of the human genome, but
may modulate >60% of all human protein-coding genes.”'°
With increasing research, a number of miRNAs have been
found to be dysregulated in TSCC, such as miR-24,"
miR-183,"> miR-373" and miR-802." Furthermore, the
aberrantly expressed miRNAs may function as tumor sup-
pressor or oncogenes in TSCC and have significant regula-

Furthermor® banisms involved in the action

of miR-493 in C cells were clarified in detail.

Materials and methods

Clinical specimens

In total, 47 paired TSCC tissues and adjacent normal
tissues (ANTs) were obtained from patients who received
surgery at China-Japan Union Hospital of Jilin University.
All patients enrolled in this research had not been treated
with chemotherapy or radiotherapy prior to specimen col-
lection. Tissues were snap-frozen and stored at —80°C until

further use. The present study was approved by the Ethics
Committees of China-Japan Union Hospital of Jilin
University and written informed consent was provided by
all participants. All experimental procedures were carried
out in accordance with the Declaration of Helsinki.

Cell culture and transfection

Normal gingival epithelial cells were obtained from the
American Type Culture Collection [(ATCC) Manassas,
VA, USA], and were cultured in minimum essential media
supplemented with 10% fetal bg
100 U/mL penicillin and 100 p¥
from Gibco; Thermo Fishe

(Shanghai,
tained in

rfering RNA (siRNA) against the expression
obility group AT-hook 2 (HMGAZ2; si-HMGA?2)

anghai GenePharma Co., Ltd. (Shanghai, China).
AMGA?2 overexpression plasmid pcDNA3.1-HMGA2 and
empty pcDNA3.1 plasmid were synthesized by Chinese
Academy of Sciences (Changchun, China).

For transfection, cells were plated into 6-well plates
with antibiotic free culture medium at a density of 6x10°
cells per well. The next day, cells were transfected with the
siRNA or
Lipofectamine®™ 2000 reagent (Invitrogen; Thermo Fisher

above miRNA mimics, plasmid using
Scientific, Inc.), according to the manufacturer’s guidelines.
Cells were incubated at 37°C containing 5% C0,/95% air.
After 8 h of transfection, the culture medium was replaced

with fresh RPMI-1640 medium containing 10% FBS.

RNA extraction and reverse
transcription-quantitative polymerase

chain reaction (Rt-qPCR)

RT-gPCR was used to detect miR-493 and HMGA2 mRNA
expression. Total RNA was extracted from tissue specimens
or cells using TRIzol®™ reagent (Invitrogen; Thermo Fisher
Scientific, Inc.). Total RNA concentration was determined
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using a Nanodrop 2000 (Thermo Fisher Scientific, Inc.). To
measure miR-493 expression, total RNA was reverse-tran-
scribed into cDNA using a TagMan MicroRNA Reverse
Transcription kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.). Next, qPCR was conducted using a
TagMan MicroRNA PCR kit (Applied Biosystems, Foster
City, CA, USA). U6 was used as an internal reference for
the quantification of miR-493 expression. For HMGA2
mRNA expression analysis, a PrimeScript RT Reagent kit
(Takara Biotechnology Co., Ltd., Dalian, China) was used
to synthesize cDNA, according to the manufacturer’s pro-
tocol. Subsequently, HMGA2 mRNA expression was
detected with a SYBR Premix Ex Taq™ Kit (Takara
Biotechnology Co., Ltd.) on an Applied Biosystems 7500
Fast Real-Time PCR system (Applied Biosystems; Thermo
Fisher Scientific, Inc.). GAPDH was used as an internal
control for HMGA2 mRNA expression. Relative gene
expression was calculated using the 27244 method.”

MTT assay

Cell proliferation was detected 24 h after transfection. Cells
were harvested and inoculated in each well of a 96-well
plate (3x10° cells/well). Cells were incubated at 37°

Sigma-Aldrich; Merck KGaA, Darmstadig® i
O
d

cell apoptos detail, cells transfected with the recom-
binant miRNASY

48 h of incubation, washed thrice with ice-cold Phosphate

iRNA or plasmid were harvested after

Buffer solution (Gibco; Thermo Fisher Scientific), and
then resuspended in 100 pL of 1x binding buffer. The
cell suspension was subjected to 5 pL Annexin V-FITC
and 5 pL propidium iodide staining. The stained cells
were subjected to a flow cytometer (FACScan, BD
Biosciences, Heidelberg, Germany) for the detection of
cell apoptosis rate.

Cell migration and invasion assays

Cells were harvested at 48 h post-transfection and suspended
into FBS-free RPMI-1640 medium. Next, 5%10* transfected
cells were placed in the upper chamber of Matrigel-coated
Transwell inserts (8 wm pore size; BD Biosciences, San Jose,
CA, USA). The lower chambers were coated with 500 puL
RPMI-1640 medium containing 20% FBS to serve as a
chemo-attractant. After 24 h of incubation, non-invading
cells were gently removed using a cotton swab, and invasive
cells attached to the lower surface of the membrane were
fixed with 4% paraformaldehyd ained with 0.05%
crystal violet. The invasive g ographed and

counted in five randosy chose ual fields uler an inverted
light microscope (I

Japan). The expe

ittee of China-Japan Union Hospital, and
accordance with the guidance of Animal
of the People’s Republic of China-2009 for

Bought from the Model Animal Research Institute of
Nanjing University, and were subcutaneously injected with
miR-493 mimics or miR-NC-transfected Tca8113 cells. The
width and length of tumor xenografts that formed in nude
mice were detected every 2 days using Vernier calipers and
tumor volumes were analyzed using the follows: tumor
volume (mm3) = width (mm?) x length (mm)/?2. After
4 weeks, all nude mice were sacrificed and the tumor xeno-
grafts were excised, weighed and stored for further use.

Identification of miR-493 targets
TargetScan (www.targetscan.org) and miRanda (www.
microrna.org) were utilized to predict the putative target
genes of miR-493.

Luciferase reporter assay

The wild-type (WT) and mutant (MUT) 3'-UTR of HMGA2
containing the predicted binding site were produced by
Shanghai GenePharma Co., Ltd., and inserted into the
pmirGLO luciferase reporter vector (Promega Corporation,
Madison, WI, USA). The constructed luciferase plasmids
were defined as pmirGLO-HMGA2-3-UTR WT and
pmirGLO-HMGA2-3"-UTR MUT, respectively. Luciferase
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reporter plasmids along with miR-493 mimics or miR-NC
were transfected into cells using Lipofectamine®™ 2000
reagent, in accordance with the manufacturer’s instructions.
At 48 h post-transfection, luciferase activity was detected
using the Dual-Luciferase® Reporter Assay system
(Promega Corporation, Madison, W1, USA), following the
manufacturer’s instructions. Firefly luciferase activity was

normalized to Renilla luciferase activity.

Western blot analysis
Total protein was extracted from tissues or cells using cold
radioimmunoprecipitation assay buffer (Nanjing KeyGen
Biotech Co., Ltd, Nanjing, China), and the concentration
of total protein was measured using a bicinchoninic acid
assay kit (Nanjing KeyGen Biotech Co., Ltd). Equal
amounts of protein were separated on 10% sodium dode-
cyl sulfate polyacrylamide gel, transferred onto polyviny-
and blocked at
temperature for 2 h with Tris-buffered saline containing
0.1% Tween-20 (TBST) containing 5% fat-free milk.
Next, the membranes were incubated overnight at 4°C
with primary antibodies against HMGA2 (1:1,000 dilu-
tion; cat. no. ab97276; Abcam, Cambridge, UK)
GAPDH (1:1,000 dilution; cat. no. ab128915; Abcam!
Following a wash with TBST, membranes were ig

lidene fluoride membranes room

(Pierce; Thermo Fisher
used as an internal cont;
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Statistical analysis

All data were expressed as the mean + standard deviation.
SPPS 17.0 software (SPSS, Inc., Chicago, IL, USA) was used
for statistical analysis. Differences between groups were
examined using Student’s t-tests or one-way analysis of var-
iance followed by the Student-Newman-Keuls post-hoc test.
The chi-square test was used to evaluate the association
between miR-493 expression and clinicopathological char-
acteristics in patients with TSCC. The Kaplan-Meier method
was used to calculate the survival curve, and log-rank test to

determine statistical significance. Sp ’s correlation

difference.

Results

s (16-19). However, its expression pat-
ins unknown. In the present study, the
-493 was measured in 47 pairs of TSCC
d adjacent normal tissues (ANTs) by RT-qPCR.
e results revealed that miR-493 expression was signifi-
antly downregulated in TSCC tissues compared with that in
Ts (Figure 1A; P<0.05). Subsequently, miR-493 expres-
sion was detected in three human TSCC cell lines (SCC-15,
Tca8113 and CAL-27) and normal gingival epithelial cells.
RT-gPCR showed that miR-493 expression in TSCC cell
lines was significantly reduced, compared with that in normal
gingival epithelial cells (Figure 1B; P<0.05).
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Figure | miR-493 expression is significantly downregulated in TSCC tissues and cell lines. (A) RT-qPCR was used to determine miR-493 expression in 47 pairs of TSCC
tissues and ANTSs. *P<0.05 vs ANTs. (B) RT-qPCR was used to measure the expression of miR-493 in three human TSCC cell lines (SCC-15, Tca81 13, and CAL-27) and
normal gingival epithelial cells. *P<0.05 vs normal gingival epithelial cells. (C) Kaplan-Meier curves for overall survival in patients with TSCC according to miR-493
expression.

submit your manuscript

6950 OncoTargets and Therapy 2019:12

Dove


http://www.dovepress.com
http://www.dovepress.com

Dove

Jiao et al

To evaluate the clinical value of miR-493 in patients
with TSCC, all enrolled patients were classified into two
groups according to the median value of miR-493 in
TSCC tissues: the low and high miR-493 expression
groups. As shown in Table 1, decreased miR-493 expres-
sion was obviously correlated with tumor differentiation
(P=0.039), depth of invasion (P=0.020) and TNM stage
(P=0.042). In addition, patients with TSCC having low
miR-493 expression showed lower overall survival rate
compared with patients having high miR-493 expression
(Figure 1C; P=0.0138). The results suggested that miR-
493 was downregulated in TSCC, and miR-493 downre-
gulation may have served an important role in TSCC
tumorigenesis and development.

miR-493 overexpression inhibits the
proliferation, migration, invasion and

induces the apoptosis of TSCC cells

To clarify the biological impact of miR-493 in TSCC,
Tca8113 and CAL-27 cells were transfected with miR-493
mimics or miR-NC. Cells were collected and subjected to

Table | The association of miR-493 expression with
pathologic features in patients with TSCC

Features Low miR-493
group (n=24)
Gender
Male 17
Female 7
Age (years)
<50 10
250 19 13
0.039*
17
6
0.020°
15
8
TNM stage 0.042°
1=l 8 15
n-1v 16 8
Relapse 0.385
No 11 14
Yes 13 9

Note: *P<0.05.

RT-gPCR to evaluate transfection efficiency 48 h post-trans-
fection. miR-493 was markedly overexpressed by miR-493
mimics in Tca8113 and CAL-27 cells (Figure 2A; P<0.05).
MTT assay and flow cytometry analysis were performed to
investigate the impact of miR-493 overexpression on TSCC
cell proliferation and apoptosis. The results demonstrated
that miR-493 upregulation in Tca8113 and CAL-27 cells
significantly decreased the cell proliferation (Figure 2B;
P<0.05) and promoted the cell apoptosis (Figure 2C;
P<0.05), compared with the miR-NC group. Furthermore,

cell migration and invasion assay; gonstrated that miR-

TSCC progression, bioinformatics analysis
redict the putative target genes of miR-493.

ccurrenice and development of TSCC,*'** was predicted
andidate of miR-493 and was selected for further
identification (Figure 3A). To confirm this prediction, luci-
ferase reporter plasmids were constructed and transfected
into Tca8113 and CAL-27 cells with miR-493 mimics or
miR-NC. Luciferase reporter assays indicated that luciferase
activity was significantly reduced in Tca8113 and CAL-27
cells co-transfected with miR-493 mimics and luciferase
reporter plasmid carrying the wild-type binding site
(P<0.05). Whereas co-transfection of miR-493 mimics and
mutant 3'-UTR of HMGAZ2 failed to affect luciferase activ-
ity (Figure 3B). Subsequent RT-qPCR and Western blot
analysis demonstrated that enforced miR-493 expression
markedly reduced HMGA2 mRNA (Figure 3C; P<0.05)
and protein (Figure 3D; P<0.05) expression levels in
Tca8113 and CAL-27 cells, compared with the control.
These results demonstrated that HMGA?2 was a direct target
gene of miR-493 in TSCC cells.

miR-493 expression is inversely
correlated with HMGAZ2 expression in
TSCC tissues

To further determine the relationship between miR-493
and HMGA2 in TSCC, HMGA2 expression in TSCC
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CAL-27

493 expression inhibits Tca8113 and CAL-27 cell proliferation, migration and invasion as well as induces cell apoptosis. (A) Tca8113 and CAL-27
493 mimics or miR-NC. The transfected cells were collected at 48 h post-transfection and subjected to reverse transcription-quantitative
is for miR-493 expression. (B, C) MTT assay and flow cytometry analysis were used to detect the proliferation and apoptosis of Tca81 13

and CAL-27 cells transfected with miR-493 mimics or miR-NC. (D, E) The migratory and invasive capacity of Tca8! |13 and CAL-27 cells following transfection with miR-493
mimics or miR-NC was assessed by cell migration and invasion assays. *P<0.05 vs miR-NC.

tissues and ANTs was detected. RT-qPCR analysis showed
that TSCC tissues had high HMGA2 mRNA expression,
compared with the ANTs (Figure 4A; P<0.05). In addition,
HMGA2 mRNA expression in TSCC tissues was nega-
tively correlated with miR-493 expression (Figure 4B;

R?=0.3987, P<0.0001). Moreover, patients with TSCC
harboring high miR-493 expression exhibited lower
HMGA2 mRNA (Figure 4C; P<0.05) and protein
(Figure 4D; P<0.05) levels than those patients having
low miR-493 expression. These results suggested that

submit your manuscript

6952

Dove!

OncoTargets and Therapy 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Jiao et al

A
HMGA2-3'-UTR WT 5 ...AUAAAAUAAAAGCCAI??ClIIJIIJClAA... 3’
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ing site of miR-493 in the 3’-UTR of HMGAZ2 was predicted by bioinformatics analysis.

493 mimics or miR-NC were co-transfected with luciferase reporter vectors carrying the
cells. Luciferase activity was detected 48 h post-transfection. (C, D) Expression of HMGA2 mRNA and
d by reverse transcription-quantitative polymerase chain reaction analysis and Western blot analysis,

TSCC cells, sifNA against the expression of HMGA2
(si-HMGA2) was used to silence HMGA?2 expression in
Tca8113 and CAL-27 cells. The efficiency of silencing
HMGA?2 expression was confirmed via Western blotting
(Figure 5A; P<0.05). It was observed that downregulation
of HMGA?2 suppressed the proliferation (Figure 5B;
P<0.05) and induced the apoptosis (Figure 5C; P<0.05)
of Tca8113 and CAL-27 cells. Furthermore, cell migration
and invasion assays were carried out to assess the impact

of HMGAZ2 silencing on TSCC cell migration and inva-
sion. HMGA?2 knockdown remarkably abated both migra-
tion (Figure 5D; P<0.05) and invasion (Figure S5E;
P<0.05) of Tca8113 and CAL-27 cells compared with
that in si-NC-transfected cells. These results demonstrated
that the effects of HMGAZ2 silencing were consistent with
those induced by miR-493 overexpression, suggesting
HMGA?2 as a downstream effector of miR-493 in TSCC
cells.

HMGAZ2 restoration prevents the
inhibitory effects of miR-493 in TSCC

cells

To evaluate whether the suppressive roles of miR-493 in
TSCC cells were mediated by HMGA2, rescue experi-
ments were performed by overexpressing HMGA2 with
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miR-493 functionally decreases tumor
growth of TSCC in vivo

Xenograft tumors in nude mice were finally employed to
determine the impact of miR-493 on tumor growth in vivo.
The tumor growth was notably impaired in the miR-493
mimics group compared with in miR-NC group
(Figure 7A and B; P<0.05). Further analysis indicated

miR-493 expression. *P<0.05 vs low miR-493 expression.

that the tumor weight was suppressed in the miR-493
mimics group (Figure 7C; P<0.05). RT-qPCR analysis
revealed that miR-493 was still overexpressed in the
tumor xenografts obtained from miR-493 mimics group
(Figure 7D; P<0.05). Finally, the expression of HMGA2
protein was decreased in the miR-493 mimics group com-
pared with that in the miR-NC group (Figure 7E; P<0.05).
Our results suggested that miR-493 overexpression
impaired the tumor growth of TSCC in vivo.

Discussion

Emerging evidence has revealed that aberrantly expressed
miRNAs have strong associations with TSCC formation
and progression by acting as tumor suppressors or
oncogenes.”> %> Therefore, further investigation on the
roles of miRNAs in TSCC may contribute towards finding
effective therapeutic targets for patients with TSCC. In the
present study, it was found that miR-493 expression was
obviously downregulated in TSCC, and its downregulation
was significantly correlated with tumor differentiation,
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Functional experiments revealed that miR-493 upregula-
tion suppressed the proliferation, migration, invasion, pro-
moted the apoptosis and hindered the tumor growth of
TSCC cells. Furthermore, HMGA2 was identified as a
direct target gene of miR-493. In addition, HMGA?2
expression was upregulated in TSCC tissues, and the
upregulation of HMGA2 was inversely correlated with

miR-493. Furthermore, silenced HMGA2 expression
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Wcssion was determined via Western blot analysis. *P<0.05 vs si-NC. (B—E) The proliferation, apoptosis, migration and invasion of
-27 cells was explored using MTT assay, flow cytometry analysis and cell migration and invasion assays, respectively. *P<0.05 vs si-NC.

imitated the tumor-suppressing roles of miR-493 upregu-
lation in TSCC cells. HMGA?2 restoration partially pre-
vented the miR-493-mediated suppression of TSCC cell
growth and metastasis in vitro. These results suggested
that miR-493 may play tumor suppressive roles in the
development of TSCC by directly targeting HMGA?2.
This finding further indicated that miR-493 may have
potential as a therapeutic target for patients with this
disease.
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Western blot analysis after miR-493 overexpressing-Tca81 13 and CAL-27 cells were cotransfected with pcDNA3.1-HMGA2 or pcDNA3. 1. *P<0.05 vs miR-NC; #P<0.05 vs
miR-493 mimics+pcDNA3.1-HMGA2. (B-E) Cell proliferation, apoptosis, migration and invasion was determined in Tca81 13 and CAL-27 cells transfected with miR-493
mimics in combination with either pcDNA3.1-HMGA2 or pcDNA3.1. *P<0.05 vs miR-NC; #P<0.05 vs miR-493 mimics+pcDNA3.I-HMGA2.

miR-493 has been reported to be abnormally expressed and cell lines. Low miR-493 expression was correlated
in several types of human cancer. For example, miR-493  with the clinical stage and lymph node metastases of

expression was downregulated in gastric cancer tissues gastric cancer patients.'® In addition, patients with
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decreased miR-493 expression had a shorter overall survi-
val and relapse free survival, compared with patients with
high miR-493 expression.'® Downregulation of miR-493
was also observed in melanoma,'” hepatocellular
carcinoma,'® pancreatic cancer, "’ prostate cancer,”® blad-
der cancer®’ and nonsmall-cell lung cancer.”® These find-
ings suggested that miR-493 may be a potential diagnostic

biomarker for these types of human cancer.
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growth in vivo. (A) The growth curves of tumor xenograft formed in the nude mice were analyzed. *P<0.05 vs miR-NC.
om the nude mice injected with miR-493 mimics or miR-NC-transfected Tca8113 cells. (C) Tumor weigh excised from nude
ps. *P<0.05 vs miR-NC. (D) The expression of miR-493 in tumor xenograft was examined through RT-qPCR analysis. *P<0.05 vs
of HMGAZ2 in the tumor xenograft that were transfected with miR-493 mimics or miR-NC was detected by Western blotting. *P<0.05

miR-493 dysregulation is closely implicated in the pro-
gression and development of several human cancer types.
For instance, miR-493 expression restoration markedly inhi-
bits the proliferation and metastasis of gastric cancer cells in
vitro and in vivo.'® In melanoma, miR-493 upregulation
inhibits cell proliferation and induces cell cycle arrest.'” In
hepatocellular carcinoma, enforced miR-493 expression sig-
nificantly restricts cell growth in vitro and in vivo, and
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decreases cell metastasis in vitro.'"® In pancreatic cancer,
ectopic expression of miR-493 suppresses cell proliferation
and invasion."” In bladder cancer, miR-493 overexpression
attenuated cell growth and motility in vitro.?” In non-small
cell lung cancer, miR-493 expression represses cell growth,
invasion and metastasis.”® In ovarian cancer, exogenous of
miR-493 expression promotes cellular apoptosis, resulting
in breakdown of mitochondrial membrane potential and the
activation of Caspases resulting in the fragmentation of
DNA.?’ All these findings indicate the roles of miR-493
in carcinogenesis and cancer progression and suggest that
miR-493 may present a path to novel therapeutic strategies
for managing patients with these specific cancer types.
Several genes, including RhoC,'® IRS4,'7 ANTXRI1,'®
RSPO2,'"® hERG1," FZD4%” and E2F1,%® have been pre-
viously identified as direct targets of miR-493. In a recently
published paper, AKT2, STK38L, HMGA2, ETSI and
E2F5 were revealed as direct target genes of miR-493 in
ovarian cancer.”’ HMGA?2, a member of the high mobility
group A protein family, was confirmed as a direct target of
miR-493 in TSCC. HMGA?2 is a non-histone chromatin-
binding protein and is overexpressed in multiple types of
human malignancy, such as colorectal,3 0 bladder,3 ! gastric32
and lung® cancers. HMGA2 expression is also hig
expressed in TSCC, and HMGA2 overexpression
strongly associated with recurrence, clinical stg

aggression by affectin

invasion,
21,22

tion,
transition.
apy agains
therapeutic tc¥
with TSCC.
In this study, we

e for monitoring and treating patients

¥id not perform rescue experiment in
vivo to verify the regulatory relationship between miR-493
and HAMG?2 in vivo. It was a limitation of our study, and
we will resolve it in our following experiments

Conclusion
The present study demonstrated the evident downregula-
tion of miR-493 expression in TSCC tissues and cell lines.

In addition, the restoration of miR-493 expression

inhibited the malignancy of TSCC cells by directly target-
ing HMGAZ2. These findings suggested that miR-493 and
its target HMGA2 may be developed as therapeutic targets
for patients with TSCC.
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