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Background: MicroRNA27b-3p (miR-27b) has been reported to be dysregulated in multi-
ple types of human cancer. However, the expression levels, biological roles, and underlying
mechanism of miR-27b in tongue squamous cell carcinoma (TSCC) remain to be elucidated.
Methods: Bioinformatics analyses and quantitative real-time PCR (qQRT-PCR) were used to
determine miR-27b expression in TSCC tissues and cell lines. The influence of miR-27b
overexpression or inhibition on TSCC cell proliferation, migration, and invasion in vitro, and
on tumor growth in vivo, was explored via CCKS, colony formation, wound healing, and
transwell assays, and in xenograft tumors in nude mice, respectively. Luciferase reporter
assays, qRT-PCR, and Western blotting were performed to clarify the potential mechanisms
involving miR-27b in TSCC cells.

Results: miR-27b was significantly downregulated in TSCC tissues and cell lines, and its
expression was correlated with cancer status. Overexpression of miR-27b led to diminished
proliferation, migration, and invasion, and notably reduced tumor growth in vivo.
Bioinformatics analysis followed by luciferase reporter assays demonstrated that miR-27b
expression was inversely correlated with that of integrin subunit a5 (ITGAS)and that miR-
27b directly bound to the 3'-untranslated region of ITGAS in TSCC cells. The bioinformatics
analysis also indicated that ITGAS was upregulated in TSCC and that its expression was
correlated with epithelial-mesenchymal transition (EMT) and poor prognosis. Moreover, we
found that miRNA-27b could reverse ITGAS5-induced promotion of TSCC cell proliferation
and migration. Finally, we demonstrated that regulation of miR-27b expression in TSCC may
result in alterations in the expression of ITGA5 and EMT-related marker genes at the mRNA
and protein levels.

Conclusion: These results indicate that miR-27b hampers TSCC proliferation and migration
via suppressing the EMT process by targeting ITGAS. These findings support consideration
of miR-27b/ITGAS5 as a valuable marker for the metastatic potential of TSCC, or as
a therapeutic target for the treatment of TSCC.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is a common malignancy
worldwide. Its 5-year survival rate has not significantly improved for decades and
remains at about 63%." Reasons for this include delayed disease detection and
intervention, and a dearth of therapeutic options for advanced HNSCC. Tongue

squamous cell carcinoma (TSCC), a major subtype of HNSCC, is common in
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southern Asia. It is also estimated that there were approxi-
mately 17,110 new TSCC cases in 2018 in the United
States alone.” The main risk factors for TSCC are largely
related to lifestyle, including tobacco and alcohol use and
diet. Viral infections and lack of vitamins and trace ele-
ments are also important etiological factors.”

MicroRNAs (miRNAs) are small endogenous non-
coding RNAs of 18-25 nucleotides in length, which may
target and regulate the expression of mRNA at the post-
transcriptional level through binding to the 3'-untranslated
region (3'-UTR).** A large number of studies have proved
that miRNAs can serve as therapeutic targets and diagnos-
tic biomarkers. For example, mechanistic studies have
demonstrated that miR-205 inhibits metastatic traits of
triple-negative breast cancer cells and tumor metastasis
by downregulating integrin subunit a5 (ITGA5).® miR-
27b has been reported to serve as an oncogene or
a tumor suppressor during tumor progression, depending
on the different cellular contexts of tumors.”® ITGA5 has
been predicted to be a possible target gene of miR-27b
based on multiple databases. However, the potential
mechanisms by which miR-27b may regulate ITGAS
expression in patients with TSCC have not yet been fully
investigated.

Changes in the genome and tumor microenvironment
are the essential alterations that lead to the malignant
progression of TSCC.’ Integrins are transmembrane pro-
teins on the cell surface that mediate communications
among different cells, or between cells and the extracellu-
lar matrix (ECM). They form heterodimeric complexes
composed of a and P subunits that can sense changes in
the ECM and trigger a range of cellular responses by
forming a physical connection between the inside and
outside of a cell.'” The ITGAS gene is located on chromo-
some 12ql1-ql13 and encodes a fibronectin receptor pro-
tein, ITGAS5. A member of the integrin family, ITGAS
often combines with ITGB1 to form integrin aS5f1,
which serves as a receptor for cell differentiation, cell
development, and migration."" Altered expression of
ITGAS5 has been demonstrated in certain cancers, includ-
ing colorectal, breast, and oral cancers.' 21

In this study, we confirmed that miR-27b was signifi-
cantly downregulated while ITGAS was significantly upre-
gulated in TSCC. Then, we showed that miR-27b inhibited
the proliferation, migration, and invasion of TSCC cells
in vitro and suppressed tumor growth in vivo. Further
mechanistic studies revealed that miR-27b suppressed
EMT by targeting ITGAS.

Materials and Methods

TSCC Data Sets for Bioinformatic Analysis
In the present study, RNA sequencing and miRNA sequen-
cing data for TSCC (primary site: other and unspecified parts
of tongue; 126 tumor cases and 13 normal controls; workflow
type: HTSeq counts) and corresponding clinical information
were downloaded from the official website of The Cancer
Genome Atlas (TCGA) (https://portal.gdc.cancer.gov/). The
data obtained from TCGA were used to analyze the differ-

ences in ITGAS expression between TSCC and normal tis-
sues, as well as for survival analysis, gene set enrichment
analysis (GSEA), and weighted gene correlation network
analysis (WGCNA). The expression pattern of miR-27b in
TSCC was also investigated using the TCGA data. Non-
coding RNA profiling array data (GSE137865,
GSE124566) were obtained from the Gene Expression
Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/). The
GSE137865 data set comprised a total of 18 samples, includ-
ing paired TSCC tissues, tissues adjacent to cancer, and

contralateral normal tissues. The GSE124566 dataset con-
sisted of 10 paired normal and TSCC samples.

Databases and R Packages
The  TargetScan
MiRanda  (http://www.microrna.org/microrna’/home.do),
and miRDB (http://www.mirdb.org/) databases were used
to predict that miR-27b might be a target of ITGAS. The
expression status of ITGAS in TSCC was validated using

(http://www.targetscan.org/vert_72/),

the Oncomine (https://www.oncomine.org/) and Human

Protein Atlas (www.proteinatlas.org) databases. The co-
expression relationship of ITGAS and miR-27b in TSCC
was explored using ENCORI (http://starbase.sysu.edu.cn/

index.php). Survival analysis for ITGAS in TSCC patients
used the “survival” and “survminer” R packages. GSEA
was performed with software from the GSEA database
(https://www.gsea-msigdb.org/gsea/index.jsp), using the

expression level of ITGAS as a phenotype label to reveal
significant differences (false discovery rate <0.01, P<0.05)
in enrichment in the MSigDB Collection (c2.cp.biocarta
and hall. v6.1.symbols). WGCNA was performed using the
“WGCNA” R package following the instructions at https://
horvath.genetics.ucla.edu/html/Coexpression-Network
/Rpackages/WGCNA/.

Cell Culture
Normal gingival epithelial cells and human TSCC cell lines
(CAL 27, SCC-4, and SCC-9) were obtained from the
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American Type Culture Collection (Manassas, VA, USA).
Normal gingival epithelial cells were cultured in minimum
essential media supplemented with 10% fetal bovine serum
(FBS; Invitrogen, Carlsbad, CA, USA) and 1% penicillin—
streptomycin  (Gibco, Thermo Fisher Scientific, Inc.,
Waltham, MA, USA). CAL 27 cells were cultured in
Dulbecco’s modified Eagle medium (DMEM, Sigma-
Aldrich, St. Louis, MO, USA) with 10% FBS and 1% peni-
cillin—streptomycin, and SCC-9 and SCC-4 cells were
cultured in DMEM F-12 medium containing 10% FBS, 1%
penicillin—streptomycin, and 400 ng/mL hydrocortisone at
37°C in a humidified tissue culture incubator with 5% CO,.
All cells were HPV free.

Transfection

The miR-27b mimic and inhibitor and a negative control for
the mimic (mimic-NC) were purchased from GenePharma
(Shanghai, China). The ITGAS recombinant plasmid and
negative control plasmid were obtained from Origene
(Suzhou, China). For transfection, cells were plated in six-
well plates with antibiotic-free culture medium at a density of
7x10° cells per well. The next day, cells were transfected with
the appropriate miRNA or plasmid using Lipofectamine 2000
reagent (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. Cells in the mock group were
incubated in the presence of transfection reagents only,
whereas the miR-NC group cells were transfected with mimic-
NC.

RNA Extraction and Quantitative
Real-Time PCR (qRT-PCR)

Total RNA of cells was isolated and purified using
a miRNeasy Mini Kit (Qiagen, Maryland, USA) according
to the manufacturer’s instructions. Reverse transcription was
performed using a PrimeScript RT reagent kit (Takara, Otsu,
Japan), and qRT-PCR was performed using SYBR Green
dye (TaKaRa, Japan). The 2 2“9 method was used to
analyze the

relative quantitative data, which were

Table | Primers Used for Real-time PCR

normalized to glyceraldehyde 3-phosphate dehydrogenase
(GAPDH). The primers are shown in Table 1.

Luciferase Reporter Assay

TargetScan was used to predict that ITGAS was a target
gene of miR-27b. The predicted binding sequences on the 3'-
UTR of ITGAS mRNA were mutated from 5-CACUGUGA
-3" to 5-GAGAGUCT-3" in SCC-9 cells. Subsequently,
either the wild type or the mutant 3-UTR of ITGAS
mRNA was inserted into the dual-luciferase reporter vectors,
which were designated WT or MUT, respectively. For the
luciferase assay, Lipofectamine 2000 (Invitrogen, Carlsbad,
CA, USA) was used to co-transfect the miR-27b mimic and
the WT or MUT plasmid into SCC-9 cells. Next, luciferase
activity was measured using a Dual-Luciferase Reporter
Assay System (Promega, Madison, WI, USA).

Cell Counting Kit-8 (CCK-8) Assay

Cell proliferation ability was ascertained using CCK-8
assays. In brief, 2000 cells were incubated in 96-well
plates, and the absorbance was evaluated after culture for
6,24, 48, 72, or 96 h using CCK-8 (Dojindo, Kuma-moto,
Japan) with a Model 680 Microplate Reader (Bio-Rad,
Hercules, CA, USA). The optical density value in each
well was determined at a wavelength of 450 nm.

Xenograft Tumor Formation Assay

Six-week-old female nude mice were purchased from
Charles River Laboratories (Beijing, China) and divided
randomly into a miR-NC and a mimic group. Transfected
SSC-9 cells (1x10° cells suspended in 100 pL serum-free
Ham’s F12 nutrient medium) were injected subcuta-
neously on both sides of the backs of nude mice to
establish the xenotransplantation model. The experiment
was terminated after 4 weeks of culture, the mice were
sacrificed, and the xenografts were dissected out. The
weights of the xenograft tumors were recorded. All ani-
mal experiments were approved by the Animal Care and

Genes Forward (5'-3") Reverse (5'-3)

miR-27b-3p GCTCTAGATTGCCAGGGATTACCACGCAA CGGGATCCCTAGCATTCCCAGCAGGAGACAG
GAPDH GACTCATGACCACAGTCCATGC AGAGGCAGGGATGATGTTCTG

ITGAS AGAGCTACGGGCCA AGCTAA TTCCCCATAAAGT TTGGTCCAC

E-cadherin GCCAAGCTAACCAAA GCTC CATAAAGAGGCTAC CATAA

N-cadherin CCAAAGCTCCAAGC GCT TACGGGCCAAGCC ATAA

Vimentin CCAAATACGGCTCAA GCTAA TAAAGTTTGGTCCA AGCT
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Use Committee of Shandong Key Laboratory of Oral
Tissue Regeneration (reference number: GR2018017)
and carried out in accordance with the guidance of
Animal Protection Law of the People’s Republic of
China-2018 for experimental animals.

Wound Healing Assay

Transfected cells were seeded into six-well plates at
a density of 1 x 10° cells/well in a medium containing
10% FBS. After the cells reached 100% density, a 20 uL
pipette was used to scratch the surface to make a wound.
The cells were then washed twice with phosphate-buffered
saline to remove cell debris and incubated for 48 h in fresh
medium. Wounds were analyzed using the ImageJ software.

Transwell Assays

Migration and invasion were assessed using transwell plates.
For the invasion assay, Matrigel-coated transwell chambers
(8 um pore size, 24 wells) were used: 5x10% cells were
resuspended in 250 pL plain medium without FBS in the
upper chamber, while the lower chamber was filled with 700
pL complete medium with 10% FBS. After incubation for 2
days, the upper chamber was fixed with 100% methanol and
stained with 0.1% crystal violet. For the migration assay,
5x10* cells were plated on the chambers, and transmem-
brane cells were estimated under a microscope (Nikon,
Tokyo, Japan) at 100x magnification.

Colony Formation Assay

After 24 h of transfection, CAL 27 cells were initially
seeded into six-well plates at a density of 1000 cells per
well and maintained in a medium containing 10% FBS,
which was refreshed every 2 days. After incubation for
approximately 2 weeks at 37°C in 5% CO,, the cells were
fixed with 4% paraformaldehyde for 15 min and stained
with 0.1% crystal violet for 15 min.

Western Blotting

Cells were digested with 0.25% trypsin and collected by
centrifugation (1000 g), then lysed in RIPA buffer for
30 min. Equal amounts of protein extract were separated
via 12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred to polyvinylidene fluor-
ide membranes (Millipore, Billerica, MA, USA). After
membrane blocking, primary antibodies (ITGAS:
ab226816, N-cadherin: ab18203, E-cadherin: ab15148,
vimentin: ab92547, GAPDH: ab181602) were added,
followed by overnight incubation at 4°C. Finally, the

membranes were incubated with the respective horse-
radish peroxidase-conjugated secondary antibodies for
1 h. Protein bands of interest were visualized using
enhanced chemiluminescence (Millipore,

Burlington, MA, USA).

reagents

Statistical Analysis

All data are presented as mean+standard deviation from at
least three independent experiments. SPSS 16.0 (SPSS Inc.,
Chicago, IL, USA) was used to analyze the data. Student’s
t-tests or one-way analysis of variance was used to compare
differences between two or more groups. The association
between ITGAS expression and overall survival of TSCC
patients was assessed using a Kaplan—Meier curve and Log
rank test. Results were considered to be statistically signifi-
cant if the p-value did not exceed 0.05.

Results
miR-27b is Downregulated in TSCC and
Correlated with TSCC

miR-27b expression levels were downregulated in cancer
tissues compared with paired normal controls in the
TCGA-TSCC samples (Figure 1A). The same expression
pattern was observed in the TSCC samples from the
GSE124566 and GSE137865 data sets (Figure 1B-C).
miR-27b expression was then detected in three human
TSCC cell lines (SCC-4, SCC-9, and CAL 27) and nor-
mal oral epithelial cells. The qRT-PCR results showed
that miR-27b expression was significantly lower in SCC-
9 and CAL 27 cells compared with normal oral epithelial
cells (Figure 1D). WGCNA was used to show that miR-
27b was one of the non-coding genes in the blue module
that was significantly related to the status of TSCC
(Figure 1E-F).

miR-27b Suppresses the Proliferation,

Migration, and Invasion of TSCC in vitro

To explore the effects of miR-27b on the proliferation of
TSCC, transfection of a miR-27b mimic or miR-27b inhi-
bitor was used to up- or downregulate miR-27b expression
in TSCC cell line SCC-9 (Figure 2A). The CCKS8 assay
showed that the proliferation of SCC-9 cells was inhibited
by the miR-27b mimic and promoted by the miR-27b inhi-
bitor compared with the mock group cells (Figure 2B). Next,
we investigated the effects of miR-27b on TSCC migration
and invasion. The results of the wound healing assay showed
that CAL 27 cell migration was inhibited by the miR-27b
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Figure | miR-27b expression is downregulated in TSCC cancer tissues and associated with TSCC cancer status. (A) Expression of miR-27b was lower in TCGA-TSCC
samples compared with normal controls. (B, C) Expression of miR-27b was lower in TSCC cancer samples compared with normal controls based on GEO data sets
GSE137865 and GSE124566. (D) Relative expression of miR-27b in TSCC cell lines was significantly reduced compared with that in normal gingival epithelial cells according
to qRT-PCR. (E) Identification of gene co-expression modules in TSCC via hierarchical average linkage clustering. (F) Heatmap of the correlations between module
eigengenes and phenotypic characteristics of TSCC. *Represents P<0.05, **Represents P<0.01.

mimic and promoted by the miR-27b inhibitor (Figure 2C—
D). Cell migration and invasion ability were detected by
transwell assays. The results showed that the miR-27b
mimic significantly reduced the numbers of migrating and

invading CAL 27 cells, whereas the miR-27b inhibitor had
the converse effect (Figure 2E-G). These results indicate
that miR-27b can inhibit proliferation, migration, and inva-
sion of TSCC cells.
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ITGAS is a Direct Target of miR-27b in
TSCC Cells

ITGAS was predicted to be targeted by miR-27b by
TargetScan, MiRanda, and miRDB, with the predicted
binding site located at positions 190-197 on the 3-UTR
of the ITGAS mRNA (Figure 3A). To validate the binding
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of miR-27b to this site, the binding sequence was mutated
from 5-CACUGUGA-'3 to 5'-GAGAGUCT-3' and then
inserted into luciferase vectors. Compared with miR-NC,
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9 cells transfected with the WT ITGAS 3'-UTR; however,
the luciferase activity of cells transfected with the
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Figure 2 miR-27b suppresses the proliferation, migration, and invasion of TSCC in vitro. (A) miR-27b mimic or inhibitor was transfected into SCC-9 cells to up- or
downregulate miR-27b, respectively. (B) CCK8 assay revealed that miR-27b inhibited proliferation of SCC-9 cells. (C, D) Wound healing assay was performed in CAL 27
cells after transfection with miR-27b NC, mimic, and inhibitor. (E-G) Transwell assay was performed in CAL 27 after transfection with miR-27b NC, mimic, and inhibitor.

*Represents P<0.05, **Represents P<0.01.
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Figure 3 ITGAS is the target of miR-27b in TSCC cells. (A) Binding sites between ITGAS and miR-27b predicted by TargetScan. (B) Luciferase reporter assay indicated that
miR-27b targeted the 3'-UTR of ITGA5 mRNA in SCC-9 cells. WT-ITGAS5 or MUT-ITGAS5 was cotransfected into SCC-9 with miR-27b mimic or the corresponding negative
control. (C) Expression levels of ITGA5 and miR-27b were negatively correlated in TCGA-HNSC samples. *Represents P<0.05.

MUT ITGAS5 3'-UTR showed no significant alteration
(Figure 3B). The bioinformatics analysis indicated that
there was a negative correlation between the expression
levels of ITGAS and miR-27b in TCGA-HNSC
(Figure 3C).

ITGAS is Upregulated in TSCC and
Correlated with Poor Prognosis and EMT

As shown in Table 2, data for 126 primary tumors, includ-
ing both clinical information and gene expression data,
were downloaded from TCGA. ITGAS showed signifi-
cantly higher expression in cancer tissues than in normal
tissues (Figure 4A). Elevated expression of ITGAS was
significantly correlated with tumor clinical stage (stage II
vs stage IV) and metastasis (Figure 4B-C). We used
Oncomine to validate these results (Figure 4D). Kaplan—
Meier survival analysis showed that TSCC with high
ITGAS expression had a poorer prognosis than that with
low ITGAS expression (Figure 4E). The GSEA results
indicated that the epithelial-mesenchymal transition
(EMT) gene set was enriched in the ITGAS high expres-
sion phenotype (Figure 4F). Moreover, immunohistochem-
istry staining results obtained from The Human Protein

Atlas showed that the expression of ITGAS at the protein
level was higher in TSCC tumor tissues than in normal
tongue mucosa (Figure 4G—H).

Table 2 Characteristics of Patients with Tongue Squamous Cell
Carcinoma Based on TCGA

OncoTargets and Therapy 2020:13

Characteristics Type Total (126) | Percent (%)
Age at diagnosis (y) | <60 60 47.6%

>60 66 52.4%
Gender Male 82 65.1%

Female 44 34.9%
Race White 1 88.1%

Not-white 15 11.9%
Stage | 13 10.3%

Il 20 15.9%

11l 27 21.4%

v 56 44.4%

Not reported | 10 8.0%
Metastasis (M) MO 60 47.6%

MI 56 44.4%

Not reported | 10 8.0%
Fustat Dead 51 40.5%

Alive 75 59.5%
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Figure 4 ITGAS expression levels in TSCC. The transcriptional expression level of ITGA5 in TSCC was associated with clinicopathological characteristics including (A)
cancer status, (B) clinical stage, and (C) metastases based on TCGA database. (D) Comparison of ITGAS across eight analyses using the Oncomine database. (E) Univariate
analysis of overall survival based on ITGAS5 expression in TCGA TSCC. (F) GSEA results showing that EMT hallmark genes are enriched in ITGA5-high TSCC. (G, H) The
upregulation of ITGAS expression in TSCC was validated using The Human Protein Atlas database. *Represents P<0.05, **Represents P<0.01.

miR-27b Suppressed Tumor Growth of
TSCC in vivo

A xenograft tumor formation assay was performed subcu-
taneously in nude mice to study the impact of miR-27b on
tumor growth in vivo. The mice were euthanized after 4
weeks, and the weights of the collected tumors were
measured. Compared with miR-NC tumors, the miR-27b-
overexpressing tumors showed a significant reduction in
weight at the time the mice were sacrificed (Figure 5SA-B).
The tumors harvested from the three mice in each group
were used for further investigation by Western blotting and
qRT-PCR. The Western blotting results confirmed that
there was a marked decrease in ITGAS at the protein

level in the tumors in the miR-27b mimic group, as
shown by the representative bands in Figure 5C. The qRT-
PCR results confirmed that ITGAS expression was signifi-
cantly lower at the transcriptional level in the tumors in the
miR-27b mimic group (Figure 5D).

Restoration of ITGAS5 Reverses the
Inhibitory Effects of miR-27b in TSCC

Western blotting showed that the ITGA protein level in
TSCC was increased by transfection with the ITGAS plas-
mid, but this effect could be reversed by a miR-27b mimic
(Figure 6A). Colony formation assays revealed that the miR-
27b mimic abolished the promotion of cell proliferation by
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Figure 5 miR-27b suppressed TSCC tumor growth in vivo. (A, B) Tumor xenografts in the miR-27b mimic group were significantly smaller than those in the miR-NC group.
(C, D) Total protein and RNA were extracted from xenografts and subjected to Western blotting and qRT-PCR assays to test the relative expression levels of ITGAS.

*Represents P<0.05, **Represents P<0.01.

ITGAS (Figure 6B). Further, wound healing and transwell
assays showed that the promotion of Cal 27 cell migration
and invasion by ITGAS could also be reversed by the miR-
27b mimic (Figure 6C-D).

miR-27b Targets ITGAS and Suppresses
EMT in TSCC

In our previous study, the GSEA results indicated that
changes in the expression of ITGAS might lead to the
enrichment of EMT-related gene sets in TSCC. We specu-
lated that miR-27b might be able to reduce the expression
levels of EMT-related markers by targeting ITGAS. Here,
the qRT-PCR and Western blotting results revealed that the
miR-27b mimic suppressed the expression of ITGAS,
N-cadherin, and vimentin in SCC-9 cells, whereas the
expression of E-cadherin was increased (Figure 7A-B).
These results indicate that miR-27b inhibits EMT by reg-
ulating the expression of ITGAS.

Discussion

Emerging evidence reveals that miRNAs function as both
tumor suppressors and oncogenes in cells. Dysregulation of
miRNAs has strong associations with human oncogenesis,
metastasis, and drug resistance.'® Therefore, studying the
mechanisms by which miRNAs participate in the occurrence
and development of cancer may help to find effective targets
for treatment. The poor prognosis of TSCC patients is due to
distant metastasis of cancer cells. Identifying tumor-
suppressing miRNAs that regulate new metastatic pathways
and genes that promote metastasis may improve our under-
standing of TSCC progression and metastasis. A recent study
found that multiple miRNAs are significantly dysregulated in
TSCC, including miR-21, miR-493, and miR-27b."*"'® In the
present study, we focused on miR-27b based on bioinfor-
matics analysis. As miRNAs can target different transcripts,
miR-27b was reported to have conflicting roles in different
tumor cells. Previous reports indicated that miR-27b
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Figure 6 Restoration of ITGAS reversed the inhibitory effects of miR- 27b on TSCC cells. (A) ITGAS protein expression in the Cal 27 cell line was detected by Western
blotting after 48 h culture in different groups (NC, ITGA5+miR-27b mimic, ITGAS). Colony formation (B), wound healing (C), and transwell (D) assays were performed in

Cal 27 cells after transfection with NC, ITGA5+ miR-27b mimic, and ITGAS.

expression was elevated in triple-negative breast cancer and
served as a carcinogenic miRNA.” However, it was also
reported to inhibit proliferation and metastasis in ER-
positive breast cancer.'® In lung cancer, miR-27b was
reported to act as a tumor suppressor by inhibiting cancer
growth, EMT, and chemoresistance via targeting Snaill.*’
We found that miR-27b was downregulated in TSCC, and its
restoration significantly inhibited cancer cell proliferation,

migration, and invasion. However, the mechanism of miR-
27b in TSCC and its interactions with gene expression have
not yet been fully explored. Possible target genes of miR-27b
were searched using bioinformatics analysis and online
miRNA target gene prediction platforms, including
miRanda, TargetScan, and miRDB. ITGAS5 was identified
as a potential target of miR-27b and confirmed by luciferase
assay.
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Figure 7 miR-27b suppressed EMT of tongue squamous cell carcinoma by targeting ITGAS. (A) Relative mRNA levels of ITGAS5 and EMT markers in each group. (B)

Western blotting for ITGA5 and EMT markers in each group. *Represents P<0.05.

ITGAS, a key member of the integrin family, has critical
roles in vital cellular processes. Integrins are cell-surface
receptors that mediate the connections between cells and
their external environment, including the ECM. They are
heterodimeric cell-surface adhesion receptors, generally con-
sisting of non-covalently linked alpha and beta subunits.
Many reports have revealed that integrin expression levels
are correlated with prognosis in several cancer types, includ-
ing glioblastoma, cervical squamous cell cancer, ovarian
cancer, gastric cancer, and oral cancer.”* Integrins can
promote cancer growth, metastasis, tumor angiogenesis,
and resistance to radiotherapy and chemotherapy by activat-
ing growth receptors and downstream cellular signals.*® It
has been reported that increased ITGAS expression predicts
poor outcomes in non-small-cell lung cancer.** ITGA5 has
been found to be a direct target gene of several miRNAs,
including miR-205, miR-148b, miR-145-5p, miR-330-5p,
and miR-17.%"?7 Owing to their target genes, diversity,
and tissue type specificity, the specific regulatory functions
of miRNAs have yet to be fully delineated.

Bioinformatics analysis using high-throughput RNA
sequencing data from TCGA demonstrated that ITGAS
was upregulated in TSCC and that increased expression
of ITGAS was associated with advanced clinical patho-
logic characteristics (clinical stage, metastasis) and poor
prognosis. To further investigate the functions of ITGAS
in TSCC, we performed GSEA using the TCGA-TSCC
data. The results showed that EMT hallmark genes were

differentially enriched in the ITGAS high expression
phenotype. This suggested that ITGAS might promote
EMT and serve as a potential marker of prognosis in
TSCC.

Excessive epithelial cell proliferation and angiogenesis
are hallmarks of the initiation and early growth of primary
epithelial cancers.”® The subsequent acquisition of invasive-
ness is thought to herald the beginning of the last stages of the
multi-step process that leads to metastatic dissemination.*’
EMT associated with metastasis is known to be an initiation
process related to intravasation. In the EMT process, the
epithelial cell type loses its original morphology and attains
the morphology of a mesenchymal cell type. Many studies
have proposed the activation of an EMT program as the
critical mechanism for the acquisition of malignant pheno-
types by epithelial cancer cells.>® The EMT program is also
linked to the residence of cells in stem-cell-like states in some
epithelial tissues. In our study, we proved that ITGAS was
a target of miR-27b and confirmed a direct interaction
between miR-27b and the ITGAS 3’-UTR. We found that
overexpression of miR-27b led to a suppression of TSCC cell
proliferation ability both in vitro and in vivo, as well as
a reduction in migration and invasion in vitro. Related
mechanism research confirmed that overexpression of miR-
27b may decrease mesenchymal markers and increase epithe-
lial markers owing to the targeting of ITGAS. These results
provide evidence that miR-27b can constrain the growth of
TSCC at least in part via inhibiting ITGAS.
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Conclusions

miR-27b may target ITGAS and inhibit proliferation,
migration, and invasion of oral squamous cell carcinoma
cells, which could activate the EMT process and meta-
static pathways. This study provides new insights into the
roles of miR-27b in TSCC progression and metastasis,
which may be helpful for the development of treatment
strategies in the future.
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