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Introduction: Oral squamous cell carcinoma (OSCC) means oral epithelial cell injury 
caused by multiple genetic mutations of the cells. Dysregulation of microRNAs (miRs) 
can disrupt the progression of OSCC. This study explored the mechanism of miR-130a in 
OSCC progression.
Methods: miR-130a expression in OSCC cell lines was analyzed. Functional assays were 
utilized to test the alterations of OSCC cell proliferation, apoptosis and epithelial–mesench
ymal transition (EMT) with downregulated miR-130a, shRNA-PTEN or/and YAP inhibitor 
verteporfin. Then, dual-luciferase reporter gene assay was performed to clarify the targeting 
relation between miR-130a and PTEN. After that, Hippo-YAP pathway-related protein levels 
were tested. Moreover, xenograft transplantation was applied to confirm the in vitro 
experiments.
Results: Highly expressed miR-130a was observed in OSCC cell lines. Silenced miR-130a 
reduced OSCC proliferation, metastasis, invasion and EMT while propelled apoptosis. 
Furthermore, miR-130a targeted PTEN to promote the OSCC progression. Downregulation 
of PTEN reversed the inhibition of silencing miR-130a on proliferation and migration of 
SCC-4 cells. miR-130a targeted PTEN to inactivate the Hippo-YAP axis. OSCC progression 
was notably promoted by a combination of YAP inhibitor verteporfin and miR-130a inhi
bitor. Additionally, silenced miR-130a inhibited OSCC progression in vivo.
Discussion: Silencing miR-130a inhibited OSCC progression by targeting PTEN and 
activating the Hippo-YAP axis. This investigation may provide novel insight for OSCC 
treatment.
Keywords: oral squamous cell carcinoma, microRNA-130a, Hippo-YAP pathway, PTEN, 
epithelial–mesenchymal transition

Introduction
Oral squamous cell carcinoma (OSCC) emerges as a deforming and fatal disease 
when oro-facial destruction, tumor invasion, blood-borne dissemination and cervi
cal lymph node metastasis occur.1 Tobacco, areca nut use, alcohol consumption and 
human papillomavirus (HPV) infection account for the majority of oral cancer.2 

Patients with oral cavity cancers have 55% five-year survival and 38% incidence of 
relapse.3 Most patients with oral cancer are often asymptomatic at the time of 
diagnosis, and until pain, persistent ulceration, or unexplained bleeding is discov
ered at which time the disease is very advanced.2 In this context, biomarkers in the 
early stage and novel therapeutic strategies for OSCC are in urgent need. 
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Dysregulation of microRNAs (miRs) has been found to 
disrupt the progression of oral cancer, which provides an 
underlying treatment of OSCC.4,5 Towards this, this study 
was designed to identify a miR-based approach for OSCC 
treatment, in order to develop novel intervention 
strategies.

Gain of assays certify that since dysregulated miRs are 
importantly involved in cancer progression, they serve as 
oncogenes or cancer suppressors, making them possible 
targets for tumor therapies.6 In a recent research, miR- 
130a-3p regulates esophageal squamous cell carcinoma 
(ESCC) through reducing migration and adherence as 
well as promoting apoptosis.7 As there are few researches 
about the interaction between miR-130a and OSCC, our 
experiment aims to investigate it to explore new targets for 
OSCC therapy. In addition, the Hippo signaling pathway 
remains a promising target in tissue engineering and cell 
biology by modulating cell development and division.8 

When the Hippo signaling pathway is activated, it serves 
as a tumor suppressor.9 As a transcriptional regulator often 
upregulated in malignant tumors, yes-associated protein 
(YAP) induces cancer cell biological behaviors including 
proliferation, metastasis and chemoresistance, modulating 
oncogenic signaling and inflammation.10 Crucially 
involved in cell balanced development, Hippo-YAP signal
ing pathway results in pathological aftermath including 
tissue overgrowth and tumorigenesis when it is abnormally 
regulated.11 It is suggested in a prior study that knockdown 
of YAP efficiently limits OSCC cell migration.12 In liver 
diseases, silenced miR-130a counteracted the negative 
impacts from of the inactivated Hippo-YAP signaling 
pathway by helping liver recuperated to normal size and 
preventing tumorigenesis.13 From all above, it is reason
able to hypothesize that there may be interaction between 
miR-130a and the Hippo-YAP signaling pathway in OSCC 
progression. Thus, we conducted a series of experiments to 
verify the hypothesis.

Materials and Methods
Cell Culture and Transfection
Human OSCC cell lines HSC-2, Cal-27, Tca8113 and 
SCC-4 purchased from American Type Culture 
Collection (ATCC, Manassas, VA, USA) were cultured in 
Roswell Park Memorial Institute 1640 medium (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA) consisting of 
10% fetal bovine serum (FBS), 100 IU/mL penicillin and 
100 mg/mL streptomycin (ThermoFisher Scientific) in 

a 37°C moist incubator with 5% CO2. The normal 
human oral keratinocytes (HOK) brought from ScienCell 
Research Laboratories (San Diego, CA, USA) were incu
bated in oral keratinocyte media (Thermo Fisher 
Scientific).

Cal-27 cells were assigned into control group, negative 
control (NC) group (Cal-27 cells were transfected with 50 
nM miR-130a mimic NC (Ambion, ThermoFisher 
Scientific)), and miR-130a mimic group (Cal-27 cells 
were transfected with 50 nM miR-130a mimic). SCC-4 
cells were assigned into control group, NC group (SCC-4 
cells were transfected 50 nM miR-130a inhibitor NC) 
(Ambion), miR-130a inhibitor group (SCC-4 cells were 
transfected with 50 nM miR-130a inhibitor), miR-130a 
inhibitor + sh-NC group (transfected with 50 nM miR- 
130a inhibitor and 40 nM shRNA-NC), miR-130a inhibi
tor + sh-PTEN group (transfected with 50 nM miR-130a 
inhibitor and 40 nM shRNA-PTEN), miR-130a inhibitor + 
verteporfin (Ver) group (transfected with 50 nM miR-130a 
inhibitor and treated with 10 μmoL/L YAP inhibitor Ver 
(MedChemExpress, NJ, USA)), and miR-130a inhibitor + 
PBS group (transfected with 50 nM miR-130a inhibitor 
and treated with equal volume of phosphate buffer saline). 
All the transfection was performed according to the 
instructions of Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA).

3-(4, 5-Dimethylthiazol-2-yl)-2, 
5-Diphenyltetrazolium Bromide (MTT) 
Assay
Differentially treated cells were planted into 96-well 
microplates at 5×103 cells/well. After incubation for 24, 
48 and 72 h, respectively, 20 μL MTT solutions (5 mg/mL) 
were added into each well. To expedite crystal dissolution, 
150 μL dimethyl sulfoxide (DMSO) was added into each 
well after 4-h incubation. Cell viability was detected at 0, 
24, 48 and 72 h and the optical density at 490 nm was 
observed using a microplate reader.

Colony Formation Assay
After the cells in logarithmic growth period were detached 
with 0.25% trypsin and dispersed into single cells, the cell 
suspension was diluted into gradient concentrations and 
seeded in dishes containing 10 mL 37°C pre-heated culture 
medium. Then, cells were gently rotated to be dispersed 
evenly, and were cultured at 37°C with 5% CO2 and 
saturated humidity for 2–3 weeks. When the visible 
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clone appeared in the dishes, the culture was stopped and 
cells were fixed with 4% paraformaldehyde for 15 min. 
Next, cells were stained with appropriate amount of 
Giemsa for 10–30 min. Afterward, the staining fluid was 
washed away with running water slowly, dried in air, and 
colonies more than 50 cells were counted under the micro
scope (Olympus Optical Co., Ltd., Tokyo, Japan).

Cell Apoptosis Assay
Cells were gathered after 48-hour transfection and were 
resuspended with 500 μL buffer solution. Then, 5 μL 
Annexin-V-fluorescein isothiocyanate and propidium 
iodide (both from Invitrogen) were cultivated with cell 
suspension for 20 min at room temperature. Stained cells 
were analyzed on a flow cytometer (Beckman Coulter, 
Inc., Pasadena, CA, USA). With Annexin-V as the hori
zontal axis and PI as the vertical axis, mechanically 
damaged cells were located in the upper left quadrant, 
apoptotic or necrotic cells in the upper right quadrant, 
negative normal cells in the left lower quadrant, and 
early apoptotic cells in the right lower quadrant.

Wound Healing Assay
Cell migration was detected with wound-healing assay. Cal- 
27 or SCC-4 cells (2 × 106 cells/well) were seeded into 
6-well microplates at 37°C for 48 h. Then, cell migration 
was estimated by measuring its movement into the scraped 
region created by a micropipette tip. Next, 0 or 48 h later, 
cells were fixed with 4% paraformaldehyde (Cat. No. 15714, 
Electron Microscopy Sciences, Hatfield, PA, USA) for 1 h at 
room temperature and were observed using a microscope. 
Six random visual fields of the wounds were analyzed with 
an IX71 inverted microscope (Olympus).

Transwell Assay
Transwell chambers were added with the mixture of 
Matrigel (Shanghai Ponsure Biotech Co., Ltd., Shanghai, 
China) and serum-free media. When the Matrigel was 
clotted, cells were planted into the apical chamber at 
1×105 cells/mL, while 600 μL 10% FBS Dulbecco’s mod
ified Eagle medium was paved in the basolateral chamber. 
After 24-h incubation, the chambers were fixed with 70% 
ethanol and stained with 0.1% crystal violet. Then, the 
cells across the membrane were measured in 6 randomly 
chosen visual fields under the microscope.

Reverse Transcription-Quantitative 
Polymerase Chain Reaction (RT-qPCR)
TRIzol (Invitrogen) was utilized to extract total RNA and 
the ultramicro spectrophotometer (Shanghai Puyuan 
Instrument Co., Ltd., Shanghai, China) was employed to 
measure the RNA concentration and purity. Reverse tran
scription kit (Thermo Fisher Scientific, Inc.) reverse tran
scribed 1μg RNA to cDNA. mRNA expression was 
detected using fluorescence qPCR and calculated using 
2−ΔΔCt method with U6 or β-actin as the internal reference. 
All the primers used in the experiment were designed and 
synthesized by Shanghai Bioengineering Company 
(Shanghai, China) (Table 1).

Western Blot Analysis
The cells were added with radio-immunoprecipitation 
assay lysis buffer (KeyGEN Biotech Corp., Ltd., 
Nanjing, Jiangsu, China) and were homogenized and cen
trifuged to extract the proteins. The protein concentration 
was examined with bicinchoninic acid method. Afterward, 
30 μg proteins were transferred onto the polyvinylidene 
fluoride membranes after sodium dodecyl sulfate polya
crylamide gel electrophoresis. Next, the membranes were 
sealed by 5% skim milk powder at room temperature and 
cultured with the primary antibodies (Table 2) at 4°C 
overnight. After washes, the membranes were incubated 
with diluted goat anti-mouse secondary antibody (1:10000, 
ab205719, Abcam Inc., Cambridge, MA, USA) 1 h at 
room temperature. Then, the membranes were washed 
again, soaked in exposure liquid, and gently percussed 
for exposure. The exposure condition was collected for 
gray value analysis.

Table 1 Primer Sequences for RT-qPCR

Primer Sequence (5ʹ->3ʹ)

miR130a Forward primer: ACACACATCAAAGGAGAATTTT
Reverse primer: CCGTCTCTACTGTTACCTC

U6 Forward primer: CTCGCTTCGGCAGCACA
Reverse primer: AACGCTTCACGAATTTGCGT

PTEN Forward primer: GGAGGAGTTTTGGCCTCCACA
Reverse primer: CTGCGAGGCACTAGTCAACC

β-actin Forward primer: GTCATTCCAAATATGAGAGATGCGT
Reverse primer: GCTATCACCTCCCCTGTGTG

Abbreviations: miR, microRNA; PTEN, phosphatase and tensin homolog deleted 
on chromosome ten.
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Dual-Luciferase Reporter Gene Assay
PTEN 3ʹuntranslated region (UTR) sequence consisting of 
binding site with miR-130a was synthesized and PTEN 
3ʹUTR wild-type plasmid (PTEN-WT) and PTEN 3ʹUTR 
mutant-type plasmid (PTEN-MUT) were constructed. 
Then, the constructed plasmids were, respectively, mixed 
with NC and miR-130a mimic and transfected into 293T 
cells (ATCC). After transfection for 48 h, the cells were 
collected and lysed. Luciferase activity was detected using 
a luciferase assay kit (BioVision, Mountain View, CA, 
USA) and Glomax 20/20 luminometer (Promega, 
Madison, Wisconsin, USA).

Xenograft Tumors in Nude Mice
Stably transfected transduced SCC-4 cells (2 × 107 cells in 
100 μL) were subcutaneously injected into athymic 
BALB/c nude mice (4 week-old) (Hunan SJA Laboratory 
Animal Co., Ltd., Changsha, Hunan, China). The tumor 
volume was calculated according to the formula V = 
πAB2/6 (V: tumor volume, A: the largest diameter, B: 
the perpendicular diameter). Six weeks later, the mice 
were euthanized and the tumors were removed and 
weighed. Tumor samples were treated correspondingly to 
perform immunohistochemistry.

Immunohistochemistry
Paraffined sections at 4 μm were dewaxed in xylene, 
rehydrated in gradient ethanol and incubated with 3% 
hydrogen peroxide for 10 min. When antigen was 
retrieved and blocked, the sections were cultivated with 
antibody against E-cadherin (1:100; ab1416; Abcam). 

Subsequently, the sections were cultured with horseradish 
peroxidase-polymer anti-mouse/rabbit antibody and 
2,4-diaminobutyric acid detection kit (Fuzhou Maixin 
Biotech, Fuzhou, China) before they were counterstained 
by hematoxylin. Finally, all stained sections were dehy
drated with gradient alcohol, cleaned in xylene and 
mounted with neutral gum. Image J program (version 
1.49, NIH) was used to measure and analyze DAB staining 
sites, with the data in control group as 1.

Statistical Analysis
SPSS 21.0 (IBM Corp. Armonk, NY, USA) was employed 
for data analysis. Kolmogorov–Smirnov test indicated 
whether the data were in normal distribution. The data 
are shown in mean ± standard deviation. Kaplan–Meier 
assay was applied for analyzing survival rate. The t-test 
was used for analyzing comparisons between two groups, 
one-way or two-way analysis of variance (ANOVA) for 
comparing multiple groups, and Tukey’s multiple compar
ison test for pairwise comparisons after ANOVA. The 
p value was attained using a two-tailed test and p < 0.05 
indicated a significant difference.

Results
miR-130a is Upregulated in OSCC Cell 
Lines and miR-130a Downregulation 
Inhibits OSCC Cell Proliferation
To understand the role of miR-130a in OSCC development, 
we detected miR-130a expression in OSCC cell lines (HSC- 
2, Cal-27, Tca8113 and SCC-4), and found that OSCC cell 
lines showed higher miR-130a expression than oral epithe
lial cells (HOK cells) (Figure 1A) (p < 0.01). It was indi
cated that miR-130a might play a significant role in OSCC 
progression. Hence, we transfected miR-130a mimic into 
Cal-27 cells with relatively lower miR-130a expression 
and miR-130a inhibitor into SCC-4 cells with highest miR- 
130a expression, and mimic NC/inhibitor-NC was acted as 
negative control. The results of RT-qPCR confirmed that 
miR-130a mimic and miR-130a inhibitor were transfected 
into Cal-27 and SCC-4 cells successfully (Figure 1B). MTT 
assay and colony formation assay suggested that after miR- 
130a overexpression, SCC-4 cell proliferation and colonies 
were remarkably higher than those in the control cells, while 
miR-130a inhibition resulted in opposite trends (Figure 1C 
and D) (all p < 0.01).

Table 2 Antibodies Used in Experiment

Antibody Information Dilution Rate

E-cadherin ab40772, Abcam 1/10000
N-cadherin ab40772, Abcam 1 µg/mL

Snail ab229701, Abcam 1/1000

PTEN ab32199, Abcam 1/500
p-MST1 ab76323, Abcam 1/1000

MST1 ab76822, Abcam 1/500

p-MOB1 ab236969, Abcam 1/500
MOB1 ab236969, Abcam 1/1000

Cytolasmic-YAP ab76252, Abcam 1/10000
GAPDH ab181602,Abcam 1/10000

Nuclear-YAP ab52771, Abcam 1/10000

Histon H3 ab1791, Abcam 1/1000

Abbreviations: PTEN, phosphatase and tensin homolog deleted on chromosome 
ten; MST, macrophage stimulating 1; YAP, yes associated protein; GAPDH, glycer
aldehyde-3-phosphate dehydrogenase.
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miR-130a Downregulation Enhances 
Apoptosis of OSCC Cell
We adopted flow cytometry to evaluate the apoptosis of 
Cal-27 cells transfected with miR-130a mimic and 
SCC-4 cells transfected with miR-130a inhibitor. 

Overexpression of miR-130a decreased the apoptosis 
rate of Cal-27 cells, while inhibition of miR-130a 
increased the apoptosis rate of SCC-4 cells (both 
p < 0.01) (Figure 2). It was indicated that inhibition 
of miR-130a promoted apoptosis of OSCC cells.

Figure 1 miR-130a downregulation inhibits OSCC cell proliferation. (A) miR-130a expression in OSCC cell lines and oral epithelial cells was detected using RT-qPCR. miR- 
130a mimic was transfected into Cal-27 cells and miR-130a inhibitor was transfected into SCC-4 cells, with mimic NC/inhibitor-NC acting as negative control. (B) 
transfection efficiency was verified using RT-qPCR. (C and D) OSCC cell proliferation after miR-130a overexpression or inhibition was evaluated using MTT assay and colony 
formation assay. The experiment was repeated three times. Data are expressed as mean ± standard deviation. Data were analyzed using one-way or two-way ANOVA, 
followed by Tukey’s multiple comparison test, **p < 0.01.

Figure 2 miR-130a downregulation enhances apoptosis of OSCC cell. Flow cytometry was adopted to evaluate the apoptosis of Cal-27 cells transfected with miR-130a 
mimic and SCC-4 cells transfected with miR-130a inhibitor. The experiment was repeated three times. Data are expressed as mean ± standard deviation. Data were analyzed 
using one-way ANOVA, followed by Tukey’s multiple comparison test, **p < 0.01.
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miR-130a Downregulation Inhibits OSCC 
Cell Invasion, Migration and Epithelial– 
Mesenchymal Transition (EMT)
As transwell and wound-healing assays showed, miR-130a 
downregulation obviously inhibited SCC-4 cell invasion 
and migration, while Cal-27 cells overexpressing miR- 
130a led to reversed consequences (Figure 3A and B) 
(all p < 0.01). Western blot analysis detected EMT- 
related proteins and suggested that SCC-4 cells with 
miR-130a downregulation showed elevated E-cadherin 
expression and reduced N-cadherin and snail protein levels 
(Figure 3C) (all p < 0.01).

miR-130a Targets PTEN to Promote 
OSCC Cell Proliferation and Migration
To explore the downstream mechanism of miR-130a in 
OSCC, we found that PTEN may serve as a potential target 
of miR-130a in OSCC cells through bioinformatics website. 
Dual-luciferase reporter gene assay confirmed the targeting 
relation between miR-130a and PTEN (p < 0.01) (Figure 4A). 
Overexpressed miR-130a greatly suppressed PTEN mRNA 
expression and protein level, while downregulated miR-130a 
contributed to opposite results (p < 0.01) (Figure 4B and C).

In order to verify the effect of PTEN, the shRNA- 
PTEN was transfected into the cells with low expression 
of miR-130a, and successfully downregulated the expres
sion of PTEN (Figure 4D). Further detection showed that 
the proliferation and migration of SCC-4 cells were sig
nificantly increased after downregulating PTEN at the 
same time, which indicated that downregulating PTEN 
could reverse the inhibition of miR-130a on the prolifera
tion and migration of SCC-4 cells to a certain extent (all 
p < 0.01) (Figure 4E–H). These results suggest that miR- 
130a can inhibit PTEN and promote the proliferation and 
migration of OSCC cells.

miR-130a Targets PTEN to Activate the 
Hippo-YAP Pathway in OSCC Cells
It is reported that the inactivation of PTEN lipid phosphatase 
is related to Hippo.14 Hippo-Yap signaling pathway affects 
the proliferation and metastasis of tumor cells.15 Western 
blot was used to detect the expression of Hippo-Yap signal
ing pathway-related proteins. The results showed that the 
Hippo-Yap signaling pathway was significantly inhibited in 
Cal-27 cells overexpressing miR-130a (miR-130a mimic vs 
NC group, p < 0.01); the Hippo-Yap signaling pathway was 
activated in SCC4 cells with miR-130a inhibition (miR-130a 

Figure 3 miR-130a downregulation inhibits OSCC cell invasion, migration and EMT. miR-130a mimic were transfected into Cal-27 cells and miR-130a inhibitor was 
transfected into SCC-4 cells. (A) cell invasion was measured using transwell assay. (B) cell migration was measured using wound-healing assay. (C) EMT-related protein levels 
were measured using Western blot analysis. The experiment was repeated three times. Data are expressed as mean ± standard deviation. One-way ANOVA was applied to 
for data analysis, followed by Tukey’s multiple comparison test, **p < 0.01.
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inhibitors vs NC group, p < 0.01). To further investigate 
whether PTEN can affect the Hippo-Yap pathway, we 
silenced PTEN in SCC4 cells with low expression of miR- 
130a, and the activation of Hippo-Yap signaling pathway 

was inhibited to a certain extent (miR-130a inhibitor + sh- 
NC vs miR-130a inhibitor + sh-PTEN, p < 0.05) (Figure 5). 
These results indicate that miR-130a inhibits the activity of 
Hippo-Yap signaling pathway through PTEN.

Figure 4 miR-130a targets PTEN to promote OSCC cell proliferation and migration. Activate Hippo-YAP signaling pathway in OSCC cells. (A) dual-luciferase reporter gene 
assay confirmed that miR-130a evidently reduced PTEN fluorescence activity. (B) RT-qPCR assessed PTEN mRNA expression in OSCC cells after transfection. (C) PTEN 
protein level was detected using Western blot analysis. shRNA-PTEN was transfected into cells with low expression of miR-130a, with the transfection of shRNA-NC as 
control. (D) RT-qPCR verified the transfection efficiency. (E) OSCC cell proliferation was evaluated using MTT assay. (F) OSCC cell colonies were examined using colony 
formation assay. (G) cell invasion was measured using transwell assay. (H) cell migration was measured using wound-healing assay. The experiment was repeated three times. 
Data are expressed as mean ± standard deviation. One-way ANOVA was applied to assess data in panels (B and C), and two-way ANOVA was applied to assess data in 
panels (A and E), followed by Tukey’s multiple comparison test, **p < 0.01.
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Inactivated Hippo-YAP Axis Inhibits the 
Promotion of miR-130a Overexpression 
on OSCC Cell Proliferation and Invasion
To verify that miR-130a/PTEN can regulate biological 
behaviors of OSCC cells through the Hippo-YAP pathway, 
OSCC cells were treated with verteporfin (a YAP inhibi
tor) and miR-130a inhibitor. Compared with the miR-130a 
inhibitor + PBS group, the proliferation and invasion of 
SCC-4 cells in miR-130a inhibitor + Ver group were sig
nificantly promoted (Figure 6A–D) (all p < 0.01), indicat
ing that inhibition of Hippo-YAP signaling pathway can 
reverse the effect of miR-130a inhibition in preventing the 
growth and invasion of OSCC cells.

miR-130a Downregulation Inhibits 
Xenograft Tumor Growth in Nude Mice 
and EMT
To verify the in vitro results, we injected SCC-4 cells 
stably low-expressing miR-130a into nude mice to estab
lish xenograft model, and to further study the effect of 
miR-130a on OSCC in vivo. We measured the volume and 
weight of tumors, and found that compared with the 

control group, the tumor volume and weight were lower 
in mice with downregulated miR-130a (all p < 0.01) 
(Figure 7A and B). Moreover, E-cadherin positive expres
sion was importantly elevated in nude mice with down
regulated miR-130a (p < 0.01) (Figure 7C).

Discussion
OSCC marked one of the most prevailing killers to 
patients with neck and head cancers.16 It was unveiled 
that differentially expressed miRs served as oncogenes or 
tumor suppressors in oral tumorigenesis by necessarily 
participating in cellular processes, including differentia
tion, proliferation, survival and death, indicating their 
valuable role in oral carcinoma diagnosis and 
prognosis.17 miR-130a was highly expressed in salivary 
gland adenoid cystic carcinoma (SACC), hinting an evi
dent role in exaggerating SACC metastasis.18 In this study, 
we hypothesized that there can be role of miR-130a in 
OSCC via the Hippo-YAP signaling pathway. 
Consequently, our data showed that silenced miR-130a 
mitigated OSCC by targeting PTEN and upregulating the 
Hippo-YAP signaling pathway.

Dysregulation of miRs has been associated with the 
carcinogenesis and progression of oral cavity cancer.19 

Figure 5 miR-130a targets PTEN to inactivate the Hippo-YAP signaling pathway. Hippo-YAP pathway-related protein levels were detected by Western blot analysis. The 
experiment was repeated three times. Data are expressed as mean ± standard deviation. One-way ANOVA was applied for data analysis, followed by Tukey’s multiple 
comparison test, *p < 0.05, **p < 0.01.
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Figure 6 Inactivated Hippo-YAP axis impairs the inhibition of miR-130a downregulation on OSCC cell proliferation and invasion. To verify that miR-130a/PTEN can regulate 
OSCC through the Hippo-YAP pathway, we set up a functional rescue experiment. SCC-4 cells were treated with verteporfin, a YAP inhibitor, in combination with miR-130a 
inhibitor. (A) OSCC cell proliferation was measured using MTT assay. (B) the colony number of OSCC cells was calculated using colony formation assay. (C) OSCC cell 
invasion was tested using transwell assay. (D) relative migration distance was detected using wound-healing assay. The experiment was repeated three times. Data are 
expressed as mean ± standard deviation. The t-test was used for analyzing data in panels (B–D), and two-way ANOVA was applied to assess data in panel (A), followed by 
Tukey’s multiple comparison test, **p < 0.01.

Figure 7 miR-130a downregulation inhibits xenograft tumor growth in nude mice. (A) tumor volume of nude mice. (B) tumor weight of nude mice. (C) immunohis
tochemistry was performed to determine E-cadherin positive expression. N = 4. Data are expressed as mean ± standard deviation. One-way ANOVA was applied to assess 
data in panel (A), and two-way ANOVA was applied to assess data in panels (B and C), followed by Tukey’s multiple comparison test, **p < 0.01.
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The results of RT-qPCR showed that miR-130a was 
expressed higher in OSCC cells than that in HOK cells. 
Highly expressed miR-130a-3p was also observed in 
aggressive OSCC cells.20 In addition, we noticed that 
survival rate in patients with poorly expressed miR-130a 
was higher than those strongly expressed miR-130a. The 
Kaplan–Meier curves demonstrated in cholangiocarci
noma, the miR-130a-3p high group had a significantly 
lower overall survival and disease-free survival than the 
miR-130a-3p low group.21 Our study complemented the 
diagnostic value of miR-130a in OSCC. Then, we noticed 
that downregulated miR-130a inhibited OSCC cell prolif
eration and enhanced apoptosis. Interestingly, the destruc
tive effects of knockdown of miR-130a on tumor 
development were also verified in hemangioma cells.22 

Most of the studies reported that miR-130a acts as 
a tumor promoter but, in some cases, it acts as a tumor 
suppressor.21 In this study, we unveiled that miR-130a was 
a promoter for OSCC progression.

EMT is a biological activity often accompanied by 
tumor metastasis and invasion.23 Results from transwell 
and wound-healing assays as well as Western blot analysis 
suggested that downregulated miR-130a inhibited OSCC 
invasion, metastasis and EMT, with decreased N-cadherin 
and snail protein levels. N-cadherin expression was higher 
in OSCC tissues than in non-tumor tissues, making it 
a useful target in OSCC diagnosis.24 As a major modulator 
in EMT, snail encouraged head and neck squamous cell 
carcinoma progression.25 It was suggested that in osteo
sarcoma cells, miR-130a encouraged cell migration, inva
sion as well as EMT.26 In a word, downregulated miR- 
130a was conducive in blocking OSCC progression.

Additionally, dual-luciferase reporter gene assay certified 
the targeting relation between miR-130a and PTEN. 
Associations between pathological consequences and 
PTEN levels engender the effect on tumor inhibition.27 

PTEN acts as a tumor suppressor gene and inactivation of 
PTEN has been reported in various types of cancers.28 In 
order to verify the effect of PTEN, the shRNA-PTEN was 
transfected into the cells with low expression of miR-130a, 
and the proliferation and migration of SCC-4 cells were 
significantly increased after downregulating PTEN at the 
same time, indicating that downregulating PTEN could 
reverse the inhibition of miR-130a on the proliferation and 
migration of SCC-4 cells. PTEN expression was seen to be 
downregulated in OSCC cells.29 The targeting relation 
between miR-130a and PTEN was observed in a prior 
research in gastric cancer.30 Many anti-tumor drugs inhibit 

tumor growth by limiting YAP and supporting PTEN 
expression,31 hinting a negative relation between YAP and 
PTEN. Abnormal YAP expression, negatively related to 
Hippo, was related to tumor occurrence and progression, 
expediting biological behaviors like proliferation, invasion, 
metastasis and apoptosis.32,33 The Hippo pathway has been 
discovered to control organ size, tissue homeostasis, cell 
growth, tumorigenesis and metastasis.15 During this 
research, the Hippo-YAP axis was activated in SCC-4 cells 
with downregulated miR-130a but inhibited in Cal-27 cells 
with overexpressed miR-130a. In cells treated with miR- 
130a inhibitor and shRNA-PTEN, the Hippo-YAP axis 
was inhibited to some degree. The high expression of YAP 
in OSCC was greatly associated with the differentiation 
degree and tumor diameter.34 Furthermore, we discovered 
that inhibition of Hippo-YAP pathway using verteporfin 
reversed the miR-130a downregulation in inhibiting the 
growth and metastasis of OSCC cells. YAP influenced 
OSCC cell activities and intrinsic apoptotic axis, therefore 
augmenting OSCC cell proliferation and retarding cell 
apoptosis.35 Finally, downregulated miR-130a in vivo 
refrained OC growth and EMT as the E-cadherin expression 
was improved. E-cadherin represents an essential part in 
adherent junctions and cell epithelial phenotype, leading to 
decreased cell motility and relieved terminal cancer.36 

Similarly, poorly expressed E-cadherin in OSCC indicated 
a malignant biomarker of high risk which was dangerously 
related to cell survival, recurrence, metastasis, and tumor 
differentiation.37 Overall, our data shown that downregu
lated miR-130a was helpful in blocking OSCC progression.

In summary, our study supported that downregulation of 
miR-130a reduced OSCC by targeting PTEN and activating 
the Hippo-YAP signaling pathway. These results discovered 
a novel approach for OSCC treatment. In the future, we will 
further explore the underlying mechanism of other targets of 
miR-130a. More attention will be paid on seeking reliable 
therapeutic targets of OSCC. Still, this is just a preclinical 
research, although our findings provide therapeutic implica
tion in OSCC treatment, the experimental results and effec
tive applications into clinical practice need further 
validation. In the future, we will study the clinical effect of 
miR-130a on OSCC to provide clinical relevance of the 
current findings in clinical practice.

Data Sharing Statement
All the data generated or analyzed during this study are 
included in this published article.
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