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Background: Head and neck squamous cell carcinoma (HNSCC) is among the most
common malignant tumors worldwide. This study, investigated the role of microRNA
(miR)-762 in regulating HNSCC progression.

Materials and methods: The expression levels of miR-762 in HNSCC tissues were
measured by quantitative reverse transcription polymerase chain reaction (qRT-PCR).
Statistical analyses were performed to investigate the association of miR-762 with clinico-
pathological features in patients with HNSCC. Cell proliferation and migration were exam-
ined by cell counting (CCK-8) and IncuCyte assays. Target genes of miR-762 were screened
using bioinformatics tools and microarrays, and confirmed using a luciferase activity reporter
assay, qRT-PCR and Western blot analysis. Recuse experiments were performed to detect
whether target genes mediated the effects of miR-762 on HNSCC cells. The in vivo effects of
miR-762 were verified using tumor xenografts.

Results: HNSCC clinical specimens showed high expression levels of miR-762, which
positively correlated with tumor-node-metastasis (TNM) stage and poor prognosis of
HNSCC. miR-762 overexpression promoted the proliferation and migration of HNSCC
cells in vitro. In addition, overexpression of miR-762 upregulated the expression of phos-
phorylated AKT (p-AKT) and mesenchymal markers (N-cadherin and vimentin), but sup-
pressed epithelial marker (E-cadherin) expression. miR-762 also promoted HNSCC tumor
growth in vivo. PH domain and leucine-rich repeat protein phosphatase 2 (PHLPP2) and
Forkhead box O4 (FOXO04) were direct target genes of miR-762. HNSCC tissues had low
expression levels of PHLPP2 and FOXO4, showing a negative correlation with miR-762
expression. Moreover, silencing of PHLPP2 and FOXO4 mimicked the tumor-promotive
effects of miR-762 on HNSCC cells. Notably, overexpression of PHLPP2 and FOXO4
abolished the pro-tumoral function of miR-762 on cell proliferation and migration.
Conclusion: miR-762 promotes HNSCC progression by targeting PHLPP2 and FOXO4.
Therefore, miR-762 might be a potential diagnostic or therapeutic target for HNSCC.
Keywords: miR-762, FOX04, PHLPP2, proliferation, migration, HNSCC

Introduction

Head and neck cancer accounts for 4.8% of global cancers.' In the United States,
there will be approximately 117,480 new cases of head and neck cancer and
16,790 deaths in 2019.%> Approximately 135,000 new cases occurred in China in
2015, and about 70, 000 people died of the disease.> Head and neck squamous cell
carcinoma (HNSCC) accounts for 90% of head and neck cancer and is the sixth
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most common type of malignant tumor worldwide.*
According to GLOBOCAN 2012, the age-standardized
incidence of HNSCC in China is estimated to be 2.7 per
100,000 people.’ Despite advances in diagnosis and treat-
ment, the 5-year survival rate of patients with HNSCC
remains poor due to its high propensity for local and
distant metastasis.® The initiation and progression of
HNSCC are linked to multiple risk factors including
HPV, diet, detrimental habits, genetic background and
geographic factors;” however, the underlying molecular
mechanisms are unclear. Therefore, understanding the
mechanism of HNSCC progression is important to iden-
tify therapies for improving the clinical outcomes of
HNSCC.

MicroRNAs (miRNAs), a class of non-coding single-
stranded RNA molecules of 18-25 nucleotides in length,
play a post-transcriptional regulatory role via comple-
mentary pairing with the 3’ untranslated region (UTR)
of target mRNAs.®* miRNAs participate in a number of
biological events, such as drug sensitivity, infection,
stem cell differentiation, pluripotency maintenance and
immune responses.®'! Recently, a number of miRNAs
have been reported to be dysregulated in various cancer
types, including HNSCC.'*'* For instance, miR-141
shows decreased expression in HNSCC tissues and exerts
tumor-suppressive roles by inhibiting the expression of
epidermal growth factor receptor (EGFR).'* miR-200
facilitates the epithelial-mesenchymal transition (EMT)
in HNSCC cells and promotes HNSCC progression.'>
miR-762 functions as a tumor promoter, as high expres-
sion of miR-762 promotes breast cancer cell proliferation
and invasion by targeting Interferon regulatory factor 7
(IRF7) expression.'® Furthermore, miR-762 upregulates
the Wnt signaling pathway to promote the development
of ovarian cancer.'” However, the biological function of
miR-762 in HNSCC remains unclear.

This study examined miR-762 expression in HNSCC
and its association with clinicopathological features in
patients with HNSCC. In vitro and in vivo functional
assays were performed to explore the detailed effects of
miR-762 on HNSCC. We revealed that HNSCC patients
with high expression of miR-762 showed poorer overall
survival compared to those with low miR-762 expression.
Furthermore, miR-762 promoted the progression of
HNSCC, and both PHLPP2 and FOXO4 were novel target
genes of miR-762 in HNSCC.

Materials and Methods

Clinical Specimens and Cell Culture

Pairs of HNSCC tissue and normal adjacent tissue (NAT)
samples were collected from 68 patients at the Peking
University Hospital of Stomatology from 2013 to 2016. We
excluded surgical specimens from HNSCC patients who
underwent preoperative radiotherapy and chemotherapy.
NAT samples were dissected 2 cm from the tumor edge. All
tissues were immediately preserved in liquid nitrogen and
stored at —80°C. Frozen tissues were stained with hematoxylin
and eosin and the pathology was subsequently confirmed by
two experienced pathologists. Signed informed consent was
obtained from the patients in accordance with the Declaration
of Helsinki, and the Ethics Committee of the Peking
University Hospital of Stomatology approved this study.

Cell Culture

Human HNSCC cell lines (CAL27, FaDu, SCC-9, SCC-15
and SCC-25) were purchased from the American Type
Culture Collection (Manassas, VA, USA) and the human
immortalized epithelial cell line HaCaT was purchased
from the Cell Lines Service (Eppelheim, Germany). SCC-
9, SCC-15, and SCC-25 cells were cultured in Dulbecco’s
modified Eagle medium (DMEM)/F12 (Gibco, Thermo
Fisher Scientific, Inc., Waltham, MA, USA) supplemented
with hydrocortisone (400 ng/mL) and 10% fetal bovine
serum (FBS). CAL27, FaDu, and HaCaT cells were cultured
in DMEM (Gibco) supplemented with 10% FBS. Cells were
grown in a 5% CO, humidified incubator at 37°C.

Cell Transfection and Infection

miR-762 mimic (mimic), miR-762 inhibitor (inhibitor), and
negative control (miR-NC) were purchased from Guangzhou
RiboBio Co., Ltd. (Guangzhou, Guangdong, China). The
pcDNA3.1-FOX04 (pc-FOXO04) and pcDNA3.1-PHLPP2
(pc-PHLPP2) plasmids were synthesized by Shanghai
Generay Co., Ltd. (Shanghai, China). Small interfering
RNAs (siRNAs) targeting FOX04 (siFOX04) and PHLPP2
(siPHLPP2) and the negative control siRNA (siNC) were
synthesized by Suzhou GenePharma Co., Ltd. (Suzhou,
Jiangsu, China). Lentiviruses for miR-762 and Mock were
synthesized by Suzhou GenePharma Co., Ltd. All transfection
procedures were performed using Lipofectamine™ 3000
(Invitrogen, Carlsbad, CA, USA) according to the manufac-
turer’s instructions.
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Microarrays

The human gene expression profile was detected using
Affymetrix’s PrimeView'™ Human Gene Expression Array,
and performed by Beijing CapitalBio Corporation (Beijing,
China) according to the manufacturer’s instructions.'® All
primary data from the microarray analyses are available by
accessing the Gene Expression Omnibus (GEO accession:
GSE122328).

RNA Extraction and Quantitative

Real-Time Polymerase Chain Reaction
(qRT-PCR) Analyses

Total RNA was isolated using TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions. The primers for
miR-762 and U6 were purchased from Guangzhou RiboBio
Co. Total RNA (1 pg) was reverse transcribed into cDNA
using the miDETECT A Track™ miRNA qRT-PCR Starter
Kit (Guangzhou RiboBio Co.) to generate the miRNA, and
PrimeScript RT Reagent Kit (Takara Biotechnology Co.,
Ltd., Dalian, China) was used to generate FOXO4 and
PHLPP2. The FastStart universal SYBR-Green Master kit
(Roche, Mannheim, Germany) was used to detect the
mRNA expression of miR-762, FOXO4, and PHLPP2.
Relative mRNA expression was calculated using the
272 method after normalizing to U6 or GAPDH levels.

The primer sequences are listed in Table 1.

Cell Counting (CCK-8) Assay

HNSCC cells were seeded in 96-well plates (4000 cells/
well) and transfected after 24 h. CCK-8 solution (10 pL/
well) was added to each well at the indicated time, and the
samples were incubated for 2 h at 37°C. Then, the absor-
bance was detected at 450 nm using a microplate reader
(Bio-Rad Laboratories, Hercules, CA, USA).

Table | Primers Used in This Study

Name Sequence

GAPDH forward
GAPDH reverse
FOXO4 forward
FOXO4 reverse
PHLPP2 forward
PHLPP2 reverse
U6 forward

U6 reverse

5-ACAGTCAGCCGCAT-3’
5-GACAAGCTTCCCGT-3
5-CTTTCTGAAGACTGGCAGGAATGTG-3’
5'-GATCTAGGTCTATGATCGCGGCAG-3’
5-ATGGAGCAGACACTACCACTG-3’
5-GCAAAGGACGAGATGTAAGTCA-3
5-CTCGCTTCGGCAGCACA-3
5-AACGCTTCACGAATTTGCGT-3’

IncuCyte Proliferation and Migration Assay
HNSCC cells were seeded in 96-well plates for the prolif-
eration (4000 cells/well) and migration (20,000 cells/well)
assays. The proliferation assays were monitored using the
IncuCyte ZOOM Live-Cell Imaging system (IncuCyte sys-
tem, Essen Bioscience, Ann Arbor, MI, USA). The adhered
cells in the migration assay plates were starved in serum-free
medium for 12 h, and a wound was scratched in one well
using the 96-pin wound-marker according to the manufac-
turer’s instructions (Essen Bioscience). The plates were
monitored and photographed every 12 or 6 h for 96 h, and
the percentages of cell confluence or wound widths were
calculated over time. All experiments were performed at
least three times in triplicate.

Xenograft Assay

This study was carried out in strict accordance with the
national standard: laboratory animal-guide for ethnic al
review of animal welfare (GB/T 35892-2018), and approved
by the Peking University Biomedical Ethics Committee.
Logarithmically growing CAL27 cells transfected with
Lenti-miR-762 or Lenti-Mock were prepared as cell suspen-
sions (3.0 x 10° cells/100 pL) and subcutaneously injected
into the left anterior axilla of 5-week-old BALB/c female
nude mice (N =5, per group). Tumor width and length were
measured every 4 days with a caliper, and the volume of
tumor xenografts was calculated using the following for-
mula: volume = 1/2 (length x width?). Four weeks after
inoculation, mice were sacrificed by cervical dislocation,
and tumors were collected for measurement and analyses.

Luciferase Reporter Assay

The wild-type and mutant 3’ UTRs of FOXO4 and
PHLPP2 containing the predicted miR-762 binding sites
were cloned into psiCHECK-2 vectors to generate miR-
FOXO4-wt/mut3'UTR and miR-PHLPP2-wt/mut3'UTR.
The constructed plasmids and miR-762 mimic or miR-
NC were co-transfected into SCC-9 and CAL27 cells in
12-well plates. After 24 h, the transfected cells were har-
vested, and the Dual-Luciferase Assay Kit (Promega
Corporation, Madison, WI, USA) was used according to
the manufacturer’s instructions.

Western Blot

Cells were lysed, and protein extracts were separated using
10% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis and transferred to polyvinylidene difluoride
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membranes (Millipore, Billerica, MA, USA). After block-
ing the membranes, rabbit polyclonal antibodies against
FOXO04 (1:1000, ab128908, Abcam, Cambridge, UK) and
PHLPP2 (1:1000, ab71973, Abcam), and a GAPDH
monoclonal antibody (1:4000, #2118, Cell Signaling
Technology, Danvers, MA, USA) were incubated with
the membranes. The anti-rabbit or anti-mouse horseradish
secondary antibodies (1:5000,
#7074, Cell Signaling Technology) were then added to
the blots and the blots were exposed using an Image
Reader LAS-4000 (Fujifilm, Japan).

peroxidase-conjugated

Immunohistochemistry (IHC)

Tumor sections fixed in 4% formaldehyde were embedded
in paraffin, dewaxed, and rehydrated. Antigen retrieval
was performed by boiling in 10 mM sodium citrate buffer
(pH 6.0) for 30 min. Then, the samples were treated with
3% hydrogen peroxide for 10 min and blocked with 5%
goat serum for 30 min at room temperature. The sections
were incubated with anti-FOXO4 (1:100, 21535-1-AP;
Proteintech, Chicago, IL, USA), anti-PHLPP2 (1:100,
25244-1-AP; Proteintech), or normal rabbit IgG (#2729;
Cell Signaling Technology) as a control at 4°C overnight.
After washing, the sections were stained using the
Catalyzed Signed Amplification System Kit (Dako,
Carpinteria, CA, USA; code k5007).

Kaplan—Meier Survival Analysis

The Kaplan—-Meier plotter (www.kmplot.com) was used to
assess the effects of miR-762 expression on the overall
survival of patients with HNSCC. The cut-off value was

auto-selected in the algorithm.

Statistical Analyses

Statistical analyses were performed using SPSS version
17.0. The association between miR-762 expression and
the clinical features of patients with HNSCC was deter-
mined using the Chi-squared test. Spearman correlation
analysis was used to examine the expression correlation
between miR-762 and FOXO4/PHLPP2 mRNA
HNSCC samples. The mean comparison between groups

in

was performed using the two-tailed Student’s t-test.
Overall survival rates were calculated by the Kaplan—
Meier method and analyzed using a log rank test. Data
were presented as the mean + standard deviation. P values
< 0.05 were considered to indicate statistical significance.

Results
Upregulation of miR-762 Is Associated
with Poor Prognosis in HNSCC

To detect the expression of miR-762 in HNSCC tissues,
we examined miR-762 expression in 68 pairs of HNSCC
and NAT samples using qRT-PCR. The results showed
upregulated expression of miR-762 in HNSCC samples
compared to NAT samples (Figure 1A). In addition, we
tested the expression of miR-762 in five HNSCC cell lines
(FaDu, SCC-25, SCC-15, SCC-9 and CAL27), with the
human immortalized epithelial cell line (HaCaT) serving
as control. miR-762 expression was higher in the five
HNSCC cell lines than in HaCaT cells (Figure 1B).

To assess the correlation between miR-762 expression
and the clinical characteristics of patients with HNSCC, we
divided the HNSCC cases into two groups according to the
median value of miR-762 expression in HNSCC tissues. The
results showed a high correlation of miR-762 expression with
TNM stage in patients with HNSCC. However, no significant
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Figure | miR-762 was high expression in HNSCC tissues and cell lines.

Notes: (A) Relative expression of miR-762 was evaluated by RT-qPCR in 68 pairs of HNSCC and NAT tissues; (B) miR-762 expression in HaCaTand five HNSCC cell lines was
evaluated using RT-gPCR. (C) The result of Kaplan—Meier plotter website showing the survival curve between HNSCC patients with high- and low-miR-762 expression. (D) The
overall survival rates (OS) of 68 HNSCC cases from Peking University Hospital of Stomatology were calculated dependent on miR-762 expression. **p < 0.01.
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relationship was detected between miR-762 expression and
age, sex, and smoking status (Table 2). The Kaplan—Meier
survival curve (analyzed using the KM Plotter website) indi-
cated that patients with high miR-762 expression tended to
have poorer overall survival compared to those with high
miR-762 expression (Figure 1C). Our data consistently
showed that patients with high miR-762 expression had
shorter overall survival than those with low miR-762 expres-
sion (Figure 1D). These data suggest that upregulated miR-
762 is closely related to the progression of HNSCC and might
be a potential predictive biomarker of HNSCC outcome.

miR-762 Promotes Proliferation and

Migration of HNSCC Cells in vitro

Considering that HNSCC showed upregulated miR-762
expression, we speculated that miR-762 might play a role
in promoting HNSCC progression. To verify this hypoth-
esis, gain and loss-of-function assays were performed

using transient transfection strategies. We transfected

Table 2 Correlation Between the Clinicopathologic
Characteristics and Expression of miR-762 in HNSCC Cases
Characteristics | Number | Patients with miR-762 p-value
Expression
Low High

Age (years)
260 25 9 (36%) 16 (64%) 0.05
<60 43 25 (58.14%) | 18 (41.86%)

Gender
Male 48 23 (47.92%) | 25 (52.08%) | 0.76
Female 20 11 (55%) 9 (45%)

Smoking status
Smokers 35 18 (51.43%) | 17 (48.57%) | 0.71
Nonsmokers 33 16 (48.48%) | 17 (51.52%)

TNM stage
1-11 33 20 (60.61%) | 13 (39.39%) | <0.01
n-1v 35 14 (40%) 21 (60%)

T classification
TI-T2 46 25 (54.35%) | 21 (45.65%) | 0.14
T3-T4 2 9 (4091%) | 13 (59.09%)

N classification
NO-NI 48 26 (54.17%) | 22 (45.83%) | 0.56
N2-N3 20 9 (45%) 11 (55%)

Distant metastasis
Yes 5 2 (40%) 3 (60%) 035
No 63 32 (50%) 31 (49.21%)

Note: Distant metastasis represented the M classification.

SCC-9 and CAL27 cells (low levels of miR-762 expres-
sion) with miR-762 mimic or miR-NC, and transfected
SCC-15 cells (high expression levels of miR-762) with
miR-762 inhibitor or miR-NC. qRT-PCR analyses showed
that miR-762 mimic or miR-762 inhibitor significantly
upregulated or downregulated miR-762 expression,
respectively (Figure 2A and B).

The proliferation ability of HNSCC cells was investi-
gated using CCK-8 and IncuCyte proliferation assays. The
results indicated that miR-762 mimic significantly promoted
the proliferation of CAL27 and SCC-9 cells, whereas the
knockdown of miR-762 significantly inhibited proliferation
of SCC-15 cells (Figure 2C and D). In addition, the IncuCyte
demonstrated that miR-762-

overexpressing SCC-9 and CAL27 cells had stronger migra-

migration assay results

tory ability compared to the miR-NC-transfected group,
whereas SCC-15 cells transfected with miR-762 inhibitor
had weaker migratory ability (Figure 2E). These results
indicated that miR-762 overexpression promotes the malig-
nant progression of HNSCC cells in vitro.

Western blot analyses revealed that miR-762 mimic
enhanced the expression of p-AKT, N-cadherin, and
vimentin, but suppressed E-cadherin expression in SCC-9
and CAL27 cells (Figure 2F). Concordantly, opposite
results were detected with miR-762 inhibitor in SCC-15
cells (Figure 2F).

PHLPP2 and FOXO4 are Direct Targets

of miR-762

To further identify target mRNAs of miR-762, we upregu-
lated miR-762 expression by transfecting miR-762 mimic
into SCC-9 cells and screened the changes in mRNA level
by microarray (Figure 3A and B). In addition, the target
mRNAs were predicted by TargetScan7.0 (http://www.tar
getscan.org/). These two approaches identified a total of 151
candidate genes (Figure 3C). Based on the oncogenic
effects of miR-762 in HNSCC, we focused on the tumor
suppressor genes PHLPP2 and FOXO4 as putative targets
for further investigation. In addition, pathway enrichment
analyses indicated that miR-762 was closely related to the
PI3K pathway, which was consistent with our Western blot
results (Figure 3D).

Dual-luciferase reporter assay results showed that over-
expressed miR-762 significantly inhibited luciferase activity
from PHLPP2-wt or FOXO4-wt promoters, whereas cells
harboring PHLPP2-mut or FOXO4-mut promoters were not
susceptible to the effects of miR-762 expression. These
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Figure 2 Enhanced expression of miR-762 promoted HNSCC cell proliferation and migration in vitro.

Notes: (A and B) CAL27 and SCC-9 cells were transfected with miR-762 mimics and miR-NC, SCC-15 cells were transfected with miR-762 inhibitor and miR-NC. RT-
qPCR was used to detect the expression of miR-762 in SCC-9, CAL27 and SCC-15 cells treated as above described. (C-D) CCK-8 and IncuCyte proliferation assays were
used to detect the proliferation of CAL27, SCC-9 and SCC-15 cells treated as above described. (E) IncuCyte wound-healing assays were used to detect the migration of
CAL27, SCC-9 and SCC-15 cells and as evidenced in the following light microscopy images. (F) Western blot analysis of p-AKT, E-cadherin, N-cadherin and vimentin

expression in SCC-9, CAL27 and SCC-I5 cells treated as above described. *p < 0.01.
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762 mimics or miR-NC sequences. **p < 0.01.

results indicated that miR-762 could directly bind to the
mRNA 3’ UTRs of PHLPP2 and FOXO4 (Figure 3E and F).

gqRT-PCR and Western blot analyses further verified the
relationship between miR-762 and PHLPP2/FOXO4 at the
mRNA and protein levels, respectively. Ectopic expression
of miR-762 dramatically decreased the expression of
PHLPP2 and FOXO4 in CAL27 and SCC-9 cells (Figure
4A, B, and D). By contrast, downregulating miR-762
expression with miR-762 inhibitor increased PHLPP2
and FOXO04 expression in SCC-15 cells (Figure 4C and
D). These results demonstrated that PHLPP2 and FOXO4
are direct targets of miR-762.

gRT-PCR revealed low expression of PHLPP2 and
FOXO4 in HNSCC tissues compared to that in NAT
samples (Figure 4E). Moreover, Pearson correlation ana-
lyses showed a significant inverse correlation between the
expression of PHLPP2/FOX04 and miR-762 in HNSCC
tissues (Figure 4F).

PHLPP2 and FOXO4 Mediate the Role of

miR-762 in HNSCC Cells

Given that miR-762 suppressed PHLPP2/FOXO04 expression
and promoted HNSCC progression, rescue assays were con-
ducted to investigate whether PHLPP2 and FOXO4
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Figure 4 PHLPP2 and FOXO4 were direct targets of miR-762.

5 10 1
The expression of miR-762 The expression of miR-762

Notes: (A-D) CAL27 and SCC-9 cells were transfected with miR-762 mimics and miR-NC, SCC-15 cells were transfected with miR-762 inhibitor and miR-NC. RT-qPCR
and Western blot were used to examine the mRNA and protein expression levels of PHLPP2 and FOXO4 in above treated CAL27, SCC-9 and SCC-15 cells. (E) Relative
expression levels of PHLPP2 and FOXO4 in 68 pairs of HNSCC and NAT tissues. (F) Pearson correlation analysis between PHLPP2/FOXO4 mRNA and miR-762 expression

in HNSCC. *p < 0.01.

participate in the promotion of miR-762 on the proliferation
and migration of HNSCC cells. We transfected overexpression
plasmid pc-PHLPP2 or pc-FOXO4 miR-762-
overexpressing CAL27 cells to upregulate their expression
(Figure 5A). CCK-8 and IncuCyte assays revealed that pro-
liferation and migration were decreased after we ectopically
restored PHLPP2 and FOXO4 expression (Figure 5B).
Concordantly, the knockdown of PHLPP2 and FOXO4
enhanced the proliferation and migration of CAL27 cells
(Figure 5C and D). Western blot analyses demonstrated that
overexpression of PHLPP2 or FOXO4 reversed the effects of
miR-762 on the expression of several proteins (Figure 5E);

into

the expression of p-AKT, N-cadherin, and vimentin was
decreased, but E-cadherin expression was increased. By con-
trast, silencing of PHLPP2 and FOXO4 with siRNAs had
similar effects to those observed with miR-762 upregulation,
showing enhanced p-AKT, N-cadherin, and vimentin expres-
sion, and suppressed E-cadherin expression (Figure 5F). These
results indicated that PHLPP2 and FOXO4 are functional
downstream mediators of miR-762 in HNSCC.

miR-762 Promotes Tumor Growth in vivo
We established a xenograft mouse tumor model to explore
the function of miR-762 on HNSCC cell growth in vivo.
CAL27 cells were infected with the lentivirus particles
Lenti-miR-762 or Lenti-Mock, and infection efficiency

was confirmed via qRT-PCR (Figure 6A). Then, trans-
fected cells were inoculated subcutaneously into female
nude mice. Tumor volume was monitored every 4 days,
and nude mice were sacrificed after 4 weeks of consecu-
tive observation. The results showed a greater tumor
volume and weight in the Lenti-miR-762 group than in
the Lenti-Mock group of nude mice (Figure 6B-D).
PHLPP2 and FOXO4 were distributed in cytoplasm and
nucleus of cells and IHC analyses showed lower expres-
sion of PHLPP2 and FOXO4 in the Lenti-miR-762 group
than in the Lenti-Mock group (Figure 6E). These observa-
tions indicated that miR-762 could effectively promote
HNSCC growth in vivo.

Discussion

HNSCC shows aberrant expression of numerous miRNAs,
which are involved in the initiation and progression of
HNSCC.""?!' To our knowledge, this study is the first to
reveal the role of miR-762 in HNSCC. We detected miR-
762 expression in HNSCC tissues and cell lines and inves-
tigated the clinical significance of miR-762 in patients
with HNSCC. Furthermore, we assessed the biological
effects of miR-762 on HNSCC progression in vitro and
in vivo and explored the potential tumor-promoting
mechanism of miR-762 in HNSCC cells.
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Figure 5 PHLPP2 and FOXO4 mediated the tumor-promotive effects of miR-762 on HNSCC cells.

Notes: (A) miR-762 mimics, along with pcDNA3. I, pc-PHLPP2 or pc-FOXO4, were co-transfected into CAL27 cells. Relative expression levels of PHLPP2 and FOXO4 of
above treated CAL27 cells were detected by RT-qPCR; (B) The proliferation and migration ability of above treated CAL27 cells were measured using CCK-8 and IncuCyte
assays; (C) Relative expression levels of PHLPP2 and FOXO4 in CAL27 cells transfected with siPHLPP2, siFOXO4 or siNC were detected by RT-qPCR. (D) The proliferation

and migration ability of CAL27 cells transfected with siPHLPP2, siFOXO4 or siNC
FOXO4, p-AKT, E-cadherin, N-cadherin and vimentin in above treated CAL27 cel

were measured by CCK-8 and IncuCyte assays; (E) Western blot analysis of PHLPP2,
Is. (F) Western blot analysis of PHLPP2, FOXO4, p-AKT, E-cadherin, N-cadherin and

vimentin of CAL27 cells transfected with siPHLPP2, siFOXO4 or siNC. *p < 0.05, **p < 0.01.

Previous studies revealed upregulated miR-762 expres-
sion in breast cancer cell lines and tissues.'® Similarly,
miR-762 is abnormally elevated in ovarian cancer tissues
and cell lines, and patients with high levels of miR-762
expression show significantly worse overall survival than
those with low levels of expression.'” Notably, miR-762 is
significantly upregulated in animal model of oral squa-
mous cell carcinoma in an Syrian hamster.*

Herein, we showed upregulated miR-762 expression in
HNSCC tissues and cell lines. The high miR-762 expression
was significantly correlated with TNM stage of HNSCC
patients. Furthermore, HNSCC patients with high-expressing
miR-762 had a shorter overall survival time than those with
low-expressing miR-762. These findings suggest that miR-
762 might be a diagnostic or prognostic molecule of HNSCC.

miR-762 has been identified as a tumor promoter in
breast cancer, overexpressed miR-762 facilitates the pro-
liferation and invasion of breast cancer cells.'® In addition,
enhanced miR-762 expression facilitates the proliferation
and apoptosis resistance through the Wnt/B-catenin signal-
ing pathway in ovarian cancer.'’ Furthermore, increased
miR-762 expression promotes the migration and invasion
of ovarian cancer and muscle-invasive bladder cancer
cells.'”* However, the specific roles of miR-762 in
HNSCC remain unclear. Here, we showed that miR-762
had tumor-promotive effects on the malignant characteris-
tics of HNSCC, promoting cancer cell proliferation and
migration in vitro and tumor growth in vivo. In addition,
pathway enrichment analyses uncovered the close relation-
ship between miR-762 and the PI3K pathway. Western
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blot analyses revealed that miR-762 could activate the
AKT signaling pathway and promote the EMT in
HNSCC cells. These results suggest that miR-762 could
be a promising therapeutic target in HNSCC.

miRNAs function mainly by directly regulating the
mRNA of numerous downstream genes. Multiple targets of
miR-762 have been identified, including RNase7, ST2, IRF7
and menin.'®'”** Here, PHLPP2 and FOXO4 mRNAs were
screened as putative targets of miR-762 via bioinformatics
algorithms and microarrays. PHLPP2 has been identified as
a tumor suppressor in hepatocellular carcinoma, ovarian can-
cer, colorectal cancer, and gastric cancer, and downregulation
of PHLPP2 promotes proliferation and invasion of these
cancers.”> 2 FOX04, a member of the FOXO family, plays
an important role in tumor suppression. Overexpression of
FOXO4 induces apoptosis in clear-cell renal carcinoma
cells.”” Forced expression of FOXO4 prevents the growth
and metastasis of gastric cancer in vitro and dramatically
restricts tumor growth in vivo.*

In the present study, luciferase activity reporter assays,
gRT-PCR, and Western blot analyses confirmed that
PHLPP2 and FOXO4 were targets of miR-762. Importantly,

the mRNA levels of PHLPP2 and FOXO4 were inversely
correlated with miR-762 expression level in HNSCC tissues.
Rescue assays were performed to investigate whether the
effects of miR-762 in regulating HNSCC could be attributed
to its regulation of PHLPP2 and FOXO4. The results showed
that knockdown of PHLPP2 and FOXO4 mimicked the
tumor-promotive effects of miR-762 in HNSCC. By contrast,
overexpression of PHLPP2 or FOXO4 could abrogate the
promotive effects of miR-762 on proliferation and migration
of HNSCC cells. As a phosphatase, PHLPP2 dephosphory-
lates AKT at serine 473 to reduce AKT activity.>' Suppression
of PHLPP2 leads to upregulation of p-AKT and acceleration
of the EMT in gastric cancer.> Downregulated FOXO4 not
only promotes proliferation and metastasis of cervical cancer
cells, but also facilitates the EMT.>* Western blot assays
demonstrated that miR-762 mimic and knockdown of
PHLPP2 and FOXO4 enhanced p-AKT expression, and facili-
tated the EMT in HNSCC cells. However, miR-762 inhibitor
and overexpression of PHLPP2 or FOXO4 could reverse the
influence of miR-762 on the above proteins. These data sug-
gested that miR-762 promotes cell proliferation and migration
by modulating PHLPP2 and FOXOA4.
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Conclusion

HNSCC samples showed upregulated expression of miR-
762, which promoted cell proliferation and migration.
miR-762 directly targeted PHLPP2 and FOXO4 to regu-
late p-AKT expression and the EMT in HNSCC cells.
These results suggest that miR-762 might be a potential
therapeutic target for HNSCC.
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