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Recently, microRNA-367 (miR-367) has been reported to function as both tumor suppressor
and oncogene in several cancer types, including gastric cancer, hepatocellular cancer and
lung cancer. However, the biological function of miR-367 and its precise mechanisms in oral
squamous cell carcinoma (OSCC) have not been well clarified. The aim of the present study
was to study the roles of miR-367/PIK3R3 axis in OSCC. The levels of PIK3R3 and miR-367
were detected by quantitative PCR assay in OSCC tissues and cell lines. Moreover, the bio-
logical roles of miR-367 and PIK3R3 in OSCC cells were assessed by cell proliferation and
invasion. The mRNA and protein levels of PIK3R3 were determined by using quantitative
PCR and Western blotting assays. Luciferase assays were used to confirm that PIK3R3 was
one target of miR-367. In the present study, the miR-367 level was dramatically reduced in
OSCC tissues and cell lines, and the PIK3R3 expression was significantly enhanced. What’s
more, the PIK3R3 expression was negatively related to the miR-367 level in OSCC tissues.
Furthermore, up-regulation of miR-367 obviously restrained OSCC cells proliferation and
invasion. We confirmed that miR-367 could directly target PIK3R3 by luciferase reporter
assay. Besides, knockdown of PIK3R3 also could markedly inhibit the proliferation and in-
vasion of OSCC cells. Finally, overexpression of miR-367 in OSCC cells partially reversed
the promoted effects of PIK3R3 up-regulation. Overexpression of miR-367 restrained OSCC
cells proliferation and invasion via regulation of PIK3R3.

Introduction
Oral squamous cell carcinoma (OSCC) has high incidence rate, and is a malignant tumor of oral max-
illofacial region [1,2]. In recent years, advanced technologies have been developed in both experimental
and clinical fields. Due to invasive characteristics and highly malignancy, the prognosis of OSCC is still
unfavorable. Moreover, the 5-year survival rates are still less than 50%, and have not been improved in
the last 3 decades [3–5]. Up to now, it is unable to meet the needs of the patients for the traditional treat-
ment method, and then it needs new therapeutic strategies to improve the prognosis of OSCC patients.
Therefore, in order to identify useful biomarkers and novel therapeutic targets, it is critical to find out the
biological mechanisms of OSCC.

MicroRNAs (miRNAs) are a family of endogenous, small noncoding RNAs. They regulate the transla-
tion or induce degradation of specific protein coding genes through binding to the 3′-untranslated regions
of the mRNA [6]. According to the bioinformatic analysis, it predicted that miRNAs targeted more than
60% of human genes [7]. Previous reports demonstrated that altered miRNAs expressions were partici-
pated in tumorigenesis and the development of various cancers [8–10]. Thus, miRNAs are thought to be
markers of cancers diagnosis, progression and prognosis [11]. Many human miRNAs have been confirmed
to be dysregulated in OSCC, including miR-488, miR-199a, miR-211, miR-106a and miR-16 [12–16]. Up
to now, miR-367 has been reported to function as an oncogene in melanoma, non-small cell lung cancer,
osteosarcoma [17–19], or function as a tumor suppressor in gastric cancer [20], the functions of miR-367
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in OSCC were rare unexplored previously. Therefore, we investigated the functional roles and its mechanisms of
miR-367 in OSCC.

Here, in order to investigate the functional role of miR-367 in OSCC, we detect the miR-367 level in OSCC tissues
and cell lines. Next, we predicted that miR-367 directly targeted PIK3R3 according to the online database TargetScan
7.2. For further study, we explored the relationship between miR-367 and PIK3R3 in OSCC tissues. At last, the effects
of miR-367 overexpression or PIK3R3 silencing on proliferation and invasion of OSCC cells were determined.

Materials and methods
Human tissue samples
Thirty pairs of human OSCC tissues and their adjacent non-cancer tissues were collected from patients at the Beijing
Tongren Hospital Affiliated to Capital Medical University between Feb 2017 and June 2018. All samples were im-
mediately frozen in liquid nitrogen for subsequent quantitative RT-PCR and Western blot analysis. All participants
signed written informed consent. The present study was approved by the Ethical Committee of Beijing Tongren Hos-
pital Affiliated to Capital Medical University (BJTRH2017012212) and complied with the guidelines and principles
of the Declaration of Helsinki.

Cell culture
The human OSCC cell lines such as SCC1, SCC4, H157, Cal-27, HSC-2 and the normal oral keratinocyte cell lines
(NHOK) were purchased from the American Type Culture Collection (ATCC, U.S.A.). All the cells were cultured
in the DMEM/F12 medium containing 10% FBS (GIBCO, U.S.A.) and penicillin/streptomycin (100 U/ml and 100
mg/ml, respectively) (GIBCO, U.S.A.) at 37◦C in a humidified atmosphere of 5% CO2.

Transient transfection
The miR-367 mimics, miRNA-negative control (miR-NC), miR-367 inhibitors, anti-miR-NC, si-NC and si-PIK3R3
were purchased from Gene-Pharma (Shanghai, China). The PIK3R3-overexpression plasmid was generated by
inserting PIK3R3 cDNA into a pcDNA3.1 vector, which was sequenced and confirmed by Gene-Pharma.
The miR-367 mimics, miR-NC, miR-367 inhibitors, anti-miR-NC, si-NC, si-PIK3R3, pcDNA3.1 vector and
PIK3R3-overexpression plasmid were transfected using Lipofectamine 3000 reagent (Invitrogen, U.S.A.) per the man-
ufacturer’s protocols. Cells were transfected for 48 h, and total RNA and protein were collected.

Isolation of RNA and quantitative polymerase chain reaction analysis
Total RNA from OSCC cells were extracted using TRIzol (Invitrogen, U.S.A.) following the manufacturer’s pro-
tocols. MiRNA-specific RT primers (RiboBio, Guangzhou, China) for miR-367 and random primers (TaKaRa,
Dalian, China) for mRNAs were synthesized. Quantitative polymerase chain reaction (qPCR) was used to measure
Reverse-transcribed cDNA with SYBR Green PCR Kit (QIAGEN, Shanghai, China) under the following conditions:
predenaturation at 95◦C for 5 min, denaturation at 95◦C for 10 s, annealing and extension at 60◦C for 30 s, the fol-
lowed steps were running for 40 cycles. The relative miRNA and mRNA expression levels were normalized by U6 and
GAPDH, respectively. The relative expression levels of miR-367, PIK3R3, CDK2, CDK4, cyclin D1, cyclin E1, p21,
p27, MMP-2, MMP-9 and TIMP-1 were normalized to those of internal control U6 or GAPDH using the comparative
delta CT (2−��Ct) method. Prime sequences are shown in Table 1.

Protein extraction and Western blot analysis
Transfected cells were lysed with RIPA lysis buffer (Thermo, U.S.A.) containing protease inhibitors (Thermo, U.S.A.).
The concentration of extracted protein was measured by using a BCA protein assay kit (Thermo, U.S.A.). Equal
amounts of protein were separated with 10% SDS-PAGE and transferred to polyvinylidene difluoride (PVDF) mem-
branes (Millipore, U.S.A.). The membranes were then blocked with 5% non-fat milk in TBST for 1 h at room tem-
perature, followed by incubation with primary antibodies of PIK3R3 (ab238509), cyclin D1 (ab16663), cyclin E1
(ab33911), CDK2 (ab32147), CDK4 (), p21 (ab109520), p27 (ab32034), MMP-2 (ab92536), MMP-9 (ab76003) and
TIMP-1 (ab211926) (Abcam, U.S.A.) overnight at 4◦C. Subsequently, the membranes were washed with TBST three
times and probed with the corresponding horseradish peroxidase-conjugated secondary antibodies (Cell Signaling
Technology Inc., U.S.A.) for 2 h at room temperature. ECL reagent (Pierce) was used to detect the signals on the
membranes.
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Table 1 Sequences of primers for qRT-PCR

Gene Primer Sequence

PIK3R3 F: 5′-TACAATACGGTGTGGAGTATGGA-3′

R: 5′-TCATTGGCTTAGGTGGCTTTG-3′

CDK2 F: 5′-TGTTTAACGACTTTGGACCGC-3′

R: 5′-CCATCTCCTCTATGACTGACAGC-3′

CDK4 F: 5′-GGGGACCTAGAGCAACTTACT-3′

R: 5′-CAGCGCAGTCCTTCCAAAT-3′

Cyclin D1 F: 5′-GCTGCGAAGTGGAAACCATC-3′

R: 5′-CCTCCTTCTGCACACATTTGAA-3′

Cyclin E1 F: 5′-AAGGAGCGGGACACCATGA-3′

R: 5′-ACGGTCACGTTTGCCTTCC-3′

p21 F: 5′-TGTCCGTCAGAACCCATGC-3′

R: 5′-AAAGTCGAAGTTCCATCGCTC-3′

p27 F: 5′-AACGTGCGAGTGTCTAACGG-3′

R: 5′-CCCTCTAGGGGTTTGTGATTCT-3′

MMP-2 F: 5′-TACAGGATCATTGGCTACACACC-3′

R: 5′-GGTCACATCGCTCCAGACT-3′

MMP-9 F: 5′-TGTACCGCTATGGTTACACTCG-3′

R: 5′-GGCAGGGACAGTTGCTTCT-3′

TIMP-1 F: 5′-CTTCTGCAATTCCGACCTCGT-3′

R: 5′-ACGCTGGTATAAGGTGGTCTG-3′

miR-367 F: 5′-ACTGTTGCTAATATGCAACTC-3′

R: 5′-GAACATGTCTGCGTATCTC-3′

U6 F: 5′-CTCGCTTCGGCAGCACA-3′

R: 5′-AACGCTTCACGAATTTGCGT-3′

GAPDH F: 5′-GAGTCAACGGATTTGGTCGTATTG-3′

R: 5′-CCTGGAAGATGGTGATGGGATT-3′

Transwell invasion assay
After transfection, cells were resuspended in serum-free DMEM/F12 medium, and then were seeded into the upper
chamber (Corning, New York, U.S.A.) coated with matrigel (BD, San Jose, CA, U.S.A.), and medium containing 10%
FBS was added into the bottom chamber. After incubation for 24 h, cells remaining on the upper membrane were
carefully removed, and those migrating to the basal side of the membrane were fixed with 4% paraformaldehyde and
stained with crystal violet (Sigma, St. Louis, MO, U.S.A.) for 30 min. Finally, migrated cells in random three visual
fields were photographed and counted under a microscope (Olympus, Tokyo, Japan). Finally, the washing solution
was examined at 540 nm by using microplate reader (Thermo, U.S.A.) for the counting of the number of OSCC cells.

Luciferase reporter assay
The luciferase reporter vectors (pGL3-PIK3R3-3′UTR WT and pGL3-PIK3R3-3′UTR MUT) were synthesized
by GenePharma. SCC1 cells were seeded into 24-well plates and transfected with pGL3-PIK3R3-3′UTR WT or
pGL3-PIK3R3-3′UTR MUT, along with miR-367 mimics or miR-NC using Lipofectamine 3000 per the manu-
facturer’s instructions. After transfection for 48 h, luciferase reporter assays were performed with the Promega
Dual-Luciferase Reporter Assay System. The relative firefly luciferase activities were measured by normalizing to
renilla luciferase activities.

Statistical analysis
The data were expressed as the means +− standard error of the mean (S.E.M.). The number of independent experiments
was represented by “n”. Correlations between miR-367 and PIK3R3 levels were analyzed using Pearson’s correlation
coefficient. Two-tailed Student’s t-test was used for other comparisons. The associations between miR-367 level and
clinicopathological features were analyzed using χ2 test. P<0.05 was considered statistically significant.
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Figure 1. The levels of miR-367 in OSCC tissues and cell lines

(A) Quantitative RT-PCR analysis of miR-367 level in OSCC tissues and adjacent normal tissues. Transcript levels were normalized

to U6 level. (B) Relative miR-367 level analyzed via quantitative RT-PCR in five OSCC cell lines normalized to U6 (n=6). All data are

presented as means +− SEM. *P<0.05, **P<0.01, ***P<0.001 vs. normal tissues or NHOK.

Table 2 Relationship between miR-367 expression and their clinic-pathological characteristics of OSCC patients

Item Cases (n=30) miR-367 P-value
High Low

Age (years) 0.698

≥54 cm 20 11 9

<54 cm 10 4 6

Gender 0.869

Female 11 8 3

Male 19 13 6

Clinical stage 0.015*

I-II 9 6 3

III-IV 21 3 18

Tumor size 0.011*

<4 cm 19 14 5

≥4 cm 11 2 9

Statistical analyses were performed by the χ2 test. *P<0.05 was considered significant.

Results
High level of miR-367 in OSCC tissues and cells
In the present study, the miR-367 level in OSCC tissues and cells were detected by using qRT-PCR. Our findings
demonstrated that the miR-367 level in the OSCC tissues was lower than that in the adjacent tissues (Figure 1A). In
addition, as we saw in Table 2, miR-367 was highly related to stage and tumor size. The results above indicated that
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miR-367 was correlated with OSCC progression. Next, the data further confirmed that the miR-367 level was lower
in SCC1 cells than that in the other five OSCC cell lines (Figure 1B). Therefore, SCC1 cells were used in the following
experiments.

The effect of miR-367 on proliferation of OSCC cells
After transfection with miR-367 mimic or inhibitor, the results showed that the miR-367 level was significantly
up-regulated or down-regulated in a miR-367 mimic or inhibitor group compared to a miR-NC group (Figure 2A),
respectively. To study the role of miR-367 in regulating SCC1 cells proliferation, our results suggested that knockdown
of miR-367 significantly promoted SCC1 cells proliferation (Figure 2B). However, transfection with miR-367 mimic
suppressed the cell proliferation of SCC1 cells compared with the miR-NC group (Figure 2B). Next, overexpression of
miR-367 reduced expressions of cyclin D1, cyclin E1, CDK2, CDK4 and enhanced the expressions of p21, p27 at the
protein and mRNA levels (Figure 2C). In addition, down-regulation of miR-367 had opposite effects on regulating
expressions of these cell cycle genes (Figure 2C).

The effects of miR-miR-367 on invasion in OSCC cells
Compared with the miR-NC group, the results from Transwell assays showed that increased miR-367 level signif-
icantly reduced the number of invading OSCC cells (Figure 3A). However, miR-367 inhibitor could promote cell
invasion ability compared with anti-miR-NC group (Figure 3A). In addition, we detected MMP-2, MMP-9 and
TIMP-1 expressions by qRT-PCR and Western blot. The results indicated that MMP-2 and MMP-9 expressions were
markedly decreased by enhancing miR-367 level in SCC1 cells (Figure 3B,C), while expression of TIMP-1 was dra-
matically increased (Figure 3B,C). However, reduced miR-367 level up-regulated the expressions of MMP-2, MMP-9
and down-regulated TIMP-1 expression (Figure 3B,C).

miR-367 directly targeted PIK3R3 3′UTR
Actually, we found a miR-367-binding site in the 3′UTR of PIK3R3 by using TargetScan 7.2 online database (Figure
4A). Then, we validated PIK3R3, a critical oncogene, is a direct target of miR-367 by luciferase reporter assay. Intro-
duction of miR-367 significantly suppressed WT PIK3R3 reporter activity but not the activity of the mutated reporter
construct in SCC1 cells, suggesting that miR-367 could specifically target the PIK3R3 3′UTR by binding to the seed se-
quence (Figure 4B). Up-regulation of miR-367 could obviously reduce PIK3R3 expression, whereas down-regulation
of miR-367 enhanced PIK3R3 expression (Figure 4C). These results suggested that miR-367 directly targeted PIK3R3
through 3′UTR sequence binding.

Next, the PIK3R3 expression was detected by qRT-PCR in OSCC tissues. Our results demonstrated that the PIK3R3
expression was obviously up-regulated in OSCC tissues compared with the adjacent tissues (Figure 4D). Next, we also
determined the PIK3R3 expression in five OSCC cell lines (such as SCC1, SCC4, H157, Cal-27, HSC-2) and a human
normal oral keratinocyte cell culture (NHOK). The PIK3R3 expression in SCC1 cells was higher than that in other
five cell lines (Figure 4E). Finally, the Pearson’s correlation analysis revealed a significant inverse correlation between
PIK3R3 and miR-367 in OSCC tissues (Figure 4F). From the above data, we predicted that miR-367 might negatively
regulate PIK3R3 expression.

Knockdown of PIK3R3 restrained OSCC cells proliferation and invasion
To investigate the functional roles of PIK3R3 in OSCC cells, the proliferation and invasion of OSCC cells were de-
tected after transfection with si-NC or si-PIK3R3. Transfection with si-PIK3R3 significantly decreased the PIK3R3
expression in SCC1 cells compared with the si-NC group (Figure 5A). Then, we found that silencing PIK3R3 ev-
idently suppressed the proliferation of SCC1 cells (Figure 5B). Moreover, down-regulation of PIK3R3 reduced the
expressions of cyclin D1, cyclin E1, CDK2, CDK4, and enhanced the expressions of p21, p27 (Figure 5C). Next, Tran-
swell assay revealed that decreased PIK3R3 expression suppressed invasion of SCC1 cells (Figure 5D). For further
study, knockdown of PIK3R3 markedly down-regulated expressions of MMP-2, MMP-9 and up-regulated expression
of TIMP-1 in SCC1 cells (Figure 5E). Consequently, silencing PIK3R3 remarkably restrained OSCC cells proliferation
and invasion.

Up-regulation of miR-367 markedly reversed the effects of PIK3R3
overexpression on the proliferation and invasion of OSCC cells
To determine whether miR-367 regulated the proliferation and invasion of OSCC cells by directly targeting PIK3R3,
we cotransfected pcDNA3.1 or pcDNA-PIK3R3 with or without miR-367 mimic into SCC1 cells (Figure 6A). In-
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Figure 2. The effects of miR-367 on proliferation and related molecules in OSCC cells

SCC1 cells were transfected with miR-367 mimic or inhibitor for 48 h. (A) The level of miR-367 was detected by quantitative

RT-PCR. (B) Cell proliferation was assessed by a BrdU-ELISA assay. (C) The protein and mRNA expressions of CDK2, CDK4, cyclin

D1, cyclin E1, p21 and p27 were determined by Western blot and quantitative RT-PCR. All data are presented as means +− SEM,

n=6; #P<0.05, ##P<0.01, ###P<0.001 vs. miR-NC or anti-miR-NC.
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Figure 3. The effects of miR-367 on the invasion and related molecules expressions in OSCC cells

SCC1 cells were transfected with miR-367 mimic or inhibitor for 48 h. (A) The invasion was assessed by Transwell assay. (B) Protein

expressions of MMP-2 MMP-9 and TIMP-1 were detected by Western blot assay. (C) The mRNA expressions of MMP-2, MMP-9

and TIMP-1 were examined by qRT-PCR. All data are presented as means +− SEM, n=6. ##P<0.01 vs. miR-NC or anti-miR-NC.
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Figure 4. PIK3R3 is a direct target of miR-367

SCC1 cells were transfected with miR-367 mimic or inhibitor for 48 h. (A) Schematic representation of PIK3R3 3′UTRs showing

putative miRNA target site. (B) The analysis of the relative luciferase activities of PIK3R3-WT and PIK3R3-MUT. (C) The protein

expressions of PIK3R3 were determined via Western blot assay. (D) Quantitative RT-PCR analysis of PIK3R3 expression in OSCC

tissues (n=30) and adjacent normal tissues (n=30). Transcript levels were normalized to GAPDH expression. (E) Relative PIK3R3

expression analyzed via quantitative RT-PCR in five OSCC cell lines normalized to GAPDH (n=6). (F) Pearson’s correlation analysis

of the relative expression levels of miR-367 and the relative PIK3R3 mRNA levels in OSCC tissues. All data are presented as means
+− SEM, n=6. ##P<0.01 vs. miR-NC; *P<0.05, **P<0.01, ***P<0.001 vs. normal tissues or NHOK.
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Figure 5. The effects of PIK3R3 overexpression on the proliferation and EMT in OSCC cells

SCC1 cells were transfected with pcDNA-PIK3R3 or pcDNA3.1 for 48 h. (A) The protein expression of PIK3R3 was determined via

Western blot. (B) Cell proliferation was assessed by a BrdU-ELISA assay. (C) The protein and mRNA expressions of CDK2, CDK4,

cyclin D1, cyclin E1, p21 and p27 were determined by Western blot and quantitative RT-PCR, respectively. (D) The invasion of

OSCC cells was assessed by Transwell assay. (E) The mRNA levels of MMP-2, MMP-9 and TIMP-1 were detected by quantitative

RT-PCR assay. All data are presented as means +− SEM, n=6; #P<0.05, ##P<0.01, ###P<0.001 vs. pcDNA3.1.
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Figure 6. Introduction of PIK3R3 promoted cell proliferation and invasion in miR-367-overexpressing OSCC cells

SCC1 cells were cotransfected with pcDNA3.1 or pcDNA-PIK3R3 with or without miR-367 mimic. (A) The protein expression of

PIK3R3 was determined by Western blot assay. (B) Cell proliferation was assessed by a BrdU-ELISA assay. (C) The expressions of

CDK2, CDK4, cyclin D1, cyclin E1, p21 and p27 were determined by Western blot and quantitative RT-PCR, respectively. (D) The

invasion of OSCC cells was assessed by Transwell assay. (E) The mRNA levels of MMP-2, MMP-9 and TIMP-1 were detected by

quantitative RT-PCR assay. All data are presented as means +− SEM, n=6. *P<0.05, **P<0.01, ***P<0.001 vs. pcDNA3.1; #P<0.05,
##P<0.01 vs. pcDNA-PIK3R3.
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troduction of miR-367 abrogated the promoted effect of PIK3R3 up-regulation on cell proliferation (Figure 6B).
At the same time, expressions of cyclin D1, cyclin E1, CDK2, CDK4 were decreased and expressions of p21, p27
were increased in PIK3R3-overexpressing SCC1 cells after exogenous up-regulation of miR-367 (Figure 6C). Next,
the data showed that introduction of miR-367 partially reversed the invasion of SCC1 cells promoted by PIK3R3
overexpression (Figure 6D), through decreasing MMP-2, MMP-9 expressions and increasing TIMP-1 expression
(Figure 6E). Hence, the promoted effects of PIK3R3 overexpression were reversed by miR-367 mimic. Altogether,
all above results suggested that overexpression of miR-367 restrained OSCC cells proliferation and invasion via di-
rectly down-regulating PIK3R3 expression.

Discussion
miRNAs serve as important regulatory factors, which affects OSCC progression. Overexpression of miR-488 sup-
pressed OSCC cell invasion and EMT via regulating ATF3 expression [12]. Wei et al. indicated that up-regulation of
miR-199a inhibited OSCC cell proliferation and induced OSCC cell apoptosis through regulating the IKKβ/NF–κB
signaling pathway [13]. Numerous studies have found that miR-367 not only affected cell proliferation, but also was
closely associated with prognosis in cancers including osteosarcoma, melanoma, gastric cancer and non-small cell
lung cancer [17–20].

In the present study, our results showed that the miR-367 level was down-regulated in OSCC tissues compared
with the adjacent normal tissues. And miR-367 level was also down-regulated in OSCC cell lines compared with
NHOK cells. Moreover, we explored the functional roles of miR-367 in OSCC cells. First, we found that overexpres-
sion of miR-367 significantly inhibited OSCC cell proliferation than the cells transfected with anti-miR-NC, whereas
down-regulation of miR-367 promoted OSCC cell proliferation. Cell cycle regulation involved complex events. Such
events revealed that cell cycle related proteins provided a promising mechanism for the inhibition of growth [21,22].
An earlier study suggested that the up-regulation of cyclin-dependent kinases (CDKs) and cyclin (D1 and E1) were
participated in cell cycle progression and arrested cells at the G0/G1 phase [22]. The p21 and p27 has been reported
as an inhibitor of CDK protein with an anti-proliferative effect on mesangial cells [23]. Here, we also found that in-
troduction of miR-367 reduced expressions of CDK2, CDK4, cyclin D1 and cyclin E1 while it enhanced p21 and p27
expressions.

Invasion is one process of metastasis. Here, the data indicated that increased or decreased miR-367 level signifi-
cantly inhibited or enhanced the invasive ability of SCC1 cells compared with the control group. Furthermore, one
of very important steps for cancer cell invasion is that proteolytic enzymes degrade the extracellular matrix (ECM)
components [24]. And the MMPs degrading ECM process contributes to cancer cells angiogenesis, invasion and
metastasis [25–27]. Both MMP-2 and MMP-9 degrade components of the basement membrane to promote cancer
invasion [26,28,29]. Moreover, it is reported that the imbalance between TIMPs and MMPs is important in early
events of tumor progression [30]. Next, up-regulation of miR-367 significantly decreased expressions of MMP-2,
MMP-9, and increased the TIMP-1 expression in SCC1 cells, whereas down-regulation of miR-367 enhanced both
MMP-2 and MMP-9 expressions and reduced TIMP-1 expression. All above results indicated that miR-367 restrained
cell proliferation and EMT of OSCC.

It is well known that miRNAs perform their function by regulating the expression of its target gene. Thus, we explore
the functional target gene for miR-367 that was involved in OSCC progression. Targetscan and luciferase reporter
assay suggested that PIK3R3 might be the functional target gene of miR-367. Furthermore, increased expression or
knockdown of miR-367 significantly inhibited or promoted PIK3R3 expression, respectively. PIK3R3 is an oncogene
and participated in development and progression of multiple cancers [31–36]. In our study, we also observed that
PIK3R3 protein and mRNA expressions were frequently at high expression in tumor tissue when compared with
its paired non-tumor tissues, which agreed with previous studies in ovarian cancer, colorectal cancer, hepatocellular
carcinoma, pancreatic cancer, lung cancer and glioma malignancy [31–36]. Hence, our result indicated that PIK3R3
expression may play a cardinal role in tumorigenesis of OSCC. Besides, miR-367 level was inversely correlated with
PIK3R3 expression in OSCC. Moreover, the data showed that Silencing PIK3R3 could restrain the proliferation and
invasion of OSCC cells. Next, our results showed that introduction of miR-367 inhibited the proliferation and invasion
of OSCC cells promoted by overexpression of PIK3R3. Our findings demonstrated that miR-367 might act as a tumor
suppressor in OSCC by directly targeting PIK3R3.

© 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).
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Conclusion
Altogether, the miR-367 level was dramatically down-regulated and the PIK3R3 expression was significantly
up-regulated in OSCC tissues. Introduction of miR-367 suppressed proliferation and invasion of OSCC cells by di-
rectly down-regulating PIK3R3 expression. Hence, these findings suggested important roles for miR-367/PIK3R3 axis
in the OSCC pathogenesis and its potential application in cancer therapy.
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1 Pérez-Sayáns, M., Somoza-Martı́n, J.M., Barros-Angueira, F., Reboiras-López, M.D., Gándara Rey, J.M. and Garcı́a-Garcı́a, A. (2009) Genetic and

molecular alterations associated with oral squamous cell cancer (Review). Oncol. Rep. 22, 1277–1282, https://doi.org/10.3892/or˙00000565
2 Lwin, C.T., Hanlon, R., Lowe, D., Brown, J.S., Woolgar, J.A., Triantafyllou, A. et al. (2012) Accuracy of MRI in prediction of tumour thickness and nodal

stage in oral squamous cell carcinoma. Oral Oncol. 48, 149–154, https://doi.org/10.1016/j.oraloncology.2011.11.002
3 Jensen, D.H., Dabelsteen, E., Specht, L., Fiehn, A.M., Therkildsen, M.H., Jønson, L. et al. (2015) Molecular profiling of tumour budding implicates

TGFbeta-mediated epithelial-mesenchymal transition as a therapeutic target in oral squamous cell carcinoma. J. Pathol. 236, 505–516,
https://doi.org/10.1002/path.4550

4 Noguti, J., De Moura, C.F., De Jesus, G.P., Da Silva, V.H., Hossaka, T.A., Oshima, C.T. et al. (2012) Metastasis from oral cancer: an overview. Cancer
Genomics Proteomics 9, 329–335

5 Zhao, T., Huang, S., Kou, Y., Liu, J., Gao, H., Zheng, C. et al. (2017) Effect of DEK gene silencing on proliferation and apoptosis in human oral squamous
cell carcinoma PCI-37 B cells. Int. J. Clin. Exp. Pathol. 10, 2370–2376

6 Ambros, V. (2004) The functions of animal microRNAs. Nature 431, 350–355, https://doi.org/10.1038/nature02871
7 Xu, W., San Lucas, A., Wang, Z. and Liu, Y. (2014) Identifying microRNA targets in different gene regions. BMC Bioinformatics 15, S4,

https://doi.org/10.1186/1471-2105-15-S7-S4
8 He, L., Thomson, J.M., Hemann, M.T., Hernando-Monge, E., Mu, D., Goodson, S. et al. (2005) A microRNA polycistron as a potential human oncogene.

Nature 435, 828–833, https://doi.org/10.1038/nature03552
9 He, L., He, X., Lim, L.P., de Stanchina, E., Xuan, Z., Liang, Y. et al. (2007) A microRNA component of the p53 tumour suppressor network. Nature 447,

1130–1134, https://doi.org/10.1038/nature05939
10 Feng, Y., Sun, T., Yu, Y., Gao, Y., Wang, X. and Chen, Z. (2018) MicroRNA-370 inhibits the proliferation, invasion and EMT of gastric cancer cells by

directly targeting PAQR4. J. Pharmacol. Sci. 138, 96–106, https://doi.org/10.1016/j.jphs.2018.08.004
11 Bartels, C.L. and Tsongalis, G.J. (2009) MicroRNAs: novel biomarkers for human cancer. Clin. Chem. 55, 623–631,

https://doi.org/10.1373/clinchem.2008.112805
12 Shi, B., Yan, W., Liu, G. and Guo, Y. (2018) MicroRNA-488 inhibits tongue squamous carcinoma cell invasion and EMT by directly targeting ATF3. Cell

Mol. Biol. Lett. 23, 28, https://doi.org/10.1186/s11658-018-0094-0
13 Wei, D., Shen, B., Wang, W., Zhou, Y., Yang, X., Lu, G. et al. (2019) MicroRNA-199a-5p functions as a tumor suppressor in oral squamous cell

carcinoma via targeting the IKKβ/NF-κB signaling pathway. Int. J. Mol. Med. 43, 1585–1596
14 Zheng, J., Wang, J., Jia, Y., Liu, T., Duan, Y., Liang, X. et al. (2019) microRNA-211 promotes proliferation, migration, and invasion ability of oral

squamous cell carcinoma cells via targeting the bridging integrator 1 protein. J. Cell. Biochem. 120, 4644–4653, https://doi.org/10.1002/jcb.27753
15 Shi, B., Ma, C., Liu, G. and Guo, Y. (2019) MiR-106a directly targets LIMK1 to inhibit proliferation and EMT of oral carcinoma cells. Cell Mol. Biol. Lett.

24, 1, https://doi.org/10.1186/s11658-018-0127-8

12 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons
Attribution License 4.0 (CC BY).

D
ow

nloaded from
 http://port.silverchair.com

/bioscirep/article-pdf/40/5/BSR
20193867/882503/bsr-2019-3867.pdf by guest on 19 April 2024

https://doi.org/10.3892/or_00000565
https://doi.org/10.1016/j.oraloncology.2011.11.002
https://doi.org/10.1002/path.4550
https://doi.org/10.1038/nature02871
https://doi.org/10.1186/1471-2105-15-S7-S4
https://doi.org/10.1038/nature03552
https://doi.org/10.1038/nature05939
https://doi.org/10.1016/j.jphs.2018.08.004
https://doi.org/10.1373/clinchem.2008.112805
https://doi.org/10.1186/s11658-018-0094-0
https://doi.org/10.1002/jcb.27753
https://doi.org/10.1186/s11658-018-0127-8


Bioscience Reports (2020) 40 BSR20193867
https://doi.org/10.1042/BSR20193867

16 Hu, S., Wang, H., Yan, D., Lu, W., Gao, P., Lou, W. et al. (2018) Loss of miR-16 contributes to tumor progression by activation of tousled-like kinase 1 in
oral squamous cell carcinoma. Cell Cycle 17, 2284–2295, https://doi.org/10.1080/15384101.2018.1526601

17 Ling, J.W., Lu, P.R., Zhang, Y.B., Jiang, S. and Zhang, Z.C. (2017) miR-367 promotes uveal melanoma cell proliferation and migration by regulating
PTEN. Genet Mol. Res. 16, https://doi.org/10.4238/gmr16039067

18 Xu, J., Wu, W., Wang, J., Huang, C., Wen, W., Zhao, F. et al. (2017) miR-367 promotes the proliferation and invasion of non-small cell lung cancer via
targeting FBXW7. Oncol. Rep. 37, 1052–1058, https://doi.org/10.3892/or.2016.5314

19 Cai, W., Jiang, H., Yu, Y., Xu, Y., Zuo, W., Wang, S. et al. (2017) miR-367 regulation of DOC-2/DAB2 interactive protein promotes proliferation, migration
and invasion of osteosarcoma cells. Biomed. Pharmacother. 95, 120–128, https://doi.org/10.1016/j.biopha.2017.07.158

20 Bin, Z., Dedong, H., Xiangjie, F., Hongwei, X. and Qinghui, Y. (2015) The microRNA-367 inhibits the invasion and metastasis of gastric cancer by directly
repressing Rab23. Genet Test Mol. Biomarkers 19, 69–74, https://doi.org/10.1089/gtmb.2014.0210

21 Qiu, Y., Ma, X., Yang, X., Wang, L. and Jiang, Z. (2017) Effect of sodium butyrate on cell proliferation and cell cycle in porcine intestinal epithelial
(IPEC-J2) cells. In Vitro Cell. Dev. Biol. Anim. 53, 304–311, https://doi.org/10.1007/s11626-016-0119-9

22 Wang, Y.G., Xu, L., Wang, T., Wei, J., Meng, W.Y., Wang, N. et al. (2015) Givinostat inhibition of hepatic stellate cell proliferation and protein acetylation.
World J. Gastroenterol. 21, 8326–8339, https://doi.org/10.3748/wjg.v21.i27.8326

23 Wang, B., Zhang, A., Zheng, J., Gong, J., Li, S., Zeng, Z. et al. (2011) Bufalin inhibits platelet-derived growth factor-BB-induced mesangial cell
proliferation through mediating cell cycle progression. Biol. Pharm. Bull. 34, 967–973, https://doi.org/10.1248/bpb.34.967

24 Simpson-Haidaris, P.J. and Rybarczyk, B. (2001) Tumors and fibrinogen. The role of fibrinogen as an extracellular matrix protein. Ann. N.Y. Acad. Sci.
936, 406–425, https://doi.org/10.1111/j.1749-6632.2001.tb03525.x

25 Bogenrieder, T. and Herlyn, M. (2003) Axis of evil: molecular mechanisms of cancer metastasis. Oncogene 22, 6524–6536,
https://doi.org/10.1038/sj.onc.1206757
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