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Abstract: Oral squamous cell carcinoma (OSCC) is one of the most frequent carcinomas all over the world, and
the mechanism of its progression remains poorly understood. MicroRNAs have been found to play pivotal roles in
many cancers including OSCC. However, the detailed roles of miRNAs in OSCC remain to be fully elucidated. In this
study, we aimed to investigate the role of miR-181d in the progression of OSCC and to further elucidate its pos-
sible regulatory mechanism. Differentially expressed miRNAs between OSCC tissues and adjacent normal tissues
were identified by microarray and validated using quantitative reverse transcription PCR (qRT-PCR). Moreover, the
effects of miR-181d on the cell viability and apoptosis were investigated. In addition, a direct target of miR-181a,
K-ras was assessed by the luciferase reporter assay and western blot. K-ras was overexpressed to evaluate its
reverse effect on miR-181d mediated tumor suppression in OSCC. A panel of 54 differentially expressed miRNAs
was identified by microRNA array. Among them, miR-181d was showed to be significantly downregulated. We also
found that miR-181d lowly expressed in 20 pairs of OSCC tissues and four cell lines compared with that in adjacent
normal tissues and human normal oral keratinocyte cells. In vitro assays showed that upregulation of miR-181d
markedly decreased cell viability and increased OSCC cell apoptosis. Furthermore, we demonstrated that K-ras was
atarget of miR-181d and there was a negative correlation between miR-181d and K-ras expression in OSCC tissues.
Importantly, overexpression of K-ras reversed the inhibitory effects of miR-181d mimics on OSCC cells. miR-181d
functions as an OSCC suppressor by targeting K-ras oncogene. Thus, miR-181d may serve as a novel therapeutic
target for treating OSCC.
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Introduction involving in the pathogenesis of various human
cancers, such as cell proliferation, differentia-

Oral squamous cell carcinoma (OSCC), which tion, metabolism and apoptosis [4, 5]. Several

affects hundreds of millions of people world-
wide, is the sixth most common cancer world-
wide, with high morbidity and mortality [1].
Although early stage OSCC are associated with
high cure rates through surgery and radiothera-
py, the five-year survival rates remain at less
than 50% [2]. Therefore, the investigation into
the pathogenesis and diagnosis of OSCC
is of great significance.

MicroRNAs (miRNAs) are a class of small non-
coding RNAs consisting of about 22 nucleo-
tides that regulate gene function by targeting
mRNAs for translational repression or degrada-
tion [3]. Recent observations showed that miR-
NAs regulated many biological processes

miRNAs have been confirmed to participate in
the initiation and progression of OSCC [6]. Yuan
Hui et al found that miR-101 exerted tumor-
suppressive functions by targeting CX chemo-
kine receptor 7 (CXCR7), leading to inhibition of
OSCC cell growth, invasion, and migration [7].
Recently, miR-143 and miR-137 have been
reported as tumor suppressors in OSCC [8, 9].
Thus, more studies need to be performed to
identify more novel miRNAs in OSCC.

Among numerous mMiRNAs, miR-181d,which
belongs to the cluster of miR-181, has been
reported to be downregulated in several can-
cers. For example, decreased levels of miR-
181d expression was confirmed and was posi-
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tively correlated with the tumor’s grade in
glioma [10]. This result suggests that miR-181d
plays a tumor suppressive role in glioma.
Recently, Li D et al showed that miR-181d
also functioned as a tumor suppressor in ESCC
through inversely regulating its target gene
DERL1 [11]. However, the roles of miR-181d in
OSCC have never been reported before.

In this study, we analyzed the expression of
mMiRNAs in OSCC tissues using microRNA array
and found that miR-181d was deregulated. We
also demonstrated that miR-181d suppressed
the proliferation and promoted the apoptosis in
OSCC cells. Moreover, K-ras was identified as a
direct target of miR-181d in OSCC. Our findings
provided new insights into the molecular func-
tion of miR-181d in OSCC and suggested miR-
181d could serve as a potential therapeutic
target of OSCC.

Materials and methods
Cell lines and tissue samples

Four cell lines (SCC-4, SCC-9, CAL-27 and Ca9-
22) were maintained in our lab and cultured in
Dulbecco’s Modified Eagle Media (DMEM). The
medium was supplemented with 10% fetal
bovine serum (Sigma-Aldrich, St. Louis, MO,
USA), 100 U/mL penicillin and 100 pg/mL
streptomycin at 37°C in a 5% CO, atmosphere.
A normal oral mucosa cell line (Human Oral
Keratinocyte, HOK, Invitrogen) was used as
control. HOK-16B cells were maintained in oral
keratinocyte media, supplemented with 1%
keratinocyte growth factor plus epithelial
growth factor mixture (Invitrogen). Twenty fresh-
ly frozen OSCC samples and twenty normal
samples (exfoliated epithelial cells, directly
scraping of oral mucosa) were obtained from
the Department of Oral Medical, Ningbo No.2
Hospital, Ningbo, Zhejiang Province, China.
None of the patients with OSCC had received
radiotherapy or chemotherapy before surgery.
This study was approved by the Institutional
Ethical Review Boards of our institute, and writ-
ten informed consent was obtained from each
patient.

MiRNA microarray

The miRNA microarray was performed as
described previously [12, 13]. Briefly, total RNA
of the mice brain was isolated by a miRNAeasy
mini kit (Qiagen), and followed by labeling and
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hybridization with the miRCURY™ LNA Array
(v.16.0, Exiqon). The feature extraction soft-
ware (Agilent Technologies) was used to quan-
tify the fluorescent intensity of each spot of
microarray images, and signal intensities >10
were considered positive expression. The sta-
tistical significance of upregulated or downreg-
ulated miRNAs was analyzed by t-test. MEV
software (v4.6, TIGR) was used to perform hier-
archical clustering.

Cell transfection

MiR-181d mimic, miR-181d inhibitor and the
corresponding controls were purchased from
GenePharma (Shanghai, China). For construct-
ing K-ras plasmids, the K-ras sequence was
amplified and inserted into the pcDNA3.1 vec-
tor (Invitrogen, USA). The oligonucleotides and
plasmids were transfected into SCC-4 and Ca9-
22 cells with Lipofectamine™ RNAIMAX (Life
Technologies, Grand Island, NY, USA) according
to the manufacturer’s instructions. 48 hours
after transfection, cells were collected for fur-
ther studies.

Quantitative real-time polymerase chain reac-
tion (QRT-PCR)

Total RNA of the cultured cells and the tissues
was extracted using a mirVana miRNA isolation
kit (Ambion, Carlsbad, CA, USA). miR-181d was
reverse transcribed using the PrimeScript RT
reagent Kit (TaKaRa, Tokyo, Japan) and quanti-
fied by real-time PCR with the TagMan Micro-
RNA assay kit (Applied Biosystems). qRT-PCR
analyses for K-ras and the normalization con-
trol gene glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) were performed using SYBR
Premix Ex Tag (TaKaRa) on an ABI PRISM 7500
Sequence Detection System (Applied Biosy-
stems). The relative expression of each gene
was calculated and normalized using the
234Ct method relative to RNUGB or GAPDH. All
reactions were conducted in triplicate.

Cell proliferation assays

To evaluate the effect of miR-181d on prolifera-
tive ability of OSCC cells, A cell-counting kit-8
(CCK-8, Dojindo, Kumamoto, Japan) assay was
applied. Briefly, the transfected SCC-4 and
Ca9-22 cells (5x10° cells) were added to
96-well plates. After transfectionfor 1 d, 2d, 3
d and 4 d, 10 yl CCK-8 solutions were added
into each well of the plate. Subsequently, these
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cells were incubated for 1 h at 37°C, and the
absorbance at 450 nm was measured.
Experiments were independently repeated in
triplicate.

Cell apoptosis detection by flow cytometry

After transfection for 48 h, SCC-4 and Ca9-22
cells were collected, and then washed twice
with PBS. The cells were resuspended in 500 pl
binding buffer and then mixed with 10 ul
Annexin V (Bio-Science, Co. Ltd, Shanghai,
China) for 10 min in the dark at room tem-
perature (RT), followed by the addition of 5 pl
Pl (Bio-Science, Co. Ltd., Shanghai, China).
After incubation at RT in the dark for 5 min,
samples were analyzed by a FACS Aria flow
cytometry (BD Biosciences, San Jose, CA, USA).
Experiments were repeated in triplicate.

Western blot

For western blot analysis, cells were lysed with
RIPA lysis buffer (Beyotime, Jiangsu, China). 50
ug proteins were fractionated on a 15% SDS-
polyacrylamide gel. After electrophoretically
transferring to a Pure Nitrocellulose Blotting
membrane, the blots were probed with anti-K-
ras (1:1000, Santa Cruz Biotechnology, USA)
and then with horseradish peroxidase-conju-
gated secondary antibodies. Anti-B-actin anti-
body was used as an internal control. Signals
were visualized by ECL chemiluminescence.
Equal protein loading was assessed by the
expression of B-actin. The bands were semi-
quantified using Image J software.

Luciferase reporter assays

A whole fragment of 3'UTR K-ras mRNA and a
mutant form were cloned into pGL-3-Luc. The
HEK 293T cells were seeded in 12-well plates
and co-transfected with pGL-3-K-ras wild-type
or mutant portion and TK100 Renilla combined
with miR-181d mimic, miR-181d inhibitor or NC
control using Lipofectamine 2000 (Invitrogen).
After 48 h of incubation, cells were collected for
application in the Dual-Luciferase Reporter
System (Promega, Madison, WI) following the
manufacturer’'s recommendations. All of the
dual-luciferase reporter assays were done in
triplicate within each experiment, and three
independent experiments were conducted.
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Statistical analysis

Data are reported as mean + standard devia-
tion. Statistical significance among different
groups was determined by Two-way ANOVA test
of variance using the GraphPad Prism software
(version 5.0). A p value of less than 0.05 was
considered to be significant.

Results

miR-181d is downregulated in OSCC tissues
and cell lines

To evaluate the expression of miRNAs involved
in OSCC, miRNA microarray was performed.
Based on microarray analysis, we identified 54
miRNAs differentially expressed between OSCC
tissues and adjacent normal tissues (Figure
1A). Among the aberrantly expressed miRNAs,
miR-181d was chosen as the candidate for fur-
ther study because of its suppressive effects
in several types of human cancer [10].
Subsequently, the expression of miR-181d was
assessed in 20 pairs of OSCC and adjacent
normal oral tissues using qRT-PCR. As shown in
Figure 1B, the expression level of miR-181d
was significantly decreased in OSCC tissues
compared with normal tissues. Next, we ana-
lyzed the expression of miR-181d in four OSCC
cell lines (i.e., Cal-27, Ca9-22, SCC-9, and SCC-
4). A normal oral mucosa cell line HOK-16B was
used as control. MiR-181d was considerably
lower in OSCC cells than in HOK-16B, especially
in SCC-4 and Ca9-22 cells (Figure 1C). These
finding suggests that downregulation of miR-
181d may be involved in the progression of
0OSCC.

Tumor suppressive effect of miR-181d on
oscec

Given the down-regulation of miR-181d in OSCC
tissues, we predicted that miR-181d may func-
tion as a tumor suppressor. To verify our hypo-
thesis, the miR-181d mimics were transfected
into two OSCC cell lines, SCC-4 and Ca9-22,
then the cell viability was assessed by CCK-8
assay. As shown in Figure 2A and 2B, transfec-
tion of MiR-181d mimics into OSCC cells sig-
nificantly inhibited cell viabilitycompared with
the mimics NC group. Further, we asked wheth-
er miR-181d overexpression affected cell apop-
tosis regulation. As indicated in Figure 2C and
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Figure 1. miR-181d is significantly downregulated in OSCC tissues and cell lines. A. Differentially expressed miRNAs
in tumor tissues group and normal tissues group. B. miR-181d mRNA level was decreased in 20 pairs of OSCC tis-
sues. P < 0.01 vs normal tissues. C. gRT-PCR assay was performed to determine miR-181d expression in the four
OSCC cell lines (SCC-4, SCC-9, CAL-27 and Ca9-22) and HOK-16B cells. U6 was used as endogenous control. Data
are shown as means * SD of three separate experiments. **P < 0.01 vs HOK-16B cells.

2D, we found that overexpression of miR-181d
promoted cell apoptosis compared with the
control group. All these results suggested that
miR-181d executed a tumor suppressive effect
on OSCC cells.

K-ras is a direct target of miR-181d

To explore the molecular mechanism by which
miR-181d functions in OSCC, TargetScan and
PicTar algorithms were usedto identify the
potential target genes of miR-181d. Previous
studies proven that activation of an oncogenic
K-ras allele can initiate a variety of cancer
including OSCC [14, 15]. Interestingly, the data
of two public databases showed that K-ras was
a potential target of miR-181d. As suggested in
Figure 3A, the binding sites between miR-181d
and K-ras were illustrated. To confirm the direct
binding relationship between miR-181d and
K-ras, a luciferase activity assay was conduct-
ed. As shown in Figure 3B, co-transfection of
miR-181d mimic and pGL-3-K-ras-wt signifi-
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cantly decreased the luciferase activity, where-
as co-transfection of miR-181d inhibitor and
pGL-3-K-ras-wt increased the luciferase activi-
ty. Likewise, cells co-transfected with miR-181d
mimic, miR-181d inhibitor and pGL-3-K-ras-mut
showed no obvious change in luciferase activi-
ty. Then, we explore whether miR-181d can
modulate the expression of K-ras. As shown in
Figure 3C, miR-181d overexpression down-reg-
ulated K-rasexpression at the protein levels,
whereas increased after inhibition of miR-
181d. All these data indicate that K-rasis a
direct target of miR-181d.

miR-181d functions as a tumor suppressor by
targeting K-ras

Next, we measured miR-181d expression level
and K-ras mRNA level in 10 pairs of OSCC tis-
sues and the matched normal tissues. As
shown in Figure 4A, an inverse correlation was
observed between K-ras expression and the
miR-181d expression level. To further investi-
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Figure 2. miR-181d inhibited cell proliferation and induced cell apoptosis. SCC-4 and Ca9-22 cells at 70% confluence were transfected with miR-181d mimics or
mimics N (C) After transfection for 1 d, 2 d, 3 d and 4 d, the viability of SCC-4 cells (A) and Ca9-22 cells (B) were measured by CCK-8 assay. (C, D) After transfection
for 48 h, Cell apoptosis was assessed by flow cytometry assay. Data are shown as means + SD of three separate experiments. *P < 0.05, **P < 0.01 compared
with the miR-NC group.
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Figure 3. miR-181d directly targets K-ras. A. miR-181d binds to the predicted site of the 3’-UTR of K-ras. B. Dual-
luciferase reporter gene analysis of K-ras 3’-UTR in HEK293T cells following co-transfection of miR-181d mimics,
miR-181d inhibitors or miR-NC with pGL3 constructs containing WT- or MUT-3’-UTR of K-ras. Relative luciferase
activities are the ratios of Renilla luciferase normalized to the control groups. C. Protein levels of K-ras in the indi-
cated cells transfected with 20 nM miR-181d mimics, miR-181d inhibitors or miR-NC were measured by Western
blot assays. B-actin was used as internal controls. Data are shown as means + SD of three separate experiments.

**P < 0.01 vs miR-NC.

gate whether miR-181d affected cell prolifera-
tion and apoptosis through its target K-ras,
pcDNA-K-ras plasmids together with miR-181d
mimics were transfected into SCC-4 and Ca9-
22 cells. Then, cell viability and apoptosis was
examined. As shown in Figure 4B, overexpres-
sion of K-ras attenuated the reduction of cell
viability induced by miR-181d mimics. Fur-
thermore, overexpression of K-ras reversed
the promoting effect of miR-181d mimics on
cell apoptosis (Figure 4C). These results indi-
cate that miR-181d inhibits proliferation and
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induces apoptosis of OSCC cells by targeting
K-ras.

Discussion

In the present study, we found that miR-181d
was downregulated in OSCC tissues and cell
lines. Moreover, we demonstrated that miR-
181d served as a tumor suppressor in OSCC
by targeting K-ras. Taken together, these re-
sults suggest that miR-181d maybe as a poten-
tial therapeutic target for OSCC.

Int J Clin Exp Pathol 2017;10(7):7847-7855
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Figure 4. K-ras overexpression reversed the effects of miR-181d on the proliferation and apoptosis of OSCC cells.
SCC-4 and Ca9-22 cells were transfected with miR-NC, miR-181d mimics, or miR-181d mimics plus K-ras-express-
ing plasmids. A. Pearson analysis for the correlation of K-ras and miR-181d expression levels in 20 pairs of OSCC
tissues (n=20; r=0.7171; P < 0.01). B. After transfection for 24 h, the viability of SCC-4 cells and Ca9-22 cells were
measured by CCK-8 assay. C. After transfection for 48 h, cell apoptosis was assessed by flow cytometry assay. Data
are shown as means * SD of three separate experiments. *P < 0.05, **P < 0.01 compared with the Blank group,

##P < 0.05 compared with the miR-181d mimic group.

A large number of studies have indicated that
miRNAs may play an important role in OSCC ini-
tiation and development. For example, Jun Hu
et al reported that miR-497 enhanced OSCC
metastases through SMAD7 inhibition [16]. A
study performed by Wang X et al showed that
miR-204-5p regulated cell proliferation and
metastasis through inhibiting CXCR4 expres-
sion in OSCC [17]. Therefore, understanding the
roles of other miRNAs in OSCC is necessary. In
the present study, we found that miR-181d was
downregulated in OSCC tissues by miRNA
microarray. It is well known that miR-181d acts
as a tumor suppressor in glioma and human
esophageal squamous cell carcinoma [10, 11],
but the role of it in OSCC is not known. In agree-
ment with these previous reports, our study
found that miR-181d significantly inhibited cell
growth and induced apoptosis in Ca9-22 and
SCC-4 cells. Although the evidence highlighted
the important roles of miR-181d in OSCC, the
underlying mechanism through which miR-
181d inhibits OSCC remains unclear.

K-ras is a member of the RAS oncogene family.
The known function of K-ras was involved in
various biological processes, including cell pro-
liferation, differentiation, survival, and death
[18]. Increasing evidence suggests that K-ras
was able to promote tumorigenesis and pro-
gression in several human malignancies [19-
22], suggesting that K-ras functioned as an
oncogene. Recently, miRNAs were reported to
be involved in the posttranscriptional regula-
tion of K-ras and miR-induced K-ras dysregula-
tion is frequently observed in human cancers
[21, 23-26]. For example, Keklikoglou et al
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found that miR-206 reduced cell proliferation
by depressing K-Ras in pancreatic adenocarci-
noma [27]. A recent study demonstrated that
miR-181d is frequently down-regulated in glio-
ma and may be a potential tumor suppressor in
glioma by targeting K-ras [10]. However, it is
unknown whether K-ras mediates the function-
al effects of miR-181d on OSCC cells. In this
study, we conformed that K-ras was a target of
miR-181d by luciferase activity assay and west-
ern blot in OSCC. In addition, our data reveal a
negative correlation between miR-181d and
K-ras in OSCC tissues. More importantly, over-
expression of K-ras effectively reversed the
tumor suppressive functions of miR-181d on
OSCC proliferation and apoptosis. These re-
sults might suggest that miR-181d exerted its
suppressive role in OSCC by targeting K-ras.

In conclusion, we found that miR-181d was
downregulated in OSCC and may be a potential
tumor suppressor in OSCC by targeting K-ras.
Thus, miR-181d may serve as a new target for
OSCC therapy.
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