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MicroRNA-216b regulated proliferation and invasion
of non-small cell lung cancer by targeting SOX9
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Abstract. Micro (mi)RNAs are small, evolutionarily conserved
and endogenous noncoding RNA molecules between 19 and
24 nucleotides in length. The potential roles of miRNAs in the
carcinogenesis and progression of non-small cell lung cancer
(NSCLC) have been studied previously. In the present study,
it was revealed that miRNA-216b (miR-216b) expression was
lower in NSCLC tissue and cell lines compared with that in
adjacent healthy lung tissue samples and the normal bronchial
epithelial 16HBE cell line, respectively. The ectopic expres-
sion of miR-216b inhibited the proliferation and invasion of
NSCLC cells in vitro. SRY-Box 9 (SOX9) was identified as
a direct target of miR-216b in NSCLC. In addition, SOX9
small interfering RNA was able to mimic the effects of
miR-216b overexpression on cell proliferation and invasion
in NSCLC. Therefore, the data reported in the present study
demonstrate that miR-216b is an important tumor suppressor
in NSCLC. These data may contribute to the understanding
of the molecular mechanism underlying the carcinogenesis
and progression of NSCLC, and provide novel therapies for
patients with NSCLC.

Introduction

Lung cancer is the most prevalent type of cancer in the
world, and the leading cause of cancer-associated mortality
worldwide (1). In 2015, it was estimated that there would be
221,200 incident cases and 158,040 mortalities due to lung
cancer in the United States (2). Histologically, lung cancer is
classified into two major groups: Non-small cell lung cancer
(NSCLC) and small cell lung cancer (SCLC) (3). NSCLC,
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lung cancer,

which accounts for ~80% of primary lung cancer, may be
divided into four subtypes: Adenocarcinoma (ADC), squa-
mous cell carcinoma (SCC), adenosquamous cell carcinoma
and large cell carcinoma (LCC) (4). Typically, the carcino-
genesis and progression of NSCLC is a multi-stage process,
which is hypothesized to involve the deregulation of multiple
genes that are critical for a number of cellular processes
including cell cycle control, growth, apoptosis, migration and
spreading (5-7). Previously, there have been improvements
in the therapy for patients with NSCLC, including surgery,
radiotherapy, chemotherapy and molecular targeted therapy;
however, the prognosis for patients with NSCLC remains
poor (8). Therefore, it is important to understand the molecular
mechanisms underlying the tumorigenesis and development of
NSCLC, and examine novel therapeutic treatments for patients
with NSCLC.

Micro (mi)RNAs are small, evolutionarily conserved
and endogenous noncoding RNA molecules between
19 and 24 nucleotides in length (9). They regulate gene expres-
sion through interaction with the 3' untranslated regions
(3'UTRs) of target mRNAs, resulting in the inhibition of the
post-transcriptional translation or the degradation of the target
mRNAs (10). At present, it is estimated that miRNAs may be
responsible for regulating >70% of the coding genes in the
human genome (11). Emerging data have demonstrated that the
abnormal expression of miRNAs contributes to a number of
diverse biological and pathological processes in cancer cells,
including in cell proliferation, cell cycle, differentiation, devel-
opment, apoptosis, migration, invasion and metastasis (12-14).
Previous studies have revealed that miRNAs are involved in
the carcinogenesis and progression of several types of human
cancer as either oncogenes or tumor suppressors, depending on
the functions of their target mRNAs (15-17). The inactivation
of oncogenic miRNAs, or restoration of tumor suppressing
miRNAs, has demonstrated potential in providing therapeutic
treatments for patients with cancer, and the strategies are
undergoing clinical trials (18-22).

In the present study, the level of miRNA (miR)-216b
expression in NSCLC tissues and cell lines was investigated.
The effects of miR-216b overexpression on cellular prolif-
eration and invasion in NSCLC were also evaluated. It was
revealed that miR-216b was downregulated, and acted as a
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negative regulator of proliferation and invasion of NSCLC
cells. It was also identified that the molecular mechanism
of miR-216b inhibiting the proliferation and invasion of the
NSCLC cells may be through targeting the SRY-Box 9 (SOX9)
gene in NSCLC.

Materials and methods

Human tissue samples. The present study was approved by
the Ethics Committee of the XinHua Hospital Affiliated to
Shanghai Jiao Tong University School of Medicine (Shanghai,
China). A total of 16 paired NSCLC tissues and adjacent
non-tumor lung tissues were collected from patients with
NSCLC who underwent surgery at the XinHua Hospital
Affiliated to Shanghai Jiao Tong University School of
Medicine (Shanghai, China). These samples were immediately
snap-frozen in liquid nitrogen and stored at -80°C.

Cell culture. The NSCLC H23,H460,H520 and A549 cell lines,
normal bronchial epithelial 16HBE cell line and HEK293T
cell line were obtained from American type culture collection
(Manassas, VA, USA) and cultured in Dulbecco's modified
Eagle's medium containing 10% fetal bovine serum (FBS),
2 uM glutamine, 100 TU/ml penicillin and 100 pg/ml strep-
tomycin (all Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) at 37°C in 5% CO, cell incubator.

miRNA/small interfering (si)RNA transfection. The miR-216b
mimics, negative control (NC), SOX9 siRNA and siRNA-NC
were produced by Shanghai GenePharma Co., Ltd., (Shanghai,
China). The NSCLC cells were seeded into 6-well plates at a
density of 3x10° cells/well and transfected with miRNA/siRNA
using Lipofectamine® 2000 reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) following the protocol of the manufacturer.

RNA isolation and reverse transcription quantitative poly-
merase chain reaction (RT-gPCR). Total RNA was extracted
from tissue samples and cells using TRIzol reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
protocol.

A total of 2 1 DNase I (ABgene, Shanghai, China) without
RNase was used to eliminate the remaining DNA genome.
cDNA was synthesized from total RNA using Moloney
murine leukemia virus reverse transcriptase (Promega
Corporation, Madison, WI, USA). The reaction system for
reverse transcription consisted of 4 ul 5X RT buffer, 0.75 ul
dNTP (10 mM), 1.2 ul primer (Guangzhou RiboBio Co., Ltd.,
Guangzhou, China), 0.2 ul MMLV Reverse Transcriptase,
3 ug RNA and double distilled water. The thermocycling
conditions for reverse transcription were as follows: 25°C for
30 min; 42°C for 30 min; and 85°C for 5 min. The expression
levels of miR-216b and SOX9 mRNA were measured using
SYBR Premix Ex Taq™ (Takara Biotechnology Co., Ltd.,
Dalian, China) in Applied Biosystems Real time PCR System
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The 20 ul
reaction system for qPCR consisted of 10 1 SYBR-Green I
mix, 2 pl forward primer, 2 pl reverse primer, 2 ul cDNA and
4 ul double distilled water. The thermocycling conditions for
qRCR were as follows: 95°C for 30 sec; 40 cycles of 95°C for
5 sec; and 60°C for 30 sec. The primer sequences used were
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as follows: miR-216b forward, 5'-GCCGCGCTAAAGTGC
TTATAGTG-3' and reverse, 5'-CACCAGGGTCCGAGGT-3";
U6 forward, 5"TGCGGGTGCTCGCTTCGGCAGC-3' and
reverse, 5-CCAGTGCAGGGTCCGAGGT-3"; SOX9 forward,
5'-AGGTGCTCAAAGGCTACGACTG-3' and reverse,
5'-CCTAATGTTCATGGTCGGCGC-3'; and GAPDH
forward, 5“TGTGGGCATCAATGGATTTGG -3' and reverse,
5'-ACACCATGTATTCCGGGTCAAT-3". miR-216b expres-
sion was normalized to U6, and GADPH was an internal
control for SOX9 mRNA expression. RT-qPCR results were
calculated using the 242 method (23). Each sample was
analyzed in triplicate.

Cell proliferation assay. Cell proliferation was assayed
using the Cell Counting Kit-8 (CCKS; Dojindo Molecular
Technologies, Inc., Kumamoto, Japan). The NSCLC cells
were seeded into the 96-well plates with 3,000 cells/well.
Subsequent to incubation at 37°C for 6-8 h, the cells were
transfected with miRNA or siRNA. Cell proliferation assays
were performed for 24 h until 96 h post-transfection, whereby
10 p1 CCK8 solution was added into each well. The 96-well
plates were incubated at 37°C for 4 h and the absorbance at
450 nm was detected with a microplate reader.

Cell invasion assay. A cell invasion assay was performed using
Transwell plates (8-mm pores; BD Biosciences, San Jose, CA,
USA) coated with Matrigel (BD Biosciences). Cells transfected
with miRNA or siRNA were re-suspended and seeded in the
upper chambers at a density of 1x10° cells in 200 ul FBS-free
medium. The lower portion of the chamber was filled with 500 g1
culture medium containing 20% FBS as a chemoattractant.
Subsequent to 24 h incubation at 37°C, the non-invaded cells
were removed using a cotton swab, and the invading cells were
stained with methanol and 0.1% crystal violet, and counted under
an inverted microscope (IX71; Olympus Corp., Tokyo, Japan).

Western blotting analysis. A total of 48 h subsequent to
transfection, the cells were harvested and lysed using radio-
immunoprecipitation assay buffer (Beyotime Institute of
Biotechnology, Haimen, China) supplemented with a protease
inhibitor cocktail (Roche Diagnostics, Basel, Switzerland).
The concentration of the total protein was determined with
Pierce bicinchoninic acid Protein Assay kit (Thermo Fisher
Scientific, Inc.). A total of 20 pg protein was separated by 10%
SDS-PAGE, and the separated proteins were transferred to poly-
vinylidene fluoride (Bio-Rad Laboratories, Hercules, CA, USA)
membranes. The membranes were then blocked for 1 h with 5%
non-fat milk in TBS containing 0.05% Tween-20 (TBST) at
room temperature, followed by incubation at 4°C overnight with
primary antibodies. Mouse anti-human monoclonal antibodies
directed against SOX9 (cat. no. 166505; 1:1,000 dilution) and
GADPH (cat. no. 166574; 1:1,000 dilution; both Santa Cruz
Biotechnology, Inc.) were used. The membranes were washed
with TBST three times, probed with the corresponding horse-
radish peroxidase-conjugated secondary antibody (dilution,
1:5,000; cat. no. sc-2005; Santa Cruz Biotechnology, Inc.) for
1 h at room temperature and visualized using Pierced ECL
Western Blotting Substrate (Thermo Fisher Scientific, Inc.). In
the present study, GADPH was used as an endogenous control
to normalize the expression level of SOXO9.
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Target gene predication and luciferase report assay. To
validate the direct target gene of miR-216b, an online bioin-
formatics search using TargetScan (24) was performed.
Luciferase reporter vectors pGL3-SOX9-3'UTR wild-type
(Wt) and pGL3-SOX9-3'UTR mutant (Mut) were synthesized
by Shanghai GenePharma Co., Ltd. The HEK293T cells were
transfected with Luciferase reporter vectors and miR-216b
mimics or NC using Lipofectamine® 2000. At 48 h subsequent
to incubation, luciferase activities were determined using
Dual Luciferase Reporter Assay kit (Promega Corporation),
following the protocol of the manufacturer.

Statistical analysis. Data was presented as the mean + stan-
dard deviation based on a minimum of 3 separate experiments.
SPSS (version 13.0; SPSS Inc., Chicago, IL, USA) was used
for statistical analysis. P<0.05 was considered to indicate a
statistically significant difference.

Results

Expression levels of miR-216b in NSCLC tissues and cell
lines. To understand the association between miR-216b and
NSCLC, miR-216b expression levels in NSCLC tissues and
the adjacent non-tumor lung tissues were measured by qPCR.
The results demonstrate that 14/16 of NSCLC tissues exhibited
lower miR-216b expression compared with adjacent non-tumor
lung tissues, as illustrated in Fig. 1A. The miR-216b expression
levels were also measured in four human NSCLC cell lines
including H23, H460, H520 and A549. The results revealed
that miR-216 was downregulated in all four human NSCLC
cell lines compared with those in normal bronchial epithelial
16HBE cell line (Fig. 1B). These results indicate that miR-216b
may serve an important role in NSCLC.

miR-216b inhibited NSCLC cell proliferation. To investigate
the role of miR-216b in NSCLC cells, the effect of miR-216b
on NSCLC cell proliferation was examined. miR-216b mimics
or NC were introduced into the H23 and A549 cells, which
exhibit a low expression of miR-216b. Subsequent to transfec-
tion, miR-216b was significantly upregulated in the H23 and
AS549 cells, as demonstrated in Fig. 2A. Cell proliferation
assays were performed to evaluate the effect of miR-216b
on NSCLC cell proliferation. The results demonstrate that
miR-216b overexpression decreased the level of cell prolifera-
tion in the H23 and A549 cells, as illustrated in Fig. 2B.

miR-216b inhibited NSCLC cell invasion. Invasion capacity
is essential for cancer cell metastasis. Therefore, the effect of
miR-216b on the invasion capacity of NSCLC cells was evalu-
ated. The invasion assay revealed that cell invasion capacity
was markedly reduced in the miR-216b mimic-treated H23
and A549 cells compared with the NC groups, as illustrated in
Fig. 3. These findings indicate that miR-216b was downregu-
lated in NSCLC, and acted as a tumor suppressor in NSCLC
proliferation and invasion.

SOX9 was the target of miR-216b in NSCLC. To investi-
gate the molecular mechanisms of the suppressive roles of
miR-216b on NSCLC cell proliferation and invasion, an online
bioinformatics analysis was performed using TargetScan.
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The analysis demonstrated that SOX9 was the direct target of
miR-216b, as illustrated in Fig. 4A. A luciferase report assay
was then performed to examine if miR-216b may directly
target SOXO9. The results revealed that the level of luciferase
activity was significantly reduced in the miR-216b mimics
and pGL3-SOX9-3'UTR Wt transfected HEK293T cells.
Additionally, the suppressive effect of miR-216b was inhibited
by pGL3-SOX9-3'UTR Mut, as illustrated in Fig. 4B.

The expression levels of SOX9 subsequent to transfection
with miR-216b mimics or NC were determined. The results
demonstrate that miR-216b overexpression led to a decrease in
SOX9 mRNA and protein levels, illustrated in Fig. 4C and D,
respectively, in the H23 and A549 cells. Based on these
data, the present study suggests that SOX9 was the target of
miR-216b in NSCLC.

SOX9 downregulation was the mechanism of miR-216b
inhibiting the proliferation and invasion of NSCLC cells. To
determine if miR-216b inhibits the proliferation and invasion
of NSCLC cells by targeting SOX9, RNA interference was
used to decrease the level of SOX9 in the H23 and A549
cells. The SOX9 protein expression levels were measured by
western blot analysis, as illustrated in Fig. 5A. The cell prolif-
eration assay revealed that the levels of cell proliferation were
suppressed in SOX9-siRNA transfected H23 and A549 cells
compared with siRNA-NC groups, as demonstrated in Fig. 5B.
The cell invasion assay revealed that the cell invasion ability
was also decreased subsequent to transfection with SOX9
siRNA, as illustrated in Fig. 5C. These data indicate that SOX9
downregulation was the mechanism of the miR-216b-inhibited
proliferation and invasion of NSCLC cells.

Discussion

Previous studies have demonstrated that miRNAs are
frequently deregulated in NSCLC, and certain miRNAs
are associated with particular clinicopathological features
of patients with NSCLC, such as metastasis, recurrence
and prognosis (25-27). In addition, miRNAs have been
revealed to act as tumor suppressors or oncogenes in the
carcinogenesis and progression of NSCLC, and have been
revealed to be involved in numerous aspects of cancer
biology, including cell proliferation, the cell cycle, apoptosis,
migration and invasion (28,29). Therefore, the identification
of the cancer-specific miRNAs and corresponding direct
target genes that are essential for NSCLC carcinogenesis and
progression may provide promising therapeutic targets for
patients with NSCLC.

In the present study, the expression and functions of
miR-216b in NSCLC were investigated, and it was revealed that
miR-216b was significantly downregulated in NSCLC tissues
and cell lines compared with adjacent non-tumor lung tissue
and normal bronchial epithelial cells, respectively. miR-216b
overexpression inhibited NSCLC cell proliferation and inva-
sion. Additionally, bioinformatics analysis demonstrated that
SOX9 was a target gene of miR-216b. The luciferase report
assays revealed that miR-216b was able to bind to SOX9 3'UTR
and decrease the level of SOX9 mRNA and protein expres-
sion in NSCLC. These results suggest that miR-216b/SOX9
interactions may be evaluated as a novel strategy in the future
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Figure 1. Expression levels of miR-216b were downregulated in NSCLC tissues and cell lines. (A) miR-216b was significantly downregulated in NSCLC tissues
compared with the adjacent non-tumor lung tissues. (B) Quantitative analysis of the miR-216b by gPCR in four NSCLC cell lines. Data is presented as the
mean + standard deviation. Experiments were performed in triplicate and repeated three times. "P<0.05. miR, microRNA; NSCLC, non-small cell lung cancer.
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Figure 2. miR-216b inhibited NSCLC cell proliferation. (A) H23 and A549 cells were transfected with miR-216b mimics or NC. Reverse transcription quantita-
tive polymerase chain reaction was adopted to determine the miR-216b expression subsequent to transfection. (B) Effect of miR-216b overexpression on the
proliferation of H23 and A549 cells was assessed using cell proliferation assay. "P<0.05. miR, microRNA; NC, negative control.

Figure 3. Effect of miR-216b overexpression on the invasion capacity of H23
and A549 cells was evaluated using cell invasion assay. Upregulation of
miR-216b expression decreased the invasion capacity of H23 and A549 cells.
“P<0.05. miR, microRNA; NC, negative control.

with respect to control of the rapid growth and metastasis of
NSCLC.

miR-216b, a member of the miR-216 family, is located at
chromosome 2p16.1 and has been reported to be associated with
a number of types of human cancer (30). miR-216b expression
was reduced in gastric adenocarcinoma, and was demon-
strated to inhibit proliferation and cell cycle progression by
directly targeting histone deacetylase 8 (31). In another study,
miR-216b was significantly downregulated in hepatocellular
carcinoma and the low expression levels were correlated with
tumor volume, hepatitis B virus (HBV) infection, HBV DNA
quantity and vascular invasion. The restoration of miR-216b
expression suppressed the proliferation, migration and inva-
sion of hepatocellular carcinoma cells through the negative
regulation of insulin like growth factor 2 mRNA binding
protein 2 (32). In addition, miR-216b was demonstrated to be
underexpressed in breast cancer. The ectopic expression of
miR-216 targeted purinergic receptor P2X 7 and decreased the
level of growth of breast cancer cells (33). Additional studies
revealed that nasopharyngeal carcinoma cells exhibited lower
miR-216b expression and inhibited proliferation, migration
and invasion by targeting V-Ki-ras2 Kirsten rate sarcoma viral
oncogene and protein kinase C a (34,35).

Also, in the present study the molecular mechanism of
miR-216b-inhibited proliferation and invasion of NSCLC cells
was investigated. Online bioinformatics analysis demonstrated
that SOX9 was a potential target gene of miR-216b. In order
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Figure 4. miR-216b directly targeted SOX9 and decreased its expression. (A) Predicted miR-216b binding sequence in the SOX9 3'UTR. The corresponding
mutant counterpart was generated in the SOX9 3'UTR sequence in the complementary site for the seed region of miR-216b. (B) The pGL3-SOX9-3'UTR Wt or
pGL3-SOX9-3'UTR Mut luciferase reporter vector was co-transfected into HEK293T cells with miR-216b mimics or NC. (C) SOX9 expression at mRNA level
measured using qPCR. (D) SOX9 expression at protein levels subsequent to transfection with miR-216b mimics or NC measured using western blot analysis.
“P<0.05. has-miR, human microRNA; NC, negative control; SOX9, sex determining region Y-Box 9; UTR, untranslated region; wt, wild type; Mut, mutant.
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Figure 5. SOX9 downregulation was the mechanism of miR-216b inhibiting the proliferation and invasion of NSCLC cells. (A) H23 and A549 cells were
transfected with SOX9 siRNA or siRNA-NC. Western blot analysis was used to measure the SOX9 expression subsequent to transfection. (B) Effect of SOX9
downregulation on the proliferation of H23 and A549 cells was assessed using a cell proliferation assay. (C) Effect of SOX9 downregulation on the invasion
capacity of H23 and A549 cells was evaluated using a cell invasion assay. "P<0.05. SOX9, sex determining region Y-Box 9; siRNA, small interfering RNA;
NC, negative control.

to test whether miR-216b directly participates in the regula-  the regulation of SOX9 by miR-216b was demonstrated.
tion of SOX9 gene expression, luciferase report assays were  In addition, RT-qPCR and western blot analysis revealed
performed. By measuring changes in the luciferase activity, that SOX9 expression at the mRNA and protein levels were
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downregulated by miR-216b overexpression. In addition,
SOX9 knockdown may mimic miR-216b-induced prolifera-
tion and invasion of NSCLC cells. These results demonstrate
that miRNA-216b inhibited the proliferation and invasion of
NSCLC cells through negatively regulating the expression of
SOXO9 by directly targeting the 3'UTR.

SOXO9 has been reported to be highly expressed in a number
of types of human cancer, such as prostate (36), breast (37)
and colorectal (38) cancer. In NSCLC, SOX9 was upregu-
lated at mRNA and protein levels, and the expression levels
were associated with the histological stage of NSCLC and
patients with a high SOX9 level exhibited a shorter survival
rate. Multivariate analysis illustrated that SOX9 upregulation
may be an independent prognostic indicator for the survival
of patients with NSCLC (39). The overexpression of SOX9
may enhance proliferation, migration and invasion of lung
adenocarcinoma cells (40). These data suggest that SOX9 was
a suitable target for patients with NSCLC.

Several studies revealed that SOX9 functions as an onco-
gene and is regulated by multiple miRNAs in various types of
human cancer. In chondrosarcoma, Li et al (41) revealed that
miR-494 suppressed cell proliferation and invasion in vitro
and in vivo by directly targeting SOXO. In glioma, head and
neck cancer, miR-145 acted as a tumor suppressor through
the negative regulation of SOX9 (42,43). Also in NSCLC,
miR-206 (44) and miR-32 (45) targeted SOX9 to function in
tumor suppressive roles. SOX9 was also targeted by miRNAs
in other types of human cancer, including miR-32 in osteo-
sarcoma (46), miR-140 in breast cancer (47) and miR-101 in
hepatocellular carcinoma (48). In the present study, miR-216b
was demonstrated to inhibit the proliferation and invasion of
NSCLC cells by negatively regulating the expression of SOX9
via directly targeting the 3'UTR. Therefore, miR-216b may
be used as a therapeutic target to prevent rapid growth and
metastasis in NSCLC.

In conclusion, the present study provided initial data that
miR-216b is downregulated and inhibits the cellular prolifera-
tion and invasion of NSCLC through the direct targeting of
SOXO. The association between miRNA-216b expression and
NSCLC progression indicates that miR-216b/SOX9 may be
potential therapeutic targets for patients with NSCLC.
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