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Long non-coding RNA OIP5-AS1 contributes to cisplatin
resistance of oral squamous cell carcinoma
through the miR-27b-3p/TRIM14 axis
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Abstract. Oral squamous cell carcinoma (OSCC) accounts
for 90% of oral cavity cancer types, but the overall prognosis
for patients with OSCC remains unfavorable. Cisplatin (DDP)
is an effective drug in OSCC treatment, but DDP resistance
weakens its therapeutic effect. Opa-interacting protein 5
antisense RNA 1 (OIP5-AS1) can trigger DDP resistance.
The purpose of the current study was to explore the role and
mechanism ofOIP5-AS1 in OSCC DDP resistance. In the
present study, the expression levels of OIP5-AS1, microRNA
(miR)-27b-3p and tripartite motif-containing 14 (TRIM14)
were detected by reverse transcription-quantitative PCR. DDP
resistance was measured using an MTT assay. Moreover,
cell proliferation, migration and invasion were assessed by
MTT, Transwell, and Matrigel assays. Protein expression
levels of TRIM14, E-cadherin, N-cadherin and Vimentin
were detected by western blot analysis. Putative binding sites
between miR-27b-3p andOIP5-AS1 or TRIM14werepredicted
with starBase and verified using a dual-luciferase reporter
assay. The role of OIP5-AS1 in DDP resistance of OSCC
in vivo was measured using a xenograft tumor model. It was
observed that OIP5-AS1 was upregulated in DDP-resistant
OSCC cells, and the knockdown of OIP5-AS1 improved
DDP sensitivity in DDP-resistant OSCC cells. The present
study identified that miR-27b-3p was a target of OIP5-ASI.
Furthermore, miR-27b-3p silencing reversed the effect of
OIP5-ASI1 knockdown on DDP sensitivity in DDP-resistant
OSCC cells. TRIM14was shown to be a direct target of
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miR-27b-3p, and TRIM14 overexpression abolished the effect
of miR-27b-3p on DDP sensitivity in DDP-resistant OSCC
cells. The results suggested that OIP5-AS1 increased TRIM14
expression by sponging miR-27b-3p. In addition, OIP5-AS1
knockdown enhanced DDP sensitivity of OSCC in vivo. Data
from the present study indicated that OIP5-AS1 may improve
DDP resistance through theupregulationTRIM 14 mediated
bymiR-27b-3p, providing a possible therapeutic strategy for
OSCC treatment.

Introduction

Oral cavity cancer is an intractable malignancy that has
become a highly relevant public health issue worldwide (1).
According to global cancer statistics from 2018, there were
~354,864 newly diagnosed cases and 177,384 mortalities
of oral cavity cancer (2). Furthermore, >90% of oral cavity
cancer types are identified as oral squamous cell carci-
noma (OSCC) (3). Although great progress has been made in
diagnosis, surgery and chemotherapy strategies, the overall
prognosis of OSCC remains unfavorable owing to local recur-
rence and metastasis (4). Cisplatin (DDP) has been reported
as an effective first-line chemotherapy drug for the treatment
of OSCC, but the therapeutic effect of DDP often fails as a
result of the rapid development of drug resistance (5). Thus, it
is important to identify the underlying molecular mechanisms
of chemoresistance in OSCC to develop a novel target for
improving DDP sensitivity.

Long non-coding RNAs (IncRNAs) are >200 nucleotides
and have been identified as crucial regulatory transcripts
lacking protein-coding functions (6). Previous studies have
reported that dysregulation of IncRNAs is implicated in the
initiation and development of various tumors, including
OSCC (7,8). LncRNA opa-interacting protein 5 antisense
RNA 1 (OIP5-AS]) is derived from the antisense of OIP5 gene;
it acts as a carcinogenic factor by promoting cell proliferation,
migration and invasion in OSCC progression (9). Moreover,
a recent study observed that OIP5-AS1 could induce DDP
resistance by regulating microRNA (miRNA/miR)-340-5p
in osteosarcoma (10). ever, the function and mechanism of
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OIP5-AS1 in DDP-resistant OSCC cells are yet to be fully
elucidated.

In recent decades, miRNAs (small non-coding RNAs
~22 nucleotides in length) have been reported to negatively
regulate gene expression in part by repressing translation of
target mRNAs (11). Numerous miRNAs have been found
to be abnormally expressed and closely associated with
physiological activities, including proliferation, metastasis and
development in OSCC (12-14). miR-27b-3p, a form of mature
miR-27b, has been revealed to exert a tumor-suppressive effect
by regulating its target genes, including MET and frizzled class
receptor 7in OSCC (15,16). Previous studies have suggested
that miR-27b-3p could reduce resistance of some drugs in
breast cancer and prostate cancer (17,18). In addition, a recent
study reported that miR-27b could improve the chemotherapy
sensitivity of OSCC cells to DDP (19), indicating the involve-
ment of miR-27b-3p in DDP resistance of OSCC.

Tripartite motif-containing 14 (TRIMI14), located on
chromosome 9q22, was first identified in HI V-infected human
and simian lymphomas (20). It has been shown that TRIM14
is upregulated in OSCC, and the overexpression of TRIM14
could facilitate the progression of OSCC by interacting with
miR-195-5p (21). Furthermore, previous studies have demon-
strated that TRIM 14 contributes to drug resistance in gliomas
and oral tongue squamous cell carcinoma (22,23). However,
the involvement of TRIM14 in DDP-resistant in OSCC
remains unknown.

Therefore, the aim of the present study was to identify the
function of OIP5-AS1, and to explore whether the involvement
of OIP5-ASI in the DDP resistance of OSCC was mediated
via the miR-27b-3p/TRIM 14 axis.

Materials and methods

Clinical samples and cell culture. Samples of OSCC tumor
tissues and normal adjacent tissues (the distance from the
tumor margin was >5 cm) were collected from 30 patients
(17 male and 13 females; 12 patients aged >60 and 18 patients
aged <60; age range, 27-78 years) who underwent oral surgical
operation at The First Hospital of Qigihar (Qiqgihar, China)
from January 2015 to June 2017. Tissues excised during the
surgery were instantly frozen in liquid nitrogen and stored
at -80°C until subsequent use. The study was performed with
the approval of the Ethical Committee of The First Hospital
of Qiqihar. Written informed consent was obtained from all
participating patients.

A normal human oral keratinocyte cell line (NHOK) was
obtained from the Cell Bank of Type Culture Collection of
the Chinese Academy of Sciences (Shanghai, China) and
incubated in Keratinocyte-SFM medium (Invitrogen; Thermo
Fisher Scientific, Inc.) containing 10% FBS (Invitrogen;
Thermo Fisher Scientific, Inc.) and 1% antibiotics (100 U/ml
penicillin and 100 xg/ml streptomycin; Invitrogen; Thermo
Fisher Scientific, Inc.) in a 5% CO, incubator at 37°C. Human
OSCC cell lines (SCC-15, SCC-9 and Cal-27) were purchased
from the American Type Culture Collection, and the human
OSCC cell line HSC-3 was acquired from Cell Bank of
Japanese Collection of Research Bioresources. All OSCC
cells were cultured at 37°C with 5% CO, under a humid atmo-
sphere in DMEM (Invitrogen; Thermo Fisher Scientific, Inc.)

supplemented with 10% FBS (Gibco; Thermo Fisher Scientific,
Inc.).

A gradually increasing dose of DDP (from 1.5 to 25 pg/ml
over a 10-month period; Sigma-Aldrich; Merck KGaA) at 37°C
was added to the culture medium of SCC-9/DDP and
HSC-3/DDP cells for maintaining the DDP-resistant pheno-
type, as previously described (24).

Cell transfection. OIP5-AS1 or TRIM14 overexpression
vectors were established by inserting OIP5-AS1 or TRIM14
cDNA sequence into pcDNA3.1 (pcDNA; Invitrogen; Thermo
Fisher Scientific, Inc.), obtaining pcDNA-OIP5-AS1 or
pcDNA-TRIM14. And the pcDNA3.1 empty vector (pcDNA;
Invitrogen; Thermo Fisher Scientific, Inc.) acted as a nega-
tive control. Small interfering (si)RNA againstOIP5-AS1
(si-OIP5-AS1: 5'-GGCAGTAGAATCACTTAAA-3') and its
scrambled negative control (si-NC: 5'-TACCGACTGGCA
ATTCATG-3"), miR-27b-3p mimic (miR-27b-3p: 5'-TTC
ACAGTGGCTAAGTTCTGC-3') and miR-27b-3p inhibitor
(anti-miR-27b-3p: 5'-GCAGAACTTAGCCACTGTGAA-3"),
as well as their scrambled NC (miR-NC: 5'-GGTTCCATC
GTACACTGTTCA-3' or anti-miR-NC: 5'-CCATCAGTCCCC
ATCGCCA-3") were obtained from Shanghai GenePharma
Co., Ltd. Transfection of all aforementioned plasmids or oligo-
nucleotides was performed in OSCC cells (2x10° cells/well)
using Lipofectamine® 2000 reagent (Invitrogen; Thermo
Fisher Scientific, Inc.), according to the manufacturer's
instructions. After 48 h incubation at 37°C, transfected cells
were harvested and utilized for further experiments.

Reverse transcription-quantitative PCR (RT-qPCR).
Extraction of RNA from OSCC tissues and cells was
conducted using TRIzol® reagent (Gibco; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
cDNA was synthesized using PrimeScript™ RT Master
mix kit (Takara Bio, Inc.), followed by incubation at 37°C
for 15 min and 85°C for 5 sec. Relative expression levels of
OIP5-AS1 and TRIMI14 were analyzed using the SYBR®
Premix Ex Taq™ kit (Takara Bio, Inc.), and the amplification
parameters were: Denaturation at 95°C for 10 min, followed by
40 cycles of denaturation at 95°C for 30 sec, annealing at 60°C
for 30 sec and extension at 72°C for 1 min. The quantitative
analysis of miR-27b-3p was performed using an All-in-One™
miRNA RT-qPCR Detection kit (GeneCopoeia, Inc.), and the
PCR cycling profile was as follows: Denaturation at 95°C for
2 min; followed by 40 cycles of annealing at 95°C for 5 sec;
and extension at 60°C for 35 sec. Subsequently, the expression
levels of OIP5-AS1, miR-27b-3p and TRIM14 were calcu-
lated using 22%4 method (25), normalizing to GAPDH or
U6 small nuclear RNA. The specific primer sequences used
were as follows: OIP5-AS1 forward, 5"TGCGAAGATGGC
GGAGTAAG-3' and reverse, 5S"-TAGTTCCTCTCCTCTGGC
CG-3'; miR-27b-3p forward, 5'-ACACTCCAGCTGGGTTTC
ACAGTGGCTAAG-3' and reverse, 5"TGGTGTCGTGGA
GTCG-3'; TRIM14 forward, 5'-GCAGAGACAGAGCTAGAC
TGTAAAGGT-3' and reverse, 5'-CCTGGTCACACAATT
GATATGGA-3'; GAPDH forward, 5~ AGAAGGCTGGGG
CTCATTTG-3' and reverse, 5-AGGGGCCATCCACAGTCT
TC-3'; and U6 forward, 5'-CTCGCTTCGGCAGCACA-3' and
reverse, 5S'-AACGCTTCACGAATTTGCGT-3'.
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Drug resistance assay and cell proliferation assay. An MTT
assay (Sigma-Aldrich; Merck KGaA) was performed to
measure DDP resistance and cell proliferation, according to
the manufacturer's instructions. Transfected DDP-resistant
OSCC cells were cultured at 37°C for 48 h prior to exposure to
different doses of DDP (1, 2, 4,6, 8, 16, 32 and 64 pug/ml), and
then the MTT assay was performed. The ICs, was calculated
using a viability curve.

For the proliferation assay, transfected DDP-resistant
OSCC cells (6x10° cells/well) were incubated for 48 h, and
then 20 ul MTT solution (5 mg/ml) was added to each well
at the different time points (0, 24, 48 and 72 h), followed by
incubation for another 4 h at 37°C. After removing the cell
culture medium, 100 1 DMSO (Sigma-Aldrich; Merck
KGaA) was added into each well. The optical density (OD)
was detected with a microplate reader at 490 nm (ELXS808;
BioTek Instruments, Inc.).

Cell migration and invasion assay. The cell migratory and
invasive abilities were detected using Transwell chambers
(24-well; Sigma-Aldrich; Merck KGaA) according to the
manufacturer's instructions. Transfected SCC-9/DDP and
HSC-3/DDP cells (1x10%) were inoculated into the upper
chamber with serum-free medium for migration assay. In
total, 5x10* transfected DDP-resistant OSCC cells were added
into the upper chamber coated with Matrigel at 37°C for 4-5 h
(BD Biosciences) for the invasion assay. The lower chamber
contained complete medium with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.). After 24 h of incubation, the cells on
the surface of the upper chamber were scraped with cotton
swabs, whereas cells that migrated or invaded to the lower
chamber were fixed with methanol for 30 min at 4°C and
stained with 0.1% crystal violet solution for 20 min at 37°C.
Cells were analyzed with an inverted fluorescent microscope
(magnification, x100).

Western blot analysis. Western blotting was conducted
according to previous description (26). Total protein from
tissues and cells was isolated using pre-cold RIPA buffer
(Beyotime Institute of Biotechnology) including protease
inhibitor. Total protein was quantified using a BCA protein
assay kit (Invitrogen; Thermo Fisher Scientific, Inc.). Separated
proteins (30 ug) using 10% SDS-PAGE were transferred onto
nitrocellulose membranes (EMD Millipore). The membranes
were probed with primary antibodies againstTRIMI14
(1:800; cat. no. ab185349; Abcam), E-cadherin (1:1,000;
cat. no. abl416; Abcam), N-cadherin (1:1,000; cat. no. ab76011;
Abcam), Vimentin (1:200; cat. no. ab8978; Abcam) and
GAPDH (1:5,000; cat. no. ab9485; Abcam) at 4°C overnight.
Subsequently, the corresponding horseradish peroxidase
conjugated goat-anti-rabbit secondary antibody (1:10,000;
cat. no. ab205178, Abcam) was probed in the membranes to
bind these primary antibodies. Protein bands were detected
with an ECL detection system (Cytiva) and analyzed using
Quantity One v4.6.2software (Bio-Rad Laboratories, Inc.).
And the expression levels of protein were normalized to
GAPDH.

Dual-luciferase reporter assay. Using the bioinfor-
matics website starBase v2.0 (http://starbase.sysu.edu.

cn/agoClipRNA.php?source=IncRNA), the binding sites
between the miR-27b-3p and OIP5-AS1 or TRIM 14 3'-untrans-
lated regions (UTR) were predicted and analyzed. A luciferase
activity reporter assay was conducted to further assess the
binding relationship between miR-27b-3p and OIP5-AS1
or TRIM14 3'-UTR. Partial sequences of OIP5-AS1 and
TRIM143'-UTR containing the putative (wild-type; WT) or
mutated putative binding sites for miR-27b-3p were amplified
and cloned into psiCHECK-2 vector (Promega Corporation),
resulting inOIP5-AS1 WT or MUT andTRIM143'-UTRWT or
MUT reporter plasmids. Then, SCC-9/DDP and HSC-3/DDP
cells (2x10° cells/well) were co-transfected with 100 ng of
the constructed reporter plasmids and 100 nM miR-NC or
miR-27b-3p and were incubated for 48 h at 37°C. Luciferase
activities were measured with the LD400 luminometer
(Beckman Coulter, Inc.) at 48 h post-transfection. Firefly
luciferase activity was normalized to that of Renilla luciferase.

Tumor xenograft assay. Male BALB/C nude mice (n=6 per
group; age, 4 weeks, 18-20 g weight) were obtained from the
Shanghai Experimental Animal Center. A total of 12 mice
were kept in an environmental room equipped with a constant
temperature of 20°C, a humidity of 60% and a programmed
12 h light/dark cycle for circadian control, and were randomly
divided into 2 groups (the sh-NC+cisplatin group, and the
sh-OIP5-AS1+cisplatin). All mice were allowed free access
to drinking water and sterilized standard diet. The animal
experiment was performed as per the protocol approved by
the Institutional Committee for Animal Research of The First
Hospital of Qiqgihar. The short hairpin (sh)-OIP5-AS1 lenti-
virus was obtained from Shanghai GenePharma Co., Ltd, and
a lentivirus empty vector was used as the sh-NC. Subsequently,
these obtained lentivirus vectors were transfected into 293T
cells (Invitrogen; Thermo Fisher Scientific, Inc.) along with
lentivirus packaging vectors (psPAX2 and pMD?2. G, Addgene,
Inc.), followed by incubation for 72 h at 37°C. After collec-
tion with cell supernatants including sh-OIP5-AS1 or sh-NC
lentivirus, SCC-9 cells were infected with sh-OIP5-AS1 or
sh-NC lentivirus, followed by screening with puromycin
(Sigma-Aldrich; Merck KGaA). One week later, stable lenti-
viro-transfected SCC-9 cells were established. Subsequently,
transfected cells (5x10°) were subcutaneously injected into the
left flank of the nude mice. At 7 days after injection, 3 mg/kg
DDP (dissolved in PBS buffer; Sigma-Aldrich; Merck KGaA)
was intraperitoneally injected once every 4 days. Tumor
volume was measured every 4 days after the first injection (the
largest tumor diameter was 128 mm). After 31 days, mice were
euthanized by the administration of 5% isoflurane followed by
cervical dislocation. Tumors were excised, weighed, and were
stored at -80°C for subsequent experiments.

Statistical analysis. GraphPad Prism 7.0 software (GraphPad
Software, Inc.) was used for statistical analysis. Paired
Student's t-test or one-way ANOVA with Tukey's tests were
used to analyze the differences in the data between two groups
or among multiple groups, respectively. The correlation
between OIP5-AS1, miR-27b-3p and TRIM14 was detected
using Pearson's correlation analysis. Data are presented as the
mean + SD. P<0.05 was considered to indicate a statistically
significant difference.
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Figure 1. OIP5-AS]1 expression is upregulated in OSCC tissues and cells, as well as DDP-resistant OSCC cells. (A) RT-qPCR was performed to measure the
expression levels of OIP5-ASI in 30 pairs of OSCC tumor tissues and normal adjacent tissues. ‘P<0.05. (B) OIP5-AS1 expression was detected in OSCC
cell lines (SCC-15, SCC-9, HSC-3 and Cal-27) and NHOK cells. “P<0.05 vs. NHOK. (C) Expression of OIP5-AS1 in OSCC cell lines (SCC-9 and HSC-3)
and DDP-resistant OSCC cell lines (SCC-9/DDP and HSC-3/DDP) was assessed by RT-qPCR assay. “P<0.05. DDP, cisplatin; NHOK, normal human oral
keratinocyte; OIP5-ASI1, opa-interacting protein 5 antisense RNA 1; OSCC, oral squamous cell carcinoma; RT-qPCR, reverse transcription-quantitative PCR.

Results

OIP5-AS1 is upregulated in OSCC tissues and cells, as well
as DDP-resistant OSCC cells. To investigate the function of
OIP5-AS1 with DDP resistance in OSCC, its expression was
first measured by RT-qPCR assay. OIP5-AS1 expression was
significantly increased in OSCC tissues in comparison with
normal adjacent tissues (n=30; Fig. 1A). Similarly, significantly
higher expression of OIP5-AS1 was observed in OSCC cell lines
(SCC-15,SCC-9,HSC-3 and Cal-27) compared with NHOK cells
(Fig. 1B), most notably in SCC-9 and HSC-3 cells. Thus, SCC-9
and HSC-3 cells were selected for the subsequent analyses.

OIP5-ASI1 expression in DDP-resistant OSCC cells was
further examined. The results demonstrated that OIP5-AS1
expression was significantly upregulated in SCC-9/DDP and
HSC-3/DDP cells compared with their respective parental
cells SCC-9 and HSC-3 (Fig. 1C). These data suggested that
dysregulation of OIP5-AS1 maybe associated with DDP resis-
tance in OSCC cells.

OIP5-AS1 knockdown improves DDP sensitivity in
DDP-resistant OSCC cells. Considering the high expres-
sion of OIP5-AS1 in DDP-resistant OSCC cells, OIP5-AS1
was knocked down in SCC-9/DDP and HSC-3/DDP cells.
The expression of OIP5-AS1 was effectively downregulated
in SCC-9/DDP and HSC-3/DDP cells transfected with
si-OIP5-AS1 compared with cells with si-NC (Fig. 2A).
Therefore, this knockdown vector was used to further evaluate
the effect of OIP5-AS1 on DDP resistance in DDP-resistant
OSCC cells. The drug cytotoxicity assay results suggested
that the ICs, value of DDP in si-OIP5-ASI-transfected
DDP-resistant OSCC cells was significantly decreased
compared with the respective si-NC-transfected DDP-resistant
OSCC cells (Fig. 2B-D), indicating that the OIP5-AS1 knock-
down could reduce the resistance of the cells to DDP.
Functional analysis suggested that OIP5-AS1 knockdown
significantly repressed proliferation (Fig. 2E and F), migra-
tion (Fig. 2G) and invasion (Fig. 2H) in SCC-9/DDP and
HSC-3/DDP cells. Moreover, western blot analysis revealed
that OIP5-AS1 knockdown significantly increased E-cadherin
protein expression, but decreased N-cadherin and Vimentin
protein expression levels, indicating that the knockdown of
OIP5-AS1 may suppress epithelial-mesenchymal transition
(EMT) in SCC-9/DDP and HSC-3/DDP cells (Fig. 2I and J).

Collectively, these data demonstrated that OIP5-AS1 knock-
down could decrease DDP resistance, and inhibit cell growth
and metastasis in SCC-9/DDP and HSC-3/DDP cells.

miR-27b-3p directly interacted with OIP5-ASI. IncRNAs can
exerttheir function by interacting with miRNAs (27). Hence, the
underlying interacting miRNAs of OIP5-AS1 were predicted
using starBase v2.0 software, andmiR-27b-3p was found to
possess complementary sites with OIP5-AS1 (Fig. 3A). The
dual luciferase reporter assay was used to further verify this
predicted outcome. It was demonstrated that miR-27b-3p
overexpression significantly decreased the luciferase activity
of OIP5-AS1 WT reporter plasmid, but had no notable effect
on the luciferase activity of OIP5-AS1 MUT reporter plasmid
in SCC-9/DDP and HSC-3/DDP cells (Fig. 3B and C).
miR-27b-3p was demonstrated to be expressed at signifi-
cantly lower levels in OSCC tumors and cell lines compared
with the respective control groups (Fig. 3D and E). In addition,
the expression of miR-27b-3p was moderately negatively corre-
lated with OIP5-ASI1 expression in OSCC tumors (Fig. 3F) (28).
The transfection efficiency of pcDNA-OIP5-AS1 overexpres-
sion vector in SCC-9/DDP and HSC-3/DDP cells was detected
(Fig. 3G). RT-qPCR results showed that miR-27b-3p expres-
sion was increased in si-OIP5-AS]1-transfected DDP-resistant
OSCC cells but was decreased in pcDNA-OIP5-AS1-trans-
fected cells (Fig. 3H). Thus, it was indicated that OIP5-AS1
interacted with miR-27b-3p to hinder its expression.

OIP5-AS1 knockdown increases DDP sensitivity in
DDP-resistant OSCC cells by negatively regulating miR-27b-3p.
As an interaction between OIP5-AS1 and miR-27b-3p in
DDP-resistant OSCC cells was indicated, it was further inves-
tigated whether the effect of OIP5-AS1 on DDP resistance was
associated withmiR-27b-3p. Knockdown of OIP5-AS1 could
upregulatemiR-27b-3p expression, which was subsequently
downregulated after co-transfection with anti-miR-27b-3p
(Fig. 4A). Furthermore, the results of ICs, determination
suggested that the silencing of miR-27b-3p partly abolished the
inhibitory effect of OIP5-AS1 knockdown on DDP resistance in
SCC-9/DDP and HSC-3/DDP cells (Fig. 4B-D).

Functionally, the knockdown of OIP5-AS1 inhibited
proliferation (Fig. 4E and F), migration (Fig. 4G), and inva-
sion (Fig. 4H) in SCC-9/DDP and HSC-3/DDP cells, while
miR-27b-3p silencing significantly reversed the suppressive
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Figure 2. OIP5-AS1 knockdown enhances DDP sensitivity in DDP-resistant OSCC cells. (A) OIP5-AS1 expression in SCC-9/DDP and HSC-3/DDP transfected
with si-OIP5-AS1 was detected using RT-qPCR analysis. (B and C) SCC-9/DDP and HSC-3/DDP cells transfected with transfected were treated with different
concentrations of DDP for 48 h, and then cell viability was detected by using MTT assay. (D) The IC5, was calculated using a viability curve. Proliferation rates
were analyzed by MTT assay in si-OIP5-AS1-transfected (E) SCC-9/DDP and (F) HSC-3/DDP cells. (G) Migration and (H) invasion were analyzed with Transwell
and Matrigel assays (magnification, x100), respectively, in si-OIP5-ASI1-transfected DDP-resistant OSCC cells. Epithelial-mesenchymal-transition-related
protein expression levels (E-cadherin, N-cadherin and Vimentin) were detected by western blot analysis in si-OIP5-AS1-transfected (I) SCC-9/DDP and
(J) HSC-3/DDP cells. "P<0.05 vs. si-NC. DDP, cisplatin; NC, negative control; OD, optical density; OIP5-AS1, opa-interacting protein 5 antisense RNA 1;
OSCC, oral squamous cell carcinoma; RT-qPCR, reverse transcription-quantitative PCR; siRNA, small interfering RNA.

effect of si-OIP5-AS1 on these biological processes. Meanwhile,
cell images of the migration and invasion assays were presented
in Fig. S2A and B. Western blotting results demonstrated that
silencing of miR-27b-3p reversed the si-OIP5-AS1-induceden-
hancement in E-cadherin protein expression, as well as the
reduction in N-cadherin and Vimentin protein expression levels
in SCC-9/DDP and HSC-3/DDP cells (Fig. 41 and J). Taken
together, these results suggested that silencing of miR-27b-3p
partly reversed the promotion effect of OIP5-AS1 knockdown
on DDP sensitivity in DDP-resistant OSCC cells.

TRIMI14 is a target of miR-27b-3p. It has been widely reported
that miRNA can perform its function by specifically binding to
the 3-UTR of the downstream gene (29). Using the web-based
tool starBase, the 3'-UTR of TRIM14 was found to have
complementary target sites to miR-27b-3p (Fig. 5A). To verify
this prediction, a dual-luciferase reporter assay was conducted
in SCC-9/DDP and HSC-3/DDP cells. The results demonstrated
that the luciferase activity was significantly decreased in cells

co-transfected with TRIM14 3'-UTR-WT and miR-27b-3p,
whereas there was little effect in cells co-transfected with-
TRIM14 3-UTR-MUT and miR-27b-3p (Fig. 5B and C).

It was demonstrated that the mRNA and protein expres-
sion levels of TRIM14 were significantly upregulated in
OSCC tumor tissues compared with normal adjacent tissues
(Fig. 5D and E, respectively). Moreover, TRIM14 was
expressed at a higher level in SCC-9/DDP and HSC-3/DDP
cells compared with SCC-9 and HSC-3 cells (Fig. SF and G). It
was found that TRIM14 expression was moderately negatively
correlated with the expression of miR-27b-3p in OSCC tumor
tissues (Fig. SH).

The transfection efficiency of miR-27b-3p overexpres-
sion or knockdown was examined and presented in Fig. S1A.
RT-qPCR and western blotting results indicated that at
both the mRNA (Fig. 51 and J) and protein (Fig. 5K and L)
levels TRIM14 expression was significantly decreasedaft-
ermiR-27b-3p overexpression, whereas expression levels were
increased by anti-miR-27b-3p transfection in SCC-9/DDP and
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HSC-3/DDP cells. Therefore, it was suggested that miR-27b-3p
could interact with TRIM14 to inhibit its expression.

TRIM14 overexpression partially reverses the effects of
miR-27b-3p on DDP sensitivity in DDP-resistant OSCC cells. As
miR-27b-3p was shown to negatively regulate TRIM14 expres-
sion, whether the effect of miR-27b-3p on DDP sensitivity was
mediated by regulating TRIM 14 expression was investigated. The
overexpression of miR-27b-3p decreasedTRIM14 expression,
which was significantly reversed by co-transfection with TRIM 14
overexpression vectors in SCC-9/DDP and HSC-3/DDP cells
(Fig. 6A-C). The overexpression efficiency of pcDNA-TRIM14
was examined and presented in Fig. SIB and SC.

The ICs, value of DDP suggested that the overexpres-
sion of TRIM14 effectively abolished the suppressive effect
of miR-27b-3p mimic on DDP resistance in SCC-9/DDP
and HSC-3/DDP cells (Fig. 6D-F). Moreover, transfection of
miR-27b-3p inhibited the proliferation (Fig. 6G and H), migration
(Figs. 6I and S2C) and invasion (Figs. 6J and S2D) in SCC-9/DDP
and HSC-3/DDP cells, and the overexpression of TRIM14 signif-
icantly reversed these effects. It was demonstrated that increased
E-cadherin protein expression, as well as decreased N-cadherin
and Vimentin protein expression levels induced by miR-27b-3p
mimic were reversed by pcDNA-TRIM14co-transfection in
SCC-9/DDP and HSC-3/DDP cells (Fig. 6K and L). Thus, these

results suggested that miR-27b-3p may facilitate DDP sensitivity
in DDP-resistant OSCC cells by regulating TRIM14.

OIP5-AS1 enhances TRIMI4 expression by sponging
miR-27b-3p in DDP-resistant OSCC cells. Based on the afore-
mentioned findings, it was hypothesized that OIP5-AS1 may
affect the expression of TRIM14 by modulating miR-27b-3p in
DDP-resistant OSCC cells. A moderate positive correlation was
identified between OIP5-AS1 and TRIM14 expression levels
(Fig. 7A). RT-qPCR results demonstrated that knockdown of
OIP5-AS1 decreasedTRIM14 expression, and introduction of
anti-miR-27b-3p effectively reversed this trend in SCC-9/DDP
and HSC-3/DDP cells (Fig. 7B). Similar to the RT-qPCR
results, the protein expression levels of TRIM14 were signifi-
cantly suppressed in si-OIP5-ASI-transfected SCC-9/DDP
and HSC-3/DDP cells, whereas silencing of miR-27b-3p
mitigated this inhibitory effect of OIP5-AS1 knockdown
(Fig. 7C and D). Taken together, these results suggested that
OIP5-AS1 may serve as a molecular sponge of miR-27b-3p to
upregulate TRIM14 expression in DDP-resistant OSCC cells.

OIP5-AS1 knockdown increases DDP sensitivity of OSCC
in vivo. To further evaluate the functional effects of OIP5-AS1
on DDP resistance in vivo, a mouse xenograft model of OSCC
was established. The knockdown efficiency of sh-OIP5-AS1
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Figure 6. TRIM14 overexpression partly reverses the effects of miR-27b-3p on DDP sensitivity in DDP-resistant oral squamous cell carcinoma cells.
(A) Reverse transcription-quantitative PCR was conducted to detect the mRNA expression levels of TRIM14 in SCC-9/DDP and HSC-3/DDP cells transfected
with miR-NC, miR-27b-3p, miR-27b-3p + pcDNA ormiR-27b-3p + pcDNA-TRIM14. Western blotting was performed to assess the protein expression level-
sof TRIM14 in transfected (B) SCC-9/DDP and (C) HSC-3/DDP cells. (D and E) Transfected SCC-9/DDP and HSC-3/DDP cells were treated with various
concentrations of DDP for 48 h. MTT assay was subsequently carried out to assess cell viability in treated cells. (F) The viability curve was used to calculate
the ICy,. MTT assay was performed to test proliferation rates in transfected (G) SCC-9/DDP and (H) HSC-3/DDP cells. Transwell and Matrigel assays were
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in SCC-9 cells was measured and presented in Fig. S1D. The
results demonstrated that the tumor size and weight were
significantly lower in the sh-OIP5-AS1 group treated DDP
compared with the sh-NC group treated DDP, indicating
that OIP5-AS1 knockdown hindered tumor growth in OSCC
in vivo (Fig. 8A and B). Furthermore, RT-qPCR and western
blotting results revealed that OIP5-AS1 mRNA (Fig. 8C) and
TRIMI14 mRNA and protein (Fig. 8E and F, respectively)
expression levels were decreased, whereasmiR-27b-3p
expression was enhanced (Fig. 8D) in tumor tissues from
mice injected with sh-OIP5-AS1-transfected SCC-9 cells
compared with mice injected with sh-NC-transfected SCC-9
cells. Collectively, these results indicated that knockdown of
OIP5-ASI repressed tumor growth and enhanced DDP sensi-
tivity partly by regulating the miR-27b-3p/TRIM14 axis in
OSCC in vivo.

Discussion

DDP-based chemotherapy is effective in the clinical treatment
of most cancer types, but the development of drug resistance
leads to poor clinical effectiveness (30). Previous studies have
reported that IncRNAs are essential regulators in development
and drug resistance of various cancer types (31,32). For example,
it was previously reported that the high expression of OIP5-AS1
was associated with undifferentiated oral tumors and indicated
a poor prognosis (33). Furthermore, it has been shown that
OIP5-AS1 knockdown can reduce the resistance of osteosar-
coma cells to DDP (10). However, the mechanism of OIP5-AS1
in DDP resistance is yet to be fully elucidated in OSCC.

In the present study, OIP5-AS1 was demonstrated to be
highly expressed in DDP-resistant OSCC cells compared
with parental cells, suggesting that OIP5-AS1 may exert an
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Figure 8. OIP5-AS1 knockdown improves DDP sensitivity of OSCC in vivo. (A) Tumor volume and (B) tumor weight were measured in xenografts.
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oncogenic role in the DDP chemoresistance of OSCC cells.
Subsequently, the biological function of OIP5-AS1 on DDP
resistance in OSCC cells was further evaluated. The results
showed that OIP5-AS1 knockdown increased DDP sensitivity
and repressed proliferation, migration, invasion and EMT in
DDP-resistant OSCC cells in vitro. Moreover, the current study

demonstrated that knockdown of OIP5-AS1 hindered OSCC
cell growth, and improved DDP sensitivity in vivo. Therefore,
it was suggested that OIP5-AS1 knockdown may contribute to
DDP sensitivity in vitro and in vivo.

Previous studies have revealed that IncRNAs can exert their
roles by interacting with miRNA (34,35). In the present study,
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miR-27b-3p was demonstrated to be a target A of OIP5-AS1. It
has been shown that miR-27b-3p could exert an inductive effect
on drug sensitivity in breast cancer (17). The present results
indicated that miR-27b-3p expression was downregulated and
negatively correlated with the expression of OIP5-AS1 in OSCC
tissues and DDP-resistant OSCC cells. Functionally, silencing
miR-27b-3p reversedOIP5-AS1-knockdown-induced enhance-
ment of DDP sensitivity, demonstrating that the knockdown of
OIP5-AS1 increased DDP sensitivity partly by interacting with
miR-27b-3p in DDP-resistant OSCC cells.

IncRNAs may act as sponges to reduce mRNA expres-
sion (27,36). In the present research, TRIM14 was identified
as the target of miR-27b-3p using bioinformatics analysis
and dual-luciferase reporter assays. According to previous
literature, TRIM14 can affect the activity of Wnt/p-catenin
to promote the drug resistance of tumors (23). Moreover, the
Wnt/B-catenin signaling pathway contributes to oxaliplatin
(OXA) resistance of liver cancer by enhancing the expres-
sion of multidrug resistance mutation 1 (MDRI) (37), and the
Wnt/B-catenin signaling pathway increases DDP resistance
of lung adenocarcinoma by increasing the expression of
ATP-binding cassette (ABC) transporter (38). Therefore, we
hypothesize that TRIM14 could induce ABC transporter and
MDRI1 expression by activating the Wnt/B-catenin signaling
pathway, thus enhancing OSCC resistance to DDP.

Previous studies have reported that TRIM 14 could increase
progression in OSCC and enhance DDP resistance in oral
tongue squamous cell cancer (21,22). The present study results
demonstrated that TRIM14 was upregulated, and inversely
correlated with miR-27b-3p level in OSCC. Functional anal-
ysis demonstrated that TRIM14 overexpression reserved the
promotion role of miR-27b-3p on DDP sensitivity. The induc-
tive effect of TRIM14 on DDP resistance was also verified in
tongue squamous cell carcinoma (39). Additionally, to further
assess whether OIP5-ASI could act as a miR-27b-3p sponge
to impact TRIM14 expression, rescue assays were conducted.
In the present study, the results demonstrated that the down-
regulation of miR-27b-3p could partly reversed the suppressive
action of OIP5-AS1 knockdown on TRIM14 expression in
DDP-resistant OSCC cells, verifying the regulatory role of
OIP5-AS1/miR-27b-3p/TRIM14 in OSCC. The current study
is limited by the small sample size and the verification of
other associated signaling pathways (23). Therefore, in future
studies, the sample size should be expanded, and whether the
regulatory role of OIP5-AS1/miR-27b-3p/TRIM14 axis on
DDP resistance was mediated by the Wnt/p-catenin signaling
pathway should be explored further.

In conclusion, the present results suggested that OIP5-AS1
may act as a sponge of miR-27b-3p to upregulate TRIM14
expression, thus promoting DDP resistance of OSCC cells.
Therefore, targeting OIP5-AS1 maybe a potential therapeutic
target for OSCC treatment.
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