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Background: Targeting the long non-coding RNAs (LncRNAs)-microRNAs (miRNAs)-
mRNA competing endogenous RNA (ceRNA) networks has been proved as an effective
strategy to treat multiple cancers,including oral squamous cell carcinoma (OSCC). Based on
this, the present study identified a novel LncRNA 'SNHG16/miR-17-5p/CCNDI1 signaling
pathway that played an important role in regulating the pathogenesis of OSCC.

Methods: The expression levels of cancer-associated genes were examined by Real-Time
gPCR and Western Blot at transcriptional and translated levels, respectively. CCK-8 assay was
performed to détermine cell proliferation, and cell apoptosis ratio was measured by the Annexin
V-FITC/PI double staining assay. Transwell assay was performed to examine cell migration, and
dual-luciferase reporter@ene system assay was used to validate the ceRNA networks.

Results: LncRNA'SNHG16 and CCND1 were upregulated, while miR-17-5p was down-
regulated in OSCC tissues and cell lines, compared to their normal counterparts. Also, miR-
17-5p negatively correlated with both LncRNA SNHG16 and CCND1 mRNA, but LncRNA
SNHG16 was positively relevant to CCND1 mRNA in OSCC tissues. By performing the
gain- and loss-of-function experiments, we noticed that LncRNA SNHG16 overexpression
aggravated the malignant phenotypes, such as cell proliferation, viability, migration and
epithelial-mesenchymal transition (EMT) in OSCC cells, while LncRNA SNHG16 knock-
down had opposite effects. Furthermore, our dual-luciferase reporter gene system evidenced
that LncRNA SNHG16 sponged miR-17-5p to upregulate CCND1 in OSCC cells, and the
inhibiting effects of LncRNA SNHG16 ablation on OSCC progression were abrogated by
both downregulating miR-17-5p and overexpressing CCND1. Finally, the xenograft tumor-
bearing mice models were established, and our data validated that LncRNA SNHG16 served
as an oncogene to promote tumorigenicity of OSCC cells in vivo.

Conclusion: Taken together, targeting the LncRNA SNHG16/miR-17-5p/CCND1 axis
hindered the development of OSCC, and this study provided potential diagnostic and
therapeutic biomarkers for OSCC in clinic.

Keywords: oral squamous cell carcinoma, competing endogenous RNA, LncRNA
SNHG16, MiR-17-5p, cyclin D1

Background

Oral squamous cell carcinoma (OSCC) is the predominant subtype of oral cancer,'
which is characterized by high incidence and mortality, and brought huge health
burden to human beings worldwide.>* Although the advances in the traditional
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therapies, such as surgery, chemotherapy and radiotherapy
had been reached, the prognosis in OSCC patients is still
very poor as the result of its unclear underlying
mechanisms.”’ Therefore, researchers recently focused
on exploring the molecular characteristics of OSCC
pathogenesis,™® and identified that multiple long non-
coding RNAs (LncRNAs) participated in modulating
OSCC development.” " Interestingly, emerging data sug-
gested that cancer-associated
LncRNAs was  effective to  hamper OSCC
development.” "' Among all the LncRNAs, LncRNA
SNHG16 was identified as an oncogene to facilitate the

manipulation of the

development of pancreatic cancer,'? gastric cancer,'® and
bladder cancer.'* Notably, Li et al noticed that upregula-
tion of LncRNA SNHG16 enhanced progression and car-
cinogenesis in OSCC,'> however, the regulating
mechanisms of LncRNA SNHG16 in OSCC development
were still largely unknown.

MicroRNAs (miRNAs) are a group of endogenous
with
and recent data suggested that miRNAs

small non-coding RNAs

16,17

approximately 22
nucleotides,
acted as “tumor suppressors” or “oncogenes” to inhibit or
promote cancer progression in OSCC.'® 2 Specifically,
our team selected miR-17-5p for investigation, which had
been reported to be closely associated with the radio-
resistance and development of OSCC,*' > but the detailed
regulating mechanisms were still unclear. Based on the
information from the previous publications,***> miR=17-
Sp exerted opposite effects in different cancer types. On
the one hand, miR-17-5p facilifated cancer progression in
cervical cancer,”> on the other, miR-17-5p functioned as
a “tumor suppressor” ifi*triple-negative. breast cancer,**
hence, it was necessary and meaningful to investigate the
role of miR-17-5p in regulating OSCC development. In
addition, researchers hagreed that< LncRNAs served as
“RNA sponges” for miRNAs,2**” and previous publica-
tions suggested that miR-17-5p was the downstream target
of LneRNA SNHG16+in bladder cancer,”® which was
validated by our bioinformatics analysis through the online
starBase software (http://starbase.sysu.edu.cn/), and ren-
dered the possibility that LncRNA SNHG16 might sponge
miR-17-5p in OSCC cells in a similar manner.

Cyclin D1 (CCND1) is crucial for sustaining cell pro-
liferation, and mutations or deficiency of CCND1 may
cause cell-cycle arrest and death.?*' Of note, CCNDI
served as an oncogene to promote the development of
various cancers, such as colorectal cancer,32 breast
cancer>> and OSCC.*** Interestingly, researchers noticed

that silencing of CCND1 was proved to be an effective
strategy to slow down OSCC progression.’® Of note,
recent data indicated that miRNAs targeted the 3’ untrans-
lated regions (3'UTRs) of CCND1 mRNA for CCNDI1

degradation and inhibition,*”°

and our preliminary work
showed that there existed potential binding sites in miR-
17-5p and 3'UTRs of CCND1. Given the fact that miR-17-
5p was the downstream target of LncRNA SNHG16,*® it
was reasonable to conjecture that miR-17=5p.might serve
as a “bridge” for LncRNA SNHGI6 and CCNDI, and
investigating the regulating mechanisms of LncRNA
SNHG16-miR-17-5p-CCND 1< competing endogenous
RNA (ceRNA) networks<in OSCC became meaningful
and necessary.

Based on the informationfrom the existed literatures,
the present study managed to investigate the involvement
of LncRNACSNHG16/miR-17-5p/CCNDI1 signaling cas-
cade in regulating the pathogenesis of OSCC, which broa-
dened our knowledge in this field and provided potential
biomarkers for OSCC diagnosis and therapy.

Materials and Methods

Clinical Specimen Collection

The 50 paired clinical tissues, including OSCC tissues
and their corresponding adjacent normal epithelia, were
collected from the primary OSCC patients from 2014 to
2018 in Affiliated Haikou Hospital of Xiangya Medical
College, Central South University. We assured that all
the patients had not accepted any other therapies before
surgical resection, such as chemotherapy, radiotherapy,
etc., and all the tissues were examined and judged by
two pathologists in our hospital. The above tissues were
immediately stored at the refrigerator with —70°C con-
ditions for further analysis, and Real-Time qPCR was
used to examine the expression levels of LncRNA
SNHG16, miR-17-5p and CCND1 mRNA in the tissues,
and their correlations were analyzed. In addition, 8
paired tissues were randomly selected, and Western
Blot analysis was performed to examine the protein
levels of CCND1. We had obtained the signed informed
consent from all the participants, and all the clinical
experiments were conducted in accordance with the
Declaration of Helsinki, and were approved by the
Ethics Committee of Affiliated Haikou Hospital of
Xiangya Medical College, Central South University
(No. 201712DA7619382193).
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Cell Culture and Vectors Transfection
The human normal oral cell line (NOK) and OSCC cell
lines (CAL27, TCA8113, OEC-MI1 and TW2.6) were pur-
chased from American Type Culture Collection (ATCC,
USA) and Cell Bank of Chinese Academy of Sciences
(Shanghai, China), respectively. All the cells were cultured
in the Dulbecco’s Modified Eagle’s medium (DMEM, Life
Technology, NY, USA) containing 10% fetal bovine serum
(FBS, Gibco, USA) under the standard culture conditions
with 5% CO, humidified atmosphere at 37°C. The over-
expression and downregulation vectors for LncRNA
SNHG16 were designed and synthesized by Sangon
Biotech (Shanghai, China), miR-17-5p mimic/inhibitor
and CCNDI1 overexpression vectors were obtained from
GenePharma (Shanghai, China). All the above vectors
were delivered into the OSCC cells by using the
Lipofectamine 2000 transfection reagent (Invitrogen, CA,
USA) in keeping with the manufacturer’s protocol.

Real-Time qPCR Analysis

The OSCC tissues and cells were harvested and prepared,
the total RNA was extracted by using the TRIzol reagent
(Ambion, USA) in keeping with the manufacturer’s proto-
col. Next, the cDNA for LncRNA SNHG16, miR-17-5p,
CCND1 mRNA, B-actin mRNA and U6.mRNA ‘were
synthesized by using different cDNA<synthesis kits. For
mRNA and LncRNA, the SuperScript 111 reverse transcrip-
tase reagent (Invitrogen, USA) was used. For miRNA, the
TagMan MicroRNA Reverse Transcription Kit (Applied
Biosystems, USA) was employed. After that, the Maestro
GreenEvaGreen qPCR Master Mix (Maestrogen, USA)
was purchased t0 quantify the expression levels of
LncRNA and .mRNA, while the QuantiTect SYBR Green
PCR system (QIAGEN, Shanghai, China) was utilized to
examinethe levels of miR-17-5p. B-actin and U6 were
used’ as internal control,<and each experiment contained
at least 3 repetitions. The primer sequences for LncRNA
SNHG 16, miR-17-5p, CCNDI, B-actin and U6 are listed
in Table 1.

Western Blot Analysis

Table |1 The Primers Used for Real-Time qPCR

Gene Name Sequences
LncRNA SNHGI6 | FW: 5-TGTTCGTCATGGGTGTGAAC-3’
RE: 5'-ATGGCATGGACTGTGGTCAT-3’
miR-17-5p FW: 5'-CTCTTACAGTGCAGGTAGAAAA-3'
RE: Universal primer from TAKARA
CCNDI FW: 5'-CCCTCGGTG GGTCCTACTTCAA-3'
RE: 5-TGGCATTTTGG AGAGGAAGT-3’
B-actin FW: 5'-CTCCATCCTGGCCTCGCTGT-3'
RE: 5-GCTGCTACCTTCACCGTTCC-3’
ueé FW: 5'-TCCGATCGTGAAGCGTTC-3’
RE: 5-GTGCAGGGTCCGAGGT-3’
described,***¥ which were normalized by the internal con-

trol B-actin. The detailed information for the primary anti-
bodies against CCND1, N-cadherin, Vimentin and B-actin
arerlisted in Table 2.

Cell Counting Kit-8 (CCK-8) Assay

The OSCC cells were pre-transfected with different vec-
tors, and-were cultured in the 96-well plates under the
standard culture conditions for 0 h, 24 h, 48 h and 72 h,
respectively. After that, the commercial CCK-8 assay kit
(YEASEN, Shanghai, China) was obtained to examine cell
proliferation abilities based on the experimental proce-
dures provided by the producer. Briefly, the cells were
incubated with the CCK-8 solution for 1.5 h in the incu-
bator, and the plates were shattered. After that, the optical
density (OD) values were examined at the wavelength of
450 nm to reflect the relative proliferation abilities of the
cells.

Transwell Assay

The OSCC cells were subjected to differential treatments,
and the transwell assay was performed to evaluate cell
migration abilities. In brief, the transwell plates were pur-
chased from Corning Co-Star (USA), and the cells were

Table 2 The Antibodies Used for Western Blot Analysis

The total proteins were extracted from the OSCC tissues Antibodies | Catalog Working Company
and cells by using the commercial RIPA lysis buffer | Name No. Concentrations
(Beyotime Biotechnology, Shanghai, China) according to CCNDI #ab 16663 1:1500 Abcam, UK
the manufacturer’s instructions, and the expression levels N-cadherin | #ab18203 1:1000 Abcam, UK
of CCNDI, N-cadherin and Vimentin were examined by | Yimentin #ab137321 1:2000 Abcam, UK

. . . B-actin #ab8226 1:2000 Abcam, UK
using the Western Blot analysis as previously
Cancer Management and Research 2021:13 submit your manuscript 1833
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detached and suspended in the serum-free DMEM medium
(Life Technology, NY, USA). After that, the cells were
seeded into the apical chamber, and the basolateral cham-
bers were fulfilled with the DMEM medium containing
20% FBS (Gibco, USA). Subsequently, the transwell
plates were placed in the incubator and the cells were
cultured for 24 h, and the cells on the filters were stained
with 0.1% crystal violet for 30 min at room temperature
for visualization. Finally, the cells were photographed and
counted under a light microscope to evaluate cell migra-
tion abilities.

Dual-Luciferase Reporter Gene System
Assay

According to the previous publications and the data from
the online starBase software (http:/starbase.sysu.edu.cn/),

we obtained the binding sites of miR-17-5p with the wild-
type LncRNA SNHG16 and 3" UTR of CCND1 mRNA,
which were named as wild-type LncRNA SNHG16 (wt-
SNHG16) and CCND1 (wt-CCND1). In addition, the tar-
geting sites in the LncRNA SNHG16 and 3’ UTR of
CCND1 mRNA were mutated, and were presented as mut-
SNHG16 and mut-CCNDI, respectively. The above vectors
were cloned into the pmirGLO firefly luciferase-expressing
vectors (Promega, USA), and were co-transfected with
miR-17-5p mimic and inhibitor into the @SCC cells by
2000 reagent
(Invitrogen, CA, USA) based on the:protocol provided by

using the Lipofectamine transfection
the producer. At 48 h post-transfection, the Dual-luciferase
Reporter Assay System (Promega, USA) was utilized to
measure the relative luciferase activities in the above
OSCC cells. Renilla luciferase was regarded as the control

reporter for normalization.

Establishment of Xenograft

Tumor-Bearing Mice Models

The male athymic Balb/e.nude mice were purchased from
Animal Center of Central South University, and all the
mice aged 6 weeks and weighed 20-23 g. The OSCC cells
were pre-transfected with LncRNA SNHG16 overexpres-
sion and downregulation vectors, and were subcutaneously
implanted into the dorsal flank regions at the density of 2 x
10 7 per mouse. After that, the tumor volume was mon-
itored every 5 days, and the volumes were calculated by
using the following formula: (& x length x width?)/6. At
the 5 days post-injection, the mice were anesthetized by
intravenously injecting Barbiturate at the concentration of

100 mg/kg, and the standards for successful euthanasia
included: (1) no cardiac arrest; (2) no spontaneous breath
for at least 3 min; and (3) no blinking reflex in mice.
Subsequently, the mice were sacrificed and the tumors
were obtained by surgical resection. The tumors were
photographed and weighed to reflect tumorigenesis of
OSCC cells in vivo. All the animal experiments were
conducted in accordance with the Laboratory Animal
Welfare Guidelines of Research Animal Center of
Xiangya Medical College, and were approved. by the
Ethics committee of Affiliated< Haikou Hospital of
Xiangya Medical College, Central South University (No.
201803DA76328123).

Data Analysis

The data were shown as Means + Standard Deviation
(SD), and SPSS 18.0 software and Graph Pad Prism 8.0
software were used to analyze the data. The means from
two groups were compared by using the Student’s #-test,
and one-way ANOVA analysis was conducted to compare
the means from' multiple groups. In addition, Pearson
Correlation analysis was used to analyze the correlations
among  LneRNA SNHG16, miR-17-5p and CCNDI1
mRNA in OSCC clinical tissues. Each experiment had at
least 3 repetitions, and P < 0.05 was regarded as statistical
significance.

Results
LncRNA SNHG16, miR-17-5p and
CCNDI Were Aberrantly Expressed in

OSCC Tissues and Cells

The OSCC tissues (N = 50) and their paired adjacent normal
tissues were collected and the expression levels of LncRNA
SNHG16, miR-17-5p and CCND1 mRNA were determined
by conducting Real-Time qPCR assay (Figure 1A-C). As
shown in Figure 1A—C, LncRNA SNHG16 (Figure 1A) and
CCNDI1 mRNA (Figure 1C) tended to be enriched, while
miR-17-5p (Figure 1B) was downregulated in OSCC tis-
sues, in contrast with their normal counterparts. Next, by
performing the Pearson Correlation Analysis, we noticed
that miR-17-5p negatively correlated with LncRNA
SNHG16 (Figure 1D) and CCND1 mRNA (Figure 1E),
while LncRNA SNHGI16 was positively relevant to
CCNDI1 mRNA in the OSCC tissues (Figure 1F). Finally,
the human normal oral cell line (NOK) and OSCC cell lines
(CAL27, TCA8113, OEC-M1 and TW2.6) were obtained,
and we found that LncRNA SNHGI16 (Figure 2A) and
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Figure I LncRNA SNHGI6, miR-17-5p and CCND| were aberrantly expressed in the clinical tissues collected from patients with oral squamous cell carcinoma (OSCC).
The 50 paired cancer and adjacent normal tissues were obtained from OSCC patients, and Real-Time qPCR analysis was conducted to examine the expression levels of (A)
LncRNA SNHGI6, (B) miR-17-5p and (C) CCNDI mRNA. The Pearson correlation analysis was next conducted, and the results showed that miR-17-5p negatively
correlated with (D) LncRNA SNHG16 and (E) CCNDI mRNA, but (F) LncRNA SNHGI6 was positively relevant to CCNDI mRNA in OSCC tissues. *P < 0.05.

CCND L (Figure 2C-E) were high-expressed, while miR-17-
5p was low-expressed in OSCC cells (Figure 2B), compared
to the normal NOK cells. Given that LncRNA SNHG16
tended to be enriched in CAL27 and TCAS8113 cells
(Figure 2A), the above two cell lines were chosen for further
analysis.

LncRNA SNHG16 Acted as an Oncogene
to Promote OSCC Development in vitro

and in vivo

Previous data suggested that LncRNA SNHG16 facilitated
the development of OSCC,'® which were validated by our
work. Initially, the LncRNA SNHG16 overexpression and

downregulation vectors were successfully delivered into
CAL27 and TCAS8113 cells (Figure 3A), and further gain-
and loss-function experiments evidenced that LncRNA
SNHG16 positively regulated malignant phenotypes of
OSCC cells in vitro and in vivo. Mechanistically, the CCK-
8 assay results showed that OSCC cell proliferation abilities
were enhanced by LncRNA SNHG16 overexpression, but
were inhibited by LncRNA SNHG16 ablation (Figure 3B
and C). Consistently, through Annexin V-FITC/PI double
staining assay, we found that silencing of LncRNA
SNHGI16 triggered apoptotic cell death in OSCC cells
(Figure 3D). Also, the xenograft tumor-bearing mice models
were established, and the results evidenced that silencing of
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Figure 2 The expression status of LncRNA SNHGI6, miR-17-5p and CCND1 in OSCC cells« The human normal oral cell line (NOK) and OSCC cell lines (CAL27,
TCA8113, OEC-MI and TW2.6) were obtained, and Real-Time qPCR was employed to determine the expression levels of (A) LncRNA SNHG16, (B) miR-17-5p and (C)
CCNDI mRNA in the above cells. (D, E) Western Blot analysis was conducted to examine fthe protein levels of CCNDI in the OSCC cells. Each experiment repeated at
least 3 times, and *P < 0.05.
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Figure 3 LncRNA SNHGI6 promoted cell proliferation and growth, and inhibited cell apoptosis in OSCC cells (CAL27 and TCA8113) in vitro and in vivo. (A) The
overexpression and downregulation vectors for LncRNA SNHG 16 were delivered into the OSCC cells. (B, C) CCK-8 assay was performed to examine cell proliferation
abilities in OSCC cells. (D) Knock-down of LncRNA SNHG 6 triggered apoptotic cell death in OSCC cells. (E) The xenograft tumor-bearing mice models were established,
and tumor weight was used to evaluate tumorigenesis of the OSCC cells. (Note: “Con” indicated “Control”, “OE” represented “LncRNA SNHGI6 overexpression” and
“KD” suggested “knock-down of LncRNA SNHG16”). Each experiment repeated at least 3 times, and *P < 0.05.

LncRNA SNHGI16 slowed down tumor growth in vivo, SNHGI16 positively regulated cell mobility in OSCC cells
which were promoted by upregulating LncRNA SNHG16  (Figure 4A and B). Finally, we noticed that LncRNA
(Figure 3E). Furthermore, the transwell assay was utilized to  SNHG16 positively regulated N-cadherin and Vimentin to
examine migration, and the results showed that LncRNA  promote EMT in OSCC cells (Figure 4C—F).
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LncRNA SNHGI 6 Positively Regulated
CCNDI by Sponging miR-17-5p in OSCC
Cells

Based on the information from the previous publications and
the online starBase software (http://starbase.sysu.edu.cn/),
we noticed that miR-17-5p potentially bound to LncRNA
SNHG16 (Figure 5SA) and 3’ untranslated region (3'UTR) of
CCND1 mRNA (Figure 5D). Therefore, we conjectured that
miR-17-5p might serve as a “bridge” to combine LncRNA
SNHG16 and CCND1 in OSCC. To validate this hypothesis,
the binding sites in LncRNA SNHG16 and CCNDI1 were
mutated, and were cloned into the luciferase reporter vectors

by a third-party company (Sangon, Shanghai, China).
Subsequently, the above vectors were co-transfected with
miR-17-5p mimic and inhibitor into CAL27 and TCA8113
cells, and the results suggested that miR-17-5p mimic
decreased luciferase activities in the OSCC cells co-
LncRNA SNHGI16
CCNDI, instead of their mutant counterparts, while miR-
17-5p inhibitor had opposite effects (Figure 5B and C;
Figure SE and F). Next, we noticed that knock-down of

transfected with wild-type and

LncRNA SNHG16 decreased the expression levels of
CCNDI1 at both transcriptional (Figure 5G) and translated
(Figure SH-I) levels, which were reversed by silencing miR-
17-5p (Figure 5G-I), indicating that LncRNA SNHGI16
sponged miR-17-5p to upregulate CCND1 in OSCC cells.

Knock-Down of LncRNA SNHGI6
Inhibited OSCC Progression Through the

miR-17-5p/CCNDI Axis

We next investigated whether<LncRNA SNHGI16 regu-
lated OSCC development_ by targeting the miR-17-5p/
CCNDI1 axis. To achieve this, the.LncRNA SNHGI16
silencing vectors, miR-17-5p inhibitor and CCND1 over-
expression vectors were delivered into OSCC cells (Figure
6A and B), which were divided intofour groups, including
Control, KD-SNHG16, KD-SNHG16+miR-17-5p inhibi-
tor, and KD-SNHG16+OE-CCNDI1. As expected, the
data_in_Figure 6C and D showed that knock-down of
LncRNA SNHGI16 inhibited cell proliferation in OSCC
cells, which¢were restored by silencing miR-17-5p and
upregulating CCNDI1. Consistently, the promoting effects
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Figure 4 LncRNA SNHG16 positively regulated cell migration and EMT in OSCC cells. (A, B) Transwell assay was conducted to examine cell migration abilities. (C—F)
Western Blot analysis was conducted to examine the expression levels of EMT-associated proteins (N-cadherin and Vimentin) in OSCC cells. (Note: “Con” indicated
“Control”, “OFE” represented “LncRNA SNHG 16 overexpression” and “KD” suggested “knock-down of LncRNA SNHG16”). Each experiment repeated at least 3 times,

and *P < 0.05.
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Figure 5 LncRNA SNHGI6 sponged miR-17-5p to upregulate CCNDI in OSCC cells. The binding sites of miR-17-5p with (A) LncRNA SNHGI6 and (D) 3'UTR of
CCNDI mRNA were predicted by using the online starBase software (http:/starbase.sysu.edu.cn/). The targeting sites of miR-17-5p with (B, C) LncRNA SNHG16 and (E,
F) CCNDI| mRNA were validated by using the dual-luciferase reporter gene system assay. (G) The mRNA and (H, 1) protein levels of CCND| were determined by Real-
Time qPCR and Western Blot analysis, respectively. (Note: “Con” indicated_“Control”, “KD-L" indicated *“Knock-down of LncRNA SNHGI6” and “KD-L+KD-miR”
suggested “both LncRNA SNHG 16 and miR-17-5p ablation”). Each experiment repeated at least 3 times, and *P < 0.05.

of LncRNA SNHG16 ablation on cell apoptosis.were also . <ablation and CCNDI1 overexpression restored the expres-
abrogated by miR-17-5p downregulation’ and CCND1"  sions of N-cadherin and Vimentin in LncRNA SNHG16-
overexpression (Figure 6E and F). Next, by performing ° deficient OSCC cells, resulting in the promotion of EMT
Western Blot analysis, we noticed/that both<miR-17-5p  (Figure 7A-D).
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Figure 6 The role of LncRNA SNHG|6/miR-17-5p/CCNDI axis in regulating OSCC cell proliferation and apoptosis. (A) The miR-17-5p mimic and inhibitor were
transfected into OSCC cells for its overexpression and silencing. (B) CCNDI was overexpressed in OSCC cells. (C, D) CCK-8 assay was performed to examine cell
proliferation abilities in OSCC cells. (E, F) Annexin V-FITC/PI double staining assay was used to determine cell apoptosis. Each experiment repeated at least 3 times, and
*P < 0.05.
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experiment repeated at least 3 times, and *P < 0.05.

Discussion

Emerging evidences evidenced that targeting the long non-
coding RNAs (LncRNAs)-microRNAs (miRNAs)-mRNA
competing endogenous RNA (ceRNA) networks were
effective therapy strategies to slow down the development
of multiple cancers,***" including oral squamous cell car-
cinoma (OSCC).” !! Based on this, the present study first
identified a novel LncRNA SNHG16/miR-17-5p/CCNDI1
signaling cascade that involved in regulating OSCC patho-
genesis.  Specifically, according to< the previous
publication,'””> LncRNA SNHG16 functioned as an onco-
gene to promote the development of OSCC; which. were
validated by our work, and the results showed that
LncRNA SNHGI16 tended.to be enriched inn OSCC tissues
and cells, compared to«their normal counterparts. In addi-
tion, LncRNA SNHGI16 positively regulated the malignant
phenotypes, including cell proliferation, invasion, migra-
tion, epithelial-mesenchymal transition (EMT) and tumor-
genicity in vitro and‘in vivo, and knock-down of LncRNA
SNHG16 triggered apoptotic cell death in OSCC cells,
implying that silencing of LncRNA SNHG16 was effec-
tiverto hamper OSCE, progression.

MiRNAs also regulated the development of OSCC,'®2°
which had widely been reported as the downstream target of
LncRNAs.*®?7 Specifically, previous literatures reported
that miR-17-5p was relevant to OSCC pathogenesis,?' >
but the underlying mechanisms are still unclear. By analyz-
ing the clinical tissues, we noticed that miR-17-5p was
downregulated in cancer tissues. In addition, the expression
levels of miR-17-5p and LncRNA SNHG16 showed nega-
tive correlations in OSCC tissues. Given the fact that there
existed potential binding sites in the two genes,”® our further

‘L+C” represented “LncRNA SNHG 16 ablation plus CCNDI overexpression™). Each

experiments validated that LncRNA SNHGI16 sponged
miR-17<5p in OSEC cells. Next, by performing the gain-
and less-function experiments, we found that the inhibiting
effects of LncRNA SNHG16 ablation on the malignant
phenotypes in OSCC were abrogated by silencing miR-17-
Sp, indicating that LncRNA SNHG16 involved in regulat-
ing OSCC progression by targeting miR-17-5p. According
to the previous publications, the role of miR-17-5p in mod-
ulating cancer progression was controversial based on can-

2425 and our data evidenced that miR-17-5p

cer types,
functioned as a tumor suppressor to repress OSCC
development.

29-31

CCNDI1 was a key regulator for cell cycle and

was often aberrantly overexpressed in OSCC, contribut-

and deterioration.>*33

ing to cancer development
Interestingly, as the post-transcriptional regulators, mul-
tiple miRNAs had been identified to negatively regulate
CCNDI1 through targeting its 3’ untranslated regions (3’
UTRs).*” >’ Interestingly, our team validated that miR-
17-5p bound the 3'UTR of CCND1 mRNA for degrada-
tion and inhibition, and miR-17-5p negatively correlated
with CCND1 mRNA in OSCC clinical tissues. Of note,
the ceRNA mechanisms theory depicted that miRNAs
served as “bridge”
LncRNAs and downstream mRNA targets, and we
validated that LncRNA SNHGI16 positively regulated
CCND1 in OSCC cells through targeting miR-17-5p.
Consistently, our clinical data also evidenced that
LncRNA SNHGI16 was positively relevant to CCNDI1
in OSCC tissues. Finally, we proved that silencing of
LncRNA SNHGI16 inhibited OSCC progression by

in addition to

a to combine the upstream

40,41

downregulating CCNDI1. Moreover,
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CCNDI, other anti-apoptotic proteins, such as nuclear
Survivin,** were closely associated with OSCC develop-
ment. As the pathogenesis of OSCC was very compli-
cated, our future work will focus on investigating the
synergistic roles of CCNDI1 and other tumor-promoting
proteins in regulating OSCC progression.

Conclusions

Taken together, we evidenced that knock-down of
LncRNA SNHG16 inhibited CCND1 expressions through
sponging miR-17-5p in a ceRNA-dependent manner,
resulting in the inhibition of OSCC development in vitro
and in vivo. The present study first identified a novel
LncRNA SNHG16/miR-17-5p/CCNDI1 axis in regulating
OSCC progression, and provided potential diagnostic and
therapeutic agents for OSCC in clinic.
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The authors report no conflicts of interest in this work.
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