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IncRNA SNHGS promotes cell proliferation, migration
and invasion in oral squamous cell carcinoma
by sponging miR-655-3p/FZD4 axis
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Abstract. Recently, previous studies have shown that long
non-coding RNA (IncRNA) can act as a tumor promoter or
inhibitor in the pathogenesis of oral squamous cell carci-
noma (OSCC). However, the regulatory mechanism of IncRNA
SNHGS is unknown in OSCC. Therefore, the functional mecha-
nism of IncRNA SNHGS in OSCC was initially revealed in this
study. Here, RT-qPCR and western blot analysis were used to
assess mRNA and protein expression. The functional mechanism
of SNHGS was investigated by MTT, Transwell and luciferase
reporter assays. The results showed that SNHGS expression was
upregulated in OSCC and promoted the viability, migration and
invasion of OSCC cells. In addition, SNHGS is the sponge of
miR-655-3p in OSCC. And miR-655-3p was found to play an
inhibitory effect in OSCC by interacting with SNHGS. Moreover,
miR-655-3p directly targets FZD4 and negatively regulates its
expression in OSCC. Functionally, FZD4 promoted the progres-
sion of OSCC by interacting with the SNHG5/miR-655-3p axis. In
conclusion, IncRNA SNHGS promotes cell proliferation, migra-
tion and invasion in OSCC by regulating miR-655-3p/FZD4 axis.

Introduction
Oral cancer is one of the most common head and neck malig-

nancies, while oral squamous cell carcinoma (OSCC) is the
most common (1). It has been reported that oral cancer accounts
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for 1.9-3.5% of systemic malignancies. In addition, it accounts
for 4.7-20.3% of head and neck malignancies, second only to
nasopharyngeal carcinoma (2). Today, surgical resection and
radiotherapy are still the two most effective methods for the
treatment of OSCC (3). In addition, combined treatment with
the poly(ADP) ribose polymerase inhibitors 1/2 (PARP1/2)
is also a valid therapeutic strategy for OSCC (4). The overall
5-year survival rate of OSCC patients is 50-70%. The 5-year
survival rate at the stage I can be as high as 90% or higher,
while the 5-year survival rate at stage IV is only ~10%. The
main reason for the failure of OSCC treatment is local recur-
rence of the primary tumor (5). Therefore, early diagnosis and
treatment are the keys to the treatment of OSCC.

Long non-coding RNA (IncRNA) is a type of RNA mole-
cule whose transcript length exceeds 200 nt. IncRNA does not
encode protein, but regulates the expression level of genes in
the form of RNA at multiple levels (epigenetic regulation, tran-
scription regulation, and post-transcriptional regulation) (6). In
addition, IncRNAs regulate the tumorigenesis and development
of cancers by affecting some important cellular biological
activities, such as cell viability, differentiation, motility and
apoptosis (7). Previous studies have shown that IncRNAs can
serve as tumor suppressors or oncogenes in OSCC, such as
IncRNA MORT and CASC9 (8,9). More specifically, over-
expression of IncRNA MORT restrained cell proliferation in
OSCC by downregulating ROCK1 (8). In addition, the increased
expression of IncRNA CASC9 promoted tumor progression
through the AKT/mTOR pathway in OSCC (9). Recently, the
different roles of IncRNA SNHGS in malignant tumors have
attracted our attention. Low expression of SNHGS5 was found
in gastric cancer, and overexpression of SNHGS suppressed
the progression of gastric cancer (10). However, SNHGS was
upregulated in glioma, and knockdown of SNHGS inhibited
the malignant cellular phenotype of glioma (11). These results
prove that SNHGS5 may have tissue specificity. However, the
regulatory mechanism of SNHGS in OSCC is still unknown.

In addition, SNHGS is predicted to have a binding site
with miR-655-3p. Meanwhile, the abnormal expression
and function of miR-655-3p have been investigated in other
cancers. Downregulation of miR-655-3p has been detected
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in retinoblastoma and esophageal squamous cell carci-
noma (12,13). Functionally, miR-655-3p was found to inhibit
cell proliferationin humanlip cells (14).In addition, miR-655-3p
restrained the migration and invasion of non-small cell lung
cancer cells by targeting PTTGI (15). Here, Frizzled-4 (FZD4)
is predicted as the target of miR-655-3p. In addition, abnormal
expression of FZD4 has been identified in human cancers.
For example, FZD4 was abnormally upregulated and acted
as an oncogene in lung cancer and prostate cancer (16,17). In
addition, miR-101 has been found to suppress the migration
and invasion of bladder cancer cells by targeting FZD4 (18).
However, the functional mechanism of miR-655-3p/FZD4
axis in OSCC is unclear. Besides, IncRNA HOXD-AS1 was
found to promote cell proliferation, migration and invasion in
ovarian cancer through the miR-608/FZD4 axis (19). However,
it is unclear how IncRNA SNHGS regulates OSCC progression
by interacting with the miR-655-3p/FZD4 axis.

Therefore, the functions of IncRNA SNHGS5, miR-655-3p
and FZD4 as well as their possible mechanisms were investi-
gated in OSCC. This research will help us better understand
the pathogenesis of OSCC and provide possible biomarkers for
OSCC treatment.

Materials and methods

Clinical tissues. Forty-two OSCC tissues and paired normal
tissues were obtained from Peking Union Medical College
Hospital. The informed consents of OSCC patients were collected
before the experiment. All OSCC patients have not received
chemotherapy or radiotherapy before undergoing surgery. This
study was approved by the Institutional Ethics Committee of
Peking Union Medical College Hospital, approval number was
2017PUMC?26. All patients provided written informed consents.

Cell lines and culture. OSCC cell line SCC-4 (ZKCC-X1937)
and Immortalized Human Oral Mucosal Epithelial Cells
hTERT-OME (ATCC® PCS-200-014™) were obtained from
Beijing Zhongke Quality Inspection Biotechnology Co.,
Ltd. and American Type Culture Collection (ATCC). These
cells were cultured in Dulbecco's modified Eagle's medium
(DMEM) containing 10% FBS and cultured in an incubator
with 5% CO, at 37°C.

Cell transfection. SNHGS and FZD4 overexpression vectors or
siRNAs,and miR-655-3p mimics (B01001) orinhibitor (B03001)
were obtained from GenePharma. For transfection, cells were
seeded into 6-well plates at a density of 2x10° cells/well.
Cells were transfected with miR-655-3p mimics or inhibitor
(100 pmol), SNHGS5 and FZD4 siRNA (100 pmol) or vectors
(4 ug) using Lipofectamine® 2000 (Invitrogen; Thermo Fisher
Scientific, Inc.) when 60-70% confluence was achieved, in
accordance with the manufacturer's protocol. Subsequent to
transfection for 6-8 h, cell culture medium was replaced with
DMEM without antibiotics and incubated at 37°C with 5% CO,.

RNA isolation, reverse transcription and RT-gPCR. TRI1zol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used to
extract total RNA. RNA was reversely transcribed to comple-
mentary DNA (cDNA) using a Reverse Transcription Kit
(Takara). RT-qPCR assay was performed using Real-time PCR

Mixture assays (Takara) and corresponding primers. SNHGS5
and miR-655-3p expression were normalized to U6, when FZD4
was normalized to GAPDH. Their expressions were quantified
by the 2224 method. The primers used were: SNHG5 forward
5'-CGAGTAGCCAGTGAAGATAATG-3"; SNHGS reverse
5-CACACAACAGTCAAGTAAACC-3'; miR-655-3p forward:
5-CAATCCTTACTCCAGCCAC-3' and reverse, 5-GTGTCT
TAAGGCTAGGCCTA-3"; U6-forward: SAAAT-3' and reverse,
5“TTGCGTGTCAT-3"; FZD4-forward: 5-GGTGGCTCCCCT
CTTTACTT-3' and reverse, 5'-ATCACACACGTTGCAGAA
C-3'; GAPDH forward: 5-ACAACTTTGGTATCGTGGAAG
G-3', and reverse, 5-GCCATCACGCCACAGTTTC-3

MTT assay. Prepared transfected SCC-4 cells (2x10° cells/well)
were put in a 96-well plate. Next, the SCC-4 cells were incu-
bated in DMEM medium for 24,48, 72 or 96 h. Then, the cells
were incubated with 10 1 MTT solution for 4 h. MTT solu-
tion was then aspirated. And Formazan solution was added to
completely dissolve the crystals. The absorbance at 490 nm
was examined with a microplate reader (Olympus Corp.).

Transwell assay.Matrigel matrix (1:8; 50 ul/well; BD Biosciences)
in the upper chamber was used to detect cell invasion. After
30 min, the SCC-4 cell suspension (2x10° cells/well) was added
to the Transwell upper chamber. The lower chamber was added
with DMEM medium (10% FBS). After 48 h of incubation,
crystal violet (Beyotime Institute of Biotechnology) was used to
fix and stain the cells on the lower surface of the membrane for
30 min. Cell migration assay was performed without Matrigel.
The other steps are the same as cell invasion. An optical micro-
scope was used to count the number of stained cells for five
randomly selected fields.

Dual luciferase reporter assay. The 3'-UTR of wild-type
and mutant SNHGS5 (wt-SNHGS5 and mut-SNHGS) or FZD4
(Wwt-FZD4 and mut-FZD4) were inserted into the pmiR-GLO
vectors (Promega Corporation). The above reporter plasmids and
miR-655-3p mimics were transfected into SCC-4 cells. After
48 h, the activity of firefly and Renilla luciferase was measured by
the dual-luciferase reporter gene system (Promega Corporation).

Western blot analysis. Protein samples were extracted by RIPA
lysis buffer (Beyotime Institute of Biotechnology). Protein
concentration was measured using Bicinchoninic Acid protein
assay kit (Sigma-Aldrich; Merck KGaA). Next, 25 ug protein
was separated by 10% SDS-PAGE and transferred to PVDF
membranes. And the protein was blocked at room temperature
for 2 h with 5% non-fat milk. Then, protein samples were incu-
bated with FZD4 (ab83042, 1:1,000 dilution, Abcam, rabbit
polyclonal antibodies) and GAPDH (ab8245, 1:1,000 dilution,
Abcam, mouse monoclonal antibody) primary antibodies over-
night at 4°C. After washing with TBST, protein samples were
incubated with corresponding horseradish peroxidase-conju-
gated secondary antibodies (ab205719, 1:5,000 dilution;
Abcam). Protein bands were visualized by ECL kit (Beyotime
Institute of Biotechnology) and were quantified with Image Lab
Software (Bio-Rad Laboratories, Inc.).

Statistical analysis. All statistical analyses were conducted by
using SPSS 19.0 or Graphpad Prism 6. All data were presented
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Figure 1. The dysfunction of IncRNA SNHGS is identified in OSCC. (A) The mRNA SNHGS expression in OSCC tissues (N=42) (B) SNHGS expression in
SCC-4 and hTERT-OME cells (C) SNHGS expression in SCC-4 cells with SNHGS5 siRNA or overexpression vector. (D) Cell proliferation in SCC-4 cells with
SNHGS siRNA or overexpression vector (E and F) Cell migration and invasion in SCC-4 cells with SNHGS5 siRNA or overexpression vector “P<0.05, “P<0.01.

IncRNA, long non-coding RNA; OSCC, oral squamous cell carcinoma.

as the mean =+ standard deviation from at least three separate
experiments. Differences between two groups were estimated
by unpaired two-tailed Student t-test. Differences between
multiple groups were compared using one-way analysis of
variance followed by Tukey's post hoc test. The correlations
between miR-655-3p expression and IncRNA SNHGS5 or FZD4
expression in OSCC tissues were analyzed using Spearman's
rank test. P<0.05 indicates a statistically significant difference.

Results

Upregulation of IncRNA SNHGS5 promotes cell prolifera-
tion, migration and invasion in OSCC. The role of IncRNA
SNHG5 was explored in OSCC. First, SNHG5 expression
was detected in OSCC tissues and cells. Compared to
normal tissues, the expression of SNHGS in OSCC tissues
was increased (Fig. 1A). In addition, higher expression of
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Figure 2. IncRNA SNHGS acts as a molecular sponge of miR-655-3p in OSCC. (A) The binding sites between SNHGS with miR-655-3p. (B) Luciferase
reporter assay was employed to identify the binding site between miR-655-3p and the 3'-UTR of SNHGS. (C) miR-655-3p was negatively correlated with
SNHGS in OSCC tissues. (D) miR-655-3p expression regulated by SNHGS siRNA or vector in SCC-4 cells (E) SNHGS expression in SCC-4 cells containing
miR-655-3p mimics or inhibitor “P<0.01. IncRNA, long non-coding RNA; OSCC, oral squamous cell carcinoma.

SNHGS was also found in SCC-4 cells than that in the
hTERT-OME cells (Fig. 1B). Next, SNHG5 siRNA or over-
expression vector was transfected into SCC-4 cells. We found
that the expression of SNHGS5 was reduced by its siRNA and
was enhanced by its overexpression vector in SCC-4 cells
(Fig. 1C). In addition, upregulation of SNHGS5 promoted cell
proliferation, while knockdown of SNHGS restrained cell
proliferation in SCC-4 cells (Fig. 1D). Meanwhile, SCC-4
cell migration was promoted by SNHGS5 overexpression and
was inhibited by SNHGS5 downregulation (Fig. 1E). The
same effect of SNHGS on cell invasion was also examined
in SCC-4 cells (Fig. 1F). Briefly, upregulation of IncRNA
SNHGS promotes cell proliferation, migration and invasion
in OSCC.

IncRNA SNHGY) acts as a molecular sponge of miR-655-3p
in OSCC. IncRNA SNHGS was found to have a binding site
with miR-655-3p in the starBase database (http://starbase.sysu.
edu.cn/, Fig. 2A). Dual luciferase reporter was used to verify

the relationship between them. It was found that miR-655-3p
mimics reduced the luciferase activity of wt-SNHGS, but
had little effect on mut-SNHGS luciferase activity in SCC-4
cells (Fig. 2B). In addition, we found that SNHG5 was
negatively correlated with the expression of miR-655-3p in
OSCC tissues (Fig. 2C). Next, SNHG5 siRNA or vector and
miR-655-3p mimics or inhibitor were transfected into SCC-4
cells, respectively. RT-qPCR showed that miR-655-3p expres-
sion was reduced by SNHGS5 upregulation and enhanced by
SNHGS5 downregulation in SCC-4 cells (Fig. 2D). Meanwhile,
miR-655-3p mimics reduced SNHGS5 expression, while
miR-655-3p inhibitor promoted SNHG5 expression in SCC-4
cells (Fig. 2E). These results indicate that SNHGS is a
competitive miRNA of miR-655-3p in OSCC.

miR-655-3p is involved in OSCC progression by mediating
IncRNA SNHGS5. Next, the abnormal expression and func-
tion of miR-655-3p was investigated in OSCC development.
Compared to normal tissues, miR-655-3p expression in
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Figure 3. The dysregulation of miR-655-3p is involved in OSCC progression by mediating IncRNA SNHGS. (A) The mRNA miR-655-3p expression in OSCC
tissues (B) miR-655-3p expression in SCC-4 and hTERT-OME cells (C) miR-655-3p expression in SCC-4 cells with miR-655-3p mimics and inhibitor or
SNHGS vector. (D) Cell proliferation in SCC-4 cells with miR-655-3p mimics and inhibitor or SNHGS vector. (E and F) Cell migration and invasion in SCC-4
cells with miR-655-3p mimics and inhibitor or SNHGS5 vector "P<0.05, “P<0.01. OSCC, oral squamous cell carcinoma; IncRNA, long non-coding RNA.

OSCC tissues was found to be downregulated (Fig. 3A).
And compared with hTERT-OME cells, downregulation of
miR-655-3p was detected in SCC-4 cells (Fig. 3B). To explore
the function of miR-655-3p in OSCC, miR-655-3p mimics or
inhibitor were transfected into SCC-4 cells. RT-qPCR showed
that miR-655-3p mimics increased its expression, while
miR-655-3p inhibitor reduced its expression in SCC-4 cells

(Fig. 3C). In addition, this increased expression of miR-655-3p
was reduced by SNHGS5 upregulation (Fig. 3C). More
importantly, cell proliferation was restrained by miR-655-3p
overexpression and promoted by miR-655-3p downregulation
in SCC-4 cells (Fig. 3D). Similarly, miR-655-3p mimics also
inhibited SCC-4 cell migration and invasion, miR-655-3p
inhibitors also promoted the migration and invasion of SCC-4
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cells (Fig. 3E and F). In addition, upregulation of SNHGS5
weakened the inhibitory effect of miR-655-3p on cell prolif-
eration, migration and invasion in SCC-4 cells (Fig. 3D-F). In
conclusion, miR-655-3p acts as a tumor suppressor in OSCC
by competitively binding to SNHGS.

FZDA4 is a direct target of miR-655-3p. Then, the TargetScan
database (http:/www.targetscan.org) predicts that FZD4
is the target of miR-655-3p (Fig. 4A). Luciferase reporter
assay was performed to verify the prediction. It was found
that miR-214-3p mimics reduced the luciferase activity of
wt-FZD4, but had no effect on mut-FZD4 luciferase activity
(Fig. 4B). In addition, FZD4 was negatively correlated with
the expression of miR-655-3p in OSCC tissues (Fig. 4C). At
the same time, miR-655-3p mimics reduced FZD4 expression,
while miR-655-3p inhibitors promoted FZD4 expression in
SCC-4 cells (Fig. 4 and E). Besides that, we also found that
IncRNA SNHGS was positively correlated with the expression
of FZD4 in OSCC tissues (Fig. 4F). These results indicate that
FZD4 is a direct target of miR-655-3p.

FZD4 regulates OSCC development by interacting with
SNHG5/miR-655-3p axis. To elucidate the regulatory
mechanism of IncRNA SNHGS5, miR-655-3p and FZD4,
the SNHGS5 vector or miR-655-3p inhibitor was transfected
into SCC-4 cells with FZD4 siRNA (si-FZD4). First,
upregulation of FZD4 was examined in OSCC tissues and
cells (Fig. SA and B). And we found that si-FZD4 reduced
its expression in SCC-4 cells. However, upregulation of
SNHGS or downregulation of miR-655-3p restored this
decrease in FZD4 expression (Fig. 5C and D). Functionally,
FZD4 silencing inhibited SCC-4 cell proliferation. The
SNHGS vector or miR-655-3p inhibitor weakened the
inhibitory effect of si-FZD4 on cell proliferation in
SCC-4 cells (Fig. 5E). Moreover, knockdown of FZD4
suppressed the migration and invasion of SCC-4 cells. And
upregulation of SNHGS5 or downregulation of miR-655-3p
eliminated the inhibitory effect of si-FZD4 on SCC-4 cell
migration and invasion (Fig. 5F and G). Therefore, FZD4
promotes the progression of OSCC by interacting with the
SNHGS5/miR-655-3p axis.
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expression in SCC-4 and hTERT-OME cells (C and D) FZD4 expression in SCC-4 cells with si-FZD4, si-FZD4+miR-655-3p inhibitor or si-FZD4+SNHGS5
vector (E) Cell proliferation in SCC-4 cells with si-FZD4, si-FZD4+miR-655-3p inhibitor or si-FZD4+SNHGS vector (F and G) Cell migration and invasion
in SCC-4 cells with si-FZD4, si-FZD4+miR-655-3p inhibitor or si-FZD4+SNHGS5 vector “P<0.01. OSCC, oral squamous cell carcinoma.

Discussion

Recently, the important roles of IncRNAs have been widely
investigated in the progression of OSCC. Previous studies have
indicated shown that IncRNA can play an inhibitory or carci-
nogenic effect in OSCC (20,21). In this study, upregulation of
IncRNA SNHGS was detected in OSCC. And upregulation
of IncRNA SNHGS promoted cell proliferation, invasion,
and migration in OSCC. Consistent with our results, SNHGS5
was also upregulated in breast cancer and glioma (22,23).
Functionally, SNHG5 was found to promote the survival of

colorectal cancer cells (24). In addition, SNHGS promoted cell
proliferation, invasion, and migration in human hepatocellular
carcinoma (25). The same effect of SNHGS5 on OSCC progres-
sion was also found in this study, but previous studies have not
yet reported. All these findings suggest that IncRNA SNHGS5
acts as a tumor promoter in the tumorigenesis of OSCC.

As we all know, IncRNA can act as a ‘sponges’ of miRNA
by preventing miRNA from binding to a specific target.
IncRNA SNHGS has been reported to promote the progres-
sion of osteosarcoma and melanoma through sponging
miR-26a-5p and miR-212-3p (26,27). Here, SNHG5 was
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identified as a sponge of miR-655-3p. In addition, downregula-
tion of miR-655-3p was found in OSCC. And overexpression
of miR-655-3p restrained the proliferation, invasion, and
migration of OSCC cells. Reduced expression of miR-655-3p
was also found in esophageal squamous cell carcinoma and
triple-negative breast cancer (13,28). In addition, miR-655-3p
inhibited the proliferation and migration of ovarian cancer
cells (29). It was also found that overexpression of miR-655
suppressed cell invasion (30). These findings are similar to
our results, indicating that miR-655 plays an inhibitory role
in OSCC.

Previous studies have shown that miRNAs are involved
in tumor development by regulating gene expression. It
has been reported that ADAMI10, ZEB1 and TGFBR2 are
direct targets of miR-655-3p (31,32). In our study, FZD4
was confirmed as a direct target of miR-655-3p. Moreover,
FZD4 was upregulated in OSCC, and knockdown of FZD4
inhibited OSCC tumorigenesis. The same effect of FZD4 has
also been found in non-small-cell lung cancer (33). Besides, it
has been found that miR-505 acted as a tumor suppressor in
cervical carcinoma by inversely regulating FZD4 (34). Here,
we also found that miR-655-3p restrained the development of
OSCC by downregulating FZD4. And IncRNA SNHGS5 was
found to promote the occurrence of OSCC by upregulating
FZDA4. Similarly, IncRNA DIX6-AS1 has been reported to
promote the tumorigenesis of pancreatic cancer by regulating
the miR-497-5p/FZD4 pathway (35). In conclusion, IncRNA
SNHGS promotes OSCC cell proliferation and metastasis
by mediating the miR-655-3p/FZD4 axis. However, there
are some limitations in this study, such as the absence of
in vivo experiment. This study only explored the regulatory
mechanism of IncRNA SNHGS in vitro. The verification of
our conclusion in vivo is still needed to be done in the future.

In conclusion, IncRNA SNHGS5 promotes cell prolifera-
tion, migration and invasion in OSCC. In addition, IncRNA
SNHGS accelerates the progression of OSCC by downregu-
lating miR-655-3p and upregulating FZD4. However, there is
still an unknown about the regulatory mechanism of mecha-
nism in OSCC. Therefore, further research will be conducted
to clarify the functional mechanism of IncRNA SNHGS in
OSCC.
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