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Abstract

Background As has been illustrated that long noncoding RNAs (IncRNAs) and microRNAs (miRNAs) are potential regula-
tors in the occurrence and progression of human cancers. LncRNA SNHG16 has been identified as an oncogene involved
in the progression of human cancers. However, neither the function nor the underlying molecular mechanism of SNHG16
in osteosarcoma has been discovered.

Purpose The aim of the study is to explore the role and molecular regulation mechanism of SNHG16 in osteosarcoma.
Methods The expression of SNHG16 in HNSCC tissues and cells was detected by RT-qPCR assay. The biological func-
tion of SNHG16 in osteosarcoma was measured by CCK-8, cell cycle, cell apoptosis and transwell assays. The interaction
between SNHG16 and miR-98-5p was studied by luciferase reporter and RIP assays.

Results The ectopic expression of SNHG16 was found in osteosarcoma tissues and cell lines, which indicated poor prognosis
and lower overall survival rate of osteosarcoma patients. Knockdown of SNHG16 inhibited cell proliferation, migration,
invasion, cell cycle and promoted apoptosis in osteosarcoma. It was demonstrated that SNHG16 directly interacts with miR-
98-5p. What’s more, we found a significantly negative correlation between SNHG16 and miR-98-5p expression. Finally,
rescue experiments revealed that inhibition of miR-98-5p attenuated SNHG16 knockdown-mediated effects on cellular
processes in osteosarcoma.

Conclusions LncRNA SNHGI16 regulated cellular processes in osteosarcoma by sponging miR-98-5p, and SNHG16 may
be a new and effective molecular therapeutic target for osteosarcoma.
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Introduction

Globally, osteosarcoma is one of the most common primary
malignancies of bone, and with a high mortality in children
and adolescents [1-3]. During the last decades, diagnostic
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and therapeutic regimes for osteosarcoma have made great
advances, whereas the overall survival rate of osteosarcoma
patients remains unsatisfactory [4]. The underlying molecu-
lar mechanisms for the tumorigenesis and progression of
osteosarcoma still remain poorly understood. Therefore, it
is particularly urgent to search for the valuable molecular
therapeutic targets for osteosarcoma.

Long noncoding RNAs (IncRNAs), a class of by-products
of genetic transcription, are longer than 200 nucleotides and
without protein coding capacity [5, 6]. Many studies have
observed and confirmed the critical roles of IncRNAs in the
occurrence and development of cancers. In addition, they
can participate in many cancer cellular processes, such as
cell differentiation, cell cycle, metastasis and apoptosis
[7-10]. It has been verified by mounting evidences that
IncRNAs could function as oncogenes or tumor suppres-
sor genes in multiple human cancers. For example, IncRNA
PVTI1 promotes ovarian cancer progression by silencing
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miR-214 [11]. Long noncoding RNA PURPL suppresses
basal p53 levels and promotes tumorigenicity in colorectal
cancer [12]. The role of IncRNAs also has been investigated
in osteosarcoma progression. For example, long noncoding
RNA GASS suppresses cell growth and epithelial-mesen-
chymal transition in osteosarcoma by regulating the miR-
221/ARHI pathway [13]. Long noncoding RNA miR210HG
sponges miR-503 to facilitate osteosarcoma cell invasion and
metastasis [14]. Long noncoding RNA EWSAT1 promotes
osteosarcoma cell growth and metastasis through suppres-
sion of MEG3 expression [15]. Moreover, IncRNA SNHG16
contributes to the progression of many cancers [16—18]. The
recent study also has revealed that SNHG16 promotes cell
proliferation by sponging microRNA-205 and upregulating
ZEB1 expression in osteosarcoma [19]. Long noncoding
RNA SNHG16 promotes osteosarcoma cells migration and
invasion via sponging miRNA-340 [20].

In this work, we identify the role of SNHG16 in modu-
lating miR-98-5p to regulate cellular processes in osteosar-
coma. We have studied the expression of SNHG16, its corre-
lation with clinical characteristics as well as prognosis, and
its biological effects on cellular processes of osteosarcoma.
Further investigation revealed that SNHG16 could sponge
miR-98-5p in osteosarcoma to promote cell proliferation,
migration, invasion, cell cycle and inhibited apoptosis.

Materials and methods
Clinical samples

Ninety-six paired osteosarcoma tissues and adjacent nor-
mal tissues were obtained from patients at Affiliated Tumor
Hospital of Guangxi Medical University. Patients had not
suffered from radiotherapy or chemotherapy prior to surgery.
All samples were immediately frozen at — 80 °C and stored
for use. All patients signed the written informed consents.
This work gained the approval of the Ethics Committee of
Affiliated Tumor Hospital of Guangxi Medical University.

Cell culture and transfection

Human osteosarcoma cell lines (U20S, Saos-2, HOS,
MG-63) and the normal osteoblast cell line (hFOB 1.19)
were purchased from the American Type Culture Collection
(ATCC; Manassas, VA, USA), and cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Hyclone, Logan, UT,
USA) which containing 10% fetal bovine serum (FBS;
Gibco, Gran Island, NY, USA), 100 U/mL penicillin, and
100 pg/mL streptomycin. These cells were cultured in a
humidified incubator with 5% CO, at 37 °C.

Short hairpin RNA (shRNA) targeting SNHG16 (sh-
SNHG16#1/2/3) and the negative control (sh-NC) were
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designed and synthesized by Genepharm (Shanghai, China).
MiR-98-5p mimic, inhibitor and their control (miR-NC)
were all purchased from GenePharma. Transfection for these
plasmids was performed using Lipofectamine 2000 (Invit-
rogen, Carlsbad, CA, USA) following the manufacturer’s
instructions. RT-qPCR was used to assess the transfection
efficacy.
The sequences of shRNAs:

sh-SNHG16#1: 5'- AAA GGC CTG AGA CTG CTC
G-3'

sh-SNHG16#2: 5'- GAA CGC ATG GCG ATT ACT T
3

sh-SNHG16#3: 5'- GAC AAA GCC TCT CAG CTC G
3,

RNA extraction and quantitative real-time PCR

Total RNA was extracted from osteosarcoma tissues and
cell lines using Trizol reagent (Takara, Dalian, China). First-
strand cDNA was produced using the TagMan™ Advanced
miRNA cDNA Synthesis Kit (Waltham, MA, USA) or First
Strand cDNA Synthesis Kit (Takara, Otsu, Japan). RT-
gPCR was performed with the standard SYBR-Green PCR
kit (Roche, America) on Applied Biosystems Step One Plus
Real-Time PCR System (Applied Biosystems, Foster city,
USA). The relative expression level of RNA was calculated
by the 2 ~*AC method. The internal controls were GAPDH
and U6. The primer sequences used in this study were as
follows:

SNHG16: 5'-GCAGAATGCCATGGTTTCCC-3' (for-
ward) and 5'-GGACAGCTGGCAAGAGACTT-3'
(reverse);

miR-98-5p: 5'-TGAGGTAGTAGTTTGTGCTGTT-3'
(forward) and 5'-GCGAGCACAGAATTAATACGAC-
3’ (reverse);

GAPDH: 5'-GAA GGT GAA GGT CGG AGT C-3' (for-
ward) and 5'-GAA GAT GGT GAT GGG ATT TC-3’
(reverse);

U6: 5'-ATT GGA ACG ATA CAG AGA AGA TT-3'
(forward) and 5'-GGA ACG CTT CAC GAA TTT G-3'
(reverse).

CCK-8 assay

Cell Counting Kit-8 (CCK-8, Dojindo) was used to detect
cell viability. Briefly, a total of 1x 10 cells were seeded in
each well of 96-well plates. After incubation for 0, 24, 48,
72 and 96 h, each well was added with CCK-8 solution.
Finally, the absorbance was detected by a microplate reader
(Molecular Devices, Sunnyvale, CA, USA) at 450 nm for
each well.
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Cell cycle assay

Cell cycle assay was performed with a cell cycle detection
kit (Fcmacs, Jiangsu, China). The transfected cells were col-
lected and fixed in 95% ethanol overnight. Afterwards, the
cells were stained with 50 pug/ml propidium iodide (PI) for
30 min in a dark chamber. The cell cycle distribution was
measured on a flow cytometer (BD, FACS Calibur) using
CellQuest software.

Cell apoptosis assay

Cell apoptosis assay was performed using the Annexin
V-FITC kit (Biosea Biotechnology Co., Beijing, China) fol-
lowing the manufacturer’s instructions. Transfected cells
were seeded in 96-well plates for 48 h. Next, cells were har-
vested and washed with PBS, and then double stained with
fluorescein isothiocyanate-labeled annexin V and propidium
iodide (PI). Finally, the apoptotic cells were measured using
a FACS Calibur flow cytometer (Becton—Dickinson, San
Jose, CA, USA).

Transwell assay

Transwell assay was performed to detect the invasion and
migration of osteosarcoma cells using chambers with or
without Matrigel (BD Biosciences, Bedford, MA, USA).
Transfected cells (1 x 10%) suspended in 100 pl of serum-free
DMEM medium were seeded in the upper chamber. DMEM
medium (600 ul) supplemented with 20% FBS was added to
the lower chamber. After 48 h, the cells migrated or invaded
to the lower membrane were fixed using methanol, stained
using crystal violet, and then counted under a microscope.

RIP assay

EZ-Magna RIP RNA-binding protein immunoprecipita-
tion kit (Millipore, Billerica, MA, USA) was applied for
RIP assay. Cells were lysed with RIP lysis buffer, then the
lysate was incubated in RIP immunoprecipitation buffer sup-
plemented with magnetic beads coated with human anti-
argonaute2 (Ago2) antibody. Input and IgG were served as
controls. Finally, the RNA was extracted and purified, and
then detected by RT-qPCR.

Luciferase reporter assay

The SNHG16 3'UTR with binding sites for miR-98-5p or
mutant sites was synthesized and cloned into pmirGLO plas-
mid (Promega), namely wild-type SNHG16 (Wt-SNG16) or
mutant-type SNHG16 (Mut-SNHG16). U20S and Saos-2
cells were seeded in 24-well plates and then were incubated
for 24 h. MiR-98-5p mimic, miR-98-5p inhibitor or miR-NC

was co-transfected with pmirGLO- SNHG16-Wt or pmir-
GLO- SNHG16-Mut into U20S and Saos-2 cells using Lipo-
fectamine 2000 reagent. After transfection for 48 h, the relative
luciferase activity was measured using luciferase kits (Pro-
mega, Madison, WI, USA).

Statistical analysis

All data were displayed as the mean + standard deviation
(SD) and statistically analyzed using SPSS 20.0 software
(SPSS, Chicago, IL, USA). All experiments were repeated
in triplicate. Correlation between miR-98-5p and SNHG16
expression was compared using Pearson’s correlation
method. Kaplan—Meier and log-rank test were used to con-
duct survival analysis. Differences between groups were
evaluated using Student’s 7 test or the one-way ANOVA.
Differences were considered significant at p <0.05.

Results

SNHG16 is upregulated in osteosarcoma tissues and cell
lines, and associated with the poor overall survival of
patients

First, to explore the implication of SNHG16 in osteo-
sarcoma, we detected the relative expression of SNHG16
in osteosarcoma tissues and cell lines via RT-qPCR assay.
The results showed that compared with adjacent normal
tissues and cell lines, SNHG16 expression was remark-
ably upregulated in osteosarcoma tissues and cell lines
(Fig. 1a, b). To further explore the clinical significance of
SNHG16 in osteosarcoma, all the patients were divided
into two groups according to the mean level of SNHG16
expression: the SNHG16 low expression group and the
SNHG16 high expression group. SNHG16 expression was
significantly associated with tumor size (p =0.010), TNM
stage (p=0.011) and metastasis (p =0.0001) in osteosar-
coma patients (Table 1). Additionally, we found that osteo-
sarcoma tissues at advanced stage (stage III-IV) exhibited
higher expression of SNHG16 (Fig. 1¢). Multivariate analy-
sis demonstrated that SNHG16 expression (p =0.025) and
TNM stage (p =0.026) were independent prognostic factors
for osteosarcoma patients (Table 2, p < 0.05). Kaplan—-Meier
analysis showed that osteosarcoma patients with higher
SNHGL16 expression had worse overall survival (Fig. 1d).
In a word, SNHG16 may be an oncogene and involved in
the progression of osteosarcoma.

Knockdown of SNHG16 inhibits cell proliferation,
migration, invasion, cell cycle and promotes
apoptosis in osteosarcoma

To evaluate the biological effect of SNHG16 on osteosar-
coma progression, sh-SNHG16#1 and its control (sh-NC)
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Fig.1 SNHGI16 is upregulated in osteosarcoma tissues and cell
lines. a SNHG16 expression in osteosarcoma tissues and adjacent
non-tumor tissues was determined by RT-qPCR. b SNHG16 expres-
sion in human osteosarcoma cell lines (U208, Saos-2, HOS, MG-63)

were transfected into U20S or Saos-2 cells. Then, the
knockdown efficiency was confirmed by RT-qPCR (Fig. 2a).
CCK-8 assay revealed that knockdown of SNHG16 notably
inhibited osteosarcoma cell proliferation (Fig. 2b). Flow
cytometry cell cycle assay indicated that upon SNHG16
downregulation, the proportion of U20S and Saos-2 cells
arrested at GO/G1 phase increased while the proportion at S
and G2/M phase decreased, implying that SNHG16 induced
cell cycle and then promoted cell proliferation (Fig. 2¢). Fur-
thermore, we also observed via flow cytometry cell apoptosis
assay that knockdown of SNHG16 promoted osteosarcoma
cell apoptosis (Fig. 2d). To determine whether SNHG16
regulated the migration and invasion of osteosarcoma cells,
the transwell assay was performed. Consequently, results
showed that knockdown of SNHG16 inhibited the migra-
tion and invasion of U20S and Saos-2 cells (Fig. 2e, f).
Overall, knockdown of SNHG16 inhibits cell proliferation,
migration, invasion, cell cycle and promotes apoptosis in
osteosarcoma.
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SNHG16 acts as a sponge for miR-98-5p

Recent studies have pointed out that IncRNAs functioned
as important regulators in many cancers by sponging miR-
NAs [21-23]. Through the Starbase online software, we
searched for the potential target miRNAs of SNHG16, and
observed that miR-98-5p had a putative binding site with
SNHG16 (Fig. 3a). MiR-98-5p has been reported to play a
critical role in the progression of multiple cancers [24-26].
To confirm our hypothesis that miR-98-5p was targeted by
SNHG16, luciferase reporter assay was performed. As a
result, miR-98-5p over-expression markedly decreased the
luciferase activities of pmirGLO-SNHG16-Wt, rather than
pmirGLO-SNHG16-Mut, and miR-98-5p inhibition pre-
sented opposite effects (Fig. 3b). RIP assay confirmed that
SNHG16 and miR-98-5p were both immunoprecipitated by
anti-Ago2, validating that SNHG16 could interact with miR-
98-5p (Fig. 3c). Then we studied the correlation between
SNHG16 and miR-98-5p. As a results, RT-qPCR assay
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Table 1 Clinical characteristic and SNHG16 expression of patients
with osteosarcoma (n=96)

Table 2 Multivariate analysis of prognostic parameters in patients
with osteosarcoma by Cox regression analysis

Variable SNHG16 expression p value
low high

Age
<40 36 34 0.819
>40 12 14

Gender
Male 31 33 0.829
Female 17 15

Tumor size
<5cm 24 11 0.010*
>=5cm 24 37

TNM stage
I-1I 25 12 0.011%*
I-1v 23 36

Metastasis
No 32 13 0.0001*
Yes 16 35

Enneking stage
I-A/1-B 37 40 0.609
/11 11 8

Tumor position
Femur/tibia 16 19 0.672
Humerus/fibulars 32 29

Low/high by the sample median. Pearson 4 test

Pearson y” test was used to analyze the correlation between SNHG16
expression and clinical characteristics, *p <0.05, **p <0.01

*p <0.05 was considered statistically significant

demonstrated that knockdown of SNHG16 significantly
increased the expression of miR-98-5p. Additionally, over-
expression of miR-98-5p could obviously decrease SNHG16
expression in osteosarcoma cell lines and knockdown of
miR-98-5p had opposite effects (Fig. 3d). We also found
the downregulation of miR-98-5p in osteosarcoma tissues
and a remarkably negative correlation between the expres-
sion of SNHG16 and miR-98-5p in osteosarcoma tissues
(Fig. 3e, f). Taken together, SNHG16 acts as a sponge for
miR-98-5p and negatively regulates the expression of miR-
98-5p in osteosarcoma.

MiR-98-5p rescues the role of SNHG16
in osteosarcoma cells

Finally, we tested whether overexpression of miR-98-5p
could rescue the effect of SNHG16 on cellular processes
on osteosarcoma cells by carrying out rescue assays in
U20S cells. RT-qPCR assay showed that miR-98-5p
expression in miR-98-5p inhibitor group was significantly
decreased compared with NC inhibitor group (Fig. 4a). In

Variable Category p value

Age
<40 0.472
>40

Gender
Male 0.597
Female

Tumor size
<5cm 0.567
>5cm

TNM stage
I-1I 0.026*
I-1v

Metastasis
No 0.278
Yes

Enneking stage
I-A/I-B 0.972
/1

Tumor position
Femur/tibia 0.975
Humerus/fibulars

SNHGI16 level
Low 0.025%
High

Proportional hazards method analysis showed a positive, independent
prognostic importance of SNHG16 expression (p =0.025)

*p <0.05 was considered statistically significant

CCK-8 assay, the proliferation of U20S cells was remark-
ably decreased in sh-SNHG16#1+4NC inhibitor group and
increased in sh-NC+miR-98-5p inhibitor group compared
with sh-NC group, and the declined cell proliferation in sh-
SNHG16#1+NC inhibitor group was apparently rescued in
sh-SNHG16+miR-98-5p inhibitor group (Fig. 4b). In addi-
tion, miR-98-5p inhibitor also rescued the inhibitory influ-
ences of downregulating SNHG16 on cell cycle (Fig. 4c).
Moreover, SNHG16 knockdown (or miR-98-5p suppression)
promoted (or impeded) cell apoptosis in U20S, whereas
inhibition of miR-98-5p countervailed the facilitative effect
of SNHG16 knockdown on cell apoptosis (Fig. 4d). Tran-
swell assay revealed that suppression of miR-98-5p reversed
the hampered migration and invasion upon the knockdown
of SNHG16 in U20S cells (Fig. 4e, f). As shown in Fig. 4g,
the miR-98-5p targets (ZEB1, E2F5 and STAT3) identified
by previous studies were detected by western blot. Results
showed that the expression of ZEB1, E2F5 and STAT?3
were reduced by SNHG16 knockdown and enhanced by
miR-98-5p suppression, whereas inhibition of miR-98-5p
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Fig.2 Knockdown of SNHG16 inhibited cell proliferation, migration,
invasion, cell cycle and promoted apoptosis in osteosarcoma cells. a
SNHG16 expression in U20S and Saos-2 cells transfected with sh-
SNHG16#1/2/3 or sh-NC was determined by RT-qPCR. b Effects of
sh- SNHG16#1 on the growth of U20S and Saos-2 cells. ¢ Effects of

attenuated the effects of SNHG16 knockdown on reducing
ZEB1, E2F5 and STAT3 expression. Collectively, SNHG16

regulates cellular processes in osteosarcoma by sponging
miR-98-5p.

Discussion

Osteosarcoma is a highly malignant bone tumor burdening
patients with poor overall survival rates, and characterized
by high metastasis, rapid progression, and poor prognosis
[27, 28]. Although researches are increasing about the car-
cinogenic mechanisms and therapeutic strategies of osteo-
sarcoma, the molecular regulation mechanisms involved
in osteosarcoma have not yet been fully elucidated. There-
fore, it is necessary to further investigate the molecular
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sh- SNHG16#1 on the cell cycle of U20S and Saos-2 cells. d Effects
of sh- SNHG16#1 on the apoptosis of U20S and Saos-2 cells. e, f
Effects of sh-SNHG16#1 on the migration and invasion abilities of
U20S and Saos-2 cells. ¥*p <0.05, **p <0.01

mechanism of osteosarcoma to find new molecular thera-
peutic strategies in osteosarcoma.

Increasing evidences have validated that IncRNAs could
function as either oncogenes or tumor suppressor genes in
multiple human cancers [11, 12]. The regulation of IncR-
NAs on osteosarcoma progression has also been investi-
gated [13—15]. Moreover, current studies have revealed that
IncRNA SNHG16 contributes to the progression of many
cancers. For example, IncRNA SNHG16 drives prolifera-
tion, migration, and invasion of hemangioma endothelial
cell through modulation of miR-520d-3p/STAT3 axis [16].
LncRNA SNHG16 functions as an oncogene by sponging
MiR-4518 and upregulating PRMTS expression in glioma
[17]. LncRNA-SNHG16 predicts poor prognosis and pro-
motes tumor proliferation through epigenetically silencing
p21 in bladder cancer [18]. In consistency, we found that
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SNHG16 was significantly upregulated in osteosarcoma
tissues and cell lines, and high expression of SNHG16
indicated poor prognosis and lower overall survival rate of
osteosarcoma patients. Loss-of-function experiments dem-
onstrated that knockdown of SNHG16 inhibited cell prolifer-
ation, migration, invasion, cell cycle and promoted apoptosis
in osteosarcoma cells. In a word, our results suggested that
SNHG16 acted as an oncogene in osteosarcoma.
MicroRNAs (miRNAs) are a class of small noncod-
ing RNA with the length of 19-22 nucleotides [29]. It
has been reported that miRNAs exert oncogenic or anti-
tumor functions and regulate many cellular processes in
cancers [30-32]. Recently, many studies have reported
that miRNAs play vital roles in osteosarcoma. For exam-
ple, miR-18a-5p promotes cell invasion and migration of
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in U20S and Saos-2 cells was measured by RT-qPCR. e MiR-98-5p
expression in osteosarcoma tissues and adjacent non-tumor tissues
was determined by RT-qPCR. f The correlation between miR-98-5p
and SNHG16 expression was measured by Spearman’s correlation
analysis. *p <0.05, **p <0.01

osteosarcoma by directly targeting IRF2 [33]. MiR-203
acts as a tumor suppressor gene in osteosarcoma by regu-
lating RAB22A [34]. Through the use of bioinformatics
online prediction program (Starbase), we found that miR-
98-5p was predicted to have a binding site for SNHG16.
MiR-98-5p has been reported to act as antioncogene in
human cancers. For example, NEAT1/has-mir-98-5p/
MAPKG6 axis is involved in non-small cell lung cancer
(NSCLC) development [24]. Downregulated miR-98-5p
promotes PDAC proliferation and metastasis by reversely
regulating MAP4K4 [25]. The interaction between
SNHG16 and miR-98 in other cancers has been reported
in previous researches. Long noncoding RNA SNHG16
contributes to the development of bladder cancer via regu-
lating miR-98/STAT3/Wnt/B-catenin pathway axis [35].
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Fig.4 miR-98-5p could reverse the role of SNHG16 on cellular pro-
cesses in osteosarcoma. a miR-98-5p expression in U20S cells trans-
fected with NC inhibitor and miR-98-5p inhibitor. b CCK-8 assay
was used to detect the proliferation ability of U20S cells in differ-
ent groups. ¢, d Flow cytometry assay was used to detect cell cycle

SNHG16 contributes to breast cancer cell migration by
competitively binding miR-98 with E2F5 [36]. There-
fore, we further explored that whether IncRNA SNHG16
sponged miR-98-5p to promote osteosarcoma progres-
sion. Luciferase reporter and RIP assays confirmed that
SNHG16 directly interact with miR-98-5p. Moreover, we
found that SNHG16 could negatively regulate the expres-
sion of miR-98-5p. Rescue experiments implied that miR-
98-5p suppression could reverse the effects brought by
SNHG16 inhibition on cell proliferation, migration, inva-
sion, cell cycle and apoptosis in osteosarcoma. To draw a
conclusion, IncRNA SNHG16 regulates cellular processes
in osteosarcoma by sponging miR-98-5p. Thus, SNHG16/
miR-98-5p axis may serve as a new and effective molecu-
lar therapeutic target for osteosarcoma.

@ Springer

and apoptosis of U20S cells in different groups. e, f Transwell assay
was used to detect the migration and invasion of U20S cells in differ-
ent groups. g The expression of ZEB1, E2F5 and STAT3 in different
groups was detected by western blot. *p <0.05, **p <0.01
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