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Abstract: Osteosarcoma (OS) is the most leading primary malignant tumor of the bone in adolescents and young 
adults worldwide. Increasing data have suggested that long non-coding RNA (lncRNA) small nucleolar RNA host 
gene 8 (SNHG8) plays a key role in the progression of various types of human malignancy. However, the roles and 
potential mechanisms of SNHG8 in OS remain unclear. In this study, we found that SNHG8 levels were obviously 
upregulated in OS tissues and cell lines. High expression of SNHG8 was significantly correlated with increased tu-
mor size and advanced Enneking stage, and predicted a poor prognosis of OS patients. Functional assays revealed 
that SNHG8 knockdown inhibited OS cell growth and migration in vitro, and restrained tumor growth of OS in nude 
mice in vivo. Mechanistically, SNHG8 functioned as a competing endogenous RNA (ceRNA) of miR-876-5p in OS 
cells. Notably, knockdown of miR-876-5p reversed the inhibitory effects of SNHG8 inhibition on OS cell proliferation 
and migration. In conclusion, our study suggested that SNHG8 stimulates cell growth and migration of OS cells by 
functioning as a ceRNA of miR-876-5p, indicating SNHG8 may be served as a novel prognostic biomarker and thera-
peutic target for the treatment of OS.
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Introduction

Osteosarcoma (OS) is the most leading primary 
malignancy of bone and the most cause of can-
cer-associated death in adolescents and young 
adults worldwide [1, 2]. OS is characterized by 
malignant osteoid production and resistance to 
conventional treatments. Despite continuous 
progresses in OS therapy, such as surgical 
resection, radiotherapy, and chemotherapy, the 
overall survival of OS patients, especially those 
cases with recurrent and metastatic sarcomas, 
still remains unsatisfactory [3, 4]. Although 
numerous efforts have been taken to explore 
the pathogenesis of OS, the molecular mecha-
nisms involved in the tumorigenesis of OS are 
limitedly clarified. Thus, it is essential to identi-
fy new biomarkers related to the carcinogene-
sis of OS and to provide reliable therapeutic 
strategies for the treatment of this cancer.

Long non-coding RNAs (lncRNAs) are a family of 
longer than 200 nt in length with non-protein 
coding capacity [5, 6]. Growing data have sug-

gested that lncRNAs are emerging as a new 
regulator within a large range of biological pro-
cesses, such as cell growth, differentiation, 
migration, and metastasis [7]. Recent studies 
have found that aberrantly expressed lncRNAs 
plays a crucial role in initiation and tumorigen-
esis of OS [8, 9]. For instance, downregulation 
of lncRNA DBH antisense RNA 1 inhibits OS pro-
gression by targeting PI3K-AKT signaling path-
ways and indicates a good prognosis [10]. 
LncRNA small nucleolar RNA host gene 16 
increases OS cell migration and invasion via 
sponging miR-340 [11]. The epigenetically-
induced lncRNA1 suppresses the growth and 
invasion of OS cells by upregulating myocyte 
enhancer factor 2D ubiquitylation [12]. LncRNA 
X inactive specific transcript indicates a poor 
prognosis and promotes aggressive pheno-
types in OS [13]. Hence, detection of key 
lncRNAs involved in OS development is 
needed.

Interesting, lncRNA small nucleolar RNA host 
genes (SNHGs) have been reported to involve in 
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tumor cell growth and metastasis [14]. Deng et 
al [15] showed that lncRNA SNHG1 promotes 
cell growth, migration and invasion of OS cells 
by negatively regulating miR-101-3p to upregu-
late the Rho associated coiled-coil containing 
protein kinase 1 (ROCK1) expression. Xu et al 
[16] demonstrated that lncRNA SNHG4 facili-
tates tumor growth by sponging miR-224-3p 
and predicts a poor overall survival and recur-
rence in OS. Wang et al [17] suggested that 
lncRNA SNHG5 sponges miR-26a to increase 
the development of OS by targeting ROCK1. 
SNHG8 is a new small nucleolar guide RNA 
located on 4q26 position of human chromo-
some. More evidences have confirmed that 
SNHG8 serves as an oncogenic lncRNA that 
elevates tumorigenesis and tumor progression 
in various types of human cancer [18-20]. 
Previous sequencing for lncRNAs expression 
has shown that SNHG8 is upregulated in OS 
[21, 22]. However, its biological roles and 
potential mechanisms in OS development have 
not yet been clarified. In our study, we detected 
the effects of SNHG8 on the growth and migra-
tion of OS cells in vitro and in vivo. We further 
identified that SNHG8 stimulates tumor cell 
growth and migration of OS cells by functioning 
as a ceRNA of miR-876-5p. These findings sug-
gested that SNHG8 may be a new biomarker for 
the prognosis and therapy of OS.

Materials and methods

Cell lines and culture conditions

The human OS cell lines, including SaOS2, 
U2OS, MG63, HOS, and a normal human osteo-
blast (hFOB 1.19) were purchased and authen-
ticated from Shanghai Institutes for Biological 
Sciences, the Chinese Academy of Sciences 
(Shanghai, China). Cells were seeded and cul-
tured in DMEM medium (Gibco, CA, USA) with 
10% FBS (Gibco, CA, USA) containing 100 
units/ml of penicillin + streptomycin (Sigma, 
MO, USA), and maintained in an incubator at 
37°C with 5% CO2.

Transfection

Three special sequences of short-hairpin RNA 
(shRNA) target SNHG8 were synthesized and 
obtained from RiboBio Co., Ltd (Guangzhou, 
China) referred as to shSNHG8-1# and scram-
bled shRNA-1#, shSNHG8-2# and scrambled 
shRNA-2#, shSNHG8-3# and scrambled sh- 

RNA-3#. For knockdown the expression of miR-
876-5p, antagomir and antagomir control were 
purchased from GenePharma Co., Ltd (Shang- 
hai, China). U2OS and HOS (4 × 105) were seed-
ed in six-well plates overnight. When cells 
reached 80% confluence, RNA oligonucleotides 
were diluted in a Opti-MEM I Reduced Serum 
Media (Thermo Fisher Scientific, MA, USA) to 
obtain a concentration of 200 pmol and incu-
bated for 20 min at 37°C. Then, cells were 
treated with the RNA oligonucleotides using 
Lipofetamine 2000 reagent (Invitrogen, CA, 
USA), following the manufacturer’s protocols 
and cultured at 37°C in 5% CO2 for 6 h. Then, 
the supernatants were discarded, and 10% 
serum-containing DMEM medium was added. 
The transfected cells were collected at 48 h of 
transfection for RNA extraction.

OS patients

The human OS tissues and matched normal 
bone tissues (located > 3 cm away from the 
tumor) were collected from 60 OS patients who 
received surgical treatment at Department of 
Orthopedics, Shanxi Academy of Medical 
Sciences & Shanxi Bethune Hospital (Taiyuan, 
China) between June 2010 and October 2013. 
The OS patients included 37 males and 23 
females, with average age of 24.16 ± 4.92 
years. None of patients received radiotherapy 
and/or chemotherapy prior to operation. All 
samples were snap frozen in liquid nitrogen 
immediately after operation and stored at 
-80°C for further use. All tissue were reviewed 
and confirmed by two independent patholo-
gists, and the clinicopathologic data were 
recorded. The research was approved by the 
Ethics Committee of Shanxi Academy of Me- 
dical Sciences & Shanxi Bethune Hospital (No. 
2016-1433-02) and complied with the De- 
claration of Helsinki (version 2002). All patients 
had received a follow-up every month, which 
ranged from one to sixty months since the day 
of operation. The overall survival times were 
defined as the time interval between the opera-
tion and the death.

RNA extraction and quantitative real-time-poly-
merase chain reaction (qRT-PCR) assay

Total RNA from OS tissues and cells were 
extracted with a TRIzol® reagent (Invitrogen, 
CA, USA) according to the manufacturer’s pro-
tocols. For SNHG8 analysis, the complementa-
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ry DNA (cDNA) was synthesized by using the 
Reverse Transcriptase M-MLV (Takara, Otsu, 
Japan). For miR-876-5p analysis, the cDNA was 
obtained by using the Mir-X™ miRNA First 
Strand Synthesis Kit (Takara, Otsu, Japan). 
qRT-PCR assay was conducted by using SYBR® 
Premix Ex Taq™ (Takara, Otsu, Japan) on a 
7900HT Fast Real-Time PCR System (Applied 
Biosystems, CA, USA). The amplification condi-
tions of qRT-PCR were as follows: 10 min pre-
denaturation at 98°C followed by 40 cycles of 
(30 s at 95°C, 30 s at 55°C, and 60 s at 72°C). 
The special primer sequences of SNHG8, glyc-
eraldehyde-3-phosphate dehydrogenase (GA- 
PDH), miR-876-5p, and U6 small nuclear RNA 
(U6) were shown in Table 1. GAPDH was used 
as the internal control for SNHG8 expression, 
and U6 was used as the internal control for 
miR-876-5p expression. The experiments were 
performed at least three times and the relative 
levels of SNHG8 and miR-876-5p were quanti-
fied using the 2-ΔΔCT method [23]. 

Cell migration assay

Cell migration was detected by using transwell 
migration assay. Briefly, the transfected U2OS 
and HOS cells were seeded in transwell inserts 
with a 8.0 μm poly-carbonate membrane 
(Corning, NY, USA). A total of 200 μl serum-free 
DMEM medium was added in the upper cham-
ber, and 500 μl 10% serum-containing DMEM 
medium was added to the lower chamber. Then 
cells were incubated in 5% CO2 at 37°C for 48 
h. After that, the migratory cells were fixed with 
100% methanol for 30 min at 37°C, and 
washed twice and stained with 0.5% crystal vio-
let for 30 min at 37°C. The excess crystal violet 
stain was removed by dipping the upper cham-

plates during logarithmic phase. After 12, 24, 
48, and 72 h of post-transfection, 20 μl of 
CCK-8 reagent (Dojindo Molecular Technolo- 
gies, Kumamoto, Japan) was added to each 
well. After 4 h of incubation, cell proliferative 
activity was detected by measuring the optical 
density (OD) values at 450 nm using a Multis- 
kan Spectrum plate reader (ThermoElectron 
Corporation, Vantaa, Finland).

Tumour xenograft assay 

Male athymic BALB/c nude mice (4-6 weeks 
old, weighing 20-26 g) were purchased from 
Experimental Animal Center of Shanxi Medical 
University (Taiyuan, China). Animals were 
housed and kept in a specific pathogen-free 
(SPF) suite with ad libitum access to food and 
water under a 12-h light/dark cycle, relative 
humidity (40-70%), temperature (18-22°C), and 
noise (< 50 dB) conditions. The animal experi-
ment was approved by the Institutional Animal 
Care and Use Committee of Shanxi Academy of 
Medical Sciences & Shanxi Bethune Hospital 
and was in accordance with the UK Animals 
(Scientific Procedures) Act 1986 and associat-
ed guideline. 24 mice were randomly assigned 
to the control and experimental group (12 mice 
per group). RNA oligonucleotides transfected 
HOS cells were diluted and suspended in PBS 
reagent and the cell concentration was adjust-
ed to 1 × 107/ml. 100 μl cell suspension was 
subcutaneously injected into the left side of 
posterior flank of each mouse. Tumor volume of 
each mice was observed every 7 days, and cal-
culated as L × W2 × 0.5, where L is the length of 
tumor and W is the width of tumor. When mice 
presenting with multiple tumors, the number of 
tumors and their total volumes were calculated. 

Table 1. The primer sequences used for qRT-PCR
Gene Sequences
SNHG8 Forward: 5’-AAGTTTACAAGCATGCGCGG-3’

Reverse: 5’-TCAAACTGACGGTTCTCGGG-3’
GAPDH Forward: 5’-AGCCACATCGCTCAGACAC-3’

Reverse: 5’-GCCCAATACGACCAAATCC-3’
miR-876-5p Forward: 5’-TGAAGTGCTGTGGATTTCTTTGTGA-3’

Reverse: 5’-TGAAGCACTATGAATTACTTTGTAA-3’
U6 Forward: 5’-ATTGGAACGATACAGAGAAGATT-3’

Reverse: 5’-GGAACGCTTCACGAATTTG-3’
qRT-PCR, quantitative real-time-polymerase chain reaction; SNHG8, 
small nucleolar RNA host gene 8; GAPDH, glyceraldehyde-3-phos-
phate dehydrogenase; U6, U6 small nuclear RNA.

ber inserts in double distilled water and 
cleaned with cotton swabs from the upper 
chamber. A Olympus IX70 inverted micro-
scope (Olympus, Tokyo, Japan) at 200 × 
magnification was used to observe the 
stained cells. Five different fields were 
chose and the average number of cells per 
field were calculated. 

Cell proliferation assay

The ability of OS cell growth was evaluated 
through cell counting kit-8 (CCK-8) assay. 
In brief, U2OS and HOS cells were diluted 
to 8 × 103 cells/well and seeded in 96-well 
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28 days after the injection, all mice were anes-
thetized with intraperitoneal injection of sodi-
um pentobarbital (35 mg/kg) and then sacri-
ficed by cervical dislocation, and tumors were 
separated and weighed. The tumor tissues 
were immediately snap frozen in liquid nitro-
gen, and stored at -80°C for RNA extraction. 
Each experiment was conducted at least three 
times from individual experiments. 

Bioinformatics and luciferase reporter assay

A target gene prediction tool starBase v2.0 
(http://starbase.sysu.edu.cn/starbase2/) was 
performed to predict potential SNHG8 targets, 
and we found that SNHG8 could potentially 
bind miR-876-5p. The luciferase assay was 
conducted to confirm the prediction of binding 
sites between SNHG8 and miR-876-5p. Briefly, 
the SNHG8 transcript 1 containing the poten-
tial binding sites for miR-876-5p was artificial 
synthesized and inserted into the psiCHECK2 
reporter vector (Promega, WI, USA) and named 
as SNHG8-wild-type (Wt) reporter vector. The 
mutant (Mut) version of the SNHG8 transcript 1 
was obtained by using the Mutagenesis kit 
(Stratagene, CA, USA) and named as SNHG8-
Mut reporter vector. The U2OS and HOS cells 
were seeded into 24-well plates and treated 
with the different reporter vectors including 
SNHG8-Wt vector, SNHG8-Mut vector, together 
with antagomir or antagomir control using 
Lipofectamine 2000 (Invitrogen), according to 
the manufacturer’s protocols. Forty-eight hours 
of post-transfection, luciferase activities were 
determined by using the dual-luciferase report-
er assay (Promega, WI, USA). The renilla lucifer-
ase activity was normalized against that of fire-
fly luciferase activity. Each experiment was con-
ducted at least three times from individual 
experiments. 

Statistical analysis

All data was displayed as the mean ± standard 
deviation (SD). Statistical analyses were con-
ducted by using Statistical Product and Service 
Solutions 17.0 software (SPSS Inc., IL, USA) 
and GraphPad Prism 6.0 (GraphPad, CA, USA). 
To compare SNHG8 expression levels in OS tis-
sues vs. normal bone tissues, a paired Stu- 
dent’s t-test was used. Differences between 
the remaining data containing two groups were 
assessed using an unpaired Student’s t-test. 
One-way ANOVA followed by the Bonferroni post 

hoc test was used for comparisons among 
more than two groups. Relationship between 
SNHG8 expression and the clinicopathologic 
characteristics of OS patients was analyzed 
using chi-square test. Correlation between 
SNHG8 and miR-876-5p expression was ass- 
essed by Spearman’s correlation analysis. Sur- 
vival curves were evaluated using Kaplan-Meier 
method and log-rank test, and two-stage test 
was used when survival plots cross. Difference 
was defined to be significant at P < 0.05. 

Results

The SNHG8 expression was elevated in OS tis-
sues and cell lines

The expression levels of SNHG8 in 60 paired 
OS tissues and adjacent normal bone tissues 
were examined by using qRT-PCR. The results 
indicated that SNHG8 expression was obvious-
ly higher in OS tissues than in matched normal 
bone tissues (Figure 1A, P < 0.01). Besides, 
SNHG8 levels were significantly upregulated in 
SaOS2, U2OS, MG63 and HOS cell lines com-
pared with the hFOB1.19 cell line (Figure 1B, P 
< 0.05). Among these OS cell lines, U2OS and 
HOS cells had higher SNHG8 expression than 
SaOS2 and MG63 cells, and were chosen for 
further experiments. In addition, the 60 OS 
patients were classified into two groups (low 
SNHG8 levels group and high SNHG8 levels 
group) based on the median expression level of 
SNHG8 in OS tissues as the cutoff value. 
Results revealed that high expression of SN- 
HG8 was significantly correlated with increas- 
ed tumor size (P = 0.018) and advanced 
Enneking stage (P < 0.001), but not correlated 
with sex (P = 0.426), age (P = 0.301), location 
(P = 0.195), histological grade (P = 0.194), and 
distant metastasis (P = 0.181) of the patients 
with OS (Table 2). As shown in Figure 2, the OS 
patients with high SNHG8 levels had a distinct-
ly shorter overall survival compared to those 
patients with low SNHG8 levels (P < 0.05). 
Thus, upregulation of SNHG8 may be a novel 
prognostic biomarker for OS.

The knockdown of SNHG8 suppressed OS cell 
proliferation and migration in vitro

To investigate the effects of SNHG8 on the pro-
liferation and migration of OS cells, U2OS and 
HOS cells were transfected with shSNHG8-1# 
or scrambled shRNA-1#, shSNHG8-2# or 
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Figure 1. The expression levels of lncRNA SNHG8 from OS tissues and cell lines. A. The relative levels of SNHG8 
in 60 pairs of OS tissues and matched normal bone tissues were quantified by qRT-PCR. GAPDH was used as the 
internal control for SNHG8 expression. B. The relative SNHG8 levels were analyzed in four OS cell lines (SaOS2, 
U2OS, MG63 and HOS) and a normal human osteoblasts hFOB 1.19. LncRNA, long non-coding RNA; SNHG8, small 
nucleolar RNA host gene 8; OS, osteosarcoma; qRT-PCR, quantitative real-time-polymerase chain reaction; GAPDH, 
glyceraldehyde-3-phosphate dehydrogenase. Data were shown as the mean ± standard deviation (SD), n = three 
independent repeats. *P < 0.05 and **P < 0.01 vs. normal bone tissues or hFOB 1.19 cell line.

Table 2. LncRNA SNHG8 expression and its 
association with clinicopathological features 
in OS patients
Characteristics Cases Low High P 
Age (y)
    < 20 28 12 16 0.301
    ≥ 20 32 18 14
Gender
    Male 37 20 17 0.426
    Female 23 10 13
Location
    Femur/tibia 54 29 25 0.195
    other 6 1 5
Tumor size (cm)
    < 8 35 22 13 0.018
    ≥ 8 25 8 17
Enneking stage 
    I-IIA 22 18 4 < 0.001
    IIA-III 38 12 26
Histological grade
    G1-G2 27 11 16 0.194
    G3-G4 33 19 14
Distant metastasis
    Absent 49 27 22 0.181
    Present 11 3 8
LncRNA, long non-coding RNA; OS, osteosarcoma.

scrambled shRNA-2#, and shSNHG8-3# or 
scrambled shRNA-3#. Images of U2OS and 
HOS cells successfully transfected with shSN-

HG8-1-3# and scrambled shRNA-1-3# were 
shown in Figure 3A and 3B. The results revealed 
that SNHG8 expression was remarkably re- 
duced in the shSNHG8-3# group compared 
with the scrambled shRNA-3# group in U2OS 
and HOS cells (Figure 3C and 3D, P < 0.05), 
which indicated that SNHG8 was successfully 
silenced by shSNHG8-3#. Therefore, shSN-
HG8-3# and scrambled shRNA-3# was chosen 
for further experiments. 

Then, we used CCK-8 assay to detect cell prolif-
erative activity. The results revealed that 
SNHG8 knockdown markedly inhibited the 
growth of U2OS and HOS cells (Figure 4A and 
4B, P < 0.01). After that, the effects of SNHG8 
knockdown on cell migration in OS cells were 
detected by using transwell migration assay. 
The results showed that SNHG8 knockdown in 
U2OS and HOS cells suppressed the cell migra-
tion abilities compared with the scrambled 
shRNA-3# groups (Figure 4C, P < 0.01). These 
data suggested that knockdown of SNHG8 
inhibits OS cell proliferation and migration in 
vitro.

The knockdown of SNHG8 inhibited OS tumor 
growth in vivo 

To further confirm whether SNHG8 played an 
inhibitory role in OS cell proliferation in vivo, the 
subcutaneous xenograft model of HOS cells in 
BALB/c nude mice was established. The HOS 
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cells treated with shSNHG8-3# and scrambled 
shRNA-3# were subcutaneously injected into 
the left side of posterior flank of each mouse. 
The maximum diameter and largest volume 
exhibited by a single subcutaneous tumor in 
the rats were 23 mm and 781 mm3, respective-
ly. 11 rats (36.67%, 11/30) with 2-3 tumors 
were observed. As shown in Figure 5A, knock-
down of SNHG8 significantly decreased tumor 
growth compared with the scrambled shRNA-
3# group (P < 0.05). Furthermore, the tumor 
weight of mice inoculated with HOS cells trans-
fected with shSNHG8-3# was significantly 
lower than that of the scrambled shRNA-3# 
group (Figure 5B, P < 0.05). Moreover, we ana-
lyzed the expression levels of SNHG8 in tumor 
tissues from the xenograft model. The results 
indicated SNHG8 possessed lower expression 
in the shSNHG8-3# group compared with the 
scrambled shRNA-3# group (Figure 5C, P < 

0.01). Interestingly, the expression of miR-876-
5p was upregulated when SNHG8 was inhibited 
(Figure 5D, P < 0.01). These in vivo results indi-
cated that SNHG8 knockdown represses OS 
cell growth in vivo.

The SNHG8 act as a ceRNA of miR-876-5p in 
OS

Bioinformatics analysis revealed that SNHG8 
transcript 1 contains a conserved target site of 
miR-876-5p (Figure 6A). Spearman’s correla-
tion analysis showed that a significant inverse 
correlation between SNHG8 levels and miR-
876-5p expression in OS (Figure 6B, P < 0.01). 
We then determined the effects of SNHG8 
knockdown on the expression of miR-876-5p in 
OS cells. After transfection with shSNHG8-3#, 
the expression levels of miR-876-5p in U2OS 
and HOS cells were significantly increased com-
pared with the scrambled shRNA-3# groups 
(Figure 6C, P < 0.01). Subsequently, dual-lucif-
erase reporter assay was conduct to confirm 
whether SNHG8 directly interacts with miR-
876-5p. We transfected the antagomir and 
antagomir control into U2OS and HOS cells, 
and the results showed that miR-876-5p 
expression was markedly decreased in the 
antagomir group compared to the antagomir 
control group (Figure 6D, P < 0.01). As shown in 
Figure 6E, the luciferase activity was obviously 
increased in antagomir and SNHG8-Wt vector 
co-transfected U2OS and HOS cells, which had 
no effects on the SNHG8-Mut vector (P < 0.01). 
Combined with the findings above, we conclud-
ed that SNHG8 acts as a ceRNA of miR-876-5p 
in OS.

The SNHG8 promoted OS cell proliferation and 
migration by sponging miR-876-5p

To study whether miR-876-5p was a functional 
target of SNHG8 in OS development, we down-
regulated SNHG8 expression and inhibited 
miR-876-5p at the same time in U2OS and HOS 
cells. As expected, knockdown of miR-876-5p 
reversed the inhibitory effects of SNHG8 inhibi-
tion on OS cell proliferation (Figure 7A and 7B, 
P < 0.05). In addition, cotransfection with 
shSNHG8-3# + antagomir significantly increa- 
sed OS cells migration when compared with 
cells transfected with shSNHG8-3# + antago- 
mir control (Figure 7C, P < 0.01). These results 
strong demonstrated that miR-876-5p is a 

Figure 2. High expression of SNHG8 predicted a poor 
prognosis of OS patients. OS patients were classified 
into two subgroups (low and high SNHG8 levels group) 
using the median level of SNHG8 as a cut-off value. 
Survival curves were evaluated using Kaplan-Meier 
method and log-rank test, and high SNHG8 levels in 
OS patients had a obviously shorter overall survival 
compared to those patients with low SNHG8 levels. 
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Figure 3. Knockdown of SNHG8 in OS cell lines by using special shRNA against SNHG8. (A) U2OS cells were suc-
cessfully transfected with shSNHG8-1-3# and scrambled shRNA-1-3#, and the representative images were shown. 
(B) Images of HOS cells transfected with shSNHG8-1-3# and scrambled shRNA-1-3#. Bar = 10 μm. The expression 
levels of SNHG8 in U2OS (C) and HOS (D) cells were determined using qRT-PCR after being transfected with shSN-
HG8-1# or scrambled shRNA-1#, shSNHG8-2# or scrambled shRNA-2#, and shSNHG8-3# or scrambled shRNA-3#. 
shRNA, short-hairpin RNA; shSNHG8, shRNA against SNHG8. *P < 0.05 and **P < 0.01 vs. scrambled shRNA.

functional target of SNHG8, indicating SNHG8 
promotes OS cell proliferation and migration by 
sponging miR-876-5p.

Discussion

Accumulating data have demonstrated that 
lncRNAs can regulate various oncogenes and 
tumor suppressors in tumor cells, and lead to 
initiation and tumorigenesis of human cancers 
[5, 6]. Nowadays, several lncRNAs have been 
found as critical regulators of OS development 
and promising predictors for prognosis in OS 
patients [8, 9]. SNHGs have been widely found 

to be upregulated in OS tissues and to promote 
tumor initiation and development [16]. SNHG8, 
as a member of SNHGs, has been suggested to 
play an important role in several types of tumor 
[18-20]. However, no literature has reported 
the roles of SNHG8 in OS. To our knowledge, 
this is the first research that indicated that 
SNHG8 is involved in the OS development. In 
our study, we studied the functional effects of 
SNHG8 knockdown in OS cells in vitro and in 
vivo, and identify the potential mechanisms of 
SNHG8 by sponging miR-876-5p, which might 
give a better understanding of SNHG8 in the 
regulation of OS development.
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Figure 4. SNHG8 knockdown suppressed OS cell proliferation and migration in vitro. A. A CCK-8 assay was applied 
to detect cell proliferation, and SNHG8 knockdown inhibited the proliferation of U2OS cells. B. SNHG8 knockdown 
significantly suppressed the growth of HOS cells. C. Transwell migration assay was used to investigate the effects 
of SNHG8 knockdown on OS cell migratory capacity, and the representative images were shown. Results indicated 
that SNHG8 knockdown in U2OS and HOS cells suppressed the cell migration abilities. CCK-8, Cell Counting Kit-8. 
Experiments were replicated for three times, bar = 100 μm. **P < 0.01 vs. scrambled shRNA-3#.

In fact, SNHG8 was reported to be upregulated 
in some solid tumors, such as hepatocellular 
carcinoma [18], pancreatic adenocarcinoma 
[19], and non-small-cell lung cancer [20]. In 
addition, the expression of SNHG8 was upregu-
lated in OS by microarray expression profiles 
[21, 22]. Consistent with previous sequencing 
[21, 22], our study showed that SNHG8 expres-
sion was obviously increased in OS tissues and 
cells compared to match normal bone tissues 
and hFOB1.19 cell line, respectively. High 
expression of SNHG8 was significantly corre-
lated with increased tumor size and advanced 
Enneking stage, and predicted a poor progno-

sis of OS patients. These data indicated that 
SNHG8 may be used as a promising biomarker 
for the prognosis of OS. Because U2OS and 
HOS cells had higher SNHG8 expression than 
SaOS2 and MG63 cells, we selected the two 
cells for further research. Subsequently, we 
used a specially shRNA to target SNHG8 expres-
sion in OS cells, and found that SNHG8 knock-
down significantly inhibited OS cell growth and 
migration in vitro, and restrained tumor growth 
of OS of nude mice in vivo. These results dem-
onstrated that SNHG8 stimulates tumor cell 
growth and migration in OS cells, which were 
consistent with previous researches of SNHG8 
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in other tumors [18-20]. For example, Yang et al 
[24] demonstrated SNHG8 regulates the devel-
opment of endometrial carcinoma through reg-
ulating MET proto-oncogene (c-Met) expression 
by miR-152. Liu et al [25] concluded that knock-
down of SNHG8 represses cell growth in 
Epstein-Barr virus-associated gastric carcino-
ma. Song et al [19] suggested that SNHG8 pro-
motes the development and chemo-resistance 
of pancreatic adenocarcinoma. These data 
implicated that SNHG8 acts as an oncogenic 
lncRNA in the development of OS.

LncRNAs were reported to carry out their bio-
logical effects by functioning as a ceRNA to 
negatively regulate miRNAs expression [26]. 
For example, long intergenic non-protein coding 
RNA 336 inhibits ferroptosis by functioning as a 
ceRNA of miR-6852 in lung cancer [27]. Up- 
regulated colon cancer associated transcript 1 
accelerates hepatocellular carcinoma progres-
sion by functioning as a ceRNA of miR-30c-2-3p 
[28]. Another study showed ZNFX1 antisense 
RNA 1 increases the tumor progression and 
metastasis of colorectal cancer by acting as a 

Figure 5. Effects of SNHG8 knockdown on OS growth in vivo. A. The tumor volumes were measured every seven days 
in BALB/c nude mice after inoculation. Knockdown of SNHG8 markedly repressed tumor growth compared with the 
scrambled shRNA-3# group. B. The tumor weight on day 28 in mice inoculated with HOS cells transfected with shSN-
HG8-3# was distinctly lower than that of the scrambled shRNA-3# group. C. qRT-PCR analysis of SNHG8 expression 
levels in tumor tissues from the xenograft model. D. The expression of miR-876-5p was upregulated when SNHG8 
was inhibited. W: week. Data were shown as mean ± SD, n = 3. *P < 0.05 and **P < 0.01 vs. scrambled shRNA-3#. 
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Figure 6. SNHG8 act as a ceRNA for miR-876-5p in OS cells. A. Sequences alignment of miR-876-5p with the putative 
binding sites of the sequences of SNHG8 transcript 1. B. Spearman’s correlation analysis of correlation between 
SNHG8 and miR-876-5p expression in 60 cases of OS samples. C. qRT-PCR analysis of the expression levels of miR-
876-5p in U2OS and HOS cells after transfected with shSNHG8-3# and scrambled shRNA-3#. D. The expression 
levels of miR-876-5p were markedly decreased in the antagomir group compared to the antagomir control group in 
U2OS and HOS cells. E. The OS cells were treated with the different reporter vectors including SNHG8-wild-type (Wt) 
vector, SNHG8-mutant (Mut) vector, together with antagomir or antagomir control, and the luciferase activity was 
obviously increased in antagomir and SNHG8-Wt vector co-transfected U2OS and HOS cells, which had no effects 
on the SNHG8-Mut vector. ceRNA, competing endogenous RNA. Experiments were replicated for three times. **P < 
0.01 vs. scrambled shRNA-3# or antagomir control. 

ceRNA of miR-144 [29]. Although a great num-
ber of lncRNAs act as ceRNAs to control the 
progression of OS [11], it is not clear about the 
potential molecular mechanisms of SNHG8 in 
OS. Thus, the mechanisms involved in the func-
tional roles of SNHG8 in OS was further investi-
gated. We used a bioinformatics tool (starBase 
v2.0) to predict the potential targets of SNHG8. 

Among these target miRNAs, miR-876-5p was 
chosen as a candidate miRNA for further inves-
tigation based on its biological roles in OS. Xie 
et al [30] showed that miR-876-5p suppresses 
OS cell growth, migration and invasion by regu-
lating c-Met. miR-876-5p has been shown to 
function as a tumor suppressor miRNA in other 
cancers, such as lung cancer [31], hepatocel-



SNHG8 promotes osteosarcoma cell growth and migration

3486 Am J Transl Res 2020;12(7):3476-3488

lular carcinoma [32], and head and neck squa-
mous cell carcinoma [33]. In this present study, 
miR-876-5p was identified as a downstream 
target of SNHG8 by luciferase reporter assay. 
SNHG8 silencing resulted in an increased 
expression of miR-876-5p in OS cells and tumor 
tissues from the xenograft model.

More importantly, we conducted rescue experi-
ments to confirm whether miR-876-5p was a 
functional target of SNHG8 in OS development. 
We found that inhibition of OS cell proliferation 
in vitro induced by SNHG8 knockdown was 
reversed by knockdown of miR-876-5p in OS 
cells. In addition, transwell migration assay fur-

ther confirmed inhibitory effects of SNHG8 on 
OS cell migration in vitro were attenuated when 
miR-876-5p was downregulated. These results 
strong demonstrated that miR-876-5p was a 
functional target of SNHG8, indicating SNHG8 
regulated OS cell proliferation and migration by 
sponging miR-876-5p. Several shortcoming of 
the present study should be noted. The OS 
samples are relatively small in our study, and a 
larger sample should be used to further confirm 
the clinical significances of SNHG8 in OS. 
Another concern is that the target gene of miR-
876-5p was not identified in the current study. 
Although previous literatures have reported 
that c-Met [24], DNMT3A [32], and vimentin 

Figure 7. SNHG8 promoted OS cells proliferation and migration by sponging miR-876-5p. A CCK-8 assay was applied 
to detect cell proliferation when downregulated SNHG8 expression and inhibited miR-876-5p at the same time in 
U2OS and HOS cells. Knockdown of miR-876-5p reversed the inhibitory effects of SNHG8 inhibition on U2OS (A) and 
HOS (B) cell proliferation. (C) Transwell migration assay was used to detect cell migration, and the representative 
images were shown. Results showed that cotransfection with shSNHG8-3# + antagomir significantly increased cell 
migration when compared with cells transfected with shSNHG8-3# + antagomir control. Experiments were repli-
cated for three times, bar = 50 μm. *P < 0.05 and **P < 0.01 vs. shSNHG8-3# + antagomir control.
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[33] are target genes of miR-876-5p, whether 
these genes regulated by SNHG8 in OS remains 
to be further studied.

In conclusion, SNHG8 is found to be significant-
ly elevated in OS tissues and cell lines. High 
expression of SNHG8 predicts a poor prognosis 
of OS patients. SNHG8 acts as an oncogenic 
lncRNA in OS by facilitating cell proliferation 
and migration via sponging miR-876-5p. These 
findings suggested that SNHG8 may be a new 
clinical therapeutic target and a promising bio-
marker for the prognosis and treatment of OS.
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