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Abstract. Osteoarthritis (OA) is a common age‑related joint 
disorder, for which no effective disease‑modifying drugs are 
currently available. Long non‑coding RNAs (lncRNAs) are 
involved in the occurrence of OA. lncRNA small nucleolar 
RNA host gene 16 (SNHG16) has been reported to regulate 
inflammation; however, the exact biological function of 
SNHG16 in OA and its underlying mechanism of action 
remain unclear. In this study, gene and protein expression 
levels were detected using reverse transcription‑quantitative 
PCR and western blotting, respectively. Cell apoptosis was 
analyzed using flow cytometry and ELISA was performed 
to detect TNF‑α levels. The interactions between lncRNA 
SNHG16 and microRNA (miR)‑373‑3p were examined using 
the dual‑luciferase reporter assay. lncRNA SNHG16 was 
upregulated in OA tissue compared with normal joint tissue. 
The expression levels of collagen II were significantly reduced 
in OA tissue compared with normal tissue. Similarly, aggrecan 
expression levels were significantly reduced in IL‑1β‑treated 
CHON‑001 cells compared with the controls. In addition, 
the protein expression levels of MMP13 were significantly 
increased in OA tissues and IL‑1β‑treated CHON‑001 
cells compared with the controls. SNHG16 knockdown 
significantly increased the expression levels of aggrecan, and 
decreased the expression levels of MMP13, cleaved caspase‑3 
and p21 in IL‑1β‑treated CHON‑001 cells. In addition, IL‑1β 
induced CHON‑001 cell apoptosis, while SNHG16 knock‑
down decreased IL‑1β‑induced apoptosis. Furthermore, the 
luciferase activity assay suggested that SNHG16 negatively 

regulated miR‑373‑3p in OA. Finally, the results suggested 
that the proinflammatory effect of IL‑1β on CHON‑001 cells 
was significantly reduced by SNHG16 knockdown. In conclu‑
sion, lncRNA SNHG16 knockdown significantly limited the 
progression of OA by sponging miR‑373‑3p in vitro, which 
suggested that SNHG16 may serve as a potential therapeutic 
target for OA.

Introduction

Osteoarthritis (OA) is the most common form of arthropathy 
in elderly individuals worldwide, and is characterized by local 
inflammation, articular cartilage damage and degradation of 
the cartilage (1). The number of patients with OA is expected 
to increase as the population ages, increasing the psychological 
and socio‑economic burden of patients (2). Current therapeutic 
strategies for OA are aimed at symptomatic control, rather 
than disease modification (3); therefore, extending the existing 
knowledge of the pathology of OA is required for the develop‑
ment of effective therapeutic strategies.

OA displays typical heritability, which is why gene therapy 
for OA has gained much attention. Clinically, in vivo gene 
expression is difficult to control, and the selection and safety 
of vectors require confirmation; therefore, OA gene therapy 
is currently at the in vitro and in vivo stages of research (4). 
Meanwhile, a growing number of studies have indicated 
that non‑coding RNAs (ncRNAs) are possible regulators 
of cell apoptosis (5,6). As a ncRNA subclass, long ncRNAs 
(lncRNAs) are >200 nucleotides in length, and display 
improved tissue and cell specificity compared with coding 
RNAs. lncRNAs are differentially expressed in different cells, 
tissues and developmental stages, and are associated with the 
occurrence and development of various diseases, including 
OA and malignancies (7‑10). Moreover, it has been confirmed 
that enriched lncRNAs in the cytoplasm typically participate 
in post‑transcriptional modification by binding to microRNAs 
(miRNAs/miRs) or mRNAs (8). For example, Li et al  (11) 
reported that Pvt1 oncogene (PVT1) regulated chondrocyte 
apoptosis in OA by sponging miR‑488‑3p. Xiao  et al  (12) 
indicated that lncRNA miR4435‑2HG, which regulated chon‑
drocyte cell proliferation and apoptosis, may be downregulated 
in OA. Furthermore, it has been reported that lncRNA small 
nucleolar RNA host gene 16 (SNHG16) reversed the effects 
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of miR‑15a/16 on the lipopolysaccharide‑induced inflamma‑
tory pathway (13). A recent study reported that SNHG16 may 
be associated with the occurrence of OA (14). However, the 
biological role of SNHG16 during the development of OA 
requires further investigation.

Therefore, the present study aimed to explore the roles 
of SNHG16 during the development of OA and the potential 
underlying mechanisms. The present study provided a theo‑
retical basis for OA treatment and a novel perspective for 
clinical therapy.

Materials and methods

Cell culture. Previous studies have indicated that CHON‑001 
cells treated with interleukin (IL)‑1β serve as an in  vitro 
model of OA; therefore, this model was selected for the 
present study  (15,16). The human chondrocyte cell line 
CHON‑001 (American Type Culture Collection) was cultured 
in RPMI‑1640 medium (Thermo Fisher Scientific, Inc.) 
supplemented with 10% FBS (Thermo Fisher Scientific, Inc.) 
and 2 mM glutamine (Sigma‑Aldrich; Merck KGaA) at 37˚C 
at 5% CO2. To induce the in vitro model of OA, CHON‑001 
cells were treated with IL‑1β (10  ng/ml) (Sigma‑Aldrich; 
Merck KGaA) for 24 h at room temperature.

Tissue collection. OA tissues (n=20) and normal joint 
tissues (n=20) were obtained from the Second Affiliated 
Hospital of Inner Mongolia Medical University (Hohhot, 
China) between August 2017 and April 2019. OA tissues 
were obtained from patients with OA. Normal joint tissues 
were obtained from patients who had been in a car acci‑
dent. Clinical and pathological data of the patients were 
collected. Patients were diagnosed with OA according 
to the American College of Rheumatology classification 
criteria for the diagnosis of OA  (17). The present study 
was approved by the Institutional Ethical Committee of 
the Second Affiliated Hospital of Inner Mongolia Medical 
University. Written informed consent was obtained from 
all participants. Clinical characteristics of the patients and 
healthy controls are presented in Table I.

Cell transfection. siRNAs targeted against SNHG16 
(SNHG16 siRNA1 and SNHG16 siRNA2; 10  nM) and a 
negative control siRNA (siRNA‑NC) were purchased from 
Guangzhou RiboBio Co., Ltd. and transfected into CHON‑001 
cells (5x103) using Lipofectamine® 2000 (Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instruc‑
tions. Cells were incubated at 37˚C for 6 h before subsequent 
experiments were performed. Transfection efficiency was 
determined using reverse transcription‑quantitative PCR 
(RT‑qPCR). The sequences of the siRNAs were as follows: 
Negative control siRNA, 5'‑UUC​UCC​GAA​CGU​GUC​ACG​
UTT‑3'; SNHG16 siRNA1, 5'‑GGA​AUG​AAG​CAA​CUG​AGA​
UUU​‑3'; and SNHG16 siRNA2, 5'‑GGG​TTA​CGA​TTG​CCC​
AGA​T‑3'.

RT‑qPCR. Total RNA was extracted from tissues or cells 
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.). Total RNA (5‑10 µg) was reverse transcribed into cDNA 
using the PrimeScript RT reagent kit (Takara Bio,  Inc.), 

according to the manufacturer's instructions. Subsequently, 
qPCR was performed using the SYBR premix Ex Taq II kit 
(Takara Bio, Inc.). The following primer pairs were used for 
qPCR: SNHG16, forward, 5'‑CTT​CCG​CCA​TGA​TTG​TGA​
GG‑3', reverse, 5'‑AAC​AGT​CCC​TCC​TTG​GTC​TC‑3'; β‑actin, 
forward, 5'‑AGC​GAG​CAT​CCC​CCA​AAG​TT‑3', reverse, 
5'‑GGG​CAC​GAA​GGC​TCA​TCA​TT‑3'; collagen II, forward, 
5'‑ATG​CCA​CAC​TCA​AGT​CCC​TCA‑3', reverse, 5'‑GTC​TCG​
CCA​GTC​TCC​ATG​TTG‑3'; MMP13, forward, 5'‑CAG​AAC​
TTC​CCA​ACC​GTA​TTG​AT‑3', reverse, 5'‑TGT​ATT​CAA​ACT​
GTA​TGG​GTC​CG‑3'; miR‑373‑3p, forward, 5'‑GGC​GGA​
AGT​GCT​TCG​ATT​TT‑3', reverse, 5'‑GTG​CAG​GGT​CCG​
AGG​TAT​TC‑3'; and U6, forward, 5'‑GCT​TCG​GCA​GCA​CAT​
ATA​CT‑3' and reverse, 5'‑GTG​CAG​GGT​CCG​AGG​TAT​TC‑3'. 
The following thermocycling conditions were used for qPCR: 
Initial denaturation for 10 min at 95˚C; 40 cycles of 95˚C for 
15 sec and 60˚C for 30 sec; and final extension for 1 min at 
60˚C. miRNA and mRNA levels were quantified using the 
2‑ΔΔCq method and normalized to the internal reference genes 
β‑actin and U6, respectively (18).

Cell Counting Kit‑8 (CCK‑8) assay. The CCK‑8 assay 
(Beyotime Institute of Biotechnology) was performed to inves‑
tigate cell proliferation. CHON‑001 cells (5x103 cells/well) 
were plated into 96‑well plates and treated for 0, 24, 48 or 72 h 
at room temperature as follows: 10 ng/ml IL‑1β (IL‑1β + NC 
siRNA); 10 ng/ml IL‑1β and subsequently transfected with 
SNHG16 siRNA1 (IL‑1β + SNHG16 siRNA1). Control cells 
were left untreated. CCK‑8 reagent (10 µl) was added to each 
well and incubated for 2 h at 37˚C. The absorbance of each 
well was measured at a wavelength of 450 nm using a micro‑
plate reader.

Western blotting. Total protein was extracted from OA tissues 
and CHON‑001 cells using RIPA lysis buffer (Beyotime 
Institute of Biotechnology) and quantified using a bicin‑
choninic acid assay kit (Thermo Fisher Scientific, Inc.). 
Proteins (40 µg/lane) were separated by SDS‑PAGE on 10% 
gels and were transferred onto PVDF membranes (Thermo 
Fisher Scientific, Inc.). Subsequently, the membranes were 
blocked with 5% skim milk in TBS‑Tween (10%) for 1 h at 
room temperature. The membranes were then incubated 
overnight at 4˚C with primary antibodies targeted against: 
Collagen II (1:1,000; cat. no. ab325034; Abcam), aggrecan 
(1:1,000; cat.  no.  ab1816028; Abcam), MMP13 (1:1,000; 
cat.  no.  ab25367; Abcam), p21 (1:1,000; cat.  no.  ab14323; 
Abcam), cleaved caspase‑3 (1:1,000; cat. no. ab43583; Abcam) 
and β‑actin (1:1,000; cat. no. ab06789; Abcam). Following 
primary antibody incubation, the membranes were incu‑
bated with a HRP‑conjugated secondary antibody (1:5,000; 
cat. no. ab20876; Abcam) for 1 h at room temperature. Protein 
bands were detected using an ECL kit (Thermo Fisher 
Scientific, Inc.). Protein expression was semi‑quantified using 
Image‑Pro Plus software (version 6.0; Media Cybernetics, 
Inc.) with β‑actin as the internal control.

Target prediction. TargetScan (www.targetscan.org/vert_71/) 
and microRNA Target Prediction Database (miRDB) data‑
bases (www.mirdb.org) were used to identify the downstream 
target genes of SNHG16.
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ELISA. The levels of TNF‑α in the media of CHON‑001 cells 
were detected using the TNF‑α ELISA kit [cat. no. ab47956, 
Hangzhou Multi Sciences (Lianke) Biotech Co., Ltd.], 
according to the manufacturer's protocol.

Immunof luorescence. CHON‑001 cells were seeded 
(5x104 cells/well) into 24‑well plates and incubated at 37˚C 
for 24 h. Cells were pre‑fixed with 4% paraformaldehyde for 
10 min at room temperature, and fixed in pre‑cold methanol 
at 4˚C for another 10 min. Following blocking with 10% BSA 
(Beyotime Institute of Biotechnology) at room temperature 
for 1 h, cells were incubated overnight at 4˚C with anti‑Ki67 
primary antibody (1:1,000; cat.  no.  ab35267; Abcam) and 
DAPI. Following primary antibody incubation, cells were 
incubated with the goat anti‑rabbit IgG secondary antibody 
(1:5,000; cat.  no.  ab65734; Abcam) at room temperature 
for 1 h. Immunofluorescence staining was observed using a 
CX23 fluorescence microscope (Olympus Corporation) and 
quantified using Image‑Pro Plus software (version 6.0; Media 
Cybernetics, Inc.).

Cell apoptosis analysis. CHON‑001 cells were seeded 
(5x104 cells/well) in 6‑well plates. Cells were centrifuged at 
15 x g for 5 min at 4˚C and resuspended in 100 µl binding 
buffer (BD Biosciences). Subsequently, 5 µl Annexin V‑FITC 
(BD Biosciences) and 5 µl propidium (BD Biosciences) iodide 
were added to the cell solution for 15 min at 0˚C. Early and 
late apoptotic cells were analyzed using a FACS flow cytom‑
eter (BD Biosciences) and WinMDI software (version 2.9; 
Invitrogen; Thermo Fisher Scientific, Inc.).

Dual‑luciferase reporter assay. The partial sequence of the 
3'‑untranslated region (UTR) SNHG16 and the 3'‑UTR of 
p21 containing the putative binding sites of miR‑373‑3p were 
synthetized and obtained from Sangon Biotech Co., Ltd. 
Subsequently, the sequences were cloned into the pmirGLO 
Dual‑Luciferase miRNA Target Expression Vector (Promega 
Corporation) to construct wild‑type (WT) reporter vectors 
for SNHG16 and p21. The mutant (MUT) SNHG16 and 
p21‑3'‑UTR sequences containing the putative binding sites 
of miR‑373‑3p were created using the Q5 Site‑Directed 
Mutagenesis kit (New England Biolabs, Inc.), according 
to the manufacturer's protocol, and cloned into pmirGLO 
vectors to construct MUT reporter vectors for SNHG16 and 
p21. The WT and MUT SNHG16 vectors were transfected 
into CHON‑001 cells (5x103 cells/well) with blank (untrans‑
fected cells), 10  nM vector‑control (pcDNA‑3.1 vector; 

cat. no. ab06707; Beyotime Institute of Biotechnology) or 
10  nM miR‑373‑3p mimics (cat.  no.  ab35643; Beyotime 
Institute of Biotechnology) using Lipofectamine®  2000 
(Thermo Fisher Scientific, Inc.) according to the manufac‑
turer's instructions. Similarly, the WT and MUT p21 vectors 
were transfected into 293T cells with blank, vector‑control 
or miR‑373‑3p mimics. At 48 h post‑transfection, cells were 
collected and the relative luciferase activity was detected 
using the Dual‑Glo Luciferase assay system (Promega 
Corporation), according to the manufacturer's protocol. 
Firefly luciferase activity was normalized to Renilla lucif‑
erase activity.

Statistical analysis. Experiments were performed in at least 
triplicate. Data are presented as the mean ± SD. Comparisons 
between two groups were analyzed using an unpaired 
Student's  t‑test. Comparisons among multiple groups were 
analyzed using one‑way ANOVA followed by Tukey's post 
hoc test. Statistical analyses were performed using GraphPad 
Prism software (version 7; GraphPad Software, Inc.). P<0.05 
was considered to indicate a statistically significant difference.

Results

Expression levels of SNHG16 are upregulated in OA tissues. 
To explore whether the expression levels of lncRNA SNHG16 
were altered in OA, the expression of SNHG16 in OA and 
normal tissues was measured using RT‑qPCR. The expression 
levels of SNHG16 were significantly upregulated in OA tissues 
compared with normal tissues (Fig. 1A). The expression levels 
of collagen II were significantly reduced, while the expression 
levels of MMP13 were significantly upregulated in OA tissues 
compared with normal tissues (Fig. 1B‑F). These results indi‑
cated that lncRNA SNHG16 was significantly upregulated in 
OA tissues compared with normal tissues.

In vitro model of OA was successfully established. It has 
previously been demonstrated that IL‑1β contributes to the 
destruction of articular cartilage (19); therefore, CHON‑001 
cells were treated with 10 ng/ml IL‑1β for 24 h to develop 
an in vitro model of OA. The expression levels of aggrecan 
in CHON‑001 cells were significantly decreased in the 
presence of IL‑1β (Fig. 2A and B), while IL‑1β significantly 
increased the expression levels of MMP13 in CHON‑001 
cells, compared with the control group (Fig. 2A and C). The 
results indicated that the in vitro model of OA was success‑
fully established.

Table I. Clinical characteristics of the patients and healthy controls.

Clinical characteristic	 Patients (n=20)	 Healthy controls (n=20)	 P‑value

Age (years)	 57.63±7.22	 57.28±6.55	 0.8733
Sex (male/female)	 11/9	 10/10	 0.7515
Body mass index (kg/m2)	 23.86±2.05	 24.01±1.89	 0.8112
Family history of OA (yes/no)	 5/15	 2/18	 0.2119

OA, osteoarthritis.
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SNHG16 knockdown significantly inhibits apoptosis and 
enhances the proliferation of CHON‑001 cells. To investigate 
transfection efficiency, the expression levels of SNHG16 in 
CHON‑001 cells were measured using RT‑qPCR. SNHG16 
siRNA1 significantly decreased the expression levels of 
SNHG16 in CHON‑001 cells compared with the control group 
(Fig. 3A). However, SNHG16 siRNA2 displayed a limited effect 
on the expression of SNHG16 compared with the control group 
(Fig. 3A); therefore, SNHG16 siRNA1 was used for subsequent 
experiments. The CCK‑8 assay and Ki‑67 staining were 
performed to assess CHON‑001 cell proliferation. CHON‑001 
cell proliferation was significantly decreased in the presence 
of IL‑1β compared with the control group, but co‑treatment 

with SNHG16 siRNA1 partially reversed the effects of IL‑1β 
on CHON‑001 cell proliferation. The SNHG16 siRNA group 
had a limited effect on CHON‑001 cell proliferation compared 
with the control group (Fig. 3B). Similarly, the proportion of 
Ki‑67‑positive CHON‑001 cells was significantly decreased 
by treatment with IL‑1β compared with the control group. 
However, SNHG16 knockdown reversed the inhibitory effect 
of IL‑1β on CHON‑001 cell proliferation, as indicated by a 
significant increase in the proportion of Ki‑67‑positive cells 
(Fig. 3C and D). Flow cytometry was then performed to inves‑
tigate CHON‑001 cell apoptosis. The results suggested that 
IL‑1β induced cell apoptosis and co‑treatment with SNHG16 
knockdown inhibited the proapoptotic effect of IL‑1β on 

Figure 2. Successful establishment of the in vitro model of OA. CHON‑001 cells were treated with IL‑1β (10 ng/ml) for 24 h to establish an in vitro model of 
OA. Protein expression levels were (A) determined by western blotting, and (B) aggrecan and (C) MMP13 were semi‑quantified. β‑actin was used as an internal 
control. **P<0.01 vs. control group. IL‑1β, interleukin‑1β; OA, osteoarthritis.

Figure 1. SNHG16 is upregulated in OA tissues. (A) Expression levels of SNHG16 in human OA tissues or normal joint tissues were detected using RT‑qPCR. 
Protein expression levels were (B) determined by western blotting, and (C) collagen II and (D) MMP13 expression was semi‑quantified. β‑actin was used 
as an internal control. The expression levels of (E) collagen II and (F) MMP13 in OA and normal tissues were detected using RT‑qPCR. *P<0.05 and 
**P<0.01 vs. normal group. OA, osteoarthritis; RT‑qPCR, reverse transcription‑quantitative PCR; SNHG16, small nucleolar RNA host gene 16.
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CHON‑001 cells (Fig. 3E and F). Moreover, IL‑1β treatment 
significantly increased the expression levels of SNHG16 in 
CHON‑001 cells compared with the control group. However, 
the effect of IL‑1β on SNHG16 expression was significantly 
reversed by SNHG16 knockdown in CHON‑001 cells (Fig. 3G). 
These results suggested that SNHG16 knockdown inhibited 
apoptosis and enhanced the proliferation of CHON‑001 cells.

SNHG16 knockdown ameliorates IL‑1β‑induced OA 
in vitro. To further assess the function of lncRNA SNHG16 
in IL‑1β‑treated CHON‑001 cells, western blotting was 
performed. IL‑1β significantly decreased the expression of 
aggrecan in CHON‑001 cells compared with the control group, 
and SNHG16 knockdown decreased the inhibitory effect of 
IL‑1β on aggrecan expression (Fig. 4A and B). Furthermore, 
the protein expression levels of MMP13 were significantly 
increased in the IL‑1β group compared with the control group, 
and SBHG16 knockdown partially reduced the IL‑1β‑induced 
effects (Fig.  4A  and  C). The SNHG16 siRNA1 group 
displayed limited effects on the expression levels of aggrecan 
and MMP13 compared with the control group (Fig. 4A‑C). 
Additionally, the levels of TNF‑α in the media of CHON‑001 
cells were significantly increased by IL‑1β treatment compared 
with the control group, and SNHG16 knockdown partially 
inhibited IL‑1β‑mediated effects on TNF‑α (Fig. 4D). The 
results suggested that SNHG16 knockdown may ameliorate 
IL‑1β‑induced OA in vitro.

miR‑373‑3p is the downstream target gene of SNHG16. 
To investigate the potential mechanism underlying the 
action by which lncRNA SNHG16 ameliorated OA in vitro, 
TargetScan and miRDB databases were used to identify the 
downstream target genes of SNHG16. SNHG16 displayed 
a putative miR‑373‑3p targeting site (Fig. 5A). Furthermore, 
the RT‑qPCR results indicated that miR‑373‑3p mimic was 
stably transfected into CHON‑001 cells (Fig. 5B). In addition, 
the luciferase reporter assay was performed to determine 
whether miR‑373‑3p directly interacted with SNHG16 in 
CHON‑001 cells. The results indicated that co‑transfection of 
the WT SNHG16 vector with miR‑373‑3p mimic significantly 
decreased luciferase activities compared with the control 
group (Fig. 5C). Therefore, the results suggested that SNHG16 
bound to miR‑373‑3p.

p21 is the direct target gene of miR‑373‑3p. Subsequently, the 
TargetScan and miRDB databases were used to investigate the 
direct targets of miR‑373‑3p. The results suggested that p21 
was a potential target of miR‑373‑3p (Fig. 5D). In addition, the 
luciferase assay demonstrated significantly reduced luciferase 
activity in CHON‑001 cells post‑transfection with WT p21 and 
miR‑373‑3p mimic compared with the control group (Fig. 5E). 
The results indicated that p21 was the direct target of miR‑373‑3p.

SNHG16 knockdown signif icantly decreases the 
IL‑1β‑mediated activation of p21 and cleaved caspase‑3. To 

Figure 3. SNHG16 knockdown inhibits apoptosis and promotes the proliferation of CHON‑001 cells. (A) CHON‑001 cells were transfected with SNHG16 
siRNA1 or SNHG16 siRNA2. Transfection efficiency was assessed by RT‑qPCR. (B) CHON‑001 cells were treated with IL‑1β (10 ng/ml) and/or SNHG16 
siRNA1 for 0, 24, 48 or 72 h. The effect of SNHG16 on CHON‑001 cell proliferation was assessed using the Cell Counting Kit‑8 assay. CHON‑001 cell prolif‑
eration was (C) detected by Ki‑67 staining (magnification, x200) and (D) semi‑quantified. CHON‑001 cell apoptosis was detected by Annexin V/PI staining, 
(E) assessed by flow cytometry and (F) quantified. (G) Expression levels of SNHG16 in CHON‑001 cells were detected by RT‑qPCR. **P<0.01 vs. control 
group; ##P<0.01 vs. IL‑1β group. IL‑1β, interleukin‑1β; OD, optical density; PI, propidium iodide; RT‑qPCR, reverse transcription‑quantitative PCR; siRNA, 
small interfering RNA; SNHG16, small nucleolar RNA host gene 16.
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further investigate the biological role of SNHG16 during the 
progression of OA, the expression levels of the cell cycle regu‑
lator, p21, and proapoptotic protein, cleaved caspase‑3, were 
detected using western blot analysis. The expression levels of 
p21 in CHON‑001 cells were significantly increased in the 
IL‑1β group compared with the control group. IL‑1β‑mediated 
effects on p21 expression were significantly rescued by SNHG16 
knockdown in CHON‑001 cells (Fig. 6A and B). Additionally, 
SNHG16 knockdown significantly reduced p21 expression 
levels compared with the control group (Fig.  6A  and  B). 
Similarly, IL‑1β significantly increased the expression levels of 
cleaved caspase‑3 compared with the control group. However, 
SNHG16 knockdown significantly inhibited the proapoptotic 
effect of IL‑1β on the expression of cleaved caspase‑3 in 
CHON‑001 cells (Fig. 6A and C). The results indicated that 
SNHG16 knockdown may decrease the IL‑1β‑mediated effects 
on p21 and cleaved caspase‑3 expression.

Discussion

Previous studies have indicated that lncRNAs serve a 
critical role during the progression of OA  (11,20). In the 

present study, it was further suggested that the expression of 
lncRNA SNHG16 was significantly upregulated in OA tissues 
compared with normal joint tissues. Zhou et al (21) reported 
that the expression of lncRNA HOX transcript antisense 
RNA was significantly upregulated in OA tissue, which was 
similar to the results obtained in the present study. In addi‑
tion, a recent study reported that the inflammatory response 
may have an important role during the progression of OA (22). 
Tan et al (23) indicated that the expression levels of IL‑1β were 
increased in OA tissues. Furthermore, IL‑1β promoted damage 
in arthritic cartilage and enhanced the expression levels of 
matrix‑degradation proteins (24). The aforementioned results 
indicated that high expression levels of lncRNA SNHG16 were 
closely associated with the progression of OA.

To further explore the biological role of lncRNA SNHG16 
during the development of OA, in vitro experiments were 
performed. Collagen II and MMP13 are matrix components of 
the cartilage (25,26). Loss of collagen II and upregulation of 
MMP13 expression can lead to the development of OA (27‑29). 
In the present study, CHON‑001 cell apoptosis was induced by 
IL‑1β, whereas SNHG16 knockdown significantly decreased 
the expression of cleaved caspase‑3, a proapoptotic protein, in 

Figure 4. SNHG16 knockdown ameliorates IL‑1β‑induced OA in vitro. CHON‑001 cells were treated with IL‑1β (10 ng/ml) and/or SNHG16 siRNA1 for 
48 h. Protein expression levels were (A) determined by western blotting, and (B) aggrecan and (C) MMP13 were semi‑quantified. β‑actin was used as an 
internal control. (D) Levels of TNF‑α in the media of CHON‑001 cells were detected by ELISA. **P<0.01 vs. control group; ##P<0.01 vs. the IL‑1β group. 
IL‑1β, interleukin‑1β; siRNA, small interfering RNA; SNHG16, small nucleolar RNA host gene 16.
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IL‑1β‑induced CHON‑001 cells (30). Lin et al (31) reported 
that luteoloside inhibited IL‑1β‑induced apoptosis in vitro by 
inactivating cleaved caspase‑3 (31). The aforementioned results 
are consistent with the results of the present study, indicating 
that SNHG16 knockdown inhibited CHON‑001 cell apoptosis 
by downregulating the expression levels of cleaved caspase‑3. 
Similarly, the expression of collagen II was significantly 
decreased and the expression of MMP13 was significantly 
increased in OA tissues compared with normal joint tissues, 
which was consistent with previous studies  (32,33). Based 
on the results of the present study, it was suggested that the 
in vitro model of OA was successfully established.

Further experiments suggested that SNHG16 knockdown 
significantly decreased apoptosis and increased the prolif‑
eration of CHON‑001 cells treated with IL‑1β. Furthermore, 
SNHG16 knockdown significantly decreased the expression 
levels of aggrecan and upregulated the expression levels of 
MMP13 in CHON‑001 cells treated with IL‑1β. Similarly, 
Tu et al (34) suppressed IL‑1β‑induced cartilage degradation 
by decreasing the expression levels of collagen II. A previous 
study revealed that the Bushenhuoxue formula attenuated 
cartilage degeneration in a mouse model of OA via the trans‑
forming growth factor‑β/MMP13 signaling pathway  (35). 
Additionally, the expression levels of PVT1 were increased 

Figure 5. miR‑373‑3p is the downstream target gene of SNHG16 and p21 is the direct target gene of miR‑373‑3p. (A) 3'‑UTR gene structure of SNHG16 
at the position of 1,467‑1,473 contained the predicted target site of miR‑373‑3p, with a sequence of AUCCGCU. (B) miR‑373‑3p expression in CHON‑001 
cells was detected by RT‑qPCR. (C) Luciferase activity was measured in CHON‑001 cells following co‑transfection with WT/MUT SNHG16 3'‑UTR 
plasmid and miR‑373‑3p mimic using a dual luciferase reporter assay. (D) 3'‑UTR gene structure of p21 at the position of 750‑756 contained the predicted 
target site of miR‑373‑3p, with a sequence of AACCCUUG. (E) Luciferase activity was measured in CHON‑001 cells following co‑transfection with 
WT/MUT p21 3'‑UTR plasmid and miR‑373‑3p mimic using a dual luciferase reporter assay. **P<0.01 vs. the control or blank group. 3'‑UTR, 3'‑untrans‑
lated region; miR, microRNA; MUT, mutant; NC, negative control; RT‑qPCR, reverse transcription‑quantitative PCR; SNHG16, small nucleolar RNA host 
gene 16; WT, wild‑type.

Figure 6. SNHG16 knockdown inhibits IL‑1β‑mediated activation of p21 and cleaved caspase‑3. Protein expression levels were (A) determined by western 
blotting, and (B) p21 and (C) cleaved caspase‑3 were semi‑quantified. **P<0.01 vs. control group; ##P<0.01 vs. IL‑1β group. IL‑1β, interleukin 1β; siRNA, small 
interfering RNA; SNHG16, small nucleolar RNA host gene 16.
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in IL‑1β‑stimulated OA chondrocytes; therefore, PVT1 
knockdown may inhibit the development of OA by altering 
inflammatory responses (36). The aforementioned results were 
consistent with the results of the present study, indicating that 
SNHG16 knockdown may suppress the development of OA 
in vitro.

The mechanism underlying the action by which SNHG16 
knockdown inhibited the progression of OA in  vitro was 
investigated. The dual‑luciferase reporter assay indicated that 
miR‑373‑3p was the downstream target gene of SNHG16. 
miRNAs are highly conserved ncRNAs that display versa‑
tile biological functions (37,38). Lei et al (39) reported that 
lncRNA SNHG1 inhibited IL‑1β‑induced OA by suppressing 
the miR‑16‑5p‑mediated p38 MAPK and NF‑κB signaling 
pathway. In addition, lncRNA metastasis associated lung 
adenocarcinoma transcript 1 promoted the progression of OA 
by regulating the miR‑150‑5p/AKT3 signaling pathway (40). 
Meanwhile, miR‑373‑3p has been reported to be involved 
in multiple diseases (41,42). The present study also investi‑
gated the biological effect of miR‑373‑3p on IL‑1β‑treated 
CHON‑001 cell proliferation, suggesting that it may act as a 
suppressor during the progression of OA. The results of the 
present study further suggested that SNHG16 may promote the 
development of OA by sponging miR‑373‑3p.

It has been reported that miRNAs primarily exert their 
function by binding to target genes (43,44). To explore the 
potential mechanism underlying the action of miR‑373‑3p 
during the progression of OA, TargetScan and miRDB 
databases were used to identify target genes of miR‑373‑3p. 
p21, a cell cycle regulator, was identified as a direct target 
of miR‑373‑3p (45). It has been reported that p21 may be 
partially involved in G2 arrest following cell damage (46). 
In addition, p21 deficiencies resulted in patient susceptibility 
to OA via STAT3 phosphorylation (47). In the present study, 
the luciferase reporter assay further indicated that p21 was 
a direct target gene of miR‑373‑3p. Furthermore, the results 
suggested that IL‑1β significantly increased the expression 
of p21 in CHON‑001 cells. Tang  et  al  (48) reported that 
p21 promoted chondrocyte apoptosis in OA by sponging 
miR‑451. The results obtained in the present study suggested 
that downregulation of p21 may contribute to the alleviation 
of IL‑1β‑induced CHON‑001 cell growth inhibition. Since 
STAT3 has been reported to be involved in the progression of 
OA (49), further investigation into the effects of SNHG16 on 
STAT3 signaling should be conducted. The present study did 
not include in vivo experiments due to lack of funds; therefore, 
future studies should employ in vivo models to investigate 
therapeutic targets for OA.

In conclusion, the present study investigated the roles of 
SNHG16 during the development of OA and the underlying 
mechanisms. The results indicated that SNHG16 expression 
was significantly upregulated in OA tissues compared with 
normal tissues, and that knockdown of SNHG16 expres‑
sion increased the proliferation and inhibited apoptosis of 
CHON‑001 cells. miR‑373‑3p was identified as a downstream 
target of SNHG16, and p21 was identified as a target gene 
of miR‑373‑3p. The present study suggested that SNHG16 
knockdown inhibited the progression of OA in vitro, which 
indicated that SNHG16 may serve as a novel therapeutic 
target for OA.
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