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Abstract. Osteoarthritis (OA) is a degenerative disease 
characterized by cartilage destruction. Previous research has 
demonstrated that long non‑coding RNAs serve a role in OA 
progression. The current study aimed to determine the func‑
tion and mechanism of taurine upregulated gene (TUG) 1 
in OA. The results of reverse transcription quantitative PCR 
revealed that TUG1 was elevated in OA cartilage tissues and 
interleukin (IL)‑1β‑induced chondrocytes. Cell Counting 
kit‑8 and flow cytometry analysis revealed that TUG1 knock‑
down promoted cell viability and inhibited cell apoptosis. 
Furthermore, matrix metalloprotein (MMP) 13, collagen II 
and aggrecan expression was determined by western blotting, 
of which the results demonstrated that TUG1 knockdown 
significantly decreased MMP13 expression and increased 
collagen II and aggrecan expression in IL‑1β‑stimulated chon‑
drocytes, indicating that extracellular matrix (ECM) damage 
was inhibited. Additionally, using bioinformatics analysis, 
dual‑luciferase reporter and RNA immunoprecipitation assays, 
TUG1 was revealed to upregulate fucosyltransferase (FUT) 1 
by targeting miR‑17‑5p. Furthermore, miR‑17‑5p was down‑
regulated and FUT1 upregulated in OA cartilage tissues and 
IL‑1β‑induced chondrocytes. TUG1 overexpression reversed 
the aforementioned effects on cell viability, cell apoptosis and 
ECM degradation mediated by miR‑17‑5p in IL‑1β‑activated 
chondrocytes. Additionally, the effects of FUT1 knockdown 
on cell viability, apoptosis and ECM degradation mediated by 

FUT1 knockdown were reversed by miR‑17‑5p inhibition. In 
conclusion, TUG1 knockdown inhibited OA progression by 
downregulating FUT1 via miR‑17‑5p.

Introduction

Osteoarthritis (OA) is a degenerative joint disease character‑
ized by articular cartilage degeneration and a high incidence 
rate in the elderly population (1,2). Chondrocyte degrada‑
tion and synthesis imbalance, extracellular matrix (ECM) 
and subchondral bones are involved in the degradation of 
articular cartilage, which leads to OA progression  (3,4). 
OA is a disease that affects the quality of life in the elderly 
worldwide (5). However, the pathogenesis of OA has not been 
fully elucidated. Thus, exploring the pathogenesis of OA is 
necessary.

Long non‑coding RNAs (lncRNAs) are non‑coding 
RNAs (ncRNAs) >200 nucleotides (nts) in length that serve 
crucial roles in various biological processes, such as tumori‑
genesis, cell growth, metastasis and apoptosis (6,7). lncRNA 
taurine upregulated gene 1 (TUG1) has been reported to be 
highly expressed and involved in the development of human 
diseases. For example, Niu et al (8) demonstrated that TUG1 
was upregulated in small cell lung cancer (SCLC), that TUG1 
depletion inhibited SCLC cell growth and metastasis, and that 
TUG1 induced apoptosis. Huang et al (9) reported increased 
TUG1 levels in hepatocellular carcinoma (HCC) and demon‑
strated that TUG1 inhibition repressed HCC progression. 
While various lncRNAs, such as HOX transcript antisense 
RNA (10), maternally expressed gene 3 (11) and X‑inactive 
specific transcript (12) have been demonstrated to participate 
in OA regulation, the association between TUG1 and OA 
remains unclear. Thus, the current study aimed to investigate 
the functional role and potential mechanism of TUG1 in the 
progression of OA.

MicroRNAs (miRNAs or miRs) are a series of ncRNAs 
19‑25  nts in length that modulate gene expression by 
recognizing the 3'‑untranslated region (3'‑UTR) of target 

TUG1 knockdown promoted viability and inhibited  
apoptosis and cartilage ECM degradation in  

chondrocytes via the miR‑17‑5p/FUT1  
pathway in osteoarthritis

ZHICHAO LI1,  JIN WANG1  and  JING YANG2

1Department of Hand, Foot and Vascular Surgery, Hanyang Hospital, 
Wuhan University of Science and Technology, Wuhan, Hubei 430050;  

2Department of Cardiology, Renmin Hospital, Wuhan University,  
Wuhan, Hubei 430060, P.R. China

Received October 14, 2019;  Accepted July 14, 2020

DOI: 10.3892/etm.2020.9283

Correspondence to: Mr. Jing Yang, Department of Cardiology, 
Renmin Hospital, Wuhan University, 238  Jiefang Road, Wuhan, 
Hubei 430060, P.R. China
E‑mail: liman28194@163.com

Key words: osteoarthritis, taurine upregulated gene  1, 
microRNA‑17‑5p, fucosyltransferase 1, extracellular matrix



LI et al:  TUG1/miR-17-5p/FUT1 PATHWAY REGULATES OSTEOARTHRITIS PROGRESSION2

genes (13). Numerous studies have reported that miRs are 
dysregulated in OA and serve various roles in OA develop‑
ment. For instance, Huang  et  al  (14) demonstrated that 
miR‑204 and miR‑211 maintained joint homeostasis and 
inhibited OA progression. Meng et al (15) reported decreased 
miR‑193b‑3p expression in OA, while miR‑193b‑3p upregu‑
lation promoted cartilage formation by interacting with 
histone deacetylase 3. However, Cai et al (16) determined 
that miR‑27a expression was elevated in OA cartilage tissues 
and interleukin (IL)‑1β‑induced chondrocytes and facilitated 
chondrocyte apoptosis. Furthermore, Yang et al (17) reported 
elevated miR‑145 expression in IL‑1β‑stimulated chondro‑
cytes, leading to ECM degradation in OA cartilage. These 
data suggested that miRNAs served different roles in OA 
development.

A previous study reported that miR‑17‑5p was associated 
with OA (10). However, the specific pathogenesis of miR‑17‑5p 
in OA has not been fully elucidated. As lncRNAs have been 
reported to alter mRNA expression as mRNA targets (18), 
further research is required to establish whether TUG1 targets 
miR‑27‑5p.

Fucosyltransferases (FUTs) are a group of glycosylation 
synthetases (19). Previous studies have revealed that certain 
FUT genes may serve important roles in OA. For example, 
FUT4 was abnormally expressed and reportedly involved in 
IL‑1β‑mediated ECM regulation, chondrocyte growth and 
apoptosis in OA  (20). FUT2 expression was also report‑
edly elevated in OA and aggravated OA progression by 
impairing the ECM, promoting cell apoptosis and inhibiting 
cell growth (10). To the best of our knowledge, there are few 
reports regarding FUT1 in OA and few have assessed whether 
miR‑17‑5p targets FUT1.

In the current study, TUG1, miR‑17‑5p and FUT1 expres‑
sion was determined in OA and their role and mechanism of 
action in the regulation of ECM degradation, cell viability and 
apoptosis.

Materials and methods

Tissue collection. The current study was approved by the 
Ethics Committee of Hanyang Hospital affiliated with Wuhan 
University of Science and Technology. Written informed 
consent was obtained from all participants.

A total of 25 OA cartilage tissue samples (10 male and 
15 female; age, 52‑70 years) were collected from patients who 
had undergone knee or hip arthroplasty and 25 normal cartilage 
tissue samples (12 male and 13 female; age, 35‑46 years) were 
obtained from patients who underwent traumatic amputations 
at Hanyang Hospital between October 2016 and March 2018. 
OA patients were diagnosed according to the American College 
of Rheumatology criteria (21). The control individuals had no 
history of joint disease. At the time of surgery, the patients 
had symptomatic disease requiring medical treatment. None 
had received intra‑articular steroid injections within 3 months 
prior to surgery. Samples were stored at ‑80˚C for total RNA 
and protein extraction.

Cell culture. Chondrocytes were collected from OA cartilage 
tissues and cut into small sections (<1 mm3). Samples were 
pre‑treated with 0.25%  trypsin (Beijing Solarbio Science 

& Technology Co., Ltd.) for 10 min and then digested with 
0.2% collagenase II (Beijing Solarbio Science & Technology 
Co., Ltd.) in DMEM (Nissui Pharmaceutical, Co., Ltd.) 
supplemented with 10% FBS (Beijing Solarbio Science & 
Technology Co., Ltd.) overnight at 37˚C. Undigested samples 
were removed with a filter (40 µm; Beijing Solarbio Science & 
Technology Co., Ltd.). Chondrocytes were collected following 
centrifugation at 2,000 x g for 5 min at 37˚C.

All chondrocytes were cultured in DMEM (Nissui 
Pharmaceutical, Co., Ltd.) supplemented with 10%  FBS 
(Beijing Solarbio Science & Technology Co., Ltd.) and 
1%  penicillin‑streptomycin (Beijing Solarbio Science & 
Technology Co., Ltd.) at 37˚C in a humidified atmosphere 
with 5%  CO2. Chondrocytes at passages  2 and  3  were 
analyzed.

Cell transfection and IL‑1β treatment. Small interfering 
RNA (siRNA) targeting TUG1 (si‑TUG1; 5'‑CCA​UCU​CAC​
AAG​GCU​UCA​ATT​‑3'), FUT1 (si‑FUT1; 5'‑UCG​AUG​UUU​
UCU​UUA​CAC​CAC​‑3') and controls (si‑NC; 5'‑UUC​UCC​
GAA​CGU​GUC​ACG​UTT​‑3'); the pcDNA3.1‑TUG1 overex‑
pression vector (pc‑TUG1) and corresponding empty vector 
(vector); miR‑17‑5p mimics (miR‑17‑5p; 5'‑CAA​AGU​GCU​
UAC​AGU​GCA​GGU​AG‑3') and controls (miR‑NC; 5'‑UUC​
UCC​GAA​CGU​GUC​ACG​UTT​‑3'); and miR‑17‑5p inhibitors 
(anti‑miR‑17‑5p; 5'‑CAA​AGU​GCU​UAC​AGU​GCA​GGU​
AG‑3') and controls (anti‑miR‑NC; 5'‑CAG​UAC​UUU​UGU​
GUA​GUA​CAA​‑3') were purchased from GeneCopoeia, Inc. 
Chondrocytes were seeded into 24‑well plates at a density 
of 1.0x104  cells/well and the oligonucleotides (50 nM) or 
vectors (2  µg) were transfected into chondrocytes using 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.).

Chondrocytes were stimulated with 10  ng/ml IL‑1β 
(Beyotime Institute of Biotechnology) for 24  h at  37˚C. 
Untreated normal primary chondrocytes were used as controls.

Reverse transcription‑quantitative PCR (RT‑qPCR). Cartilage 
tissue samples and chondrocytes were lysed with RNAiso 
Plus (Takara Biotechnology Co., Ltd.) to extract total RNA 
and concentrations were measured using a NanoDrop 2000c 
spectrophotometer (Thermo Fisher Scientific, Inc.). RNA was 
reverse transcribed into cDNA using the HiScript® II Reverse 
Transcriptase kit (Vazyme Biotech Co., Ltd.) under the thermal 
conditions of 50˚C for 15 min followed by 85˚C for 5 sec or 
miRNA using the 1st Strand cDNA Synthesis kit (Vazyme 
Biotech Co., Ltd.) under the thermal conditions of 25˚C for 
5 min, 50˚C for 15 min followed by 85˚C for 5 min. RT‑qPCR 
was performed using a AceQ Universal SYBR qPCR Master 
Mix (Vazyme Biotech Co., Ltd.) on an ABI 7500 PCR system 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The 
thermocycling conditions of the qPCR reaction were: i) Initial 
denaturation at 95˚C for 5 min; ii) 40 cycles of 95˚C for 10 sec 
and 60˚C for 30 sec; iii) 95˚C for 15 sec, 60˚C for 60 sec and 
95˚C for 15 sec. TUG1, FUT1 and miR‑17‑5p expression was 
calculated using the 2‑ΔΔCq method (22) with GAPDH or U6 as 
controls. The primers were as follows: TUG1 forward, 5'‑TAG​
CAG​TTC​CCC​AAT​CCT​TG‑3' and reverse, 5'‑CAC​AAA​TTC​
CCA​TCA​TTC​CC‑3​'; miR‑17‑5p forward, 5'‑TGC​GCC​AAA​
GTG​CTT​ACA​GTG​CA‑3​' and reverse, 5'‑CCA​GTG​CAG​GGT​
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CCG​AGG​TAT​T‑3'; FUT1 forward, 5'‑AAA​GCG​GAC​TGT​
GGA​TCT​‑3' and reverse, 5'‑GGA​CAC​AGG​ATC​GAC​AGG​‑3'; 
GAPDH forward, 5'‑TGT​TCG​TCA​TGG​GTG​TGA​AC‑3' and 
reverse, 5'‑ATG​GCA​TGG​ACT​GTG​GTC​AT‑3​'; U6 forward, 
5'‑CTT​CGG​CAG​CAC​ATA​TAC​T‑3' and reverse, 5'‑AAA​ATA​
TGG​AAC​GCT​TCA​CG‑3'.

Cell counting kit‑8 (CCK‑8) assay. Chondrocyte viability 
was assessed using a CCK‑8 assay following transfection 
and treatment. Collected chondrocytes (5.0x103 cells/well) 
were seeded into 96‑well plates and 10 µl CCK‑8 reagent 
(Beyotime Institute of Biotechnology) was added to each well 
at 48 h. After incubation for 4 h at 37˚C and 5% CO2, absor‑
bance at 450 nm was determined using a microplate reader 
(BioTek Instruments, Inc.).

Flow cytometry analysis. Chondrocyte apoptosis was 
evaluated using an Annexin FITC/PI Apoptosis Detection kit 
(Beyotime Institute of Biotechnology) according to the manu‑
facturer's instructions following transfection and treatment. 
Chondrocytes were harvested, washed with PBS (Beijing 
Solarbio Science & Technology Co., Ltd.), resuspended at a 
concentration of 1.0x106 cells/ml and incubated with 5 µl 
Annexin V‑FITC and 10 µl PI for 10 min at room temperature 
in the dark. Chondrocyte apoptotic rate was analyzed using 
a FACScan® flow cytometer (BD Biosciences) for 1 h. The 
level of apoptotic cells were analyzed using FlowJo 7.6.1. 
(FlowJo LLC). Apoptosis rate was calculated as the sum of 
the early apoptosis rate (the lower right quadrant) and the late 
apoptosis rate (the upper right quadrant).

Western blot assay. Total protein was extracted by lysing 
cartilage tissues and chondrocytes with RIPA buffer 
(Beyotime Institute of Biotechnology) and quantified using 
a NanoDrop  2000c spectrophotometer (Thermo  Fisher 
Scientific, Inc.). Protein samples (30 µg/lane) were subjected 
to 10% SDS gel (Beijing Solarbio Science & Technology 
Co., Ltd.) and transferred onto polyvinylidene difluoride 
membranes (Pall Life Sciences). Membranes were blocked 
with 5%  non‑fat milk for 1  h at room temperature and 
then incubated with primary antibodies against FUT1 
(cat.  no.  bs‑7636R; BIOSS; 1:200), matrix metallopro‑
tein  13 (MMP13; cat.  no.  bs‑10250R; BIOSS; 1:300), 
collagen II (cat. no. bs‑11929R; BIOSS; 1:1,000), aggrecan 
(cat. no. ab3778; Abcam; 1:100) or GAPDH (cat. no, ab9485; 
Abcam; 1:2,000) overnight at 4˚C. Samples were then incu‑
bated with horseradish peroxidase‑conjugated secondary 
antibodies (cat. no. bs‑40296G; BIOSS; 1:5,000) for 1 h at 
room temperature. Bands were detected using an enhanced 
chemiluminescence kit (Beyotime Institute of Biotechnology) 
according to the instructions of manufacturer and analyzed 
using ImageJ v1.8.0 (National Institutes of Health).

Dual‑luciferase reporter assay. Potential binding sites between 
TUG1 and miR‑17‑5p, and miR‑17‑5p and FUT1 were predicted 
by online software MIRcode 11 (http://www.mircode.org/) 
and starBase2.0 (http://starbase.sysu.edu.cn/index.php) and 
then verified using a dual‑luciferase reporter assay. TUG1 and 
FUT1 wild type (WT) 3'‑UTR sequences containing potential 
miR‑17‑5p binding sites and the sequences of TUG1 and FUT1 

mutant (MUT) 3'‑UTR, with the binding site removed, were 
cloned into a pGL3 vector (Promega Corporation) to generate 
TUG1 WT, FUT1 WT, TUG1 MUT and FUT1 MUT luciferase 
reporter vectors. Chondrocytes were then seeded into 24‑well 
plates (5.0x104 cells/well) and co‑transfected with indicated 
vectors (100 ng) and miR‑17‑5p or miR‑NC (50 nM) utilizing 
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). Cells were gathered after 48 h and a dual‑luciferase 
reporter assay kit (Promega Corporation) was used to detect 
luciferase activity according to the instructions of manufac‑
turer. Renilla luciferase activity was normalized to firefly 
luciferase activity.

RNA immunoprecipitation (RIP) assay. An RIP assay was 
performed to determine whether TUG1 was expressed in the 
RNA‑induced silencing complex using a Magna RNA‑binding 
protein immunoprecipitation kit (EMD  Millipore). 
Chondrocytes (2.0x105 cells) were collected, lysed in RIP 
buffer (Beijing Solarbio Science & Technology Co., Ltd.) and 
incubated with magnetic beads (cat. no. 88847; Thermo Fisher 
Scientific, Inc.) conjugated with anti‑argonaute‑2 (anti‑Ago2; 
cat. no. ab32381; Abcam; 2 µg/ml) or anti‑immunoglobulin 
G (IgG; cat. no. ab133470; Abcam; 1:5,000) overnight at 4˚C 
following incubation with Proteinase K (Beijing Solarbio 
Science & Technology Co., Ltd.) at 55˚C for 30 min. Purified 
RNA was isolated from the magnetic beads using RNAiso 
Plus (Takara Biotechnology Co., Ltd.) and analyzed via the 
aforementioned RT‑qPCR assay to determine TUG1 and 
miR‑17‑5p enrichment.

Statistical analysis. Statistical analysis was performed using 
GraphPad Prism software (version 7; GraphPad Software, 
Inc.). All experiments were performed in triplicate and data 
were presented as the mean ± standard deviation. Paired 
Student's t‑test or one‑way ANOVA followed by Tukey's test 
was used for analysis between groups. Spearman's correla‑
tion analysis was used to analyze the association between 
TUG1, miR‑17‑5p and FUT1 in OA cartilage tissue. P<0.05 
was considered to indicate a statistically significant differ‑
ence.

Results

TUG1 is highly expressed in OA cartilage tissue and 
IL‑1β‑induced chondrocytes. RT‑qPCR was performed to 
analyze TUG1 expression in OA cartilage tissue and normal 
cartilage tissue (control) and to determine the potential role 
of TUG1 in the development of OA. The results demon‑
strated that TUG1 expression was significantly increased 
in OA cartilage tissue and IL‑1β‑activated chondrocytes 
compared with controls (Fig. 1A and B). These data indi‑
cated that abnormal TUG1 expression may be involved in 
OA development.

TUG1 knockdown promotes IL‑1β‑induced cell viability 
and inhibits cell apoptosis and ECM degradation in chon‑
drocytes. Chondrocytes were transfected with si‑TUG1 or 
si‑NC and treated with IL‑1β to investigate the functional 
role of TUG1 in cell viability, apoptosis and ECM degrada‑
tion in OA. RT‑qPCR demonstrated that IL‑1β‑induced 
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TUG1 upregulation was markedly decreased in chondrocytes 
transfected with si‑TUG1 compared with the si‑NC transfected 
group (Fig. 2A). Chondrocyte viability was significantly inhib‑
ited and cell apoptosis was promoted by IL‑1β treatment in 
comparison with control, with TUG1 knockdown partially 
reversing these effects, as demonstrated by the CCK‑8 and flow 
cytometry assays, respectively (Fig. 2B and C). Furthermore, 
western blotting was performed to determine MMP13, 
collagen II and aggrecan expression. The results demonstrated 
that MMP13 expression was significantly increased following 
IL‑1β treatment, while collagen II and aggrecan were signifi‑
cantly decreased, with TUG1 knockdown partially reversing 
these effects (Fig. 2D). These data suggested that IL‑1β treat‑
ment decreased cell viability and promoted cell apoptosis and 
ECM degradation, and that TUG1 knockdown abrogated these 
effects.

TUG1 negatively modulates miR‑17‑5p expression via direct 
interaction in chondrocytes. MIRcode11 online software was 
used to determine potential TUG1 binding sites to investi‑
gate the underlying mechanism of TUG1 in OA. The results 
indicated that miR‑17‑5p was a predicted target of TUG1 
(Fig. 3A) and that miR‑17‑5p transfection led to a significant 
increase in miR‑17‑5p expression, indicating that miR‑17‑5p 
was successfully transfected (Fig.  3B). Furthermore, the 
dual‑luciferase reporter assay demonstrated that luciferase 
activity in TUG1 WT and miR‑17‑5p co‑transfected chondro‑
cytes was significantly decreased compared with TUG1 WT 
and miR‑NC. Activity was unaltered in the TUG1 MUT group 
(Fig. 3C). The RIP assay indicated that TUG1 and miR‑17‑5p 
were significantly expressed in anti‑Ago2 immunoprecipitates 
compared with anti‑IgG (Fig. 3D).

Furthermore, miR‑17‑5p expression in OA cartilage 
tissues and IL‑1β‑stimulated chondrocytes was assessed 
using RT‑qPCR. It was revealed that miR‑17‑5p expression 
was significantly decreased in OA cartilage tissues and 
IL‑1β‑stimulated chondrocytes compared with controls 
(Fig.  E  and  F). miR‑17‑5p was also revealed to be nega‑
tively correlated with TUG1 in OA cartilage tissues, as 
demonstrated by Spearman's correlation analysis (Fig. 3G). 
Additionally, TUG1 knockdown resulted in significantly 
increased miR‑17‑5p expression, while TUG1 overexpression 

resulted in the significant inhibition of miR‑17‑5p expres‑
sion in chondrocytes (Fig.  3H). The results revealed that 
TUG1 directly targeted miR‑17‑5p and negatively modulated 
miR‑17‑5p expression in chondrocytes.

Upregulation of TUG1 attenuates the effects of miR‑17‑5p 
overexpression on cell viability, cell apoptosis and ECM 
degradation in IL‑1β‑stimulated chondrocytes. Chondrocytes 
were untransfected or transfected with IL‑1β, IL‑1β + miR‑NC, 
IL‑1β  +  miR‑17‑5p, IL‑1β  +  miR‑17‑5p  +  vector or 
IL‑1β + miR‑17‑5p + pc‑TUG1 and miR‑17‑5p expression 
was determined to investigate whether TUG1 regulated 
cell viability, apoptosis and ECM degradation by targeting 
miR‑17‑5p in IL‑1β‑stimulated chondrocytes. The results 
revealed that IL‑1β‑mediated miR‑17‑5p downregulation was 
reversed by miR‑17‑5p transfection and that TUG1 overex‑
pression inhibited this effect (Fig. 4A). IL‑1β‑mediated cell 
viability suppression was significantly increased following 
miR‑17‑5p transfection as demonstrated by a CCK‑8 assay. 
However, this increase was partly abrogated by TUG1 over‑
expression (Fig. 4B). Flow cytometry analysis revealed that 
IL‑1β increased cell apoptosis and that this was significantly 
decreased by miR‑17‑5p transfection. However, TUG1 over‑
expression reversed this effect (Fig. 4C). Western blotting 
demonstrated increased MMP13 and decreased collagen II 
and aggrecan expression following IL‑1β treatment. These 
levels were subsequently abolished by miR‑17‑5p and restored 
by TUG1 overexpression (Fig. 4D). In summary, miR‑17‑5p 
overexpression reversed the effect of IL‑1β on cell viability, 
apoptosis and ECM degradation, and these effects were 
reversed by TUG1.

miR‑17‑5p inhibits FUT1 expression in chondrocytes. The 
online software, starBase2.0, was used to identify FUT1 as 
a target gene of miR‑17‑5p. Their potential binding sites 
were established (Fig.  5A). si‑FUT1 transfection resulted 
in significant reduction in FUT1 mRNA and protein levels 
(Fig. 5B and C). The dual‑luciferase reporter assay revealed 
that FUT1 WT and miR‑17‑5p cotransfection resulted in a 
significant decrease in luciferase activity, while FUT1 MUT 
and miR‑17‑5p or miR‑NC cotransfection had no effect 
(Fig.  5D). FUT1 mRNA and protein OA cartilage tissues 

Figure 1. Elevated TUG1 expression in OA cartilage tissues and IL‑1β‑induced chondrocytes. (A) TUG1 expression in OA cartilage tissues and controls was 
measured using RT‑qPCR. (B) TUG1 expression in IL‑1β‑activated chondrocytes and controls was also examined via RT‑qPCR. *P<0.05 as indicated. TUG1, 
taurine upregulated gene 1; OA, osteoarthritis; IL, interleukin; control, normal primary chondrocytes; RT‑qPCR; reverse transcription quantitative PCR. 
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were significantly elevated compared with controls, as 
demonstrated by RT‑qPCR and western blotting, respectively 
(Fig. 5E and F). Furthermore, the results revealed an inverse 
correlation between FUT1 and miR‑17‑5p in OA cartilage 
tissues (Fig. 5G).

FUT1 mRNA and protein levels of FUT1 were increased 
in IL‑1β‑induced chondrocytes compared with controls 
(Fig.  5H  and  I). Furthermore, miR‑17‑5p inhibited FUT1 
mRNA and protein expression and miR‑17‑5p knockdown 
had the opposite effect (Fig. 5J and K). These results revealed 
that miR‑17‑5p directly targeted FUT1 and inhibited FUT1 
expression in chondrocytes.

miR‑17‑5p knockdown reverses the effects of IL‑1β on cell 
viability, apoptosis and ECM degradation mediated by 
FUT1 knockdown in IL‑1β‑stimulated chondrocytes. Since 
miR‑17‑5p directly regulated FUT1 expression in chondrocytes, 
the effect of miR‑17‑5p on chondrocyte viability, apoptosis 
and ECM degradation was investigated. Chondrocytes 
were untransfected or transfected with IL‑1β, IL‑1β+si‑NC, 
IL‑1β + si‑FUT1, IL‑1β + si‑FUT1 + anti‑miR‑NC or IL‑1
β +  si‑FUT1 + anti‑miR‑17‑5p, after which FUT1 mRNA 
and protein levels were analyzed. IL‑1β treatment caused a 
significant increase in FUT1 mRNA and protein levels. FUT1 
knockdown significantly reduced these levels, which were 

Figure 2. TUG1 knockdown reversed IL‑1β‑induced effects on cell viability, cell apoptosis and extracellular matrix degradation in chondrocytes. Chondrocytes 
were untreated or treated with IL‑1β, IL‑1β + si‑NC or IL‑1β + si‑TUG1. (A) TUG1 expression was assessed via reverse transcription quantitative PCR. (B) Cell 
viability was evaluated using a Cell Counting kit 8 assay. (C) Apoptosis rate was analyzed via flow cytometry analysis. (D) MMP13, collagen II and aggrecan 
expression was determined via western blotting. *P<0.05 as indicated. TUG1, taurine upregulated gene 1; IL, interleukin; siRNA, small interfering RNA; 
si‑NC, Small interfering RNA negative control; si‑TUG1, small interfering RNA targeting TUG1; MMP13, matrix metalloprotein 13. 
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partially rescued by miR‑17‑5p inhibition (Fig. 6A and B). 
The CCK‑8 assay revealed that FUT1 knockdown restored 
IL‑1β‑mediated suppression in cells. This effect was reversed 
by miR‑17‑5p inhibition (Fig. 6C). IL‑1β treatment also medi‑
ated apoptosis. FUT1 knockdown inhibited this apoptosis; 
however, this effect was significantly reversed following 
anti‑miR‑17‑5p transfection (Fig. 6D). The results of western 
blotting revealed that increased levels of MMP13 and 
collagen II, and decreased levels of aggrecan were rescued 
following si‑FUT1 transfection. However, this effect was 
reversed following anti‑miR‑17‑5p transfection (Fig. 6E). The 
results demonstrated that miR‑17‑5p downregulation reversed 
the effects of FUT1 depletion on cell viability, apoptosis and 
ECM degradation in IL‑1β‑induced chondrocytes.

TUG1 regulates FUT1 expression by targeting miR‑17‑5p in 
chondrocytes. si‑NC, si‑TUG1, si‑TUG1 + anti‑miR‑NC or 
si‑TUG1 + anti‑miR‑17‑5p were transfected into chondrocytes 
with untransfected cells as controls to investigate the associa‑
tion between TUG1, miR‑17‑5p and FUT1. FUT1 mRNA and 
protein levels were significantly decreased following si‑TUG1 
transfection compared with si‑NC. This was reversed by 
anti‑miR‑17‑5p transfection (Fig. 7A and B). Furthermore, 
Spearman's correlation analysis revealed a positive correla‑
tion between FUT1 and TUG1 mRNA expression in OA 
cartilage tissues (Fig. 7C). These data indicated that TUG1 
positively modulated FUT1 expression by targeting miR‑17‑5p 
in chondrocytes.

Discussion

Accumulating evidence has demonstrated that lncRNA 
dysregulation serves a vital role in the pathogenesis of 
OA (23,24). In the current study, the function and mecha‑
nism of TUG1 in OA was analyzed. The results revealed 
that TUG1 and FUT1 were significantly expressed and 
that miR‑17‑5p was significantly inhibited. Additionally, 
TUG1 knockdown improved cell viability and inhibited cell 
apoptosis and ECM degradation via the miR‑17‑5p/FUT1 
pathway in OA.

IL‑1β impairs cartilage formation in the ECM, induces 
apoptosis and represses chondrocyte growth (25‑27). In the 
present study, chondrocytes were exposed to IL‑1β to mimic 
the OA microenvironment. The results revealed that cell 
viability was suppressed and cell apoptosis was induced in 
IL‑1β‑stimulated chondrocytes. As cartilage ECM is mainly 
composed of collagen  II and aggrecan, and MMP13 is a 
typical cartilage‑degrading enzyme that serves a vital role in 
ECM degradation (28,29), their levels were also evaluated. 
The results demonstrated increased MMP13 and decreased 
collagen II and aggrecan expression, indicating that ECM 
degradation was promoted.

The current study reported a significant elevation in TUG1 
expression in OA cartilage tissues and IL‑1β‑stimulated chon‑
drocytes. Liang and Ren (30) revealed that emodin increased 
cell viability and inhibited cell apoptosis and inflamma‑
tion via TUG1 elevation in LPS‑stimulated ATDC5 cells. 

Figure 3. TUG1 negatively regulated miR‑17‑5p expression via direct targeting in chondrocytes. (A) Potential binding sites between TUG1 and miR‑17‑5p. 
(B) miR‑17‑5p expression following transfection with miR‑17‑5p or miR‑NC was determined via RT‑qPCR. (C) Luciferase activity in TUG1 WT or TUG1 
MUT and miR‑17‑5p and miR‑NC co‑transfected chondrocytes was analyzed using a dual‑luciferase reporter assay. (D) An RNA immunoprecipitation assay 
was performed to assess the association between TUG1 and miR‑17‑5p, and expressions were determined via RT‑qPCR. (E) miR‑17‑5p expression in OA carti‑
lage tissues and controls was measured via RT‑qPCR. (F) miR‑17‑5p expression in IL‑1β‑stimulated chondrocytes and controls was examined via RT‑qPCR. 
(G) Correlation between the expression of TUG1 and miR‑17‑5p in OA cartilage tissues was analyzed via Spearman's correlation analysis. (H) miR‑17‑5p 
expression in untransfected or transfected chondrocytes with si‑NC, si‑TUG1, vector or pc‑TUG1 was determined via RT‑qPCR. *P<0.05 vs. the miR‑NC 
group, *P<0.05 vs. the anti‑IgG group, *P<0.05 vs. the Control groups, *P<0.05 vs. the si‑NC groups, *P<0.05 vs. the Vector groups. TUG1, taurine upregulated 
gene 1; miR, microRNA; miR‑NC, microRNA negative control; RT‑qPCR, reverse transcription quantitative‑PCR; WT, wild type; MUT, mutant; OA, osteo‑
arthritis; IL, interleukin; siRNA, small interfering RNA;. si‑NC, small interfering RNA negative control; si‑TUG1, small interfering RNA targeting TUG1. 
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Tang et al (31) demonstrated that TUG1 was highly expressed 
in OA cartilage tissues and IL‑1β or TNF‑α‑stimulated 
chondrocytes, and that TUG1 promoted the degradation of 
chondrocyte ECM. In the present study, TUG1 knockdown 
promoted IL‑1β‑induced chondrocyte viability and inhibited 
chondrocyte apoptosis and ECM damage.

TUG1 acted as a target for miR‑17‑5p in chondrocytes. 
miR‑17‑5p has been reported to be a key regulator in various 
human conditions, such as triple‑negative breast cancer (32), 
hepatocellular carcinoma  (33) and colorectal cancer  (34). 
Furthermore, Hu et al (10) demonstrated that miR‑17‑5p was 

reduced in OA and its upregulation resulted in chondrocyte 
growth and the inhibition of chondrocyte apoptosis and ECM 
degradation in IL‑1β‑induced OA (10). In the current study, 
miR‑17‑5p was weakly expressed in OA and its upregulation 
increased cell viability and decreased cell apoptosis and ECM 
degradation in IL‑1β‑stimulated chondrocytes. However, the 
effect of miR‑17‑5p on OA progression was abolished by 
TUG1 overexpression.

Lai et al (35) demonstrated that FUT1 knockdown repressed 
cell growth and metastasis in breast cancer. Kawai et al (36) 
reported that FUT1 downregulation inhibited cell growth and 

Figure 4. TUG1 overexpression reversed the effects of miR‑17‑5p overexpression on cell viability, apoptosis and extracellular matrix degradation in 
IL‑1β‑activated chondrocytes. Chondrocytes were untransfected or transfected with IL‑1β, IL‑1β + miR‑NC, IL‑1β + miR‑17‑5p, IL‑1β + miR‑17‑5p + vector 
or IL‑1β + miR‑17‑5p + pc‑TUG1. (A) miR‑17‑5p expression was examined via reverse transcription quantitative PCR. (B) Cell viability was analyzed using 
a Cell counting kit 8 assay. (C) Cell apoptosis was assessed via flow cytometry analysis. (D) MMP13, collagen II and aggrecan protein levels were measured 
using western blotting. *P<0.05 as indicated. TUG1, taurine upregulated gene 1; miR, microRNA; miR‑NC, microRNA negative control; MMP13, matrix 
metalloprotein 13. 
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promoted cell apoptosis in NCL‑N87 cells. These results indi‑
cated that FUT1 was involved in the development of human 
disease. In the present study the function of FUT1 in OA was 
investigated. FUT1 served as a target for miR‑17‑5p in chon‑
drocytes and there was an inverse correlation between FUT1 
and miR‑17‑5p. Furthermore, the effect of FUT1 knockdown 
on cell viability, apoptosis and ECM degradation were partly 
reversed by the inhibition of miR‑17‑5p in IL‑1β‑activated 
chondrocytes.

In conclusion, TUG1 knockdown decelerated OA progres‑
sion by promoting chondrocyte viability and repressing 
chondrocyte apoptosis and cartilage ECM damage. 
Furthermore, TUG1 modulated OA progression via the 
miR‑17‑5p/FUT1 pathway. These results may further elucidate 
OA pathogenesis and may provide a method of effective treat‑
ment for patients with OA. However, the current study had 
limitations, such as an insufficient sample size. In addition, the 
IL‑1β‑induced chondrocytes used to simulate OA condition 

Figure 5. miR‑17‑5p inhibited FUT1 expression in chondrocytes. (A) Potential binding sites between miR‑17‑5p and FUT1 were predicted via starBase. 
si‑NC or si‑FUT1 was transfected into chondrocytes and FUT1 (B) mRNA and (C) protein expressions were determined via RT‑qPCR and western blotting, 
respectively. (D) Luciferase activity between miR‑17‑5p and FUT1 was assessed using dual‑luciferase reporter assay. FUT1 (E) mRNA and (F) protein levels 
in OA cartilage tissues and controls were analyzed by RT‑qPCR and western blot analysis, respectively. (G) Correlation between miR‑17‑5p and FUT1 in OA 
cartilage tissues was determined via Spearman's correlation analysis. FUT1 (H) mRNA and (I) protein levels in IL‑1β‑stimulated chondrocytes and controls 
were detected by RT‑qPCR and western blotting, respectively. Chondrocytes were untransfected or transfected with miR‑NC, miR‑17‑5p, anti‑miR‑NC or 
anti‑miR‑17‑5p, after which FUT1 (J) mRNA and (K) protein expression was examined via RT‑qPCR and western blotting, respectively. *P<0.05 vs. si‑NC, 
*P<0.05 vs. miR‑NC, *P<0.05 vs. Control. miR, microRNA; FUT1, fucosyltransferase 1; siRNA, small interfering RNA; si‑NC, small interfering RNA negative 
control; si‑FUT1, small interfering RNA targeting FUT1; RT‑qPCR, reverse transcription quantitative‑PCR; OA, osteoarthritis; IL, interleukin; miR‑NC, 
microRNA negative control; anti‑miR‑NC, anti‑microRNA negative control; anti‑miR‑17‑5p, mir‑17‑5p inhibitor. 
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Figure 6. miR‑17‑5p regulated cell viability, apoptosis and extracellular matrix degradation by targeting FUT1 in IL‑1β‑induced chondrocytes. Chondrocytes 
were untransfected or transfected with IL‑1β, IL‑1β + si‑NC, IL‑1β + si‑FUT1, IL‑1β + si‑FUT1 + anti‑miR‑NC or IL‑1β + si‑FUT1 + anti‑miR‑17‑5p. (A) FUT1 
mRNA expression was measured via reverse transcription quantitative PCR. (B) FUT 1 protein expression was examined using western blotting. (C) Chondrocyte 
viability was assessed via a Cell Counting kit‑8 assay. (D) Chondrocyte apoptosis was evaluated through flow cytometry analysis. (E) MMP13, collagen II 
and aggrecan protein levels were analyzed using western blotting. *P<0.05 as indicated. miR, microRNA; FUT1, fucosyltransferase 1; IL, interleukin; siRNA, 
small interfering RNA; si‑NC, small interfering RNA negative control; si‑FUT1, small interfering RNA targeting FUT1; anti‑miR‑NC, anti‑microRNA nega‑
tive control; anti‑miR‑17‑5p, miR‑17‑5p inhibitor; MMP13, matrix metalloprotein 13. 

Figure 7. TUG1 upregulated FUT1 expression by targeting miR‑17‑5p in chondrocytes. FUT1 (A) mRNA and (B) protein levels in chondrocytes untransfected 
or transfected with si‑NC, si‑TUG1, si‑TUG1 + anti‑miR‑NC or si‑TUG1 + anti‑miR‑17‑5p were determined using reverse transcription quantitative PCR 
and western blotting, respectively. (C) Spearman's correlation analysis was used to determine the association between FUT1 mRNA and TUG1. *P<0.05 as 
indicated. TUG1, taurine upregulated gene 1; miR, microRNA; siRNA, small interfering RNA; si‑NC, small interfering RNA negative control; si‑TUG1, small 
interfering RNA targeting TUG1; anti‑miR‑NC, anti‑microRNA negative control; anti‑miR‑17‑5p, mir‑17‑5p inhibitor; FUT1, fucosyltransferase 1. 
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may have limitations, we did not exclude additional mecha‑
nisms such as how TUG1 might affect IL‑1β. The role of the 
TUG/miR‑17‑5p/FUT1 pathway in other processes involved in 
OA development requires further investigation.
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