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Abstract: Osteoarthritis (OA) is a common chronic joint
disease. This study aimed to explore the function of
long noncoding RNA taurine-upregulated gene 1 (TUG1)
in the progression and initiation of OA. Levels of TUG1,
microRNA-320c (miR-320c) and fucosyltransferase 4
(FUT4) were examined via quantitative reverse transcrip-
tase polymerase chain reaction (qRT-PCR). 3-(4,5-Dimethyl-
2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide and
flow cytometry assays were used to detect cell viability
and apoptosis, respectively. The expression of relative
proteins was measured using Western blot. The interac-
tion between miR-320c and TUG1 or FUT4 was confirmed
utilizing dual-luciferase reporter and RNA immunopreci-
pitation assays. In this study, levels of TUG1 and FUT4
were distinctly upregulated, but miR-320c level signifi-
cantly decreased in OA tissues and chondrocytes derived
from OA tissues as well as in IL-1β-stimulated C28/I2
cells. Mechanically, TUG1 sponged miR-320c and miR-
320c targeted FUT4. In addition, TUG1 knockdown accele-
rated cell proliferation and repressed apoptosis and
extracellular matrix (ECM) degradation in IL-1β-induced
C28/I2 cells, whereas these effects of TUG1 deletion were
rescued by either miR-320c inhibitor or FUT4 upregula-
tion. Meanwhile, TUG1 sponged miR-320c to regulate
FUT4 expression in IL-1β-induced C28/I2 cells. Collectively,
TUG1 modulated cell proliferation, apoptosis and ECM
degradation in IL-1β-induced C28/I2 cells via the miR-
320c/FUT4 axis, providing a new insight into the OA
treatment.
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1 Introduction

Osteoarthritis (OA) is an extensively common degenera-
tive joint disease, which is characterized by articular car-
tilage degradation along with joint inflammation [1].
Chondrocytes are the large proportion of cells in articular
cartilage and have fatal roles in cartilage metabolic home-
ostasis, and dysregulation of chondrocytes is associated
with OA pathogenesis [2]. Previous investigations con-
firmed that chondrocyte viability, apoptosis and break-
down of extracellular matrix (ECM) degradation were
considered to be related with the OA development [3–5].
However, the efficient treatment methods for OA require
further investigation [6]. Therefore, it is significant to
study the pathophysiology and regulatory mechanisms
of human OA.

Long noncoding RNAs (lncRNAs) and microRNAs
(miRNAs) are noncoding RNAs (ncRNAs). lncRNAs, as a
class of ncRNAs with longer than 200 nucleotides [7],
have been revealed to possess critical regulatory functions
in numerous pathological physiologies, such as cell
proliferation, apoptosis and tumor formation [8–10]. Cur-
rently, lncRNA taurine-upregulated gene 1 (TUG1)was ver-
ified to be overexpressed in numerous diseases, including
OA. For instance, TUG1 regulated the proliferation, apop-
tosis and migration in OA cells [11]. Moreover, TUG1
boosted chondrocyte ECM degradation through miR-195/
matrix metalloproteinase (MMP)-13 axis in OA [12]. These
evidence suggested that TUG1 may have vital functions in
the progression of OA.

The miRNAs, a type of small ncRNAs, could curb the
expression of the target gene via binding to the target
mRNAs’ 3′-untranslated region (3′-UTR), consequently,
either blocking mRNA translation or striking mRNA
degeneration [13]. The miRNAs have been reported to
participate in the development of OA [14]. Previous
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research indicated that miRNAs could regulate cell growth
and apoptosis as well as ECM metabolism [15]. Further-
more, aberrant expression of miRNAs was observed in
OA cartilage tissues and closely associated with the devel-
opment of OA [16]. For example, miR-30a accelerated
chondrogenesis via regulating DLL4 [17]. Moreover,
microRNA-320c (miR-320c) suppressed OA development
via regulating the Wnt-signaling pathway [18]. However,
the molecular mechanism of miR-320c in OA pathogenesis
remains largely unknown.

Herein we detected the expression of TUG1 in OA tis-
sues and chondrocytes isolated from OA tissues as well as
interleukin (IL)-1β-induced C28/I2 cells. Moreover, the bio-
logical role of TUG1 in the progression of OA was explored
in IL-1β-induced C28/I2 cells.

2 Materials and methods

2.1 Subjects

The OA cartilage samples (n = 40) were obtained from OA
patients undergoing knee replacement surgery at The
First People’s Hospital of Jingmen. These participants
did not receive intraarticular steroid injections for nearly
3 months before surgery. Normal cartilages (n = 20) were
gained from trauma patients without OA or rheumatoid
arthritis history. The clinicopathological features of these
patients are presented in Table 1.

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance with the tenets
of the Helsinki Declaration and has been approved by
the Ethics Committee of The First People’s Hospital of
Jingmen.

2.2 Cell culture and treatment

Chondrocytes from OA or normal articular cartilage were
separated using an in vitro two-step collagenase diges-
tion method, then maintained in a sterile culture dish
and washed thrice with phosphate-buffered saline (PBS;
Gibco, Carlsbad, CA, USA). Additionally, complete medium
was used to culture the sterile culture dish containing
cartilage fragments of size 1 mm × 1 mm × 1 mm. Next
the medium was transferred to a 50mL centrifuge tube
and centrifuged for 5 min at 104.67g under cold condi-
tions. Then 5mL of trypsin (Gibco) was added to digest
the chondrocytes. According to the cell density, relative
volume cell solution was added to the complete cell cul-
ture medium in a humidified CO2 incubator (5% CO2) for
subculture. The isolated chondrocytes were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Gibco) con-
taining 10% fetal bovine serum (FBS; Gibco), 100 IU/mL
penicillin and 100mg/mL streptomycin in an incubator
at 37°C with 5% CO2.

Human cartilage C28/I2 cells were obtained from Cell
Bank of the Chinese Academy of Sciences (Shanghai,
China). DMEM-containing Ham’s F12 nutrient medium
(1:1, DMEM/F12; Thermo Fisher Scientific, Rockford, IL,
USA) supplemented with 10% FBS (Gibco) and penicillin
(100 IU/mL, Gibco)‒streptomycin (100mg/mL, Gibco) was
used to culture C28/I2 cells. Cells were incubated at 37°C
in a humidified incubator with 5% CO2. C28/I2 cells
treated with 10 ng/mL IL-1β (Sigma, St. Louis, MO, USA)
were used to establish OA cell model in vitro. Then the
IL-1β-induced C28/I2 cells were cultured for 12 h for sub-
sequent assay.

2.3 Quantitative reverse-transcriptase-
polymerase chain reaction (qRT-PCR)

Total RNA was extracted from OA tissues, chondrocytes
and C28/I2 cells using Trizol (Invitrogen, Carlsbad, CA,
USA) in accordance with the manufacturer’s introduc-
tion. To determine TUG1, miR-320c and fucosyltrans-
ferase 4 (FUT4) levels, reverse transcription (RT) and
qRT-PCR kits were used. First, RT reactions were carried
out utilizing TaqMan microRNA reverse transcription kit
(Thermo Fisher Scientific), and cDNAs were collected
in a final volume of 20 µL as the template for qPCR.
Next TaqMan Universal PCR Master Mix (Thermo Fisher
Scientific) was employed to tenderly mix the reaction
solutions according to the manuals. Subsequently, all
reaction tubes were placed on a 7900 Real-time system

Table 1: Basic information of the patients

Characteristic Normal (n = 20) OA (n = 40)

Age (mean + SD) 49.8 ± 10.4 52.4 ± 9.5
Sex (female/male) 12/8 24/16
Body mass index (mean) 24.6 25.3
OA stage: early/late 15/25
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(Applied Biosystems, Rockford, IL, USA). Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) or U6 snRNA was
applied as the internal references. Relative expression of
TUG1, miR-320c and FUT4 was calculated using the 2−ΔΔCt

method. The primers are listed as follows: TUG1 (forward,
5′-TCACAAGGCTGCACCAGATT-3′; reverse, 5′-GTCGGTCAC
AAAATGCATAGAGG-3'); miR-320c (forward, 5′-ACACTCCA
GCTGGGAAAAGCTGGGTTGAGA-3′; reverse, 5′-ACACTCCA
GCTGGGTCGCCCTC-3′); FUT4 (forward, 5′-CGGACGTCTTT
GTGCCTTAT-3′; reverse, 5′-CGAGGAAAAGCAGGTACGAG-
3′); GAPDH (forward, 5′-ATTCCATGGCACCGTCAAGGC
TGA-3′; reverse, 5′-TTCTCCATGGTGGTGAAGACGCCA-3′); U6
(forward, 5′-ATTGGAACGATACAGAGAAGATT-3′; reverse,
5′-GGAACGCTTCACGAATTTG-3′). The above primers were
synthesized by Genepharma (Shanghai, China).

2.4 Transient transfection

Small interfering RNA against TUG1 (si-TUG1) and its
corresponding negative control (si-NC), miR-320c mimic
(miR-320) and its inhibitor (anti-miR-320), as well as the
relative control (miR-NC or anti-miR-NC), overexpression
sequences of TUG1 and FUT4 (pcDNA-FUT4), empty
pcDNA3.1 vector (pcDNA) synthesized by Genepharma
were transfected into C28/I2 cells using Lipofectamine™
3000 (Invitrogen).

2.5 3-(4,5-Dimethyl-2-thiazolyl)-2,5-
diphenyl-2-H-tetrazolium bromide (MTT)
assay

For cell proliferation assay, 5,000 C28/I2 cells were seeded
onto the 96-well plate. After 12 h incubation, the MTT solu-
tion was added into each well and then the cells were
cultured for another 4 h. Then the supernatants were
replaced with 150 µL of dimethyl sulfoxide (Sigma).
Finally, the optical density of the solution was identified
via a microplate reader (Thermo Fisher Scientific).

2.6 Flow cytometry

Cell apoptosis was measured by using fluorescein isothio-
cyanate-labeled Annexin V/propidium iodide (Annexin
V-FITC/PI) detection kit (Sangon Biotech, Shanghai,
China). At 12 h post-transfection, cells were collected

and washed with ice-cold PBS. Subsequently, 1× binding
buffer was used to resuspend the cells and 5 µL of annexin
V and PI was utilized to stain the apoptotic cells in the
dark, according to the manufacturer’s protocol. Finally,
the proportion of apoptotic cells was counted via a flow
cytometry machine (BD Biosciences, San Jose, CA, USA).

2.7 Western blot assay

The total proteins from tissue samples, chondrocytes and
C28/I2 cells were harvested. The proteins were separated
by sodium dodecyl sulfate–polyacrylamide gel electro-
phoresis (12%) and transferred onto a nitrocellulose
membrane (Thermo Fisher Scientific). Then the mem-
branes were blocked by 5% skim milk powder (Sangon
Biotech) for 2 h at room temperature. Subsequently, the
membranes were incubated with specific primary anti-
body primary antibodies overnight at 4°C. The primary
antibodies included proliferation-relative protein of cyclin
D1 (ab16663, 1:150; Abcam, Cambridge, MA, USA), apop-
tosis protein of cleaved-caspase 3 (cleaved-casp-3; ab2302,
1:500; Abcam), and ECM degradation-relative proteins
of MMP-13 (ab39012, 1:4,500; Abcam), type II collagen
(ab34712, 1:3,000 collagen II; Abcam), Aggrecan (ab3778,
1:100; Abcam) and FUT4 (ab181461, 1:1,000; Abcam), and
GAPDH (ab8245, 1:5,000; Abcam) were the endogenous
references. The next day, the uncombined antibodies
were washed trice with tris-buffered saline Tween-20
and then the membranes were covered with matched
secondary antibody at room temperature for 1 h. After
washing, the blots were visualized using enhanced che-
miluminescence (ECL) substrates (Millipore, Bedford,
MA, USA) and then photographed.

2.8 Dual-luciferase reporter assay

The biological prediction software of starBase was employed
to identify the binding sites between miR-320c and TUG1
or FUT4. In accordance with obtained results, the common
fragments of miR-320c, wild-type (WT-TUG1) or mutant
(MUT-TUG1) TUG1, and 3′-UTRs common sequence of
wild-type (WT-FUT4) and mutant (MUT-FUT4) of FUT4
were amplified and cloned into cloning sites downstream
of pmirGLO (Promega Corporation, Madison, WI, USA). In
this assay, WT-TUG1, MUT-TUG1, WT-FUT4 or MUT-FUT4
was co-transfected with miR-con or miR-320c mimic into
cells using Lipofectamine™ 3000 (Invitrogen). Relative
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dual-luciferase activity assay was analyzed based on the
introduction provided by Promega dual-luciferase assay
kit. pRL-TK vector (Promega) was used to adjust the cell
number and transfection efficiency.

2.9 RNA immunoprecipitation (RIP) assay

RIP assay was implemented utilizing Magna RIP RNA-
binding protein immunoprecipitation kit (Millipore) and
AGO2 antibody in accordance with the producer’s descrip-
tions, and immunoglobulin G antibody was used as the
control. Cells were transfected with TUG1, miR-320c mimic
or FUT4 and cultured for 24 h, and the abundance was
evaluated via qRT-PCR.

2.10 Statistical analysis

Data from at least three independent assays were pro-
cessed by SPSS 19.0 software and expressed as mean ±
standard deviation. Student’s t-test or one-way analysis
of variance was performed to analyze the differences in
significant group, and P < 0.05 was considered statisti-
cally remarkable.

3 Results

3.1 Increase in TUG1 in OA tissues and cell
lines

In order to investigate the biological role of TUG1 in OA
development, this study first measured TUG1 level in
OA patients, and the result showed that TUG1 expression

was efficiently augmented in OA tissues compared with
the normal control (Figure 1a). Meanwhile, chondrocytes
were isolated from OA and normal tissues. qRT-PCR sug-
gested an increase in TUG1 in isolated OA chondrocytes
(Figure 1b). Subsequently, C28/I2 cells and IL-1βwere used
to establish OA cell model, and the expression of TUG1
was significantly elevated in IL-1β-stimulated C28/I2 cells
(Figure 1c). Overall, TUG1 was highly expressed in
OA, which may play a critical role in the progress of
human OA.

3.2 TUG1 deletion promoted cell
proliferation and inhibited apoptosis
and ECM degradation in IL-1β-induced
C28/I2 cells

Due to the aberrant expression of TUG1 in OA tissues, the
functions of TUG1 were researched in vitro. The knockdown
efficiency of si-TUG1 was remarkably evident (Figure 2a).
The results showed that IL-1β could impede cell prolifera-
tion, while this inhibitory effect of IL-1β on cell proliferation
was restored by TUG1 knockdown (Figure 2b). Apoptotic
cells were also examined by flow cytometry, and the results
uncovered that the promotion effect of IL-1β treatment on
cell apoptosis was regained via TUG1 silencing (Figure 2c
and d). Furthermore, proliferation-related protein of cyclin
D1, apoptosis of cleaved-casp-3 and ECM degradation-
related proteins of MMP-13, collage II and Aggrecan were
measured and quantified in IL-1β-treated C28/I2 cells. The
proliferation and apoptosis tendency was in line with the
results of MTT and flow cytometry assays, and Western
blot results also determined that the acceleration impact
of IL-1β on ECM degradation was abrogated by downregu-
lation of TUG1 in vitro (Figure 2e and f). In brief, TUG1
knockdown facilitated cell proliferation and relieved apop-
tosis and ECM degradation in IL-1β-induced C28/I2 cells.

Figure 1: High expression of TUG1 in OA tissues and cell lines. (a) The level of TUG1 was determined via qRT-PCR in OA tissues. (b) qRT-PCR
was employed to detect TUG1 level in isolated chondrocytes. (c) Expression of TUG1 in IL-1β-induced C28/I2 cells was identified utilizing
qRT-PCR. *P < 0.05.
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3.3 miR-320c was a target gene of TUG1

StarBase software predicted that miR-320c harbored the
binding sites for TUG1 (Figure 3a). Dual-luciferase reporter
assay indicated that the luciferase activity decreased in the
WT-TUG1 group, but not in the MUT-TUG1 group, pro-
viding evidence that miR-320c was a target gene of TUG1

(Figure 3b). Furthermore, RIP assay results also concluded
that TUG1 directly targeted miR-320c (Figure 3c). More-
over, our data exhibited that TUG1 silencing triggered
miR-320c expression, while miR-320c expression was
suppressed by the overexpression of TUG1 (Figure 3d).
Furthermore, the results demonstrated that the miR-320c
level was evidently inhibited in OA cartilage tissues and

Figure 2: TUG1 deletion promoted cell proliferation and inhibited apoptosis and ECM degradation in IL-1β-induced C28/I2 cells. (a) The
knockdown efficiency of si-TUG1 was confirmed via qRT-PCR. (b) MTT assay measured cell proliferation in IL-1β-induced C28/I2 cells.
(c and d) Flow cytometry analyzed IL-1β-stimulated C28/I2 cell apoptosis in vitro. (e and f) Expression of cyclin D1, cleaved-casp-3,
MMP-13, collage II and Aggrecan was measured using Western blot assay. *P < 0.05.
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separated OA chondrocytes (Figure 3e and f). The level of
miR-320c was also decreased in IL-1β-treated C28/I2 cells
(Figure 3g). Besides, the expression of miR-320c was nega-
tively correlated with the TUG1 level (Figure 3h). All the
above data indicated that TUG1 exerted its role in IL-1β-
treated C28/I2 cells via downregulating miR-320c.

3.4 FUT4 was directly targeted by miR-320c

StarBase showed that FUT4 was a downstream of miR-
320c (Figure 4a). Dual-luciferase reporter assay was used
to verify the interaction between miR-320c and FUT4,
and the luciferase activity in the WT-FUT4 group was
inhibited by miR-320c, while no change was observed
in the MUT-FUT4 group (Figure 4b). RIP assay results
also demonstrated that FUT4 was targeted by miR-320c
(Figure 4c). Furthermore, miR-320c inhibitor apparently
boosted FUT4 mRNA level and protein expression, while
the effects of miR-320c mimic on FUT4 mRNA level and
protein expression were opposite to that of miR-320c
inhibitor (Figure 4d and e). Moreover, FUT4 mRNA level
specially increased in OA cartilage tissues (Figure 4f).
The mRNA level and protein expression of FUT4 were
augmented in separated chondrocytes (Figure 4g and h).
In addition, the mRNA and protein levels of FUT4 also
upregulated in IL-1β-stimulated C28/I2 cells (Figure 4i
and j). Our data indicated that FUT4 expression was
negatively related to the miR-320c level (Figure 4k). In

short, these findings revealed that miR-320c directly tar-
geted FUT4.

3.5 FUT4 overexpression reversed the
effects of miR-320c on cell proliferation,
apoptosis and ECM degradation in IL-1β-
treated C28/I2 cells

To further investigate the regulatory mechanism of miR-
320c and FUT4 in the progression of OA, miR-NC, miR-320c,
miR-320c + pcDNA or miR-320c + FUT4 was transfected
into IL-1β-stimulated C28/I2 cells. The results showed that
the inhibiting impacts of miR-320c mimic on the FUT4
mRNA level and protein expression were both rescued
by overexpression of FUT4 (Figure 5a and b). Moreover,
upregulation of FUT4 relieved the promotion effect of
miR-320c mimic on cell proliferation in IL-1β-treated
C28/I2 cells (Figure 5c). Cell apoptosis hindered by miR-
320c mimic was abrogated by overexpression of FUT4
(Figure 5d). The expression of cyclin D1 and cleaved-
casp-3 confirmed the above conclusion of cell prolifera-
tion and apoptosis in MTT and flow cytometry assays. In
addition, ECM-relative proteins of MMP-13, collage II and
Aggrecan were examined by Western blot, and the results
indicated that FUT4 upregulation restored the inhibiting
effect of miR-320c mimic on degradation of ECM in IL-1β-
stimulated C28/I2 cells (Figure 5e and f). These data

Figure 3: miR-320c was a target gene of TUG1. (a) The interrelation between miR-320c and TUG1 was predicted using starBase software.
(b and c) Dual-luciferase reporter and RIP assays verified the interaction between miR-320c and TUG1. (d) Level of miR-320c was examined
by qRT-PCR in C28/I2 cells transfected with si-NC, si-TUG1, pcDNA or TUG1, respectively. (e and f) qRT-PCR was utilized to determine the
level of miR-320c in OA tissues and isolated chondrocytes. (g) Expression of miR-320c in IL-1β-treated C28/I2 cells was measured by qRT-
PCR. (h) The correlation between miR-320c and TUG1 was analyzed by Spearman’s correlation analysis. *P < 0.05.
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demonstrated that miR-320c regulated cell proliferation,
apoptosis and ECM degradation in IL-1β-treated C28/I2
cells by targeting FUT4.

3.6 Effects of TUG1 silencing on cell
proliferation, apoptosis and ECM
degradation were abrogated by miR-
320c inhibitor or FUT4 overexpression in
IL-1β-stimulated C28/I2 cells

First, the correlation between FUT4 and TUG1 was ana-
lyzed and the results showed that FUT4 expression was
positively related to the TUG1 level (Figure 6a). Then the
molecular mechanism between TUG1 and miR-320c or
FUT4 was explored, and si-NC, si-TUG1, si-TUG1 + anti-
miR-NC, si-TUG1 + anti-miR-320c, si-TUG1 + pcDNA or si-

TUG1 + pcDNA-FUT4 was transfected into IL-1β-treated
C28/I2 cells. The FUT4 mRNA and protein expression
were restrained by TUG1 deletion, which was recovered
by miR-320c inhibitor or FUT4 overexpression (Figure 6b
and c). Moreover, the acceleration effect of TUG1 silen-
cing on cell proliferation in IL-1β-treated C28/I2 cells was
blocked by miR-320c inhibitor or FUT4 upregulation
(Figure 6d). The inhibitory effect of si-TUG1 on cell apop-
tosis was abrogated by miR-320c inhibitor or overexpres-
sion of FUT4 in C28/I2 cells under IL-1β-treated condition
(Figure 6e). Furthermore, the expression of cyclin D1 and
cleaved-casp-3 also verified the previously obtained results
regarding cell proliferation and apoptosis. Besides, ECM-
relative proteins of MMP-13, collage II and Aggrecan were
also measured by Western blot assay, and the results
displayed that the repression impact of TUG1 deletion
on degradation of ECM was overturned by miR-320c inhi-
bitor or FUT4 upregulation in C28/I2 cells with IL-1β

Figure 4: FUT4 was directly targeted by miR-320c. (a) The target relationship between miR-320c and FUT4 was predicted using starBase
software. (b and c) The relationship between miR-320c and FUT4 was confirmed via dual-luciferase reporter and RIP assays. (d and e) Expression
of FUT4 in C28/I2 cells transfected with miR-320mimic or its inhibitor was assessed via qRT-PCR andWestern blot assays. (f) TUG1 level in OA was
analyzed by qRT-PCR. (g–j) The mRNA and protein expression of FUT4 in separated chondrocytes and IL-1β-stimulated C28/I2 cells were examined
by qRT-PCR andWestern blot assays, respectively. (k) Spearman’s correlation analysis was used to analyze the interrelation betweenmiR-320c and
TUG1. *P < 0.05.
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stimulation (Figure 6f and g). In short, the influence of
TUG1 knockdown on cell proliferation, apoptosis and
degradation of ECM was abolished by miR-320c inhibitor
or FUT4 overexpression in IL-1β-induced C28/I2 cells.

4 Discussion

OA with high incidence severely impacts the life quality
of patients [19], while the etiology and pathogenesis of
OA remain largely unknown. IL-1β is one of the most vital
inflammatory factors in the early stage of OA, which is
produced in scathing and degenerated joints. IL-1β was
applied to induce OA cell model according to the pre-
vious study [20,21]. Recently, multiple research demon-
strated that lncRNAs play vital roles in the development
of OA [22]. For example, lncRNA PCGEM1, a cartilage
injury-related lncRNA, could modify cartilage injury and
degradation [23]. lncRNA UFC1 improved the capacity of
chondrocyte proliferation via interacting with miR-34a in
OA [24]. Before our study, only a single report provided
an insight on the relation between TUG1 and OA, suggesting

that TUG1 mediated OA progression via targeting miR-195/
MMP-13 axis [12]. MMP-13, which was produced from bone
and joint, was tightly associated with ECM degradation.
Nevertheless, upregulation of MMP-13 could cause degra-
dation of ECM under pathological conditions [25,26].
Moreover, Duan et al. reported that MMP-13, collagen II
and Aggrecan expression correlated with ECM degrada-
tion [20]. In this study, TUG1 overexpressed in OA carti-
lage tissue separated OA chondrocytes and IL-1β-treated
C28/I2 cells. Moreover, TUG1 silencing dramatically pro-
moted cell proliferation and suppressed apoptosis in IL-
1β-treated C28/I2 cells. Besides, MMP-13, collagen II and
Aggrecan as the markers for ECM degradation were mea-
sured in IL-1β-treated C28/I2 cells. Our data indicated that
TUG1 inhibited ECM degradation in IL-1β-treated C28/I2
cells. These findings meant that TUG1 plays an important
role in OA progression.

The miRNAs were proved to be related to the progres-
sion and pathogenesis of articular cartilage [27–29]. Our
data indicated that miR-320c may be one of the down-
stream genes of TUG1. A previous research reported that
miR-320 modified MMP-13 expression in IL-1β-stimulated
chondrocyte responses [30]. In the present study, the

Figure 5: FUT4 overexpression reversed the effects of miR-320c on cell proliferation, apoptosis and degradation in IL-1β-treated C28/I2
cells. (a–f) C28/I2 cells underwent IL-1β stimulation were transfected with miR-NC, miR-320c, miR-320c + pcNDA or miR-320c + FUT4,
respectively. (a and b) The mRNA and protein levels of FUT4 were evaluated by qRT-PCR and Western blot assays, respectively. (c) Cell
proliferation was measured using MTT assay. (d) Apoptotic cells were calculated via flow cytometry. (e and f)Western blot assay was carried
out to detect the protein expression of cyclin D1, cleaved-casp-3, MMP-13, collage II and Aggrecan. *P < 0.05.
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data showed that lower miR-320c level was observed in
OA patients and IL-1β-treated C28/I2 cells, which was in
accordance with the previous studies [30,31]. Interest-
ingly, the effects of TUG1 knockdown on cell proliferation,
apoptosis and degradation of ECM were abolished by miR-
320c inhibitor, suggesting that TUG1 exerted functions in
IL-1β-treated C28/I2 cells by sponging miR-320c.

As we all know, miRNAs exerted their role via directly
regulating the target gene expression, which binds to the
3′-UTR [32]. Owing to the results of bioinformatics tools,
subsequent assays of dual-luciferase reporter and RIP
were performed to confirm the interaction between miR-
320c and FUT4, and all results demonstrated that FUT4
was a target gene of miR-320c. FUT4 was a member of
FUT family, which contributed to biological processes,
including tissue development, inflammatory response
and cancer metastasis [33,34]. A previous study sug-
gested that FUT4 targeted by miRNA mediates OA pro-
gression [35]. Hence, we presented a hypothesis that
FUT4 targeted by miR-320c participated in the progres-
sion of OA. As expected, upregulation of FUT4 relieved
the effects of miR-320c on cell proliferation, apoptosis
and degradation of ECM in IL-1β-induced C28/I2 cells.
Moreover, our results indicated that TUG1 inhibited the

expression of FUT4 by targeting miR-320c. Besides, the
effects of TUG1 deletion on the proliferation, apoptosis
and ECM degradation were abolished by miR-320c inhi-
bitor or FUT4 overexpression in IL-1β-induced C28/I2 cells,
suggesting that TUG1 was involved in the progression of
OA through regulating FUT4 by sponging miR-320c.

5 Conclusion

In summary, the levels of TUG1 and FUT4 were obviously
upregulated, while miR-320c level was significantly
decreased in OA and separated chondrocytes as well
as IL-1β-stimulated C28/I2 cells. Mechanically, miR-320c
was targeted by TUG1 while directly targeting FUT4.
Functionally, TUG1 silencing promoted cell proliferation
and suppressed cell apoptosis and ECM degradation in
IL-1β-induced C28/I2 cells. Moreover, FUT4 overexpres-
sion reversed miR-320c effect on cell proliferation, apop-
tosis and ECM degradation in IL-1β-treated C28/I2 cells.
Besides, these effects of TUG1 knockdown on IL-1β-
treated C28/I2 cells were rescued by miR-320c inhibitor
or FUT4 overexpression. More importantly, TUG1 targeted

Figure 6: Effects of TUG1 silencing on cell proliferation, apoptosis and ECM degradation were abrogated by miR-320c inhibitor or FUT4
overexpression in IL-1β-stimulated C28/I2 cells. (a) The association between TUG1 and FUT4 was analyzed via Spearman’s correlation
analysis. (b–g) si-NC, si-TUG1, si-TUG1 + anti-miR-NC, si-TUG1 + anti-miR-320c, si-TUG1 + pcDNA or si-TUG1 + pcDNA-FUT4 was introduced
into IL-1β-induced C28/I2 cells. (b and c) The mRNA level and protein expression were measured by qRT-PCR and Western blot assays,
respectively. (d) MTT assay was performed to estimate cell viability in vitro. (e) The apoptotic rate was measured by flow cytometry.
(f and g) The relative proteins of cyclin D1, cleaved-casp-3, MMP-13, collage II and Aggrecan were determined using Western blot. *P < 0.05.
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miR-320c to regulate FUT4 expression in IL-1β-treated
C28/I2 cells. Taken together, TUG1 modified cell prolifera-
tion, apoptosis and ECM degradation via the miR-320c/
FUT4 axis in IL-1β-treated C28/I2 cells, providing a novel
molecular target in treating OA.

Funding information: The authors state no funding involved.

Author contributions: All authors made substantial con-
tribution to conception and design of the study, acquisi-
tion of the data or analysis and interpretation of the data;
took part in drafting the article or revised it critically for
important intellectual content; gave final approval of the
revision to be published and agreed to be accountable for
all aspects of the work.

Conflict of interest: The authors state no conflict of
interest.

Data availability statement: The datasets generated
during and/or analyzed during the current study are
available from the corresponding author on reasonable
request.

References

[1] Taruc-Uy RL, Lynch SA. Diagnosis and treatment of osteo-
arthritis. Prim Care Clin Off Pract. 2013;40(4):821–36.

[2] Goldring MB. Chondrogenesis, chondrocyte differentiation,
and articular cartilage metabolism in health and osteoar-
thritis. Ther Adv Musculoskelet Dis. 2012;4(4):269–85.

[3] Blanco FJ, Guitian R, Vázquez‐Martul E, de Toro FJ, Galdo F.
Osteoarthritis chondrocytes die by apoptosis: a possible
pathway for osteoarthritis pathology. Arthritis Rheum Off J Am
Coll Rheumatol. 1998;41(2):284–9.

[4] Houard X, Goldring MB, Berenbaum F. Homeostatic mechan-
isms in articular cartilage and role of inflammation in
osteoarthritis. Curr Rheumatol Rep. 2013;15(11):375.

[5] Li H, Wang D, Yuan Y, Min J. New insights on the MMP-13
regulatory network in the pathogenesis of early osteoarthritis.
Arthritis Res Ther. 2017;19(1):248.

[6] Glyn-Jones S, Palmer A, Agricola R, Price A, Vincent T,
Weinans H, et al. Osteoarthritis. Lancet.
2015;386(9991):376–87.

[7] Yang F, Zhang L, Huo XS, Yuan JH, Xu D, Yuan SX, et al. Long
noncoding RNA high expression in hepatocellular carcinoma
facilitates tumor growth through enhancer of zeste homolog 2
in humans. Hepatology. 2011;54(5):1679–89.

[8] Cui Z, Ren S, Lu J, Wang F, Xu W, Sun Y, et al. The prostate
cancer-up-regulated long noncoding RNA PlncRNA-1
modulates apoptosis and proliferation through reciprocal
regulation of androgen receptor. Urol Oncol.
2013;31(7):1117–23.

[9] Ballantyne MD, Pinel K, Dakin R, Vesey AT, Diver L,
Mackenzie R, et al. Smooth muscle enriched long noncoding
RNA (SMILR) regulates cell proliferation. Circulation.
2016;133(21):2050–65.

[10] Jiao ZY, Tian Q, Li N, Wang HB, Li KZ. Plasma long non-coding
RNAs (lncRNAs) serve as potential biomarkers for predicting
breast cancer. Eur Rev Med Pharmacol Sci.
2018;22(7):1994–9.

[11] Zhai H-Y, Sui M-H, Yu X, Qu Z, Hu J-C, Sun H-Q, et al.
Overexpression of long non-coding RNA TUG1 promotes colon
cancer progression. Med Sci Monit Int Med J Exp Clin Res.
2016;22:3281.

[12] Tang L, Ding J, Liu Z, Zhou G. lncRNA TUG1 promotes osteo-
arthritis-induced degradation of chondrocyte extracellular
matrix via miR-195/MMP-13 axis. Eur Rev Med Pharmacol Sci.
2018;22:8574–81.

[13] Engels BM, Hutvagner G. Principles and effects of microRNA-
mediated post-transcriptional gene regulation. Oncogene.
2006;25(46):6163.

[14] Vicente R, Noël D, Pers Y-M, Apparailly F, Jorgensen C.
Deregulation and therapeutic potential of microRNAs in
arthritic diseases. Nat Rev Rheumatol. 2016;12(4):211.

[15] Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and
function. Cell. 2004;116(2):281–97.

[16] Sondag GR, Haqqi TM. The role of microRNAs and their targets
in osteoarthritis. Curr Rheumatol Rep. 2016;18(8):56.

[17] Tian Y, Guo R, Shi B, Chen L, Yang L, Fu Q. MicroRNA-30a
promotes chondrogenic differentiation of mesenchymal stem
cells through inhibiting Delta-like 4 expression. Life Sci.
2016;148:220–8.

[18] Hu S, Mao G, Zhang Z, Wu P, Wen X, Liao W, et al. MicroRNA-
320c inhibits development of osteoarthritis through down-
regulation of canonical Wnt signaling pathway. Life Sci.
2019;228:242–50.

[19] Wang Q, Rozelle AL, Lepus CM, Scanzello CR, Song JJ,
Larsen DM, et al. Identification of a central role for complement
in osteoarthritis. Nat Med. 2011;17(12):1674.

[20] Duan L, Duan D, Wei W, Sun Z, Xu H, Guo L, et al. MiR-19b-3p
attenuates IL-1β induced extracellular matrix degradation and
inflammatory injury in chondrocytes by targeting GRK6. Mol
Cell Biochem. 2019;459(1–2):205–14.

[21] Zhang Y, Wang F, Chen G, He R, Yang L. lncRNA MALAT1 pro-
motes osteoarthritis by modulating miR-150-5p/AKT3 axis.
Cell Biosci. 2019;9(1):54.

[22] Pearson MJ, Jones SW. Review: long noncoding RNAs in the
regulation of inflammatory pathways in rheumatoid arthritis
and osteoarthritis. Arthritis Rheumatol. 2016;68(11):2575–83.

[23] Kang Y, Song J, Kim D, Ahn C, Park S, Chun CH, et al. PCGEM1
stimulates proliferation of osteoarthritic synoviocytes by
acting as a sponge for miR-770. J Orthopaedic Res.
2016;34(3):412–8.

[24] Zhang G, Wu Y, Xu D, Yan X. Long noncoding RNA UFC1 pro-
motes proliferation of chondrocyte in osteoarthritis by acting
as a sponge for miR-34a. DNA Cell Biol. 2016;35(11):691–5.

[25] Liu Q, Zhang X, Dai L, Hu X, Zhu J, Li L, et al. Long noncoding
RNA related to cartilage injury promotes chondrocyte extra-
cellular matrix degradation in osteoarthritis. Arthritis
Rheumatol. 2014;66(4):969–78.

[26] Cong L, Zhu Y, Tu. G. A bioinformatic analysis of microRNAs
role in osteoarthritis. Osteoarthr Cartil. 2017;25(8):1362–71.

TUG1 regulatory mechanism in osteoarthritis  393



[27] Wu C, Tian B, Qu X, Liu F, Tang T, Qin A, et al. MicroRNAs play a
role in chondrogenesis and osteoarthritis. Int J Mol Med.
2014;34(1):13–23.

[28] Nakamura Y, Inloes JB, Katagiri T, Kobayashi T. Chondrocyte-
specific microRNA-140 regulates endochondral bone devel-
opment and targets Dnpep to modulate bone morphogenetic
protein signaling. Mol Cell Biol. 2011;31(14):3019–28.

[29] Miyaki S, Sato T, Inoue A, Otsuki S, Ito Y, Yokoyama S, et al.
MicroRNA-140 plays dual roles in both cartilage development
and homeostasis. Genes Dev. 2010;24(11):1173–85.

[30] Meng F, Zhang Z, Chen W, Huang G, He A, Hou C, et al.
MicroRNA-320 regulates matrix metalloproteinase-13
expression in chondrogenesis and interleukin-1β-
induced chondrocyte responses. Osteoarthr Cartil.
2016;24(5):932–41.

[31] Zhang H, Sun C, Yu H, Song B, Pan Z. Targeted inhibition of
β-catenin by miR-320 and decreased MMP-13 expression in
suppressing chondrocyte collagen degradation. Eur Rev Med
Pharmacol Sci. 2018;22(18):5828–35.

[32] Hobert O. Gene regulation by transcription factors and
microRNAs. Science. 2008;319(5871):1785–6.

[33] Cheng L, Luo S, Jin C, Ma H, Zhou H, Jia L. FUT family mediates
the multidrug resistance of human hepatocellular carcinoma
via the PI3K/Akt signaling pathway. Cell Death Dis.
2013;4(11):e923.

[34] Ma B, Simala-Grant JL, Taylor DE. Fucosylation in prokaryotes
and eukaryotes. Glycobiology. 2006;16(12):158R–84R.

[35] Hu J, Wang Z, Pan Y, Ma J, Miao X, Qi X, et al. miR-26a and miR-
26b mediate osteoarthritis progression by targeting FUT4 via NF-
κB signaling pathway. Int J Biochem Cell Biol. 2018;94:79–88.

394  Hu Han and Lijuan Liu


	1 Introduction
	2 Materials and methods
	2.1 Subjects
	2.2 Cell culture and treatment
	2.3 Quantitative reverse-transcriptase-polymerase chain reaction (qRT-PCR)
	2.4 Transient transfection
	2.5 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assay
	2.6 Flow cytometry
	2.7 Western blot assay
	2.8 Dual-luciferase reporter assay
	2.9 RNA immunoprecipitation (RIP) assay
	2.10 Statistical analysis

	3 Results
	3.1 Increase in TUG1 in OA tissues and cell lines
	3.2 TUG1 deletion promoted cell proliferation and inhibited apoptosis and ECM degradation in IL-1&#x03B2;-induced C28/I2 cells
	3.3 miR-320c was a target gene of TUG1
	3.4 FUT4 was directly targeted by miR-320c
	3.5 FUT4 overexpression reversed the effects of miR-320c on cell proliferation, apoptosis and ECM degradation in IL-1&#x03B2;-treated C28/I2 cells
	3.6 Effects of TUG1 silencing on cell proliferation, apoptosis and ECM degradation were abrogated by miR-320c inhibitor or FUT4 overexpression in IL-1&#x03B2;-stimulated C28/I2 cells

	4 Discussion
	5 Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU <FEFF0056006500720073006900740061002000410064006f00620065002000440069007300740069006c006c00650072002000530065007400740069006e0067007300200066006f0072002000410064006f006200650020004100630072006f006200610074002000760036>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


