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Knockdown of long non‑coding RNA KCNQ1OT1
suppresses the progression of osteoarthritis by
mediating the miR‑211‑5p/TCF4 axis in vitro
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Abstract. Numerous studies have reported the critical roles
of long non‑coding RNAs (lncRNAs) in the regulation of
osteoarthritis (OA) development. The present study aimed to
assess the function and regulatory mechanism of a lncRNA,
KCNQ1 opposite strand/antisense transcript 1 (KCNQ1OT1),
in OA in vitro. C28/I2 cells were treated with lipopolysac‑
charide (LPS) to generate an in vitro OA model. The relative
expression levels of KCNQ1OT1, microRNA (miR)‑211‑5p
and transcription factor 4 (TCF4) were determined via
reverse transcription‑quantitative polymerase chain reac‑
tion. The associations between KCNQ1OT1, miR‑211‑5p and
TCF4 were confirmed using a dual‑luciferase reporter assay.
Furthermore, cell viability was assessed using the MTT assay.
Inflammatory cytokine levels were measured using ELISA.
The protein expression levels of matrix metalloproteinase‑3/13,
collagen II/X and TCF4 were detected by western blotting.
KCNQ1OT1 and TCF4 were highly expressed in the cartilage
tissues of patients with OA and C28/I2 cells treated with LPS
(OA cells), whereas miR‑211‑5p was downregulated concomi‑
tantly in OA tissues and cells. Knockdown of KCNQ1OT1
stimulated cell viability, and suppressed the inflammation and
degradation of the extracellular matrix (ECM) in OA cells.
In addition, overexpression of miR‑211‑5p stimulated cell
viability, and inhibited inflammation and degradation of the
ECM in OA cells. Notably, miR‑211‑5p was revealed to be
the target of, and was negatively regulated by, KCNQ1OT1.
TCF4 was targeted and negatively modulated by miR‑211‑5p.
Transfection of cells with the miR‑211‑5p inhibitor or
pcDNA‑TCF4 reversed the suppressive effects of short hairpin
RNA (sh)‑KCNQ1OT1 on inflammation and ECM degrada‑
tion, as well as the promotive effect of sh‑KCNQ1OT1 on
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viability in OA in vitro. Therefore, KCNQ1OT1 may regulate
the miR‑211‑5p/TCF4 axis to ameliorate OA in vitro.
Introduction
As the most common musculoskeletal disease in the elderly
population, osteoarthritis (OA) is characterised by joint pain,
tenderness, stiffness, crepitus and limitation of movement (1).
Histologically, the major characteristics of OA are early
fragmentation of the cartilage surface, vertical clefts of the
cartilage, cloning of chondrocytes, variable crystal deposition
and violation of the tidemark by blood vessels (2,3). Worldwide
disease estimates have demonstrated that 18% of women and
9.6% of men aged 60 and older have symptomatic OA (4).
Although there are numerous treatments for OA, including
acupuncture therapy, drug treatment and surgical therapy (5,6),
OA remains difficult to cure. Therefore, it is imperative to
assess the molecular mechanisms underlying OA in order to
identify novel therapeutic targets.
Long non‑coding RNAs (lncRNAs) are a class of nucleotide
sequences >200 nucleotides in length that lack protein‑coding
potential (7). A previous study reported that lncRNAs may
function as important participants in regulating the progression
of OA (8). Liu et al (9) reported that the silencing of lncRNA
XIST may restrain the development of OA by inhibiting cell
apoptosis and extracellular matrix (ECM) degradation (9).
Chen et al (10) demonstrated that the lncRNA HOTAIR
participates in OA progression by stimulating ECM degrada‑
tion and chondrocyte apoptosis. Zhang et al (11) revealed that
lncRNA SNHG15 suppresses OA progression by acting as a
sponge of microRNA (miRNA/miR)‑141‑3p. Notably, a recent
study indicated that lncRNA KCNQ1 opposite strand/anti‑
sense transcript 1 (KCNQ1OT1) may serve a critical role in
OA progression by sponging hsa‑miR‑1202/ETS1 interac‑
tions (12). However, research on the underlying mechanism of
KCNQ1OT1 in OA remains in the exploratory stage.
miRNAs are highly conserved non‑coding RNAs with
a length of 19‑25 nucleotides, which have been reported to
participate in the process of OA (13,14). Luo et al (15) reported
that miR‑34a induces OA synovial cell apoptosis by regulating
transforming growth factor‑ β ‑induced factor homeobox 2.
Zhong et al (16) confirmed that miR‑335‑5p may markedly
alleviate inflammation in OA chondrocytes. Huang et al (17)
revealed the essential role of miR‑211 in maintaining joint
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homeostasis and counteracting the progression of OA.
Notably, previous studies on the expression and function of
miR‑211‑5p in OA have received significant attention (18,19).
It has been reported that miR‑211‑5p manifests a downregula‑
tion in sclerotic bone compared with non‑sclerotic OA bone
samples, and miR‑211‑5p has been confirmed to decrease the
mineralisation capacity of ossified osteoblasts in OA (18).
Furthermore, miR‑211‑5p has been reported to be markedly
diminished in the articular cartilage tissues and functions to
restrain ECM degradation and the production of inflammatory
cytokines in OA (19). Despite these findings, the interaction
between miR‑211‑5p and KCNQ1OT1 in OA has not been fully
understood.
The aim of the present study was to investigate the role and
molecular mechanism of KCNQ1OT1 in OA, and to identify
the associations between KCNQ1OT1, miR‑211‑5p and tran‑
scription factor 4 (TCF4). Through this work, the present study
aimed to develop a solid foundation for targeted OA therapy.
Materials and methods
Cartilage tissue sa mples. From Ja nua r y 2018 to
December 2019, OA cartilage tissues were obtained from
the knee joints of 25 patients (12 males and 13 females; age
range, 52‑70 years; mean age, 60.5±6.4) who underwent arti‑
ficial total knee replacement surgery. Normal cartilage tissues
were derived from the knee joints of 25 subjects (12 males
and 13 females; age range, 48‑66 years; mean age, 56.7±6.4)
who had femoral neck fractures without OA or rheumatoid
arthritis. The diagnostic criteria for OA were based on the
American College of Rheumatology standards (20). The
diagnostic criteria included: i) Pain in the knee, hip and inter‑
phalangeal joints, ii) presence of osteophytes detected through
X‑ray examination, iii) synovial fluid laboratory examination
consistent with OA, iv) morning stiffness for <30 min, v) age
of at least 40 years, and vi) presence of crepitus. Patients who
met i and ii; i, iii, v and vi; or i, iv, v and vi were diagnosed
with OA. The clinicopathological data of these patients were
as follows: Age range, 53‑75 years; mean age, 63.3±5.9 years;
sex, 9 men and 16 women; and OA grade I, 2; grade II, 10; and
grade III, 13. The present study was approved by the Ethics
Committee of The Second Xiangya Hospital of Central South
University. Written informed consent was obtained from each
participant.
Cell culture. The normal human cartilage cell line (C28/I2)
was purchased from the American Type Culture Collection.
C28/I2 cells were cultured in Dulbecco's modified Eagle's
medium (Gibco; Thermo Fisher Scientific, Inc.)‑Nutrient
Mixture F12 supplemented with 10% foetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.). All cells were main‑
tained in an incubator with 5% CO2 at 37˚C. An OA model was
established in vitro in accordance with previous studies (21,22).
In brief, C28/I2 cells were treated with lipopolysaccharide
(LPS; 5 µg/ml; Sigma‑Aldrich; Merck KGaA) for 12 h at 37˚C,
and untreated C28/I2 cells were used as controls.
Reverse transcription‑quantitative polymerase chain reaction
(RT‑qPCR). Total RNA was extracted from cells and tissues
using TRIzol® reagent (Invitrogen; Thermo Fisher Scientific,

Inc.), and cDNA was synthesised using a high‑capacity RT
kit at 42˚C for 45 min (Applied Biosystems; Thermo Fisher
Scientific, Inc.). qPCR was performed using SYBR Green PCR
Master mix (Takara Biotechnology Co., Ltd.). The thermocy‑
cling conditions were as follows: 95˚C for 5 min, 40 cycles of
denaturation at 95˚C for 10 sec, annealing at 50˚C for 1 min
and extension at 72˚C for 30 sec. All primers were purchased
from Invitrogen (Thermo Fisher Scientific, Inc.), and their
sequences are presented in Table I. Experimental results were
calculated using the 2‑ΔΔCq method (23). KCNQ1OT1 and TCF4
expression levels were normalised to GAPDH, and miR‑211‑5p
expression levels were normalised to U6.
Cell transfection. When C28/I2 cells reached 80% conflu‑
ence, they were seeded onto 6‑well cell culture plates
(5x103 cells/well). The short hairpin (sh) RNA targeting
KCNQ1OT1 (sh‑KCNQ1OT1; 5'‑GGUUCAGAUUCAUAA
ACUAGA‑3'), sh‑negative control (sh‑NC; 5'‑CAUAGUCGA
AUUUCGCUAGUGAGUU‑3'), miR‑NC (5'‑ACCG CUA AU
CAUACGA AUACAC‑3'), miR‑211‑5p mimics (5'‑UUCCCU
UUGUCAUCCUUCGCCU‑3'), miR‑211‑5p inhibitor (5'‑AGG
CAAAGGAUGACAAGGGAA‑3'), inhibitor NC (5'‑CAG
UACU UUUGUAGUACAA A‑3'), overexpression plasmids
(pcDNA‑KCNQ1OT1 and pcDNA‑TCF4) and empty vector
(pcDNA‑NC) were purchased from Guangzhou RiboBio Co.,
Ltd. C28/I2 cells (6x105 cells/well) were transfected with these
factors (all, 50 nM) for 48 h at 37˚C with Lipofectamine® 3000
(Invitrogen; Thermo Fisher Scientific, Inc.), according to the
manufacturer's protocols.
Dual‑luciferase reporter (DLR) assay. The targeting
relationship between KCNQ1OT1 and miR‑211‑5p was
analysed using the lncBase Predicted database (version 2.0;
http://carolina.imis.athena‑innovation.gr/diana_tools/web/index.
php?r=lncbasev2/index‑predicted). Additionally, the targeting
relationship between miR‑211‑5p and TCF4 was predicted using
TargetScan (release 7.2; http://www.targetscan.org/vert_72/)
and miRDB (version 4.0; http://mirdb.org/). The 3'‑untranslated
region (UTR) of KCNQ1OT1 or TCF4 harbouring the predicted
binding sites for miR‑211‑5p was introduced into the pGL3
vector (Promega Corporation) to construct the KCNQ1OT1
wild‑type (wt)/mutant type (mut) or TCF4 wt/mut. Next,
C28/I2 cells (1x105 cells/well) were seeded onto a 24‑well plate
and co‑transfected with one of the aforementioned plasmids
(80 ng) and miR‑211‑5p mimics or miR‑NC (50 nM) using
Lipofectamine 3000. After 48 h at 37˚C, the relative luciferase
activity was determined using the DLR Assay kit (Promega
Corporation). The activity of firefly luciferase was normalized to
that of Renilla luciferase.
RNA immunoprecipitation (RIP) assay. The RIP assay was
performed using the Magna RIP RNA‑Binding Protein
Immunoprecipitation kit (EMD Millipore) in accordance
with the manufacturer's protocol. In brief, C28/I2 cells were
transfected with miR‑211‑5p mimics or miR‑NC. After 48 h,
the cells were collected and lysed using RIP lysis buffer
(Beyotime Institute of Biotechnology). An anti‑argonaute2
(Ago2) antibody (1:5,000; cat. no. 03‑110; EMD Millipore) was
conjugated to magnetic beads and incubated at 55˚C for 30 min
with the whole cell extract. Samples were then centrifuged
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Table I. Primers for reverse transcription‑quantitative polymerase chain reaction.
Gene
KCNQ1OT1
miR‑211‑5p
TCF4
GAPDH
U6

Forward

Reverse

5'‑TTGGTAGGATTTTGTTGAGG‑3'
5'‑TCGGCAGGTCCCTTTGTCATCC‑3'
5'‑CCTGGCTATGCAGGAATGTT‑3'
5'‑CCAGGTGGTCTCCTCTGA‑3'
5'‑CTCGCTTCGGCAGCACA‑3'

5'‑CAACCTTCCCCTACTACC‑3'
5'‑TGCAGGTCAACTGGTGTCGT‑3'
5'‑CAGGAGGCGTACAGGAAGAG‑3'
5'‑GCTGTAGCCAAATCGTTGT‑3'
5'‑AACGCTTCACGAATTTGCGT‑3'

miR, microRNA; KCNQ1OT1, KCNQ1 opposite strand/antisense transcript 1; TCF4, transcription factor 4.

(at 450 x g for 20 min at 20˚C) and washed three times with
Hank's Balanced Salt Solution (Sigma‑Aldrich; Merck KGaA).
The immunoprecipitated RNAs were isolated, and an afore‑
mentioned RT‑qPCR assay was used to detect the expression
levels of KCNQ1OT1 and TCF4.
MTT assay. Transfected cells were seeded onto 96‑well
plates (5x103 cells/well). After 48 h of culture, the cells were
incubated with 10 µl MTT reagent (Beyotime Institute of
Biotechnology) for another 4 h. Thereafter, 100 µl dimethyl
sulfoxide was added to dissolve the formazan. The optical
density was measured at 490 nm using a spectrophotometer
(Thermo Fisher Scientific, Inc.).
ELISA. The levels of IL‑6 (cat. no. PD6050; R&D Systems,
Inc.), IL‑1β (cat. no. PDLB50; R&D Systems, Inc.) and TNF‑α
(cat. no. PDTA00D; R&D Systems, Inc.) in culture media
were measured using Quantikine ELISA kits according to the
manufacturer's protocols. The optical density was determined
at 450 nm using a microplate reader (Molecular Devices,
LLC).
Western blotting. Total proteins were extracted using radio‑
immunoprecipitation lysis buffer (Beyotime Institute of
Biotechnology). Total protein was quantified using a BCA
Protein assay kit (Invitrogen; Thermo Fisher Scientific,
Inc.). Protein samples (20 µg per lane) were fractionated by
10% sodium dodecyl sulphate‑polyacrylamide gel electro‑
phoresis and then transferred onto polyvinylidene difluoride
membranes. After blocking with 5% skimmed milk‑Tris‑buff‑
ered saline with TBST (Tween‑20, 0.05%) for 2 h at 25˚C, the
membranes were incubated with primary antibodies (Abcam)
against matrix metalloproteinase (MMP)‑3 (dilution, 1:1,000;
cat. no. ab53015), MMP‑13 (dilution, 1:1,000; cat. no. ab51072),
collagen II (dilution, 1:2,000; cat. no. ab34712), collagen X
(dilution, 1:1,000; cat. no. ab182563), TCF4 (dilution, 1:1,000;
cat. no. ab130014) and β‑actin (dilution, 1:5,000; cat. no. ab6276)
at 4˚C overnight. After the membranes were washed with
TBST three times, the horseradish peroxidase‑conjugated
secondary antibody (dilution, 1:5,000; cat. no. 14709; Cell
Signaling Technology, Inc.) was added and incubated at 37˚C
for 1 h. β ‑actin was selected as the internal reference. The
immunoreactive bands were visualised using an enhanced
chemiluminescent detection kit (Thermo Fisher Scientific, Inc.),
and the relative protein expression levels were semiquantified
using the ChemiDoc XRS system (Bio‑Rad Laboratories, Inc.).

Statistical analysis. All data derived from independent
experiments performed in triplicate are presented as the
mean ± standard deviation. A paired Student's t‑test was
employed for comparisons between two groups. Differences
between multiple groups were compared using a one‑way
analysis of variance followed by Tukey's multiple compari‑
sons test. P<0.05 was considered to indicate a statistically
significant difference.
Results
Silencing of lncRNA KCNQ1OT1 alleviates LPS‑induced
chondrocyte injury in C28/I2 cells. To assess the function
of lncRNA KCNQ1OT1 in OA, the expression levels of
KCNQ1OT1 were detected through RT‑qPCR. KCNQ1OT1
was significantly upregulated in OA cartilage tissues compared
with that in normal cartilage tissues (P<0.01; Fig. 1A).
KCNQ1OT1 expression levels were also increased in C28/I2
cells treated with LPS (P<0.01; Fig. 1B). KCNQ1OT1 was then
silenced or overexpressed to investigate its role in OA. As
shown in Fig. 1C, KCNQ1OT1 expression was markedly
diminished post‑transfection with sh‑KCNQ1OT1, whereas it
was increased following transfection with pcDNA‑KCNQ1OT1
in C28/I2 cells (P<0.01). The MTT assay demonstrated that
cell viability was suppressed by LPS in C28/I2 cells, and
sh‑KCNQ1OT1 enhanced cell viability in LPS‑induced C28/I2
cells (all P<0.01; Fig. 1D). In addition, the ELISA results indi‑
cated that IL‑6, IL‑1β and TNF‑α levels in the culture medium
were enhanced by LPS, whereas the levels of IL‑6, IL‑1β and
TNF‑ α were decreased by sh‑KCNQ1OT1 in C28/I2 cells
treated with LPS (all P<0.01; Fig. 1E‑G). Furthermore,
the expression levels of ECM degradation‑related proteins
(MMP‑3/‑13 and collagen II) and the hypertrophy marker
collagen X were determined. Western blot analysis revealed
that the expression levels of MMP‑3/‑13 and collagen X were
enhanced by LPS in C28/I2 cells, whereas collagen II expres‑
sion levels were decreased by LPS in C28/I2 cells (all P<0.01;
Fig. 1H). MMP‑3/‑13 and collagen X were diminished, whereas
collagen II was increased following transfection of LPS‑treated
C28/I2 cells with sh‑KCNQ1OT1 (all P<0.01; Fig. 1H).
KCNQ1OT1 may serve as a competitive endogenous RNA
of miR‑211‑5p. To further investigate the mechanism of
KCNQ1OT1 in OA, the binding sites of KCNQ1OT1 were
predicted using lncBase Predicted v.2. miR‑211‑5p was predicted
to be the target of KCNQ1OT1 (Fig. 2A). The expression levels
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Figure 1. Silencing of KCNQ1OT1 alleviates chondrocyte injury caused by LPS in C28/I2 cells. (A) Relative expression level of KCNQ1OT1 in OA cartilage
tissues and normal cartilage tissues was determined by RT‑qPCR. **P<0.01 vs. normal. (B) Relative expression level of KCNQ1OT1 in C28/I2 cells was
determined by RT‑qPCR. **P<0.01 vs. normal. (C) Relative expression level of KCNQ1OT1 in C28/I2 cells was determined by RT‑qPCR post‑transfection with
sh‑KCNQ1OT1/NC or pcDNA‑KCNQ1OT1/NC. **P<0.01 vs. blank. (D) Cell viability was assessed by MTT assay. **P<0.01 vs. control; ##P<0.01 vs. LPS +
sh‑NC. Levels of (E) IL‑6 (F) IL‑1β and (G) TNF‑α in culture medium were measured by ELISA. **P<0.01 vs. control; ##P<0.01 vs. LPS + sh‑NC. (H) Protein
expression levels of MMP‑3, MMP‑13, collagen X and collagen II were detected by western blotting. **P<0.01 vs. control; ##P<0.01 vs. LPS + sh‑NC. LPS,
lipopolysaccharide; OA, osteoarthritis; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; sh, short hairpin RNA; NC, negative control;
KCNQ1OT1, KCNQ1 opposite strand/antisense transcript 1; MMP, matrix metalloproteinase.

of miR‑211‑5p were increased by sh‑KCNQ1OT1 but inhibited
by pcDNA‑KCNQ1OT1 in C28/I2 cells (P<0.01; Fig. 2B‑C).
Furthermore, the DLR and RIP assays were utilised to verify
the interaction between KCNQ1OT1 and miR‑211‑5p. As shown
in Fig. 2D, the relative luciferase activity of C28/I2 cells was
decreased post‑transfection with the KCNQ1OT1 wt vector
and miR‑211‑5p, compared with C28/I2 cells transfected with
the KCNQ1OT1 wt vector and miR‑NC (P<0.01). As shown
in Fig. 2E, KCNQ1OT1 immunoprecipitates obtained from
C28/I2 cells were notably enriched in the miR‑211‑5p mimics
group, compared with the miR‑NC group (P<0.01).
Overexpression of miR‑211‑5p reduces LPS‑induced chondro‑
cyte injury in C28/I2 cells. Through investigating the role of

miR‑211‑5p in OA, it was revealed that the expression levels
of miR‑211‑5p in OA cartilage tissues were downregulated
compared with those in normal cartilage tissues (P<0.01;
Fig. 3A). miR‑211‑5p expression levels were also decreased in
LPS‑induced C28/I2 cells compared with those in C28/I2 cells
not treated with LPS (P<0.01; Fig. 3B). Following transfection
with miR‑211‑5p mimics, miR‑211‑5p expression levels exhib‑
ited a significant increase in C28/I2 cells (P<0.01; Fig. 3C),
indicating that overexpression of miR‑211‑5p was successful in
subsequent functional studies. As shown in Fig. 3D, cell viability
was increased by transfection of LPS‑treated C28/I2 cells with
miR‑211‑5p mimics (P<0.01). Overexpression of miR‑211‑5p
also suppressed the inflammatory response by decreasing the
levels of IL‑6, IL‑1β and TNF‑α in C28/I2 cells treated with
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Figure 2. KCNQ1OT1 may serve as a competitive endogenous RNA of miR‑211‑5p. (A) Binding sequence between KCNQ1OT1 and miR‑211‑5p was predicted
by lncBase Predicted v.2. (B) Relative expression level of miR‑211‑5p after transfection with sh‑KCNQ1OT1/NC or pcDNA-KCNQ1OT1/NC into C28/I2 cells
was detected by RT‑qPCR. **P<0.01 vs. sh‑NC. (C) Targeting association between KCNQ1OT1 and miR‑211‑5p was validated by dual‑luciferase reporter assay.
(D) Targeting association between KCNQ1OT1 and miR‑211‑5p was validated by RIP assay. **P<0.01 vs. miR‑NC. miR, microRNA; sh, short hairpin RNA;
NC, negative control; KCNQ1OT1, KCNQ1 opposite strand/antisense transcript 1; wt, wild type; mut, mutant; RIP, RNA immunoprecipitation.

LPS (all P<0.01; Fig. 3E‑G). In addition, the upregulation of
collagen II and downregulation of MMP‑3/‑13/collagen X
implied that overexpression of miR‑211‑5p may suppress
ECM degradation and chondrocyte hypertrophy (all P<0.01;
Fig. 3H).
TCF4 is a target gene of miR‑211‑5p. TargetScan and
miRDB software were employed to search for the target
gene of miR‑211‑5p. It was discovered that miR‑211‑5p had
certain complementary bases with the sequence of TCF4
3'‑UTR, indicating that TCF4 may be the target gene of
miR‑211‑5p (Fig. 4A). Western blot analysis revealed that
overexpression of miR‑211‑5p markedly decreased the
protein expression levels of TCF4 (P<0.01; Fig. 4B), whereas
KCNQ1OT1 overexpression increased the protein expression
levels of TCF4 (P<0.01; Fig. 4C). The results of DLR and
RIP assays verified the interaction between miR‑211‑5p and
TCF4. It was revealed that the relative luciferase activity
was markedly decreased by the introduction of miR‑211‑5p
mimics in C28/I2 cells transfected with the TCF4 wt vector
(P<0.01; Fig. 4D) but did not differ following the introduc‑
tion of miR‑211‑5p mimics in C28/I2 cells transfected with
the TCF4 mut vector (Fig. 4D). The RIP assay demonstrated
that endogenous TCF4 was significantly enriched in the

miR‑211‑5p mimic group compared with that in the miR‑NC
group (P<0.01; Fig. 4E), revealing the direct binding between
miR‑211‑5p and TCF4.
sh‑KCNQ1OT1 may regulate the miR‑211‑5p/TCF4 axis to
inhibit OA progression. To confirm the associations between
KCNQ1OT1, miR‑211‑5p and TCF4 in OA, the expression
levels of TCF4 in OA were determined. It was revealed that
the mRNA expression levels of TCF4 were upregulated in the
cartilage tissues of patients with OA, and the protein expres‑
sion levels of TCF4 were also upregulated in LPS‑induced
C28/I2 cells, compared with their respective controls (all
P<0.01; Fig. 5A and B). In addition, the expression levels of
miR‑211‑5p were decreased by transfection with miR‑211‑5p
inhibitor, and TCF4 expression levels were increased
post‑transfection with pcDNA‑TCF4 (P<0.01; Fig. 5C).
Subsequently, rescue experiments were implemented, and
it was revealed that sh‑KCNQ1OT1 led to a significant
decrease in TCF4 in LPS‑treated C28/I2 cells (P<0.01;
Fig. 5D). The suppressive effect of sh‑KCNQ1OT1 on TCF4
was reversed by pcDNA‑TCF4 or the miR‑211‑5p inhibitor in
LPS‑treated C28/I2 cells (all P<0.01; Fig. 5D). Cell viability
was promoted by sh‑KCNQ1OT1 in LPS‑treated C28/I2 cells
(P<0.01; Fig. 5E), whereas the effect of sh‑KCNQ1OT1 on cell
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Figure 3. Overexpression of miR‑211‑5p reduces chondrocyte injury caused by LPS in C28/I2 cells. (A) Relative expression level of miR‑211‑5p in OA cartilage
tissues and normal cartilage tissues was determined by RT‑qPCR. **P<0.01 vs. normal. (B) Relative expression level of miR‑211‑5p in C28/I2 cells was
determined by RT‑qPCR. **P<0.01 vs. control. (C) Relative expression level of miR‑211‑5p in C28/I2 cells was determined by RT‑qPCR following transfection
with miR‑211‑5p mimics. **P<0.01 vs. blank. (D) Cell viability was assessed by MTT assay. **P<0.01 vs. LPS + miR‑NC. Levels of (E) IL‑6, (F) IL‑1β and
(G) TNF‑α in culture medium were measured by ELISA. **P<0.01 vs. LPS + miR‑NC. (H) Protein expression levels of MMP‑3 MMP‑13, collagen X and
collagen II were detected by western blotting. **P<0.01 vs. LPS + miR‑NC. miR, microRNA; LPS, lipopolysaccharide; OA, osteoarthritis; RT‑qPCR, reverse
transcription‑quantitative polymerase chain reaction; NC, negative control; MMP, matrix metalloproteinase.

viability was reversed by pcDNA‑TCF4 or the miR‑211‑5p
inhibitor (all P<0.01; Fig. 5E). Furthermore, inflamma‑
tion was suppressed by sh‑KCNQ1OT1 in LPS‑treated
C28/I2 cells (all P<0.01; Fig. 5F‑H). The suppressive effects
of sh‑KCNQ1OT1 on IL‑6, IL‑1β and TNF‑α were reversed
by pcDNA‑TCF4 or the miR‑211‑5p inhibitor in LPS‑induced
C28/I2 cells (all P<0.01; Fig. 5F‑H). As illustrated in Fig. 5I,
the decrease in MMP‑3/‑13/collagen X and increase in
collagen II induced by transfection of LPS‑induced C28/I2
cells with sh‑KCNQ1OT1 (all P<0.01) was reversed by trans‑
fection with pcDNA‑TCF4 or the miR‑211‑5p inhibitor
(P<0.05).
Discussion
OA is characterised as a degenerative joint disease that poses
a serious threat to public health (24). Previous studies on
lncRNA profiles have demonstrated upregulation of various

lncRNAs is involved in the pathogenesis of OA, including
lncRNA ANRIL (25), lncRNA CTBP1‑AS2 (26) and lncRNA
FAS‑AS1 (27). Consistent with these findings, the present
study demonstrated that lncRNA KCNQ1OT1 was mark‑
edly upregulated in OA cartilage tissues and LPS‑induced
C28/I2 cells. Therefore, it was hypothesized that KCNQ1OT1
may be a therapeutic target for OA in the clinic. Furthermore,
an increasing number of studies have reported that KCNQ1OT1
may serve vital roles in cell proliferation and inflamma‑
tion (28‑30). Li et al (29) revealed that silencing KCNQ1OT1
promoted cell viability, and decreased the production of
TNF‑α, IL‑6 and IL‑1β in H9c2 cells induced by oxygen and
glucose deprivation/reoxygenation (29). Ye et al (30) revealed
that KCNQ1OT1 suppressed the proliferation of vascular
smooth muscle cells and secretion of inflammatory cytokines
in intimal hyperplasia (30). Furthermore, KCNQ1OT1 has
been demonstrated to have a crucial impact on OA progression
by sponging the hsa‑miR‑1202/ETS1 axis (12). The present
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Figure 4. TCF4 is a target gene of miR‑211‑5p. (A) Binding sequence between miR‑211‑5p and TCF4 was predicted by TargetScan and miRDB. (B) Relative
protein expression level of TCF4 was detected by western blotting. **P<0.01 vs. miR‑NC. (C) Relative protein expression level of TCF4 was detected by western
blotting following transfection of C28/I2 cells with pcDNA‑KCNQ1OT1. **P<0.01 vs. pcDNA‑NC. (D) Targeting association between miR‑211‑5p and TCF4
was validated by dual‑luciferase reporter assay. **P<0.01, vs. miR‑NC. (E) Targeting association between miR‑211‑5p and TCF4 was validated by RIP assay.
**
P<0.01, vs. miR‑NC. miR, microRNA; NC, negative control; KCNQ1OT1, KCNQ1 opposite strand/antisense transcript 1; TCF4, transcription factor 4; wt,
wild type; mut, mutant; RIP, RNA immunoprecipitation.

study reported that knockdown of KCNQ1OT1 promoted cell
viability, suppressed inflammation and decreased the degrada‑
tion of ECM in OA cells. These results validated the crucial
impact of KCNQ1OT1 on the progression of OA in vitro.
Given these results, measurements of cell viability, inflamma‑
tory factor levels and ECM degradation in OA may determine
whether KCNQ1OT1 is involved in OA, thereby highlighting a
potential targeted treatment for OA in the clinic.
Several studies have reported that miR‑211‑5p is decreased
in OA tissues and serves a regulatory role in OA (18,19).
Prasadam et al (18) reported that miR‑211‑5p was down‑
regulated in the OA meniscectomy model and was confirmed
to participate in decreasing the mineralisation capacity of
ossified osteoblasts in OA. Liu and Luo (19) determined that

miR‑211‑5p was markedly diminished in OA articular carti‑
lage tissues, and was able to restrain ECM degradation and the
production of inflammatory cytokines in OA. Similar to the
aforementioned outcomes, miR‑211‑5p was downregulated in
OA tissues and cells in the present study, and overexpression
of miR‑211‑5p was shown to facilitate cell viability, suppress
inflammation and decrease ECM degradation, implying that
miR‑211‑5p may alleviate OA in vitro. Furthermore, previous
studies have reported that lncRNAs exert their regulatory
functions by interacting with miRNAs in OA (31,32). More
importantly, the crucial role of PVT1/miR‑211‑3p axis (33)
and XIST/miR‑211 (34) axis in OA have been verified. In
the present study, miR‑211‑5p was identified as a target of
KCNQ1OT1 and was inversely modulated by it. Furthermore,
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Figure 5. KCNQ1OT1 indirectly regulates expression of TCF4 by competitively binding to miR‑211‑5p. (A) Relative expression level of TCF4 in OA cartilage
tissues and normal cartilage tissues was determined by RT‑qPCR. **P<0.01 vs. normal. (B) Relative protein expression level of TCF4 in C28/I2 cells was
determined by western blotting. **P<0.01 vs. control. (C) Expression levels of miR‑211‑5p and TCF4 were detected by RT‑qPCR. **P<0.01 vs. inhibitor NC or
pcDNA‑NC. (D) Relative protein expression level of TCF4 in transfected C28/I2 cells were determined by western blotting. **P<0.01 vs. LPS + sh‑NC; ##P<0.01
vs. LPS + sh‑KCNQ1OT1. (E) Cell viability was assessed by MTT assay. **P<0.01 vs. LPS + sh‑NC; ##P<0.01 vs. LPS + sh‑KCNQ1OT1. Levels of (F) IL‑6,
(G) IL‑1β and (H) TNF‑α in culture medium were measured by ELISA. **P<0.01 vs. LPS + sh‑NC; ##P<0.01 vs. LPS + sh‑KCNQ1OT1. (I) Protein expression
levels of MMP‑3, MMP‑13, collagen X and collagen II were detected by western blotting. **P<0.01 vs. LPS + sh‑NC; ##P<0.01 vs. LPS + sh‑KCNQ1OT1. miR,
microRNA; OA, osteoarthritis; LPS, lipopolysaccharide; RT‑qPCR, reverse transcription‑quantitative polymerase chain reaction; sh, short hairpin RNA; NC,
negative control; KCNQ1OT1, KCNQ1 opposite strand/antisense transcript 1; TCF4, transcription factor 4; MMP, matrix metalloproteinase.
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inhibition of miR‑211‑5p reversed the suppressive effects of
sh‑KCNQ1OT1 on inflammation and ECM degradation, as
well as the promotive effect of sh‑KCNQ1OT1 on viability in
OA cells. Given these outcomes, it was deduced that knock‑
down of KCNQ1OT1 attenuated OA by regulating miR‑211‑5p
in vitro.
TCF4 is a crucial risk gene on human chromosome 18 that
has been reported to be associated with OA (35,36). Previous
studies have confirmed the high expression of TCF4 in
OA (22,36), and revealed that TCF4 may induce chondrocyte
apoptosis and cartilage degradation to facilitate OA develop‑
ment (37). In agreement with previous studies, the present study
reported that TCF4 expression was increased in OA tissues
and cells, implying that TCF4 contributed toward the develop‑
ment of OA. Furthermore, a previous study revealed that TCF4
may serve as the target gene of numerous miRNAs in OA,
including miR‑137 (38), miR‑130a‑3p (22) and miR‑93‑5p (37).
In the present study, TCF4 was targeted and inversely regu‑
lated by miR‑211‑5p. Based on the aforementioned results, it
was concluded that miR‑211‑5p exerted an inhibitory effect on
the progression of OA by targeting TCF4. Furthermore, it was
revealed that TCF4 was positively regulated by KCNQ1OT1,
and overexpression of TCF4 reversed the suppressive effects
of sh‑KCNQ1OT1 on inflammation and ECM degradation,
and reversed the promotive effect of sh‑KCNQ1OT1 on
proliferation in OA in vitro. Therefore, it was concluded that
sh‑KCNQ1OT1 suppressed OA progression by modulating the
miR‑211‑5p/TCF4 axis in vitro.
In conclusion, KCNQ1OT1 and TCF4 expression was
increased, whereas miR‑211‑5p was decreased in OA tissues and
cells. It was suggested that KCNQ1OT1 acted as a sponge for
miR‑211‑5p and TCF4 was targeted by miR‑211‑5p. Knockdown
of KCNQ1OT1 facilitated cell viability, but inhibited inflamma‑
tion and ECM degradation by mediating the miR‑211‑5p/TCF4
axis in vitro. However, the present study has certain limitations.
There may be other possible mediators aside from TCF4. In
addition, in vivo experiments were not conducted to elucidate the
regulatory mechanism of the KCNQ1OT1/miR‑211‑5p/TCF4
axis. These limitations should be addressed in future studies.
Nonetheless, the present study may provide a solid foundation
for treating OA in clinical settings.
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