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Knockdown of LINC01385 inhibits osteoarthritis progression
by modulating the microRNA-140-3p/TLR4 axis
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Abstract. Long non-coding (Inc) RNAs have been associated
with osteoarthritis (OA) progression. The aim of the present
study was to investigate the regulatory mechanism of IncRNA
LINCO1385 in OA in vitro. The mRNA expression level of
LINCO01385, microRNA(miR)-140-3p, and Toll-like receptor 4
(TLR4) was detected using reverse transcription-quantitative
PCR, while ELISA was used to determine the concentration
of different inflammatory factors [tumor necrosis factor-a
(TNF-a), IL-6, and prostaglandin E, (PGE,)]. The viability of
human articular chondrocytes (HC-a) was measured using a
MTT assay and western blot analysis was performed to quantify
the protein expression level of TLR4. The associations between
miR-140-3p and LINCO01385/TLR4 were confirmed using a
dual-luciferase reporter assay. LINC01385 mRNA expression
level was increased in OA tissues and IL-1f-induced HC-a.
LINCO01385 knockdown and miR-140-3p mimics reduced the
concentration of inflammatory factors in IL-1p-induced HC-a
and promoted cell survival. In addition, it was confirmed
that LINCO1385 targeted miR-140-3p, while TLR4 was a
target gene of miR-140-3p. Negative correlations between
LINCO01385 and miR-140-3p, and between miR-140-3p and
TLR4 were observed in OA tissues. Low mRNA expression
level of miR-140-3p and high protein expression level of TLR4
reversed the inhibitory effect of LINCO01385 knockdown on
the inflammatory responses of IL-1B-induced HC-a and
exhibited a stimulating effect on cell viability. LINC01385
knockdown reduced the progression of OA by modulating the
miR-140-3p/TLR4 axis in vitro; thus, LINC01385 may be a
therapeutic target for OA.
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Introduction

Osteoarthritis (OA) is a type of degenerative joint disease
that is most common in the elderly (aged =60 years), typically
originates from chondrocytes (1,2). Patients with OA typically
present with evidence of chondrocytes apoptosis, joint
inflammation and cartilage sclerosis (3). The main treatment
methods, such as acupuncture, drugs and electromagnetic
therapies, are used to relieve pain or control symptoms;
however, they cannot cure OA (4-8). Therefore, novel treatment
strategies are required to cure OA.

An increasing number of studies have investigated
long non-coding (Inc) RNAs and OA progression, and have
revealed that IncRNAs play important roles in some cellular
processes of OA (9-11). Tang et al (9) reported that silencing of
IncRNA-p21 significantly increased cell viability and inhibited
apoptosis in human chondrocytes. Both Hu er al (10) and
Luo et al (11) discovered that in the human C28/12 cartilage
cell line, cell viability was promoted, whereas apoptosis and
inflammatory cytokines levels were suppressed following
transfection with short inhibiting RNA targeting H19 or
MFI2-AS1. In addition, Li and Zhang (12) reported that
LINCO01385 may have a enhancing effect on the proliferation
of nasopharyngeal carcinoma. Xiao et al (13) found that
LINCO01385 mRNA expression level was increased in human
OA tissues using microarray and bioinformatics analyses.
However, the detailed regulatory mechanism of LINCO01385 in
OA progression remains unclear.

Emerging evidence has confirmed that microRNAs
(miRNAs/miR), such as miR-451 (9), miR-130a-3p (10,11,14),
miR-142-5p (15), miR-137 (16), and miR-20b (17), play
protective roles against the development of OA. In addition,
an increasing amount of research has been directed towards
understanding the anti-osteoarthritic role of miR-140 (18-20).
Tardif et al (18) showed that miR-140 was regulated by
NFATS3 and transforming growth factor-f/SMAD3 to inhibit
the progression of OA. Furthermore, Tardif ez al (19) demon-
strated that the suppressive role of miR-140 in human OA
was associated with the protein level of insulin-like growth
factor-binding protein 5 and matrix metalloproteinase 13.
Notably, Wang et al (20) showed that miR-140 exhibited its
anti-osteoarthritic effects by promoting cell survival and
suppressing inflammation; however, the ability of miR-140 to
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interact with LINCO01385 to modulate OA progression requires
further investigation.

In the present study, the effects of the
LINCO01385/miR-140-3p/TLR4 axis on the development and
progression of OA was investigated and the results could iden-
tify a potential therapeutic target for OA.

Materials and methods

Tissues samples. A total of 25 patients with OA (males, 7;
females, 18; mean age, 51.34+16.27 years) and 25 age-matched
patients (males, 9; females, 16; mean age, 50.12+14.38 years)
with a femoral fracture without OA or rheumatoid arthritis were
selected from Liaocheng People's Hospital (Shandong, China)
between December 2016 and July 2018. The inclusion criteria
were: i) Patients who were diagnosed as OA (21); ii) patients
who were willing to participate; iii) patients who fully
understood the experimental protocol. The exclusion criteria
were as follows: i) Patients with other disease complications,
such as chronic inflammatory diseases; ii) patients who were
treated within 3 months before admission. OA cartilage was
collected from the patients with OA, who had undergone total
knee replacement surgery, whereas the normal cartilage tissues
were obtained from the knee joints of patients without OA or
rheumatoid arthritis. All the cartilage samples were obtained
in accordance with the diagnostic criteria of osteoarthritis
from the Orthopaedic Society of the Chinese Medical
Association (21). All participants provided written informed
consent and the protocols of the present study were approved
by the ethical committee of Liaocheng People's Hospital
(approval no. 2020037).

Cell culture, transfection, and induction. The human articular
chondrocytes (HC-a) were purchased from Tongpai Biotech,
Co., Ltd., then cultured in DMEM containing 10% FBS at
37°C in a humidified incubator with 5% CO,. To establish OA
in vitro model, HC-a cells were treated with 10 ng/ml of IL-1$
(Sigma-Aldrich; Merck KGaA) for 24 h at 37°C and HC-a
cells without IL-1f treatment were served as the controls.
Afterwards, the short hairpin (sh)RNA targeting LINCO01385
(sh-LINCO01385), toll-like receptor 4 (sh-TLR4), and the
non-targeting negative control (sh-NC) were purchased from
VectorBuilder Inc. The linear pSIH1-H1-copGFP shRNA
Vector was obtained from System Biosciences, LLC.
Overexpression TLR4 (pcDNA-TLR4), overexpression
LINCO01385 (pcDNA-LINCO01385), and their respective NCs
(pcDNA3.1); miR-140-3p mimics (5'-UACCACAGGGUA
GAACCACGG-3') and its NC (NC mimics, 5-GCAAGAGAC
AAGCGCUUAGCC-3"); and miR-140-3p inhibitor (5'-CCG
UGGUUCUACCCUGUGGUA-3") and its NC (NC inhibitor,
5'-GGUCCUGAUUCGUGCUACUCG-3") were obtained from
Hunan Fenghui Biotechnology Co., Ltd. The aforementioned
agents (20 nM) were transfected into the IL-1B-induced HC-a
(2x10%) using Lipofectamine® 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.) at 37°C. Subsequently, 48 h after transfection,
the transfected HC-a cells were harvested to perform the
following experiments.

Reverse transcription (RT)-quantitative PCR (RT-gPCR).
Total RNA was extracted from the OA and normal cartilage

tissues, and the transfected HC-a using TRIzol® (Invitrogen;
Thermo Fisher Scientific, Inc.). RNA was then quantified using
aNanoDrop® 1000 (Thermo Fisher Scientific, Inc.) and RT was
performed using a FastQuant cDNA First Chain Synthesis kit
(Tiangen Biotech, Co., Ltd.) from 2 ug total RNA, according
to the manufacturer's instructions. The conditions of RT were
as follows: 10 min at 25°C, 35 min at 50°C and 15 min at 80°C.
gPCR was performed using Fast SYBR™ Green Master Mix
(Thermo Fisher Scientific, Inc.) and an ABI 7500 Real-Time
PCR System (Applied Biosystems; Thermo Fisher Scientific,
Inc.). The following thermocycling conditions were used:
Initial denaturation at 94°C for 10 min, followed by 40 cycles
at 94°C for 10 sec, 60°C for 20 sec and 72°C for 1 min. GADPH
and U6 were used as the internal references. Gene expression
was quantified using the 2424 method (22). The following
primer sequences were used: LINCO01385 forward, 5-TGT
TTCTCGAGTGTGGGCAG-3' and reverse, 5'-GGCACTCGC
GTTTTCTTCTG-3'; miR-140-3p forward, 5'-CACTCCAGC
TGGGAGGCGGGGCGCCGCGGGA-3' and reverse, 5'-CTC
AACTGGTGTCGTGGA-3"; TLR4 forward, 5-AGTTGATCT
ACCAAGCCTTGAGT-3' and reverse, 5-GCTGGTTGTCCC
AAAATCACTTT-3"; GAPDH forward, 5'-CCAGGTGGT
CTCCTCTGA-3" and reverse, 5-GCTGTAGCCAAATCG
TTGT-3' and U6 forward, 5'-CTCGCTTCGGCAGCACA-3'
and reverse, 5" AACGCTTCACGAATTTGCGT-3'.

MTT assay. The viability of the HC-a was detected using a
MTT assay. Briefly, the transfected and IL-1B-induced HC-a
were seeded into a 96-well plate (2x10° cells per well) and
incubated for 48 h at 37°C. Subsequently, 20 xl MTT (Nanjing
KeyGen Biotech Co., Ltd.) was added to each well and the cells
were then incubated for 2 h at 37°C. Following which, 150 ul
dimethyl sulfoxide (Sigma-Aldrich; Merck KGaA) was added
to dissolve the formazan crystal. The viability (measured at
450 nm) was analyzed using a Multiskan Spectrum microplate
reader (Thermo Fisher Scientific, Inc.).

ELISA. The concentrations of the inflammatory cytokines
[IL-6 (cat. no. 70-EK106/2-96), tumor necrosis factor- o
(TNF-a,cat.no.70-EK182HS-96), and prostaglandin E, (PGE,
cat. no. 70-EK8103/2-48; http:/www.liankebio.com/gallery.
html?scontent=n,70-EK8103%2F2-48)] in IL-1B-induced
HC-a were measured using the corresponding ELISA Kkits
[Hangzhou Multi Sciences (Lianke) Biotech Co., Ltd.]
according to the manufacturer's protocols. The absorbance at
450 nm was measured using a Multiskan Spectrum microplate
reader (Thermo Fisher Scientific, Inc.).

Target prediction. The miRNA targets of LINCO1385
were predicted using the StarBase database version 2.0
(http://starbase.sysu.edu.cn/) and LncBase Predicted v.2
database (http://carolina.imis.athena-innovation.gr/diana_
tools/web/index.php?r=Incbasev2/index-predicted). In
addition, the mRNA targets of miR-140-3p were predicted
using the StarBase database. TLR4 was selected for further
analysis due to its important role in OA (23-25) and unknown
relationship with miR-140-3p in OA.

Dual luciferase reporter (DLR) assay. LINC01385 with
wild-type (WT) or mutant (mut) miR-140-3p-binding sites
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Figure 1. LINCO1385 is highly expressed in OA tissues and IL-1B-induced HC-a. (A) The mRNA expression level of LINC01385 in OA (n=25) and normal
tissues (n=25) was detected using RT-qPCR. ““P<0.001 vs. normal. (B) The mRNA expression level of LINC01385 in IL-1B-induced HC-a was detected using
RT-qPCR. ""P<0.001 vs. control. RT-qPCR, reverse transcription-quantitative PCR; OA, osteoarthritis.

were ligated into the pGL3 vector (Promega Corporation).
In addition, the 3'-untranslated region from TLR4 containing
the predicted miR-140-3p recognition sequence was amplified
by PCR using Platinum™ Direct PCR Universal Master Mix
(cat.no. A44647100; Thermo Fisher Scientific, Inc.). The DNA
template was isolated from the normal cartilage tissues of the
patients without OA or rheumatoid arthritis using DNAzol™
Reagent (Thermo Fisher Scientific, Inc., cat. no. 10503027).
The primer sequences were: forward, 5“TGTATAGCAGAG
TTCGTAT-3' and reverse 5-ACTGAATTTTGTTGTCT-3".
The following thermocycling conditions were used: Initial
denaturation at 94°C for 5 min, followed by 30 cycles at 94°C
for 5 sec, 60°C for 10 sec and 72°C for 30 sec. The amplified
product was ligated into the pGL3 vector. HC-a (2x10°%)
were then co-transfected with LINCO01385-mut/TLR4-mut
or LINCO1385-WT/TLR4-WT (80 ng) and miR-140-3p
mimics or NC mimics (80 ng) using Lipofectamine® 3000
(Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C. Following
transfection for 48 h, Renilla and firefly luciferase activities
were measured using the dual-luciferase reporter assay system
(Promega Corporation). The activity of firefly luciferase was
normalized to the activity of Renilla luciferase.

Western blot analysis. Following protein extraction from the
HC-a using RIPA buffer containing protease inhibitor, the
BCA protein assay kit (Abcam) was used to detect the protein
concentrations. Proteins (~50 pg) were separated using 10%
SDS-PAGE, then transferred onto PVDF membranes and
blocking with 5% bovine serum albumin (Thermo Fisher
Scientific, Inc.) at room temperature for 2 h. Following which,
the membranes were incubated with primary antibodies
against TLR4 (1:1,000; Abcam, cat. no. ab22048), and
o-tubulin (1:1,000; Abcam, cat. no. ab7291) overnight at 4°C.
The membranes were then washed a minimum of three times
using TBS-Tween-20 (TBST; Tween-20, 0.05%) and incubated
with the HRP-conjugated anti-mouse IgG secondary antibody
(1:5,000; Abcam, cat. no. ab6728) for 1 h at room temperature.
Tubulin was used as the internal reference. The membranes
were visualized using a ECL kit (Invitrogen; Thermo Fisher
Scientific, Inc.) and quantified using ImageLab software
version 1.46 (Bio-Rad Laboratories, Inc.).

Statistical analysis. Statistical analysis was performed
using SPSS v23.0 (IBM Corp). The differences between two

groups or among multiple groups was analyzed using either
a Student's t-test (unpaired) or one-way ANOVA followed by
Tukey's multiple comparison test, respectively. The data are
presented as the mean + SD. The correlation was determined
using Pearson's correlation analysis. P<0.05 was considered
to indicate a statistically significant difference. All the
experiments were conducted in triplicate, from at least three
independent experiments.

Results

LINCO01385 is highly expressed in OA tissues and in
IL-13-induced HC-a. First, the mRNA expression level of
LINCO1385 in OA tissues was determined and the results
showed that LINCO01385 was significantly expressed in
OA tissues compared with that in normal tissues (P<0.001;
Fig. 1A). Similarly, an increased mRNA expression level of
LINCO01385 was observed in IL-13-induced HC-a compared
with that in the controls (P<0.001; Fig. 1B).

LINCO01385 knockdown suppresses inflammatory
protein concentrations and promotes cell viability in the
IL-1B-induced HC-a. To investigate the potential role of
LINCO01385 on OA progression in vitro, the transfection
efficiency of sh-LINCO01385 and pcDNA-LINCO01385 was
evaluated. The mRNA expression level of LINC01385 was
notably decreased following transfection with sh-LINC01385,
whereas it was increased following transfection with
pcDNA-LINCO01385 (P<0.001; Fig. 2A). Following which,
the viability of the IL-1f-induced HC-a was measured.
Cell viability was inhibited in the IL-1 + sh-NC and
IL-1p + pcDNA3.1 groups compared with that in the
control (P<0.001; Fig. 2B). However, the viability of the
HC-a was increased in the IL-1f + sh-LINCO01385 group
compared with that in the IL-1f3 + sh-NC group, whereas it
was suppressed in the IL-1f + pcDNA-LINCO01385 group
compared with that in the IL-1p + pcDNA3.1 group (P<0.01;
Fig. 2B). The concentrations of the inflammatory cytokines,
which were measured using ELISA, revealed contrasting
results. As shown in Fig. 2C-E, transfection of sh-NC or
pcDNA3.1 increased the secretion of the inflammatory
cytokines compared with that in the control. Compared with
that in the sh-NC group, transfection with sh-LINCO01385
significantly reduced the concentration of the inflammatory
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Figure 2. LINCO01385 knockdown decreases the concentration of inflammatory factors and increases cell viability in the IL-13-induced HC-a. (A) The mRNA
expression level of LINC01385 following transfection with sh-LINC01385 or pcDNA-LINCO01385 and their respective NCs into the HC-a was detected using

reverse transcription-quantitative PCR. ““P<0.001 vs. the sh-NC group. “#P<0.001 vs. the pcDNA3.1 group. (B) The viability of the IL-1B-induced HC-a
was measured using a MTT assay. ““P<0.001 vs. the Control group. #P<0.01 vs. the IL-18 + sh-NC group; ““P<0.01 vs. the IL-1f + pcDNA3.1 group. The
concentration of (C) IL-6, (D) TNF-a and (E) PGE, in IL-1B-induced HC-a was measured using ELISA. ““P<0.001 vs. the Control group. “*P<0.001 vs. the
IL-1B + sh-NC group. “44P<0.001 vs. the IL-1f3 + pcDNA3.1 group. NC, negative control; sh, short hairpin; OD, optical density; TNF, tumor necrosis factor;

PGE,, prostaglandin E,.

cytokines in the IL-1p-induced HC-a, while transfection
with pcDNA-LINCO01385 significantly increased the
concentration of inflammatory cytokines compared with that
in the pcDNA3.1 group (P<0.001).

Identification miR-140-3p as a target of LINC01385. To
investigate the downstream target of LINCO01385, the StarBase
database was used to predict potential binding sites between
LINCO01385 and miRNAs and miR-140-3p was found to be a
target (Fig. 3A). DLR verified that the luciferase activity was
significantly reduced in the presence of WT LINCO01385 and
miR-140-3p mimics; but not with miR-NC, suggesting that
miR-140-3p was a target of LINCO01385 (P<0.001; Fig. 3B).
As illustrated in Fig. 3C, decreased mRNA expression level
of miR-140-3p was detected in OA tissues compared with
that in the normal tissues (P<0.001). In addition, there a
negative correlation between the mRNA expression levels
of LINCO01385 and miR-140-3p in OA tissues (R=-0.805;
P<0.0001; Fig. 3D). To further confirm the target relationship
between LINCO01385 and miR-140-3p, miR-140-3p mRNA

expression level was detected following transfection with
pcDNA-LINCO1385 or sh-LINCO01385 in the HC-a. The results
from RT-qPCR revealed that miR-140-3p mRNA expression
level was significantly decreased following transfection
with pcDNA-LINCO01385, while it was increased following
transfection with sh-LINCO01385 (P<0.001; Fig. 3E), which
demonstrated that miR-140-3p was negatively regulated by
LINCO01385.

Overexpression of miR-140-3p reduces the concentration of
the inflammatory cytokines in IL-13-induced HC-a. To inves-
tigate the role of miR-140-3p on the biological functions of OA
in vitro, the transfection efficiency of miR-140-3p mimics and
inhibitors was detected. miR-140-3p mRNA expression level
was significantly increased by miR-140-3p mimics, whereas it
was decreased by the miR-140-3p inhibitor (P<0.001; Fig. 4A).
As shown in Fig. 4B-E, it was found that transfection with
miR-140-3p mimics significantly increased cell viability and
reduced the concentration of the inflammatory cytokines
compared with that in the control group, whereas miR-140-3p
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normal (n=25) tissues was detected using RT-qPCR. ""P<0.001 vs. normal. (D) The correlation between LINC01385 and miR-140-3p mRNA expression level.
(E) The mRNA expression level of miR-140-3p following transfection with sh-LINC01385 or pcDNA-LINCO01385-SNHGI and their respective controls into
the HC-a was detected using qRT-PCR. "“P<0.001 vs. the pcDNA3.1 group. ##P<0.001 vs. the sh-NC group. RT-qPCR, reverse transcription-quantitative PCR;
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inhibitor significantly reduced cell viability and increased the
concentration of the inflammatory cytokines (P<0.01).

miR-140-3p targets TLR4.Based on the results of the StarBase
database, the potential binding site between miR-140-3p and
TLR4 was identified (Fig. 5SA). Using the DLR assay, it was
found that the luciferase activity was significantly decreased
in the TLR4 WT/miR-140-3p mimics group compared with
that in the TLR4 WT/miR-NC group (P<0.001; Fig. 5B).
TLR4 mRNA expression level was significantly higher in OA
tissues compared with that in the normal tissues (P<0.001;
Fig. 5C) and was negatively correlated with miR-140-3p
mRNA expression levels (R=-0.809; P<0.0001; Fig. 5D).
Furthermore, the TLR4 protein expression level was
determined following transfection with miR-140-3p mimics
or inhibitor into the HC-a to further confirm the interaction
between miR-140-3p and TLR4. The results showed that the
TLR4 protein expression level was significantly inhibited by
miR-140-3p mimics and increased by miR-140-3p inhibitor
(P<0.001; Fig. SE).

Decreased TLR4 mRNA expression level suppresses the
concentration of the inflammatory cytokines in OA in vitro.

To investigate the effect of TLR4 on OA inflammation in vitro,
the transfection efficiency of sh-TLR4 and pcDNA-TLR4
was initially determined. TLR4 mRNA expression level in
the HC-a transfected with sh-TLR4 was decreased, while
it was increased following transfection with pcDNA-TLR4
(P<0.001; Fig. 6A). Similarly, the protein expression level
of TLR4 was significantly reduced following transfection
with sh-TLR4 and was increased by pcDNA-TLR4 (P<0.001;
Fig. 6B). As illustrated in Fig. 6C-E, the concentrations of
IL-6, TNF-a, and PGE, were significantly reduced following
TLR knockdown and increased following overexpression of
TLR (P<0.01).

Knockdown of LINCO0I385 suppresses the development
of OA by regulating the miR-140-3p/TLR4 axis
in vitro. To investigate the regulatory mechanisms of
LINCO01385, miR-140-3p and TLR4 on OA in vitro,
sh-LINCO01385, sh-LINC01385 + miR-140-3p inhibitor or
sh-LINCO01385 + pcDNA-TLR4 was transfected into the HC-a.
The protein expression level of TLR4 was decreased following
transfection with sh-LINCO01385, whereas it was increased
following transfection with sh-LINCO01385 + miR-140-3p
inhibitor or sh-LINCO01385 + pcDNA-TLR4 (P<0.01; Fig. 7A).
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reverse transcription-quantitative PCR. ""P<0.001 vs. the NC mimics group.

#P<0.001 vs. the NC inhibitor group. (B) The viability of the IL-1B-induced

HC-a was measured using a MTT assay. “P<0.01 vs. the Control group. “P<0.01 vs. the IL-1f + NC mimics group. *“P<0.01 vs. the IL-1f + NC inhibitor
group. The concentration of (C) IL-6, (D) TNF-a and (E) PGE, in IL-1f-induced HC-a was measured using ELISA. ““P<0.001 vs. the Control group.
"P<0.001 vs. the IL-1f + NC mimics group. ““4P<0.001 vs. the IL-1p + NC inhibitor group. NC, negative control; miR, microRNA; TNF, tumor necrosis factor;

PGE,, prostaglandin E,.

Following which, rescue experiments revealed that transfec-
tion with miR-140-3p inhibitor and TLR4 overexpression
vector reversed the enhancing effect of LINC01385 knock-
down on cell viability, and the inhibitory effects on secretion
of the inflammatory cytokines in IL-1p-treated HC-a (P<0.01;
Fig. 7B-E).

Discussion

OA is a common joint disease, which causes suffering and
inconvenience to the patients, due to joint pain on a daily
basis (26). Furthermore, it is a leading cause of disability and
shortening of an adult working life globally (26). Numerous
IncRNAs have been associated with the development of
OA (27-29). For example, IncRNA anti-differentiation
non-coding RNA expression was increased in plasma
specimens from patients with OA and CHON-001 human

chondrocytes (27). The mRNA expression level of IncRNA
MALATI1 was increased in OA tissues and in a time-dependent
manner in IL-1B-induced chondrocytes (28). Furthermore,
increased mRNA expression of FOXD2-AS1 was detected in
OA cartilage tissue (29). Similar results were obtained in the
present study, as LINC01385 mRNA expression was found to
be higher in OA tissues and in IL-1p-induced HC-a, suggesting
that LINC01385 may play a pathogenic role in OA.

Over the past decade, IncRNAs have been shown to
play crucial roles in regulating proliferation, apoptosis and
inflammatory reactions in OA progression (10,11,15). For
example, MFI2-AS1 silencing reversed the inhibitory effect
of lipopolysaccharide (LPS)-induced OA on cell viability
and the promoting effect on apoptosis and inflammation in
chondrocytes (11). In addition, knockdown of XIST played
a stimulatory role in the proliferation of human SW1353
chondrocytes (15). The cell viability of LPS-treated human



SPANDIDOS

5 PUBLICATIONS EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1244, 2021 7
A B 1.6+
> B NC mimics #l miR-140-3p mimics
g
o
@ 1.04
TLR4-WT 5 uauauuUAUUACCUUGAUUGUGGUg 3' § ’
[ L .;'13
miR-140-3p: 3’ ggcaccAAGAUGG--------GACACCAuU 5' g -
"o 0.51
TLR4-MUT: 5' uauauuGAUCAGCUUGAUCGAUCGg 3' 2
1}
T
o
0.0-
TLR4WT TLR4 MUT
c - 4= *kk D 34-
© §
o] o né o?
3+ 3=
3 5 5 .
[=] =4
@ =]
g 2 2 24
a g
: :
211 %éa HEE v o
s S |R=-0.809
& 5 |P<0.0001
0 r T xo T 1
Normal 0A 0.0 0.5 1.0 1.5
Relative expression of TLR4
s 5
E E E 3
E - E 3 it
8 & £ s =
= o 2 o
E s E s k]
E v £ ) c 24
[3] E [&] o 2
=z 1 =z E @
2
TLR4 s
——— - 51
2
‘g *edkdk
Tobuin - — g L1
8 8 5 ]
E E 3 2
£ £ z £
-
= g =z 2
o 3
o 0
= 14
E £

Figure 5. TLR4 is a target gene of miR-140-3p. (A) The predicted complementary binding site between miR-140-3p and TLR4. (B) The luciferase activity in the
HC-a, co-transfected with pGL3-TLR4 WT or pGL3-TLR4 MUT and with either miR-140-3p mimics or NC mimics was determined using a dual luciferase
reporter assay. ~ P<0.001 vs. the NC mimics group. (C) The mRNA expression level of TLR4 in OA (n=25) and normal (n=25) tissues was detected using

reverse transcription-quantitative PCR. “"P<0.001 vs. normal. (D) The correlation between TLR4 and miR-140-3p expression level. (E) The protein expression
level of TLR4 following transfection with miR-140-3p mimics or miR-140-3p inhibitor and their respective controls into the HC-a was measured using western
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blot analysis.
OA, osteoarthritis; TLR4, toll-like receptor 4.

C28/12 cartilage cells was facilitated by H19 knockdown,
whereas apoptosis and the concentrations of inflammatory
cytokines (IL-6, IL-13, and TNF-a) were suppressed (10).
Consistent with this previous study, in the present study it
was found that transfection with sh-LINCO01385 significantly
reduced cell viability inIL-1p3-induced HC-a, whilst it decreased
the concentration of IL-6, TNF-a and PGE2. However,
contrasting results were obtained following transfection
with pcDNA-LINCO01385. Therefore, we hypothesized that
silencing of LINCO1385 protected against OA.

Numerous studies have indicated that miRs serve as
suppressors in the progression of OA (11,15,16). Luo ef al (11)
demonstrated that miR-130a-3p was minimally expressed

P<0.001 vs. the NC mimics group, #*P<0.001 vs. the NC inhibitor group. NC, negative control; miR, microRNA; WT, wild-type; MUT, mutant;

in OA tissues, whereas overexpression of miR-130a-3p
notably promoted cell viability and inhibited inflammation
in LPS-induced C28/12 cells. Sun et al (15) showed that
the mRNA expression level of miR-142-5p was decreased
in IL-1f3-stimulated SW1353 chondrocytes, while the
proliferation of these cells was increased following transfection
with miR-142-5p mimics. A recent study conducted by
Wang et al (16) detected low mRNA expression level of
miR-137 in OA tissues and increase of miR-137 expression in
LPS-treated human chondrocytes significantly elevated cell
viability, suppressed apoptosis and reduced the concentration
of inflammatory cytokines (16). In the present study,
decreased mRNA expression level of miR-140-3p was found
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TLRA4, toll-like receptor 4.

in OA tissues. Overexpression of miR-140-3p significantly
increased cell viability, whereas it reduced the concentration of
inflammatory factors in IL-1p-induced HC-a, suggesting that
miR-140-3p could be an anti-inflammatory miRNA in OA. In
accordance with the results from the present study, Wang et al
revealed that miR-140 expression level was reduced in OA
tissues, and transfection of miR-140 mimics into IL-1f-induced
chondrocytes increased cell viability and reduced the
concentration of IL-6 and TNF-a (20). By contrast, it was
shown in the present study that transfection with miR-140-3p
inhibitor reduced cell viability and increased the concentration
of inflammatory factors. Simultaneously, miR-140-3p was
verified as a target of LINC01385 and was found to be
negatively regulated by it. We hypothesized that silencing of
LINCO01385 attenuated OA progression by negatively regulating
miR-140-3p. The results from the present study verified that
knockdown of miR-140-3p reversed the promoting effect of
LINCO01385 knockdown on cell viability and the inhibitory
effect on inflammation in IL-1p3-induced HC-a cells. Therefore,
miR-140-3p was negatively regulated by LINC1385 and found
to be associated with the progression of OA.

TLR4,a member of the TLR family, has been associated with
inflammation, including in OA (30,31). Liu et al (32) showed

that TLR4 mRNA expression was increased in human OA
chondrocytes. In addition, other studies have demonstrated that
TLR4 was overexpressed in OA tissues (23-25). In accordance
with these studies, it was found that mRNA expression level
of TLR4 was increased in OA tissues compared with that in
normal tissues. These results suggested that TLR4 might be a
pro-inflammatory gene in OA. The ELISA results showed that the
concentration of IL-6, TNF-a and PGE, in IL-1B-induced HC-a
was inhibited following transfection with sh-TLR4; however, it
was increased following transfection with pcDNA-TLR4, which
supports the aforementioned hypothesis. Furthermore, TLR4
was found to be a target gene of miR-140-3p. As aforementioned,
the results from the present study showed that LINCO01385
decreased OA progression by regulating miR-140-3p. Therefore,
we hypothesized that silencing of LINCO01385 ameliorated OA
by regulating the miR-140-3p/TLR4 axis. The results of rescue
experiments showed that TLR4 overexpression reversed the
effect of LINCO01385 knockdown on increasing cell viability
and the inhibitory effect on the increase in the concentration of
inflammatory factors in IL-1B-induced HC-a, which confirmed
our hypothesis. In conclusion, the results of the present study
suggested that silencing of LINCO01385 inhibited OA progression
by modulating the miR-140-3p/TLR4 axis.
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Figure 7. Knockdown of LINCO01385 suppresses the development of OA by regulating the miR-140-3p/TLR4 axis in vitro. (A) The protein expression level
of TLR4 following transfection with sh-LINC01385, sh-LINCO01385 + miR-140-3p inhibitor or sh-LINC01385 + pcDNA-TLR4 into the HC-a was measured
using western blot analysis. ““P<0.001 vs. the sh-NC group. "P<0.01, “*P<0.001 vs. the sh-LINCO01385 group. (B) The viability of the IL-1B-induced HC-a was
measured using a MTT assay. ““P<0.001 vs. the sh-NC group. “P<0.01 vs. the sh-LINC01385 group. The concentration of (C) IL-6, (D) TNF-a and (E) PGE,
in IL-1B-induced HC-a was measured using ELISA. ""P<0.001 vs. the sh-NC group. #P<0.01, ""P<0.001 vs. the sh-LINCO01385 group. NC, negative control;
miR, microRNA; sh, short hairpin; TNF, tumor necrosis factor; PGE,, prostaglandin E,; TLR4, toll-like receptor 4.

However, there are some limitations to the present study.
First, OA progression was investigated at a cellular level
and in vivo experiments should be performed. Second, OA
pathogenesisis complex and the LINC01385/miR-140-3p/TLR4
may not be the sole regulatory axis involved. Therefore, further
elucidation of alternate pathways and conduction of in vivo
experiments are warranted.

In summary, the present study elucidated that LINCO01385
acted as an endogenous sponge of miR-140-3p to promote
cell viability and suppress inflammation in IL-1p-induced
HC-a. In addition, TLR4 was found to be associated with OA
progression, as a target gene of miR-140-3p. The present study
demonstrated that the LINC01385/miR-140-3p/TLR4 axis
could be important in the development of OA, providing a
potential therapeutic target for OA.
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