
Bioscience Reports (2020) 40 BSR20192095
https://doi.org/10.1042/BSR20192095

*These authors contributed
equally to this work.

Received: 04 July 2019
Revised: 19 August 2020
Accepted: 02 September 2020

Accepted Manuscript online:
03 September 2020
Version of Record published:
16 September 2020

Research Article

MicroRNA-197 regulates chondrocyte proliferation,
migration, and inflammation in pathogenesis of
osteoarthritis by targeting EIF4G2
Shijie Gao*, Liang Liu*, Shibo Zhu, Dawei Wang, Qiang Wu, Guangzhi Ning and Shiqing Feng
International Science and Technology Cooperation Base of Spinal Cord Injury, Tianjin Key Laboratory of Spine and Spinal Cord Injury, Department of Orthopedics, Tianjin Medical
University General Hospital, Tianjin 300052, China

Correspondence: Shiqing Feng (sqfeng@tmu.edu.cn) or Guangzhi Ning (ningguangz1975@sina.com)

Recent studies have demonstrated that microRNAs (miRNAs) are involved in many patho-
logical conditions including osteoarthritis (OA). In the present study, we aimed to investi-
gate the role of miR-197 in OA and the potential molecular mechanism. The expression lev-
els of miR-197 were detected by quantitative real-time PCR analysis. Cell proliferation and
migration abilities were performed by 3-(4,5-dimethylthiazol-2-yl)-2,5-di-phenyltetrazolium
bromide and transwell assays. The concentrations of inflammatory cytokines, including
IL-1β, IL-6, and TNF-α, were detect using ELISA assay. Furthermore, luciferase reporter
and rescue assays were applied to identify the functional target gene of miR-197 in OA.
The results showed that miR-197 expression was significantly down-regulated in the OA
cartilage tissues compared with normal cartilage tissues, accompanied by up-regulation of
EIF4G2 expression. An inverse correlation was found between EIF4G2 and miR-197 ex-
pressions in OA cartilage tissues. Treatment with miR-197 mimics promoted the growth
and migration abilities of chondrocytes, while miR-197 inhibitors induced the opposite ef-
fects. Furthermore, restoration of miR-197 significantly decreased IL-1β, IL-6, and TNF-α
expression, whereas knockdown of miR-197 led to a induction in these inflammatory me-
diators. Moreover, EIF4G2 was predicted and confirmed as a directly target of miR-197.
Overexpressed miR-197 could down-regulate EIF4G2 expression in chondrocytes, while
miR-197 knockdown could elevate EIF4G2 expression. Additionally, EIF4G2 overexpres-
sion reversed the effects of miR-197 mimics on chondrocytes proliferation, migration, and
inflammation. Taken together, our study demonstrated that miR-197 promotes chondrocyte
proliferation, increases migration, and inhibits inflammation in the pathogenesis of OA by
targeting EIF4G2, indicating the potential therapeutic targets of the miR-197/EIF4G2 axis
for OA treatment.

Introduction
Osteoarthritis (OA) is a common chronic osteochondral unit disease that involves not only cartilage but
also meniscus, synovial membrane, subchondral bone, and infrapatellar fat pad [1,2]. OA usually slowly
progressive, and accompanies cartilage degeneration with a loss of joint space that causes pain and dis-
ability [3]. OA is a leading cause of physical disability, pain, and shortening of working life in middle-aged
and older people worldwide [4]. Multiple factors are involved in the etiology of OA, including aging, body
weight, mechanical stress, trauma, and systemic related inflammatory diseases [5]. It has been reported
that immune and inflammatory responses both play important roles in the pathological progress of OA
[6,7]. Currently, the pain control and symptom management are the two primary treatment goals for OA,
but the high incidence of OA places a significant economic burden on whole society [8]. Until now, the
accurately mechanisms underlying the complex pathogenesis of OA are still not fully clarified. Therefore,
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it is necessary to explore the new regulatory mechanism underlying OA pathogenesis and develop novel targeted
approaches for OA treatment.

A growing body of evidences have suggest that chondrocytes are the key cells in articular cartilage tissues and play
an important role in the pathological progression of OA [9]. Moreover, multiple studies have found that dysregu-
lated expression of some genes in chondrocytes are associated with the proliferation and inflammation responses,
and that these genes are indispensable in cartilage homeostasis [10]. MicroRNAs (miRNAs) are non-protein coding
RNA transcripts around 22 nucleotides in length [11]. They play key roles in the epigenetics for human diseases,
thereby regulating target gene expression and downstream pathways [12]. Increasing studies have demonstrated that
miRNAs play key roles in a variety of biological processes, such as cell metabolism, growth, differentiation, inflamma-
tion, and migration [13]. Importantly, dysregulation of miRNAs was discovered in the progression of OA, and could
serve as new biomarkers for OA diagnosis and treatment [14,15]. For example, the dysregulation of miR-140-3p and
miR-140-5p in synovial fluid correlates with the severity of OA [16]. miR-218-5p is a novel inducer of cartilage de-
struction via modulation of PI3K/Akt/mTOR signaling, inhibition of endogenous miR-218-5p expression/activity
appears to be an attractive approach to OA treatment [17]. Recent study has described that miR-15a-5p promotes the
degeneration of chondrocytes by targeting parathyroid hormone-related protein and may be a potential biomarker
of OA [18].

miRNA-197 (miR-197) is located in human chromosome 1p13.3, and is reported to participate in the reg-
ulation of various cellular biological processes [19]. Ni et al. [20] suggested that miR-197 acts as a prognostic
marker and inhibits cell invasion in hepatocellular carcinoma. Zhang et al. [21] demonstrated that miR-197 in-
duces epithelial–mesenchymal transition and invasion through the down-regulation of HIPK2 in lung adenocarci-
noma. Moreover, miR-197 predicts anti-inflammatory response to TNF-α inhibitor etanercept in rheumatoid arthri-
tis [22]. miR-197 levels decrease as the severity of liver disease symptoms became aggravated in hepatitis B virus
(HBV)-infected patients, and exogenous expression of miR-197 represses IL-18 expression at both the mRNA and
protein levels in THP-1 cells [23]. However, the function and potential molecular mechanism of miR-197 involved
in OA pathogenesis remain unknown. In the present study, we intended to investigate the effects of miR-197 overex-
pression and knockdown on the proliferation, migration, and inflammation abilities of chondrocytes, as well as the
functional mechanism of miR-197 impacting OA. Our findings suggested that the miR-197/EIF4G2 axis functions
as important roles in OA pathogenesis.

Materials and methods
Patients and specimens
Forty-one OA articular cartilage tissues were obtained from OA patients who underwent total knee arthroplasty, in-
cluding 25 male and 16 female, with age range from 42 to 67 years. Twenty-nine normal articular cartilage tissues were
obtained from trauma patients without OA history who underwent knee cartilage repair surgery, including 19 male
and 10 female, with age range from 34 to 72 years. The cartilage tissues were immediately frozen in liquid nitrogen
after the surgical resection and further stored at −80◦C. Written informed consent was also obtained by all of the
patients. The present study has been adhered to the standards of the Ethics Committee on Human Experimentation
at Tianjin Medical University General Hospital and conducted in accordance with the regulations of the Helsinki
Declaration (2000).

Primary chondrocyte isolation and culture
The human OA cartilage tissues were treated and digested with 0.2% collagenase II (Thermo Fisher Scientific,
Waltham, MA, U.S.A.), and primary chondrocytes were obtained as described previously [24]. The cells were cul-
tured in the Dulbecco’s modified Eagle’s medium (DMEM; Invitrogen, Carlsbad, CA, U.S.A.) containing 15% fetal
bovine serum (FBS; Invitrogen, Carlsbad, CA, U.S.A.), 100 units/ml of penicillin, and 100 units/ml of streptomycin
for 24 h at 37◦C with 95% air. Subsequently, the chondrocytes were filtered through a 0.075 mm cell strainer (Sigma,
St Louis, MO, U.S.A.) and washed with sterile phosphate-buffered saline (PBS). After 3 weeks, chondrocytes at the
second passage were obtained for further experiments.

RNA extraction and quantitative real-time PCR analysis
Total RNA was isolated from cartilage tissues and chondrocytes by using TRIzol reagent (Invitrogen, Carlsbad,
CA, U.S.A.), according to the manufacturer’s information. Each RNA samples were reverse transcribed into cDNA
with the Mir-X™ miRNA First-Strand Synthesis Kit (Clontech, Mountain View, CA, U.S.A.) with 1 μg of RNA.
Quantitative real-time PCR was conducted with the Mir-X™ miRNA qRT-PCR TB Green™ Kit (Clontech) on the
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ABI7500 Sequence Detection System (Thermo Fisher Scientific, Waltham, MA, U.S.A.). RNU6B and GAPDH were
used as endogenous controls of miR-197 and EIF4G2, respectively. The primer sequences were showing as fol-
lows: EIF4G2, 5′-GGGTCATACTGCTGATTGTGGA-3′ (forward) and 5′-GAATGTGGTGCTTTGCTTCTGT-3′

(reverse); GAPDH, 5′-GGAGCGAGATCCCTCCAAAAT-3′ (forward) and 5′-GGCTGTTGTCATACTTCTCATG
G-3′ (reverse); miR-197, 5′-ATTACTTTGCCCATATTCATTTTGA-3′ (forward) and 5′-ATTCTAGAGGCCGAGG
CGGCCGACATGT-3′ (reverse); RNU6B, 5′-CTCGCTTCGGCAGCACA-3′ (forward) and 5′-AACGCTTCACGA
ATTTGCGT-3′ (reverse). The PCR reaction protocols were set 10 min at 95◦C, followed by 40 cycles of 20 s at 95◦C,
30 s at 55◦C and 30 s at 72◦C. The miR-197 and EIF4G2 expression results were presented as fold changes relative to
RNU6B and GAPDH and were calculated by the 2 –��CT method [25]. The experiments were run in triplicate.

Transfection
The miR-197 mimics, mimics control, miR-197 inhibitors, and inhibitors control were synthesized and obtained
from RiboBio Co., Ltd. (Guangzhou, China) to overexpressing and knockdown the expression levels of miR-197. The
pcDNA3.1-EIF4G2 vector and control vector were purchased at Genechem Co., Ltd. (Shanghai, China) to up-regulate
the expression of EIF4G2. Chondrocytes were cultured in six-well plates with appropriate cells for 24 h at 37◦C with
95% air. All oligonucleotides and/or plasmids were transfected into chondrocytes by using Lipofectamine® 3000
Transfection Reagent (Invitrogen, Carlsbad, CA, U.S.A.) according to the manufacturer’s information. Twenty-four
hours after transfection, the cells were collected for subsequent experiments.

3-(4,5-dimethylthiazol-2-yl)-2,5-di-phenyltetrazolium bromide (MTT)
assay
The chondrocytes were seeded into 96-well plates with a density of 5 × 103 cells per well at different time points after
transfection (0, 24, 48 and 72 h). Subsequently, 15 μl of 0.5% 3-(4,5-dimethylthiazol-2-yl)-2,5-di-phenyltetrazolium
bromide (MTT) reagent (Sigma, St Louis, MO, U.S.A.) was added into each well for incubation 4 h at 37◦C. Then the
supernatant was removed and 120μl of dimethylsulfoxide (Sigma) was added to dissolve the formazan precipitates for
incubation another 4 h at 37◦C. Optical densities were measured at 450 nm of each well with a Versamax microplate
reader (Molecular Devices, Sunnyvale, CA, U.S.A.). The results were obtained from three independent experiments
in triplicate.

Transwell assay
The migration ability of chondrocytes was assessed by transwell assay with a 8-μm pore size polycarbonate membrane
filter (BD Biosciences, Bedford, MA, U.S.A.). A totol of 3 × 105 chondrocytes were placed in the upper chamber with
200 μl of DMEM, and the lower chamber was filled with 500 μl of DMEM medium containing 15% FBS. After
incubation for 24 h in a 37◦C with 95% air, the cells remaining on the upper surface of the membrane were removed
with cotton swabs, while the migrated cells on the lower surface were fixed with 75% methanol for 30 min and then
stained with 0.5% Crystal Violet solution for 20 min at 37◦C. The migrated cells were photographed and counted
by using an inverted fluorescence microscope (BZ 9000; Keyence Co., Osaka, Japan). The experiments were run in
triplicate.

Enzyme–linked immunosorbent assay (ELISA) assay
To determine the concentrations of inflammatory cytokines, the levels of IL-1β, TNF-α, and IL-6 in chondrocytes
transfected with oligonucleotides and/or plasmids were detected. The transfected cells were cultured in six-well plates
for 48 h. The chondrocytes were lysed and the supernatant was collected, and analyzed using the Human IL-1β,
TNF–α, and IL-6 ELISA Kit (Beyotime Biotechnology, Shanghai, China), according to the manufacturer’s protocols.
The experiments were performed in triplicate and repeated three times.

Western blotting
The transfected chondrocytes were washed with cold PBS and lysed in RIPA reagent (Invitrogen, Carlsbad, CA,
U.S.A.). The proteins were quantified using the BCA Protein Assay kit (Pierce Biotechnology, Rockford, IL, U.S.A.)
and electrophoresed on a 10% SDS-PAGE gel (Beyotime Biotechnology). Then, the proteins were transferred to
polyvinylidene fluoride membranes (Millipore, Bedford, MA, U.S.A.), and blocked with 5% nonfat milk for 2 h at
37◦C. The membranes were incubated with primary antibodies against EIF4G2 (Santa Cruz Biotechnology, Santa
Cruz, CA, U.S.A.) and GPAHD (Santa Cruz Biotechnology) at 4◦C overnight. All primary antibodies were diluted
in 1% bovine serum albumin (Beyotime Biotechnology) solution with a dilution of 1:2000. After the membranes
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were washed with TBST buffer, and incubated with HRP-conjugated secondary antibody (Santa Cruz Biotechnol-
ogy). Signals of bands were recorded using ECL detection system (Pierce Biotechnology) according to manufacturer’s
information. Data were analyzed using Quantity One software (Bio-Rad, Hercules, CA, U.S.A.).

Luciferase reporter assay
The amplified 3′-UTR sequences of EIF4G2 were cloned to the pmirGLO luciferase vector (Promega, Madison, WI,
U.S.A.) to build the wild-type (Wt) EIF4G2 luciferase vector, while the mutated 3′-UTR sequences of EIF4G2 were
cloned to the pmirGLO luciferase vector to form the mutant (Mut) EIF4G2 luciferase vector. For luciferase reporter
assay, the transfected chondrocytes were plated in 24-well plates with a density of 6 × 104 cells per well, and cultured
with Wt or Mut EIF4G2 luciferase vector for 48 h. Lysates were collected, and luciferase activities were consecutively
measured by the dual-luciferase reporter system (Promega). Firefly luciferase activity was normalized against renilla
luciferase activity. The experiments were performed in triplicate and repeated three times.

Statistical analysis
The SPSS 22.0 software (SPSS, Inc., Chicago, IL, U.S.A.) was used for statistical analysis. All data were presented
as the means +− standard deviation (SD) from three independent experiments in triplicate. Two group comparisons
were performed with two-sided Student’s t-test. Multiple group comparisons were analyzed with two-sided one-way
ANOVA and Tukey’s post hoc test. The normality of the data distribution was evaluated by the Kolmogorov–Smirnov
test, and the correlations between EIF4G2 and miR-197 expression were determined by Spearman’s correlation anal-
ysis. A value of P less than 0.05 was considered to statistically significant.

Results
Expression of miR-197 and EIF4G2 in human OA cartilage tissues
To determine whether miR-197 and EIF4G2 were dysregulated in OA patients, the expression levels of miR-197 and
EIF4G2 in 41 OA cartilage tissues and 29 normal cartilage tissues were detected using quantitative real-time PCR
analysis. As shown in Figure 1A, miR-197 expression was significantly decreased in OA cartilage tissues compared
with normal cartilage tissues (P<0.001). However, EIF4G2 mRNA expression was increased in OA cartilage tissues
compared with normal cartilage tissues (Figure 1B, P<0.001). We further analyzed the correlation between EIF4G2
and miR-197 expression in OA cartilage tissues by Spearman’s correlation analysis, and found that EIF4G2 mRNA
expression was inversely correlated with miR-197 expression in OA cartilage tissues (Figure 1C, r = −0.75, P<0.001).
These above data suggested that miR-197 and EIF4G2 may involved in OA-related pathogenesis.

miR-197 regulates cell proliferation, migration, and inflammation in
chondrocytes
To investigate the potential roles of miR-197 on OA, primary human chondrocytes were isolated and transfected
with miR-197 mimics, mimics control, miR-197 inhibitors, and inhibitors control. The efficiency of miR-197 over-
expression and knockdown in chondrocytes was shown in Figure 2A (P<0.001). By using MTT assay, we found that
overexpression of miR-197 clearly promoted the proliferation of chondrocytes, while down-regulation of miR-197
significantly suppressed chondrocytes growth (Figure 2B, P<0.001). Similarly, miR-197 mimics facilitated the mi-
gration of chondrocytes, while miR-197 inhibitors induced the opposite effects (Figure 2C, P<0.001). In addition, we
analyzed the difference in cell inflammation after miR-197 overexpression and knockdown by ELISA assay. Results
showed that chondrocytes transfected with miR-197 mimics showed a marked reduction in the expression of IL-1β,
IL-6, and TNF-α compared with the mimics control groups (P<0.05), whereas miR-197 inhibitors significantly in-
duced the expression of IL-1β, IL-6, and TNF-α compared with the inhibitors control groups (Figure 2D, P<0.05).
These data suggested that miR-197 promotes proliferation and migration, but inhibits inflammation of chondrocytes.

The expression of EIF4G2 was regulated by miR-197 in chondrocytes
To investigate the molecular mechanism of miR-197 in pathogenesis of OA, the potential target genes of miR-197 were
predicted using TargetScanHuman 7.2 (http://www.targetscan.org/vert 72/), miRBase (http://www.mirbase.org/),
and microRNA.org (http://www.microrna.org/microrna/). The EIF4G2 gene with high binding scores was selected
from the overlapping gene set. The 3′-UTR sequences of EIF4G2 mRNA (UGGUGA) had a complementary bind-
ing site for miR-197 (ACCACU) (Figure 3A). Subsequently, we conducted quantitative real-time PCR analysis and
Western blotting to detect the effects of miR-197 overexpression and knockdown on EIF4G2 expression in chondro-
cytes. In chondrocytes, overexpressed miR-197 significantly down-regulated EIF4G2 mRNA and protein expression
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Figure 1. Expression of miR-197 and EIF4G2 in human osteoarthritis (OA)

(A) Relative expression levels of miR-197 in osteoarthritis (OA) and normal cartilage tissues were detected by quantitative real-time

PCR analysis. RNU6B was used as endogenous control of miR-197. (B) The relative expression of EIF4G2 mRNA was significantly

up-regulated in OA cartilage tissues compared with normal cartilage tissues. GAPDH was used as endogenous control of EIF4G2

mRNA. (C) The inverse relationship was observed between miR-197 and EIF4G2 mRNA expression in OA cartilage tissues. The

data were presented as the means +− standard deviation (SD) from three independent experiments in triplicate.

in chondrocytes (Figure 3B, P<0.001), while miR-197 suppression strongly elevated EIF4G2 mRNA and protein ex-
pression (Figure 3C, P<0.001). The data demonstrated that miR-197 suppresses EIF4G2 expression in chondrocytes.

EIF4G2 is a directly target gene of miR-197 in chondrocytes
To confirm whether EIF4G2 was a direct target of miR-197 in chondrocytes, the luciferase reporter assay was per-
formed. The chondrocytes were transfected with the Wt or Mut EIF4G2 luciferase vector in the presence of miR-197
overexpression and knockdown. The Wt EIF4G2 luciferase vector had a miR-197-binding sites, while the Mut EIF4G2
luciferase vector was lacked a miR-197 binding sites. It was observed that the overexpression of miR-197 decreased
relative luciferase activity in the presence of the Wt EIF4G2 luciferase vector (Figure 4A, P<0.001), whereas the
knockdown of miR-197 increased the relative luciferase activity of Wt EIF4G2 luciferase vector (Figure 4B, P<0.001).
Similarly, no significant change in relative luciferase activity was observed in Mut EIF4G2 luciferase vector in the pres-
ence of miR-197 overexpression (Figure 4A) and knockdown (Figure 4B). The data suggested that EIF4G2 is a directly
target gene of miR-197 in chondrocytes.
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Figure 2. The effects of miR-197 on cell proliferation, migration, and inflammation in chondrocytes

(A) Chondrocytes were transfected with miR-197 mimics, mimics control, miR-197 inhibitors, and inhibitors control for 48 h, and

the expression levels of miR-197 were detected. (B) MTT assay reveal that overexpression of miR-197 promoted the proliferation

of chondrocytes, while down-regulation of miR-197 suppressed chondrocytes growth. (C) Transwell assay showed that miR-197

mimics facilitated the migration of chondrocytes, whereas miR-197 inhibitors induced the opposite effects; scale bar: 100 μm. (D)

ELISA assay analysis of the concentration of IL-1β, IL-6, and TNF-α in chondrocytes after miR-197 overexpression and knockdown.

The data were presented as the means +− SD from three independent experiments in triplicate.

miR-197 regulates proliferation, migration, and inflammation of
chondrocytes through targeting EIF4G2
To investigate whether EIF4G2 was involved in the regulation of miR-197 in pathogenesis of OA, we transfected
the pcDNA3.1-EIF4G2 vector and control vector into miR-197 overexpressing chondrocytes. As shown in Figure
5A, pcDNA3.1-EIF4G2 vector could in strongly increase EIF4G2 mRNA and protein expression in chondro-
cytes compared with the control vector (P<0.001). Simultaneously, pcDNA3.1-EIF4G2 vector could increase the
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Figure 3. The expression of EIF4G2 is regulated by miR-197 in chondrocytes

(A) Schematic diagram of the predicted targeting binding sites of miR-197 on the 3′-UTR sequences of EIF4G2 mRNA. (B) Quantita-

tive real-time PCR analysis and Western blotting showed that overexpressed miR-197 significantly down-regulated EIF4G2 mRNA

and protein expression in chondrocytes. (C) miR-197 suppression elevated EIF4G2 mRNA and protein expression in chondrocytes.

The data were presented as the means +− SD from three independent experiments in triplicate.

EIF4G2 expression in chondrocytes by miR-197 overexpression (P<0.001). Furthermore, MTT assay showed that
the up-regulation of cell proliferation induced by miR-197 overexpression was reversed by the pcDNA3.1-EIF4G2
vector (Figure 5B, P<0.05). As shown in Figure 5C, a consistent result with findings in transwell assay was detected
that the cell migration were markedly decreased in miR-197 overexpressing chondrocytes after EIF4G2 up-regulation
(P<0.001). Besides, ELISA assay revealed that the inhibitory effects on IL-1β, IL-6, and TNF-α expression levels by
miR-197 overexpression in chondrocytes could be partly abolished by the introduction of pcDNA3.1-EIF4G2 vector
(Figure 5D, P<0.05). These results suggest that pcDNA3.1-EIF4G2 vector neutralized the effects of the miR-197 over-
expression, indicating that miR-197 regulates proliferation, migration, and inflammation of chondrocytes through
targeting EIF4G2. The mechanism graph of the function and regulatory mechanism of miR-197 in pathogenesis of
OA is presented in Figure 6.
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Figure 4. EIF4G2 is a directly target gene of miR-197 in chondrocytes

(A) The chondrocytes were transfected with the Wt or Mut EIF4G2 luciferase vector in the presence of miR-197 overexpression.

Luciferase reporter assay showed that miR-197 mimics significantly decreased the relative luciferase activity of Wt EIF4G2 luciferase

vector, but not Mut EIF4G2 luciferase vector. (B) miR-197 inhibitors increased the relative luciferase activity of Wt EIF4G2 luciferase

vector, but not Mut EIF4G2 luciferase vector. The data were presented as the means +− SD from three independent experiments in

triplicate.

Discussion
OA is a chronic degenerative osteochondral unit disease and begins with an aging related disruption of the cartilage
tissues [1,2]. Since the underlying mechanism of OA is not fully understand, there is no specially therapy for OA
treatment. Recently, increasing studies have demonstrated that the proliferation and inflammation of chondrocytes
are closely associated with the pathogenesis and progression of OA [10]. The maintaining proliferation of chondro-
cytes is essential for maintaining the integrity of cartilage tissues. miRNAs are a class of non-coding molecules that
regulate the expression of target genes and have been shown to participate in the biological regulation of chondro-
cytes [26]. For example, Lian et al. [27] showed that miR-128a represses chondrocyte autophagy and exacerbates knee
OA by disrupting autophagy related 12 gene. Wang et al. [28] indicated that mR-590-5p targets transforming growth
factor β1 to promote chondrocytes apoptosis and autophagy in response to mechanical pressure injury. Yu et al. [29]
demonstrated that inhibition of miR-126 protects chondrocytes from IL-1β induced inflammation via up-regulation
of Bcl-2. In the present study, we found that miR-197 was significantly decreased in OA cartilage tissues. miR-197
could promote cell proliferation and migration, and suppress inflammation of chondrocytes. We also found that
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Figure 5. miR-197 regulates proliferation, migration, and inflammation of chondrocytes through targeting EIF4G2

(A) Relative expression of EIF4G2 mRNA and protein in miR-197 overexpressing chondrocytes transfected with pcDNA3.1-EIF4G2

vector and/or miR-197 mimics. (B) Up-regulation of cell proliferation induced by miR-197 overexpression was reversed by the

pcDNA3.1-EIF4G2 vector. (C) The migration of chondrocytes induced by miR-197 overexpression could be reversed by EIF4G2

up-regulation; scale bar: 100 μm. (D) ELISA assay was conducted to analyze the expressions of IL-1β, IL-6, and TNF-α in miR-197

overexpressing chondrocytes after EIF4G2 up-regulation. The data were presented as the means +− SD from three independent

experiments in triplicate.

EIF4G2 is a directly target gene of miR-197, and miR-197 executed its effects on chondrocytes through targeting
EIF4G2.

Previous studies have shown that miR-197, a member of the miR-197 family, plays a vital role in the progression of
multiple human cancers [19]. In cervical carcinogenesis, the expression of miR-197 was down-regulated in cancer tis-
sues and cell lines, and overexpression of miR-197 inhibited growth and metastasis of cancer cells by directly targeting
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Figure 6. The mechanism graph of the function and regulatory mechanism of miR-197 in pathogenesis of OA

miR-197 could promote proliferation and migration, and inhibit inflammation of chondrocytes by targeting EIF4G2.

FOXM1 [30]. In hepatocellular carcinoma, miR-197-3p was down-regulated in carcinoma tissues and its expression
correlated with aggressive clinicopathological characteristics [20]. miR-197 depletion exerts an tumor suppressive
effect on the progression of gastric cancer [31]. Moreover, miR-197 has been shown to be suppressed cell prolifer-
ation, migration, and invasion in glioblastoma [32]. Hence, these studies demonstrated that miR-197 is involved in
cell proliferation and migration. Nevertheless, the potential role of miR-197 involved in OA progression remains un-
known. In this work, MTT and transwell assays were applied to determine the effects of miR-197 on the proliferation
and migration abilities of chondrocytes. Our results showed that miR-197 overexpression promoted proliferation and
migration. Conversely, miR-197 knockdown induced the opposite effects. The consistent results of cell proliferation
and migration concluded that miR-197 might exert a protective effects on the pathogenesis of human OA.

The inflammation of articular cartilage and releases of inflammatory cytokines from chondrocytes play impor-
tant roles in the degeneration of OA [33]. Studies have shown that miR-197 is important inflammatory inhibitor in
human diseases [22]. For example, Estep et al. [34] found that miR-197 is significantly associated with pericellular
fibrosis in non-alcoholic steatohepatitis patients, and levels of IL-6 in the serum negatively correlates with the ex-
pression levels of miR-197. Schulte et al. [35] demonstrated that serum-derived circulating miR-197 is identified as
a predictor for cardiovascular death in a large patient cohort with coronary artery disease. Moreover, Cheng et al.
[36] found miR-197 reverses hsa circ 0068087 silence-induced HUVEC dysfunction and inflammation in the high
glucose condition. However, no other data are available on the roles of miR-197 in the regulation of inflammatory
responses associated with OA. In the present study, restoration of miR-197 significantly decreased inflammatory cy-
tokines, including IL-1β, IL-6, and TNF-α expression, whereas knockdown of miR-197 led to a induction in these
inflammatory mediators. These results suggested that miR-197 alleviates chondrocytes inflammatory injury of OA.

A large body of evidences have indicated that miRNAs reduce translation and/or degradation of target gene ex-
pression by targeting 3′-UTRs of their target mRNAs [12]. To investigate the mechanism of the effects of miR-197
on chondrocytes, further bioinformatics analyses was applied to predict the downstream target genes of miR-197.
EIF4G2 was also found to act as a target of several miRNAs, including miR-379 in osteosarcoma [37], miR-139-5p
in myeloid leukemia [38], and miR-520c-3p in diffuse large B-cell lymphoma [39]. Our study identified EIF4G2 as
a potential target of miR-197. Here, we validated that expression of the EIF4G2 was elevated in human OA cartilage
tissues, and found that EIF4G2 mRNA expression was inversely correlated with miR-197 expression in OA carti-
lage tissues. Consistent with these results, quantitative real-time PCR analysis and Western blotting revealed that
overexpressed miR-197 significantly down-regulated EIF4G2 mRNA and protein expression in chondrocytes, while
miR-197 suppression elevated EIF4G2 mRNA and protein expression. Significantly, luciferase reporter assay con-
firmed that miR-197 directly interacted with 3′-UTR sequences of EIF4G2 mRNA in chondrocytes. EIF4G2 is a vital
mediator of translation initiation and plays an important role during cell mitosis [40]. Recently, Hu et al. [41] found

10 © 2020 The Author(s). This is an open access article published by Portland Press Limited on behalf of the Biochemical Society and distributed under the Creative Commons Attribution
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EIF4G2 has a regulatory effects on cell viability, colony formation, and cell migration in chondrocyte CHON-001
cells. Furthermore, in order to explore whether miR-197 exerted its roles in chondrocytes by targeting EIF4G2. We
transfected the pcDNA3.1-EIF4G2 vector into miR-197 overexpressing chondrocytes, and the results showed that
EIF4G2 overexpression could reverse the effects of miR-197 mimics on chondrocytes proliferation, migration, and
inflammation. Thus, these data suggested that EIF4G2 was the functional target gene of miR-197 in OA.

In conclusions, the present study demonstrated that miR-197 is down-regulated in OA cartilage tissues, while
EIF4G2 is up-regulated. miR-197 promotes proliferation and migration, and inhibits inflammation of chondrocytes
by targeting EIF4G2. Our results provide a basis for targeting the miR-197/EIF4G2 axis for the prevention and treat-
ment of OA.
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