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miR-590-5p affects chondrocyte proliferation,
apoptosis, and inflammation by targeting
FGF18 in osteoarthritis
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Abstract: Objective: To investigate the potential miRNA targeting FGF18, and its role in regulating the proliferation,
apoptosis and inflammation in human primary chondrocytes. Methods: The normal human chondrocytes were in-
duced by IL-1 to mimic OA in vitro. qPCR and Western blotting were performed to evaluate the expression of FGF18.
Target Scan analysis was performed to predict the miRNA targeting FGF18. Then, the expression of miR-590-5p
was quantified by gPCR in IL-1B-induced chondrocytes. After transfection of miR-590-5p mimics or inhibitors, CCK-
8 assay was conducted to determine the cell viability and apoptosis-related proteins, and cartilage degeneration
related biomarkers were assayed by qPCR and Western blotting. The levels of tumor necrosis factor (TNF)-a, inter-
leukin (IL)-6 and IL-8 were determined by ELISA. The targeting relationship between miR-590-5p and FGF18 was
assayed by luciferase reporter assay in IL-1B-induced chondrocytes. Results: Target Scan analysis predicted that
FGF18 is directly targeted by miR-590-5p. miR-590-5p was up-regulated, whereas FGF18 expression was inhib-
ited in IL-1B-induced chondrocytes. miR-590-5p mimics reduced the expression of FGF18 protein, inhibited the
cell viability of chondrocytes, and promoted secretion of inflammatory factors in chondrocytes, while miR-590-5p
inhibitors increased FGF18 levels in IL-1B-treated chondrocytes. Furthermore, expression of inflammatory factors in
chondrocytes was reduced by miR-590-5p inhibitors. The luciferase reporter assay showed that miR-590-5p could
target FGF18. Conclusions: miR-590-5p promotes OA progression by targeting FGF18, which serves as a potential
therapeutic target for OA.
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Introduction cells found in cartilage tissue that participate in
the production of cartilage extracellular matrix
(ECM), which plays an important role in the

maintenance of cartilage structure and func-

Osteoarthritis (OA) is a chronic inflammation-
related joint disease with a complex pathogen-

esis. It often shows the symptoms of repeated
attacks of joint pain, joint movement disorders
and continuous aggravation [1, 2]. At present,
there is no effective drug to prevent osteoar-
thritis associated with articular cartilage degen-
eration. It is well documented that several risk
factors including aging, obesity, trauma, and
genetic predisposition are associated with
osteoarthritis, but the pathogenesis is not fully
elucidated [3-5]. Chondrocytes are the only

tion [6, 7]. Therefore, it is of great significance
to reveal the mechanism of chondrocyte injury
and pathogenesis of OA.

It is well known that FGF18, a member of the
fibroblast growth factor family, plays an impor-
tant role in bone development, cartilage forma-
tion and osteogenesis during the growth period
[8-10]. FGF18 has been shown to have signifi-
cant anabolic effects on chondrocytes in carti-
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laginous tissues. More importantly, previous
data suggested that lower expression of FGF18
may contribute to cartilage degradation [8].
Thus, FGF18 has been considered as a poten-
tial therapeutic target in the treatment of OA.
According to the phase Il clinical data pub-
lished, recombinant human FGF-18 protein
(rhFGF18) can effectively induce the prolifera-
tion of chondrocytes and promote the produc-
tion of extracellular matrix, suggesting the good
potential to promote the repair of joint diseases
[11]. However, underlying mechanism for regu-
lating FGF18 has not been fully elucidated.

Recently, FGF18 was demonstrated to be tar-
geted by few miRNAs mainly in tumor models.
mMiRNAs are highly conserved non-coding RNAs
with a length of about 19-25 bp [12]. They can
bind with the 3'UTR of target gene, thus regulat-
ing the expression of target gene at the post
transcriptional level [13, 14]. Of note, FGF-18 is
overexpressed in many types of cancer and is
demonstrated to promote tumor progression
[15]. It is reported to be targeted by miR-590-
5p and miR-139 in gastric cancer model and
hepatocellular carcinoma cells [16, 17]. Until
now, only few miRNAs including miR-21-5p and
miR595 were identified to target FGF-18 during
OA development [18, 19]. Whether other more
miRNAs could regulate FGF-18 in chondrocytes
and serve as potential target in OA still remains
unclear.

At present, increasing evidence shows that vari-
ous kinds of miRNAs have been identified as
regulators of OA progression and play vital roles
during cartilage formation and remodeling [20-
24]. On one hand, the levels of several miRNA,
e.g., miR-140, miR-335-5p, MiR-93, mMiR-17-
5p and miR-19b-3p, were found to be signifi-
cantly reduced in OA group than those in con-
trol group, and these mMiRNA could protect
against chondrocyte apoptosis, inflammation,
and modulate extracellular matrix (ECM) ho-
meostasis via different targets [22, 25-28]. For
example, Li et al. found that miR-140 target-
ing Smadl can protect cartilage from injury in
antigen-induced arthritis models [22]. Further-
more, miR-17-5p and miR-19b-3p were demon-
strated to inhibit OA progression by targeting
EZH2 in -1 stimulated chondrocytes [28]. On
the other hand, several miRNAs, e.g., miR-634,
miR-103, miR-27a, miR-181a-5p, and miR-204,
were identified to be up-regulated in OA carti-
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lage, and antagomir or antisense oligonucle-
otides of these miRNAs could attenuate osteo-
arthritis [23, 24, 29-31]. For example, Naka-
mura A et al. demonstrated that LNA-miR-181a-
5p exhibited cartilage-protective effects in vitro
and in cartilage explants [30]. Therefore, miR-
NAs may serve as novel therapeutic targets for
OA. Of note, Prasadam et al. found that miR-
590-5p was significantly increased in OA model
[32], while the target genes have not been iden-
tified yet in chondrocytes.

In this present study, the miRNA target predic-
tion was performed, then we investigated the
expression levels of FGF18 and miR-590-5p in
IL-1B-induced chondrocytes and investigated
their influences on OA development, as well as
the molecular mechanisms underlying miR-
590-5p in OA in vitro. The results implied that
miR-590-5p played a progressive role in OA,
and it might be a potential therapeutic target
for this disease.

Materials and methods
OA chondrocytes induced by IL-1[3

The human chondrocyte cells (Procell, China)
were induced by IL-1B to develop into IL-13-
induced chondrocytes. Cells were maintained
in DMEM/F12 containing 10% fetal bovine
serum (FBS, Gibco, USA) at 37°C in a humidi-
fied atmosphere of 5% CO, and 95% air, and
the medium was changed every 2 days. The
chondrocytes were plated to 6-well plates and
cultured for 24 h. Then, these cells were stimu-
lated with IL-18 (10 ng/mL, Peprotech, US) to
produce a cellular OA model.

Cell transfection

Vectors and oligonucleotides were synthesized
by and purchased from Guangzhou RiboBio
Co., Ltd. The following vectors and oligonucle-
otides were used for transfection: miR-590-5p
mimic (MiR-590-5p, 5-GAGCUUAUUCAUAAAA
GUGCAG-3’; 50 nM), mimic negative control
(miR-NC, 5-UUUGUACUACACAA AAGUACUG-3’;
50 nM), miR-590-5p inhibitor (in-miR-590-5p,
5-CUGCACUUUU AUGAAUAAGCUC-3’; 100 nM),
inhibitor control (in-miR-NC, 5-GAGCUUAUUC
AUAAAAGUGCAG-3’; 100 nM), FGF18 overex-
pression vector (FGF; 50 nM), and FGF18 muta-
tion overexpression vector (FGF18-mut; 50
nM). At 70% confluency, cells were transfected
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Table 1. Primers sequence

tion (10 pl/well) was added to the culture

medium. Then, after incubating for anoth-

Species Gene Primer (5’ to 3’)

Human B-actin F: CTCCATCCTGGCCTCGCTGT
R: GCTGTCACCTTCACCGTTCC

Human Bax F: CGGGTTGTCGCCCTTTTCTA

R: GAGGAAGTCCAATGTCCAGCC
Human Caspase-3 F: ACAACAACGAAACCTCCGTGGAT

R: GTACCATTGCGAGCTGACATTCC
Human Bcl-2 F: ATCGCCCTGTGGATGACTGA

R: GAGACAGCCAGGAGAAATCAAAC
Human ADAMTs5  F: CGGGATCGCTTAGTAACTGTGGT

R: ACCGCCAGAGTAGAGTTGGTCT
Human Collagen Il F: CTCATCGCCACGGTCCTACA

R: ACCACGGTCACCTCTGGGT
Human FGF-18 F: CAAGGAGTGCGTGTTCATTGAGA

R: CGGGATCGCTTAGTAACTGTGGT

er 1 h at 37°C in humidified 95% air and
5% CO,, the optical density (450 nm) was
recorded.

Enzyme-linked immunosorbent assay
(ELISA)

Culture supernatant was collected and
the concentrations of TNF-q, IL-6 and IL-8
were measured by ELISA (Boster Biological
Technology, China) following the manufac-
turer’s instruction, and were normalized to
cell protein concentrations.

Dual luciferase report assay

using Lipofectamine® 3000 (Invitrogen; Thermo
Fisher Scientific, Inc.), according to the manu-
facturer’s protocol.

gRT-PCR assay

Total RNA was extracted using RNA isolater
Tatol RNA Extraction Reagent (Vazyme, China).
1 ug of total RNA was then reversely transcribed
into cDNA by means of the HiScript® Il 1st
Strand cDNA Synthesis Kit (Vazyme, China) in
line with the manufacturer’s instructions. PCR
was performed on Light Cycler 480 system
(Roche, Switzerland) and amplified detection
was conducted using ChamQ SYBR qPCR
Master Mix (Vazyme, China). The levels of miR-
NAs were measured by gRT-PCR using miDE-
TECT A Track™ miRNA gRT-PCR Kit (Guangzhou
RiboBio Co., Ltd.). The primers for miR-590-5p
and U6 small nuclear RNA were obtained from
RiboBio Company (Guangzhou, China). The
sequences were covered by a patent. For the
quantification of the relative expression of each
mRNA and miRNA, the threshold cycle (Ct) val-
ues were normalized against the endogenous
references B-actin and U6. The 22T method
was used. The primer sequences are presented
in Table 1.

Cell viability assay

Cell viability was determined by Cell Counting
Kit-8 assay. After being stimulated by IL-1(,
the chondrocytes were transfected with NC or
miR-590-5p mimics/inhibitors, the CCK8 solu-
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The binding sequences between miR-590-

5p and FGF18 were predicted using Target
Scan software. The FGF18 3’-untranslated
region (3-UTR) containing wild-type (WT) or
mutant (MUT) binding sites for miR-590-5p
(Guangzhou RiboBio Co., Ltd.) were inserted
into a pmirGLO vector (Promega Corporation).
Subsequently, the human FGF18 3-UTR frag-
ments and miR-590-5p were co-transfected
into chondrocytes using Lipofectamine 3000
(Invitrogen). Transfection efficiency was nor-
malized using the pRLTK vector. A Dual
Luciferase Assay Kit (Promega, USA) was used
to measure luciferase activities at 48 h after
transfection. Renilla luciferase activity was
used for normalization.

Western blot assay

The chondrocytes in culture were lysed using
the RIPA buffer (Beyotime Biotechnology,
China). Total protein was separated by SDS-
PAGE electrophoresis and transferred to 0.45
um PVDF membranes. Membranes were
blocked in TBS-T buffer containing 5% nonfat
milk for 1 h and incubated overnight at 4°C
with the following primary antibodies: FGF18
(#ab169615, Abcam, 1:1000), anti-Bcl2 (#ab-
117115, Abcam, 1:1000), anti-Bax (#ab1827-
33, Abcam, 1:1000), anti-caspase 3 (#ab321-
50,Abcam, 1:1000), anti-ADAMTS5 (#ab41037,
Abcam, 1:1000), anti-collagen Il (#ab188570,
Abcam, 1:1000), and B-actin (#ab8227, Abcam.
1:1000) was the internal control. Then the
membranes were washed using TBST and
hybridized with the horseradish peroxidase
(HRP)-linked antibody goat anti-rabbit 1gG
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protein levels of FGF18 we-
re significantly downregulated
in IL-1B-treated chondrocytes
compared with those of the

control group (Figure 1B, 1C).

ok With the aim of identifying

I—"'—l miRNAs regulating FGF18,
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Figure 1. Human chondrocytes were
39 treated with IL-1B. A: Cell viability was
FGF-18 e o — +— 24 determined using the CCK-8 assay; B:
_ FGF18 mRNA level was assayed by qPCR
PACtn  w— — — 13 after IL-1B treatment for 24 h; C: FGF18
protein level was assayed by western

© lyzed using the algorithm

«\"\\) Target Scan from Target Scan

0 o Human 7.2 (http:/www.tar-

getscan.org/vert_72/), mir-
DIP (http://ophid.utoronto.ca/
mirDIP/index.jsp#r), microR-
NA.org (http://www.microrna.
org/microrna/getGeneForm.

N - . .
&\ @V\ bl<())t§jf-ter éL—l[?)tregt(%int for 48 h. IlD do), and miRDB (http://mirdb.
& & < 0.01 and P < 0. versus control; ; )
ol o P < 0.01, 10 ng/mL versus 30 ng/mL. org/index.html). And the da

(#BA1054, Boster Biological Technology, 1:
5000) or goat anti-mouse IgG (#BA1051,
Boster Biological Technology, 1:5000) for 2 h.
Signal detection was carried out with an ECL
system (#E411-04/05, Vazyme). The intensity
of the bands was quantified using Image J soft-
ware (National Institutes of Health, USA).

Statistical analysis

SPSS 21.0 software was applied to analyze
the data. The measurement data was express-
ed as mean * standard deviation (SD). The
statistical comparisons were performed using
unpaired Student’s t test or one-way ANOVA.
The enumeration data is presented as percent-
age or rate, and chi square test was used for
the comparison between two groups. P < 0.05
was determined significant difference.

Results

miR590-5p was upregulated in IL-13-treated
chondrocytes and was predicted to bind with
FGF18 transcripts

To identify the miRNA candidates regulating
FGF18 and explore the mechanism in OA, the
chondrocytes were treated with IL-1( in vitro to
mimic the inflammatory milieu of OA cartilage.
As shown in Figure 1A, chondrocyte viability
was decreased when cells were treated with
10, 30, 100 ng/ml IL-1B at the indicted time
points. Of note, we found that the mRNA and
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tabase cross-check showed
that 4 miRNAs including hsa-
miR-590-5p, hsa-miR-1297, hsa-miR-330-5p
and hsa-miR-326 may target FGF18 mRNA
3’-UTR (Figure 2A). Considering that miR-590-
5p has been reported to be up-regulated in OA
[32], here we focused on the relationship
between FGF18 and miR-590-5p. Importantly,
bioinformatics analysis revealed that the
3-UTR sequences of FGF18 mRNA (UGGUGA)
had a complementary binding site for miR-590-
5p (AUAAGCUA) (Figure 2C). Furthermore, we
found that the expression of miR-590-5p was
significantly up-regulated in IL-1B-treated chon-
drocytes (Figure 2B). These data indicated that
miR-590-5p, predicted to bind to the FGF18
transcripts, was promoted in IL-1B-stimulated
human chondrocyte cells.

miR590-5p mimics inhibited the cell viability
and promoted apoptosis of IL-13-induced
chondrocytes

To investigate the role of miR-590-5p in IL-13-
treated OA model, chondrocytes were trans-
fected with miR-590 mimics. After transfection
with miR590-5p mimics for 24 h, gPCR revealed
that the expression level of miR590-5p was sig-
nificantly upregulated in IL-1B-induced human
chondrocytes (Figure 3A). To determine the
effect of miR-590-5p on viability of human
chondrocytes, CCK-8 assay was applied. As
shown in Figure 3B, the relative cell viability
was decreased by 29.1% in the IL-1B-treated
cells. Furthermore, cell viability in the miR-590-
5p mimics group was significantly decreased
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miR-590-5p affects chondrocyte biologic behavior

>
w
h
|
::F
*

irDIP TargelSce
mit irgelScan 'ﬁ. —
14
l? 3 % % %
i
. -
hsa-miR-590-5p ® 14
-1
hsa-miR-1297
0 T | |
hsa-miR-330-5p \
0 A A
hsa-miR-326 cox\‘s W W

o ©
miRDB . microRNA. org \“ ‘5“
C Human FGF18 ENST00000274625.5 3'UTR length:821

TR®- o
Human - ~AAAA - -
Chimp - - ~AAAA- -
Rhesus hUAAG C UAUUUALUUCAC CUCUCUGUAUAUUGCAGU - UUCAUGAACCAAGUALUACUGCCUCAACAALUL - AAAA - -
sSquirrel FUAAG CUAUUUAUUUCAC CUCUCUGUAUAUUGCAGU - - CAAGUAUUACUGCCUCAACAAUL - AAAA - -
Mouse P UAAGC UAUUUAUUUCAC CUCUCUGUAUAUUGCAGU - CUCAUGAACCAAGUAUUACUGC CUCAACAALUL - AAGA - -

Rat FUAAGCUAUUUAUUUCAC CUCUCUGUAUAUUGCAGU - CUCAUGAACCAAGUAUUACUGCCCCAACAAUL - AAAA -
Rabbit FUAAGCUAUUUAUUUCAC CUCUCUGUAUAUUGCAGU - UUCAUGAAC CAAGUAUUACUGC CUCAACAAUL - AAAG - -
Pis huAAG C UAUUUAUUUCAC CUCUCUGUALAUUGCAGU - UUCAUGAACCAAGUALACUGC CUCAACAALIL - AAAA - -
Cow - UUCAUGAACCAAGUALUACUGCCUCAACAALL - AAAA - -
Cat - UUCAUGAACCAAGUAUUACUGC CUCAACAAUL - AAAA - -

Dog - UUCAUGAACCAAGUAUUACUGC - AAAA-
Brown bat - UUCAUGAACCAAGUALUACUGCCUCAACCAUL - AAAA - -
Elephant - = UUCAUGAAC CAAGUALUACUGCCUC AACAALI - AAAA - -
Opossum - ~ANAA - -
Macaw JUUUAUUUCAC CUCUCUGUAUAUUGCAGU - UCCAUGAACCAAGUAUUACUGC CUCAACAALL - - AAA - -
Chicken JUUUAUUUC AC CUCUCUGUAUAUUGCAGU - UCCAUGAAC CAAGUAUUACUGC CUCAACAAUUAAAAA - -
Lizard JUUUAUUUCAC CUCUCUGUAUAUUGCAGU - UCCAUGAACCAAGUALUACUGC CUCAACAAUL - AAAAAC

X. tropicalis T e e e
Target region

Predicted consequential painng of target region (top) Site | Context++ | Context++ score Weighted Conserved B
and miRNA (bottom) type score percentile context++ score branch length a
Position 723-730 of FGF18 3'UTR 5" .. . AUAUAUUAUAUAUAUAUAAGCUA. . .

T smer 058 93 058 3913 061
hsa-miR-590-5p 3 GACGUGAAAAUACUUAUUCGAG

8732 Am J Transl Res 2021;13(8):8728-8741



miR-590-5p affects chondrocyte biologic behavior

Figure 2. miR590-5p was predicted to bind with the FGF18 transcripts. A: Four different algorithms, including mitarget scan, mirDIP, microRNA.org, and miRDB
were used to predict FGF18 mRNA-binding miRNA candidates; B: miR-590-5p was assayed by qPCR after IL-1p treatment for 24 h in human chondrocytes; C: The
binding sites between miR-590-5p and the 3'UTR region of FGF18 predicted by PITA/miRanda. ***P < 0.001 versus control; #P < 0.01, 10 ng/mL versus 30 ng/mL.
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Figure 3. miR590-5p overexpression inhibited the cell viability and promoted apoptosis of IL-1B-induced chondrocytes. Human chondrocytes were treated with 10
ng/mL IL-1B, and then transfected with NC or miR590-5p mimics (100 nM) for 24 h. A: miRNA-590-5p was detected by RT-PCR assay. B: Cell viability was determined
using the CCK-8 assay. C: The mRNA levels of Bcl-2, Bax and Caspase-3 were detected by RT-PCR assay. D: Western blot analysis was carried out to detect Bcl-2,
Bax and Caspase-3. E: Bar graph shows quantification results for Bcl-2, Bax and Caspase-3. P < 0.05, “*P < 0.01 and **"P < 0.001; *P < 0.05, #P < 0.01, IL-1B+
mimics versus IL-1 mimics NC.
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compared with cells treated with IL-13 alone or
cells transfected with the negative control
(Figure 3B).

To further determine the effects of the miR-
590-5p on cell apoptosis of chondrocytes, the
apoptosis of chondrocytes was induced by
IL-1B (10 ng/ml) to mimic the pathological con-
ditions of OA, and pro-apoptotic and anti-apop-
totic genes were assayed. Importantly, the
mRNA level of pro-apoptotic genes (Bax, cas-
pase-3) in groups co-treated with IL-1B and
miR-590-5p mimics was higher than that in
groups incubated with IL-1p alone, while the
expression of the anti-apoptotic protein Bcl-2
was decreased after miR590-5p mimics treat-
ment (Figure 3C). Alternatively, we obtained a
similar result when detecting the protein levels
of Bax, caspase-3 and Bcl-2 (Figure 3D, 3E).
These data indicated that miR590-5p mimics
inhibited the cell viability and promoted apopto-
sis of IL-1B-treated chondrocytes.

miR590-5p inhibitors increased the cell vi-
ability and inhibited apoptosis of IL-13-induced
chondrocytes

To further investigate the effect of miR-590-5p
on IL-1B-stimulated human chondrocytes cells,
miR-590-5p inhibitors were transfected. As
shown in Figure 4A, the expression of miR-
590-5p was dramatically decreased as com-
pared to NC group. By using CCK-8 assay, we
found that miR-590-5p inhibitors rescued the
inhibition of proliferation induced by IL-1B
(Figure 4B). Moreover, IL-13 notably upregulat-
ed the mRNA levels of Bax and caspase 3, and
downregulated the mRNA level of Bcl-2 in
human chondrocytes cells; however, these
IL-1B-induced changes in apoptosis-related
protein expressions were reversed following
transfection with miR-590-5p inhibitors (Figure
4C). Furthermore, we obtained the similar
results when detected the protein levels of Bax,
caspase-3 and Bcl-2 (Figure 4D, 4E). These
results indicated that miR590-5p inhibitors
could increase cell viability and inhibit apopto-
sis of IL-1B-induced human chondrocytes cells.

miR590-5p regulated inflammatory response
and cartilage degeneration related biomarkers
in IL-1B-induced chondrocytes

To investigate whether miR-590-5p could regu-
late IL-1B-induced inflammatory injury in human
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chondrocytes, ELISA was used to detect the
relevant indicators. As shown in Figure 5A-C,
IL-1B significantly increased the levels of IL-6,
IL-8 and TNF-« in the supernatants of human
chondrocytes. Moreover, these IL-1B-induced
changes were further promoted by miR-590-5p
overexpression (Figure 5A-C). However, IL-13-
induced inflammatory responses were reversed
by miR-590-5p inhibition, as the enhancement
of TNF-q, IL-6, and IL-8 secretion was inhibited
by miR-590-5p inhibitors (Figure 5D-F). These
results illustrated that miR-590-5p could pro-
mote IL-1B-induced inflammatory response in
human chondrocytes cells.

In addition, gPCR and Western blot were us-
ed to analyze the mRNA and protein levels of
cartilage degeneration related biomarkers,
including ADAMTs5 and collagen Il. We found
that IL-1B treatment reduced the expression of
ADAMTs5 and collagen 1l, and miR-590-5p
mimics further decreased the expression of
these two genes at mRNA and protein levels
(Figure 6A, 6B). Moreover, ADAMTs5 and colla-
gen |l levels downregulated by IL-13 were fur-
ther reversed by miR-590-5p inhibitors (Figure
6C, 6D). These data suggested that miR-590-
5p modulated cartilage degeneration related
biomarkers in IL-1B-treated chondrocytes.

FGF18 was proved to be a direct target of miR-
590-5p in chondrocytes

The luciferase reporter assay was performed to
validate whether FGF18 expression was direct-
ly modulated by miR-590-5p via interactions
with potential binding sites in IL-1B-induced
chondrocytes. As shown in Figure 7A, perfect
base paring was found between the seed
sequence of miR-590-5p and the 3’UTR of FGF
18. The results showed that human chondro-
cyte cells co-transfected with miR-590-5p
mimic and WT FGF18 presented a significant
decrease in luciferase activity in comparison
with miR-NC group (Figure 7B). There was no
obvious change in the luciferase activity in MUT
FGF18 group either transfected with miR-590-
5p mimic or miR-NC. Moreover, miR-590-5p
inhibitors significantly promoted the luciferase
activity of WT-FGF18, rather than MUT-FGF18
(P < 0.05) (Figure 7C). Furthermore, miR-590-
5p mimics conspicuously down-regulated the
mRNA and protein expressions of FGF18 in
IL-1B-treated human chondrocytes (P < 0.05)
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Figure 4. miR590-5p inhibition promoted the cell viability and inhibited apoptosis of IL-1B-induced chondrocytes. Human chondrocytes were treated with 10 ng/mL
IL-13, and then transfected with NC or miR590-5p inhibitors (100 nM) for 24 h. A: The expression of miRNA-590-5p was detected by qPCR assay. B: CCK-8 assay was
performed to evaluate the viability of chondrocytes cells. C: The mRNA levels of Bcl-2, Bax and Caspase-3 were detected by RT-PCR assay. D: Western blot analysis
was carried out to detect Bcl-2, Bax and Caspase-3. E: Bar graph shows quantification results for Bcl-2, Bax and Caspase-3. “P < 0.05, P < 0.01 and ""P < 0.001;
#P < 0.05, #P < 0.01, #P < 0.01, IL-1B+ inhibitors versus IL-1B+ inhibitors NC.
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Figure 5. Human chondrocytes were treated with 10 ng/mL IL-1B, and then transfected with miR590-5p mimics or
inhibitors (100 nM) for 48 h. miR590-5p promoted the IL-13-induced inflammatory response in chondrocytes. A: The
level of IL-6 in chondrocytes treated by miR590-5p mimics; B: The level of IL-8 in chondrocytes treated by miR590-
5p mimics; C: The level of TNF-a in chondrocytes treated by miR590-5p mimics; D: The level of IL-6 in chondrocytes
treated by miR590-5p inhibitor; E: The level of IL-8 in chondrocytes treated by miR590-5p inhibitor; F: The level of
TNF-a in chondrocytes treated by miR590-5p inhibitor; “P < 0.05, "*P < 0.01 and "P < 0.001; #*P < 0.05, #P < 0.01
and #*P < 0.001, IL-1B+ mimics or inhibitors versus IL-1B+ NC.

(Figure 7D-F), while miR590-5p inhibitors up-
regulated the mRNA and protein levels of
FGF18 in IL-1B-treated human chondrocytes (P
< 0.05) (Figure 7E, 7F). These data suggested
that miR-590-5p directly regulated human
chondrocytes expression through binding to
FGF18 3’-UTR sequence.

Discussion

In the current study, we observed a signifi-
cant downregulation of FGF18 and upregula-
tion of miR-590-5p in IL-1B-treated human
chondrocytes compared with the correspond-
ing controls. Using an in vitro IL-1B-treat-
ed human chondrocyte model, we found that
cell viability was strongly decreased, cell ap-
optosis and pro-inflammatory cytokines (TNF-
o, IL-6 and IL-8) production were significant-
ly increased in miR-590-5p-overexpressing
cells compared to miR-NC cells, while miR-590-
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5p inhibitors produced the opposite results.
Furthermore, luciferase activity validated that
FGF18 was a target of miR-590-5p in chon-
drocytes.

miR-590-5p has been previously reported to be
aberrantly expressed in several cancers and
functioned as an onco-miR or an anti-onco-miR
in various types of cancers including colorectal
cancer and hepatocellular carcinoma [33, 34].
Notably, by acting on different target genes,
miR-590-5p plays a different role in many
pathophysiological processes, such as cellular
proliferation and apoptosis. Accumulating evi-
dence has suggested the importance of miR-
590 in progression of human cervical cancer,
colorectal cancer, lung adenocarcinoma, and
gastric cancer [35, 36]. On the other hand, miR-
590-5p has also been demonstrated to exert
an anti-tumor role in colorectal cancer and
breast cancer [33, 37]. In the present study, we
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Figure 6. miR-590-5p regulated cartilage degeneration related biomarkers in IL-1B-induced chondrocytes. Chondrocytes were treated with 10 ng/mL IL-13, and then
transfected with NC or miR590-5p mimics (100 nM) for 24 h. The mRNA (A) and protein (B) levels of ADAMTs5 and collagen Il were detected by gPCR and Western
blot. Then, human chondrocytes were treated with 10 ng/mL IL-1[3, and then transfected with NC or miR590-5p inhibitors (100 nM) for 24 h. gPCR and Western blot
were conducted to determine the mRNA (C) and protein (D) levels of ADAMTs5 and collagen II. P < 0.05, "*P < 0.01 and ""P < 0.001; #P < 0.05, #*#P < 0.01 and #*##*P
< 0.001, IL-1B+ mimics or inhibitors versus IL-13+ NC.
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observed that the expression of miR590-5p
was significantly increased in IL-1B-treated
chondrocytes, which indicates involvement of
miR-590-5p in the pathogenesis of OA. To
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determine the function of miR-590-5p in OA,
we used mimics and inhibitors to manipulate
the expression of miR590-5p. We observed
that miR-590-5p over-expression remarkably
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reduced viability and significantly induced the
secretion of inflammatory factors (IL-6, IL-8,
and TNF-a) in IL-13-treated chondrocytes, while
miR-590-5p inhibitors could reverse these
effects. In summary, we conclude that miRNA-
590-5p may promote OA progression.

FGF18 is reported to be involved in chondro-
genesis and cartilage repair with certain thera-
peutic effect and its mechanisms of action
is supportive of evaluation for efficacy in osteo-
arthritis [9, 38, 39]. FGF18 can stimulate the
proliferation and accumulation of type Il colla-
gen and proteoglycans in cultured porcine and
adult human articular chondrocytes [8]. Pre-
vious studies demonstrated that FGF18 could
stimulate the proliferation of chondrocytes
through PI3K-AKT signaling in both monolayer
and 3D culture and promote the accumulation
of extracellular matrix (ECM) [9, 40]. Recently,
FGF18 was demonstrated to be regulated by
several miRNAs and was identified as a target
of miRNAs, e.g., miR-19, miR-21-5p in human
chondrocytes [18, 19], and miR-139 in hepato-
cellular carcinoma [17]. In the present study,
we found that the levels of FGF18, ADAMTs5
and collagen Il were significantly downregulat-
ed in IL-1B chondrocytes, miR-590-5p mimics
further promoted the downregulation of th-
ese genes, while miR-590-5p inhibitors could
reverse these effects. Luciferase reporter as-
say confirmed that FGF18 is a target of miR-
590-5p in IL-1B-treated chondrocytes. There-
fore, it was hypothesized that miR-590-5p
inhibited the cell viability and promoted apopto-
sis of IL-1B-induced chondrocytes through tar-
geting FGF18.

There are still some limitations existing in this
study, such as insufficient sample, and single-
center study. Subsequent studies will concen-
trate on the collection of an increased number
of samples and animal experiments, and the
multi-center study with long-term results. In
addition, the effect of miR590-5p and FGF18 in
the OA progression will be investigated by
observing changes in indices at multiple time
points, and to further confirm by a long-term
follow-up study.

In summary, OA is a progressive degenerative
disease characterized by cartilage degradation
and chondrocyte apoptosis, the underlying
mechanism may involve aberrant gene expres-
sions and the associated responding biological
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events. In the present study, we connected
miR-590-5p with the apoptosis, cell viability
and FGF18 together, highlighting miRNA-
590-5p silencing as an attractive therapeutic
regimen in future clinical trials for OA patients.
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