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Abstract

Objective This study aimed to test the expression and biological function of miR-140-5p in osteoarthritis (OA), and identify
its target gene and explore its mechanism in OA.

Methods Differential genes were screened and analyzed by gene microarray and WGCNA analysis. The normal human
chondrocytes C28/12 were induced by IL-1f to construct the OA cell model. The expression of miR-140-5p and high
mobility group box 1 (HMGB1) was quantified by quantitative real-time PCR (qQRT-PCR) in OA tissues and IL-1p-induced
chondrocytes. Western blotting was performed to evaluate the expression of HMGB1 and PI3K/AKT pathway activation.
The concentrations of tumor necrosis factor (TNF)-a, interleukin (IL)-6, MMP-1 and MMP-3 were determined by ELISA.
CCK-8 and flow cytometry were conducted to determine the cellular capabilities of proliferation and cell apoptosis.
Results Bioinformatics analysis demonstrated that HMGB1 was highly expressed in OA and activated PI3K/AKT pathway.
Also, HMGBI1 was predicted as a target of miR-140-5p. The levels of miR-140-5p were negatively correlated with HMGB1
in OA tissues and IL-1p-induced chondrocytes. The overexpression of miR-140-5p reduced the expression of HMGB1 pro-
tein, p-AKT (Ser473) and p-PI3K in IL-1p-induced chondrocytes. Besides, the expression of p-AKT (Ser473) and p-PI3K
was significantly upregulated by employing miR-140-5p inhibitor, but retrieved after treating with LY294002. Furthermore,
miR-140-5p inhibited inflammation, matrix metalloprotease expression and apoptosis in IL-1p-induced chondrocytes through
regulating HMGBI1.

Conclusion MiR-140-5p was down-regulated while HMGB1 was upregulated in OA. MiR-140-5p could inhibit the PI3K/
AKT signaling pathway and suppress the progression of OA through targeting HMGB1.
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Introduction

Osteoarthritis (OA), the most common form of arthritis, is a
disease that associated with age-related loss of the cartilage
destruction, subchondral bone remodeling and inflammation
of the synovial membrane [1]. Chondrocyte death reduced
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cartilage cellularity in OA, and remaining chondrocytes are
activated by growth factors and cytokines to a catabolic and
abnormal differentiation that leads to degradation of extra-
cellular matrix (ECM). Matrix metalloproteinases (MMPs)
members appear to play key roles in degradation of ECM.
MMPs can degrade a variety of components of the ECM,
including the fibrillar collagens and cartilage [2]. Compel-
ling evidences has revealed that MMPs play an important
role in IL-1p-stimulated human chondrocytes [2]. The high
expression of MMP-1, MMP-2, and MMP-9 protein levels
has been demonstrated in osteoarthritis [3]. Overexpres-
sion of HMGBI1 inhibitor reduced IL-1B-induced MMP
expression (MMP-1, MMP-3, MMP-9) and the production
of inflammatory mediators in human chondrocytes [4].
Over the years, it has become evident that the inflamma-
tory cytokines contribute substantially to the pathogenesis of
OA [5]. Increased expression of proinflammatory cytokines
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(e.g., IL-1B, TNF-a and IL-6) in cartilage, synovial mem-
brane and subchondral bone are linked with the develop-
ment and progression of structural changes in the OA joint
[5]. A number of studies suggested that IL-1p and TNF-a
downregulate the synthesis of major ECM components by
suppressing anabolic activities of chondrocytes [5]. Besides,
highly expressed proinflammatory cytokines in OA chon-
drocytes can amplify and perpetuate the OA disease process
through c-Jun/p38/NF-kB signaling pathway by inducing the
production of proinflammatory cytokines such as IL-6 and
chemokines [6].

MicroRNAs (miRNAs) are endogenous non-coding
RNAs with less than 25 nucleotides [7]. They usually nega-
tively regulate their target genes expression by binding to
the 3’-untranslated region (3’-UTR) of target mRNAs [7].
Recent studies have underlined the key role of miRNAs
in regulating chondrocyte functions [8]. The comparison
between OA and normal cartilage specimens showed differ-
ent miRNAs expression profiles, highlighting their involve-
ment in the pathogenesis of OA [9]. MiR-140-5p has been
considered as a regulator of chondrocyte differentiation,
bone development and cartilage homeostasis. It was dem-
onstrated that a reduced expression of miR-140-5p in OA
cartilage influenced the expression levels of its target genes
MMP-13, ADAMTS-5 and IGFBP-5 [10]. Proctor et al. [11]
showed that the down-regulation of miR-140-5p may have
either detrimental or protective effects on cartilage, indicat-
ing that the role of miR-140-5p is complex. Yin et al. [12]
found that miR-140-5p was down-regulated in patients with
OA. Tao et al. [13] also suggested that the overexpression of
miR-140-5p could enhance cartilage tissue regeneration and
prevent OA. Accordingly, miR-140-5p is very likely to have
a negative influence in OA joint deterioration.

High mobility group box 1 (HMGB1) is a ubiquitous non-
histone DNA-binding protein and plays an important role
in inflammation [14]. HMGBI1 can activate various inflam-
matory signaling pathways to produce proinflammatory
cytokines and matrix metalloproteinases [14]. High expres-
sion of HMGB/1 is found in the synovium [15], osteochon-
dral fragments [16], cartilage chondrocytes [17], and the
synovial fluid, and it is positively associated with the sever-
ity of OA [18]. Though some basic researches have shown
that HMGB/1 plays important roles in OA, the deeper and
newer insights into mechanism of how HMGBI1 involves in
OA development needs to be further elucidated.

The PI3K/AKT pathway was well recognized as a fun-
damental intracellular signaling pathway in many diseases
[19]. Previous studies revealed that it was involved in
the degenerative alterations of articular cartilage of OA,
including the degradation of extracellular matrix and the
apoptosis of chondrocytes [20]. PRMTS was found to be
able to regulate the production of inflammatory factors and
the proliferation of IL-1f-induced chondrocytes through
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mediating the AKT pathway [21]. The PI3K/AKT pathway
was also regulated by HMGB1 in some human diseases,
such as prostate cancer [22] and hepatocellular carcinoma
[23]. However, the correlation and function of PI3K/AKT
pathway and HMGB/1 in chondrocyte function is poorly
understood.

In this study, we determined the expression levels of miR-
140-5p and HMGB1 in OA tissues and IL-1p-induced chon-
drocytes and investigated their influences on OA develop-
ment. MiR-140-5p promoted the viability of IL-1f-induced
chondrocytes and reduced the synthesis of proinflamma-
tory factor and matrix metalloproteinases through target-
ing HMGBI. It also modulated the PI3K/AKT pathway in
chondrocytes. The results implied that miR-140-5p played
a suppressive role in OA, and it might be a potential thera-
peutic target for this disease.

Materials and methods
Clinical samples

Osteoarthritis articular cartilage samples were obtained from
OA patients undergoing total knee arthroplasty (TKA) at
the Department of Orthopedics of the Peking Union Medi-
cal College Hospital between July 2015 and August 2016
(n=12, 7 females and 5 males, 68.2 +5.6 years). At the
time of surgery, the patients had symptomatic disease
requiring medical treatment in the form of non-steroidal
anti-inflammatory drugs. None had received intra-articular
steroid injections within 3 months prior to surgery. While
normal articular cartilage samples were obtained from
patients who have experienced surgery for fracture with no
known history of OA or RA (n=12, 6 females and 6 males,
26.7 +4.3 years). This study had obtained approval from
the Institute Review Ethics (IRE) committee of the Peking
Union Medical College Hospital and written informed con-
sents from all participants. The articular cartilages of tissue
were collected and stored at — 80 °C for further analysis.

Data collection

The genome-wide transcriptomic data sets (Agilent micro-
arrays, GSE117999) from 10 healthy and 10 OA patients
for analysis in this study. The data sets were downloaded
from the GEO database (http://www.ncbi.nlm.nih.gov/geo/).
The differentially expressed genes (DEGs) analysis was per-
formed using “Limma” package in R software with [log2
(fold change)l> 1 and adjust p <0.05. Next, pairs of DEGs
were analyzed by Pearson correlation matrix. Moreover, sig-
nal pathway enrichment was determined by KEGG analysis.
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Table 1 Primers for qRT-PCR

Gene Sequence

miR-140-5p Forward 5-"TGCGGCAGTGGTTTTACCCTATG- 3’
Reverse 5'- CCAGTGCAGGGTCCGAGGT -3’

HMGBI1 Forward 5-AAAGCGGACAAGGCCCGTTAT-3’
Reverse 5-AAGAGGAAGAAGGCCGAAGGAG-3'

fB-actin Forward 5-GGACTTCGAGCAAGAGATGG-3'
Reverse 5-AGCACTGTGTTGGCGTACAG-3'

U6 Forward 5-CTCGCTTCGGCAGCACATA-3'

Reverse 5-AACGATTCACGAATTTGCGT-3'

OA chondrocytes induced by IL-1

The normal human chondrocytes C28/I2 purchased from
BeNa Culture Collection were induced by IL-1p to develop
into IL-1B-induced chondrocytes. C28/12 cells were main-
tained in DMEM containing 10% fetal bovine serum (FBS,
Gibco, USA) for 24 h at 37 °C in a humidified 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 stimulated with
IL-1P (10 ng/mL, Peprotech, US) to produce a cellular OA
model [24].

gRT-PCR assay

Total RNA was extracted using the RNeasy Mini kit (Qia-
gen, Hilden, Germany) and the RNA quantitative analysis
was performed using NanoDrop 2000 (Thermo Fisher Sci-
entific. Waltham, MA, USA). 1 pg of total RNA was then
reversely transcribed into cDNA by means of the ReverTra
Ace qPCR RT Kit (Toyobo, Osaka, Japan) in line with the
manufacturer’s instructions. PCR was performed on Mini-
Opticon™ qRT-PCR system (Bio-Rad, Hercules, CA, USA)
and amplified detection was conducted using SYBR-Green
RealMastcrMix (Bio-Rad). For the quantification of the rela-
tive expression of each mRNA and miRNA, the threshold
cycle (Ct) values were normalized against the endogenous
references P-actin and U6. The 2722T method was used.
The primer sequences are presented in Table 1.

Cell transfection

The IL-1B-induced chondrocytes were transfected with miR-
140-5p mimics, miR-140-5p inhibitor (Applied Biosystems)
using Lipofectamine 3000 (Invitrogen, Life Technologies,
Carlsbad, CA, USA), according to the manufacturer’s
instructions. Nonspecific miR (miR-Control, Dharmacon)
was used as a miRNA negative control (NC mimics). For
the rescue experiment, pPDNA3.1-HMGB1 and small inter-
fering RNA (siRNA) of HMGB1 (siRNA-HMGB1) were

synthesized by GenePharma Co. (Shanghai, China). The
primer of siRNA-HMGB1 was 5'-GTTGGTTCTAGCGCA
GTTT-3' and the sequence of the siRNA of control was
5'-GCAAACCGTGTATCAGATA-3'.

The IL-1p-induced chondrocytes in logarithmic growth
phase were collected 24 h before transfection, digested in
trypsin and maintained in medium for re-suspension. After
incubation for 24 h in the 6-well plates at a density of 1x 10°
per well, the cell confluence arrived 80-90%. According to
the manufacturer’s protocol, all cell transfections were con-
ducted using Lipofectamine 3000 Reagent (Life Technolo-
gies Corporation, Carlsbad, CA, USA). The medium was
replaced with complete medium after 6-h transfection.

Cell viability assay

Cell viability was determined by Cell Counting Kit-8
assay. After being stimulated by the chondrocyte by IL-1p,
the CCK8 solution (10 pl/well) was added to the culture
medium. Then, after incubating for anotherl h at 37 °C
in humidified 95% air and 5% CO,, the optical density
(450 nm) was recorded.

Apoptosis assay

To evaluate apoptosis in chondrocytes after IL-1 treat-
ment, we performed flow cytometry analysis with Annexin
V-FITC/PI (Beijing Biosea Biotechnology, Beijing, China)
staining. In brief, IL-1p-treated chondrocytes (1 10° cells/
well) were cultured in 6-well plate, then cells were treated
for miR-140-5p mimics, inhibitor or pcDNA3.1-HMGBI.
After 24 h incubation, cells were washed three times with
cold PBS and resuspended in 100 pl binding buffer including
10 pl FITC-Annexin V in the presence of 50 pg/ml RNase
A (Sigma-Aldrich, St. Louis, MO, USA), then incubated at
room temperature for 15 min in the dark. The samples were
then analyzed by flow cytometer (Beckman Coulter, Fuller-
ton, USA) for apoptotic analysis.

Enzyme-linked immunosorbent assay (ELISA)

Culture supernatant was collected and the concentrations
of MMP-1, MMP-3, TNF-a and IL-6 were measured by
ELISA (R&D Systems, Abingdon, UK) following the man-
ufacturer’s instruction, and were normalized to cell protein
concentrations.

Dual-luciferase activity assay
The sequence of HMGB1 3'-UTR containing the predicted
miR-140-5p binding site was cloned into pGL2-Basic Vec-

tor (E1641, Promega, WI, USA) as the reporter vector
HMGB1-wild-type (HMGB1-wt). Mutated HMGBI1 3'-UTR
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was used as a negative control, namely HMGB I-mutated-
type (HMGB1-mt). The HMGB1-wt or HMGB1-mut was
co-transfected with miR-140-5p mimics or NC mimics
into HEK 293T cells (BeNa Culture Collection) by Lipo-
fectamine-mediated gene transfer. The cells were collected
48 h later, and the Firefly and Renilla luciferase activity were
measured by using the dual-luciferase reporter system (Pro-
mega, Madison, WI, USA) according to the manufacturer’s
instructions.

Western blot assay
The IL-1p-induced chondrocytes in culture were lysed using
the RIPA buffer (Pierce, Rockford, IL, USA) in the pres-

ence of a Protease Inhibitor Cocktail (Pierce). Total pro-
tein was separated by SDS-PAGE electrophoresis using
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the Novex NuPAGE system (Invitrogen) and transferred to
0.45 um PVDF membranes. Membranes were blocked in
TBS-T buffer containing 5% nonfat milk for 1 h and incu-
bated overnight at 4 °C with the following primary anti-
bodies: HMGB1 (#ab18256, Abcam, 1:1000), anti-PI3K
(#ab151549, 1:1000), anti-PI3K (phospho) (#ab182651,
1:1000), anti-pan-AKT (#ab8805, 1:500), anti-pan-AKT
(phospho Ser473) (#4060, Cell signaling, MA, USA,
1:1000), B-actin (#4967, Cell signaling, MA, USA, 1:1000)
was the internal control. Then the membranes were washed
using TBST and hybridized with the horseradish peroxi-
dase (HRP)-linked antibody goat anti-rabbit IgG (1:2000,
Abcam) for 1 h. Signal detection was carried out with an
ECL system (Amersham Pharmacia, Piscataway, NJ, USA).
The intensity of the bands was quantified using Image Lab™
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enrichment score of PI3K-AKT signaling pathway in human osteoar-
thritis tissues was more than 0, indicating PI3K-AKT signaling path-
way was activated. ¢ MiRNAs that targeted HMGB1 were gathered
by Venn diagram
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Software (Bio-Rad, Shanghai, China). The experiment was
performed at least in triplicate.

Statistical analysis

Statistical analysis was conducted by means of SPSS
20.0 software (IBM, CA, USA) with all data presented as

mean + standard deviation (SD). All statistical comparisons
were performed using unpaired Student’s ¢ test and one-way
ANOVA. p <0.05 was deemed significant difference.
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Fig.2 The differential expression of miRNAs and HMGBI1 in OA
cartilage tissues and IL-1p-induced human chondrocytes. a—e The
levels of miR190b, miR-543, miR-421, miR-338-3p and miR-140-5p
in OA cartilage tissues compared with healthy cartilage tissues by
qRT-PCR (*p<0.05) vs. normal). f, g HMGB1 expression in OA

cartilage tissues and normal cartilage tissues was determined in qRT-
PCR and the level of HMGB1 was negatively correlated with miR-
140-5p (*p<0.05 vs. normal). h, i The levels of miR-140-5p and
HMGB1 mRNA in chondrocytes treated with IL-1p. PBS treatment
was used as control (*p <0.05 vs. control)
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Results

Microarray analysis-identified HMGB1
was upregulated in osteoarthritis chondrocytes

GSE117999 (genome-wide transcriptomic data sets from
10 healthy controls (normal) as well as 10 osteoarthritis
(OA)) downloaded from GEO datasets was chosen for anal-
ysis in this study. Figure la presents the top ten different
mRNA between the healthy and OA in the articular carti-
lage at the screening condition Ifold changel > 1 and adjust p
value <0.05. HMGB1 was significantly differential expres-
sion was showed between OA and healthy control groups.
Furthermore, DEGs were subjected to KEGG enrichment
analysis. As shown in Fig. 1b, we observe that PI3K-AKT
signal pathway was activated in osteoarthritis. We used the
miRNA binding site prediction programs Probability of
Interaction by Target Accessibility (PITA) and miRanda to
identify candidate HMGB1 targeted miRNAs. In addition,
miRNA target pathway prediction program KEGG-miRNA
revealed PI3K/AKT signaling pathway associated miRNAs,
thus, screen out five miRNAs (Fig. 1c¢).

The expression of miR-140-5p was inverse
correlated with HMGB1 in OA cartilage tissues
and IL-1B-induced chondrocytes

To examine the expression of miRNAs in the articular car-
tilage, QRT-PCR was performed in samples from 12 OA
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Fig.3 The overexpression and knockdown efficiency of miR-140-5p
and HMGBI1. a miR-140-5p mimics and inhibitors were transfected
into IL-1B-induced chondrocytes to achieve miR-140-5p overexpres-
sion and inhibition. The expression efficiency was verified by using
qRT-PCR assays. b Si-HMGB1 or pcDNA-HMGBI1 vector were
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patients and 12 healthy controls. We found that the expres-
sion of miR-140-5p was significantly downregulated in the
OA group compared with the healthy group. Moreover,
the levels of miR-140-5p were negatively correlated with
HMGBI1 mRNA in OA cartilage tissues (Fig. 2a—g). Simi-
larly, the expression of miR-140-5p and HMGBI1 resembled
IL-1B-induced chondrocytes compared with OA cartilage
tissues (Fig. 2h, 1).

The efficiency of miR-140-5p and HMGB1 gene
knockdown and overexpression

To investigate the biological function of miR-140-5p and
HMGBI1, we adopted loss-of-function and gain-of-func-
tion strategies. MiR-140-5p expression was significantly
decreased in IL-1f-induced chondrocytes upon incubation
with miR-140-5p inhibitors when compared to NC mimics
(Fig. 3a). Besides, HMGBI mRNA expression was signifi-
cantly decreased in IL-1p-induced chondrocytes upon incu-
bation with siRNA when compared to non-targeting siRNA
control (Fig. 3b). This result strongly indicates miR-140-5p
and HMGB1 were successfully knocked down and overex-
pressed in a sequence-specific manner.

HMGB1 is direct target of miR-140-5p

To explore the underlying molecular mechanism of miR-
140-5p regulative role in IL-1p-induced chondrocytes, the
prediction of target bioinformatics was employed to analyze
the miR-140-5p target. Bioinformatics prediction showed
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transfected into chondrocytes to achieve HMGB1 overexpression or
knockdown. The expression efficiency was verified by RT-qPCR. The
data are presented as mean+SD of three independent experiments
(*p<0.05)
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that HMGB1 may be a potential target of miR-140-5p based
on the assumed target sequences of the HMGB1 3’-UTR
(Fig. 4a). We further performed luciferase assay to deter-
mine whether miR-140-5p could target 3'-UTR of HMGB1
directly. The results displayed that miR-140-5p significantly
attenuated the luciferase activity of the HMGB1-wt 3'-UTR
("p<0.05) (Fig. 4b). To summarize, HMGB1 was a targeted
gene of miR-140-5p.

MIR-140-5p can modulate PI3K/AKT signaling
pathway by targeting HMGB1

Previous study have demonstrated that PI3K/AKT was

downstream signaling pathway of HMGBI1 [22]. Here, we
validated whether miR-140-5p/HMGB/1 axis participate

A

HMGB1 3'UTR WT  5'- uucuguuaacugaauACCACUc -3’

hsa-miR-140-5p

HMGB1 3'UTR MUT 5’ uucuguuaacugaauGAAGACc 3’

Fig.4 HMGB1 was a direct target of miR-140-5p. a The bind-
ing sites between miR-140-5p and the 3'UTR region of HMGB1
predicted by PITA/miRanda, b The relative luciferase activity of

ve}
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Fig.5 MIR-140 suppressed PI3K/AKT signaling pathways activa-
tion by binding its target of HMGBI1. a The expression of HMGBI,
AKT, p-AKT (Ser473), PI3K and p-PI3K in IL-1p-induced human
chondrocytes were detected by Western blot. b The relative protein
quantification of HMGB1, AKT, p-AKT (Ser473), PI3K and p-PI3K.
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in PI3K/AKT pathway. By using Western blot assays, we
observed that the protein levels of HMGBI1, p-PI3K and
p-AKT (Serd73) were significantly down-regulated by miR-
140-5p mimics. To verify the phosphorylation activation of
AKT and PI3K, we used a specific inhibitor of PI3K/AKT
pathway: LY294002 [22]. As shown in Fig. 5, LY294002
inhibited AKT and PI3K phosphorylation and miR-140-5p
inhibitor combined with LY294002 retrieved AKT and PI3K
phosphorylation in IL-1f-induced chondrocytes under our
experimental conditions.
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B-actin was used as the internal control. The quantitation of protein
expression was done by densitometry analysis of the protein bands
from three independent experiments. Values were normalized against
B-actin, and then compared to the control group (*p <0.05 vs. con-
trol; #p <0.05 vs. IL-1p; “p < 0.05 vs. LY294002)
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«Fig. 6 Effects of miR-140-5p on IL-1p-induced human chondrocytes.
With or without IL-1p-induced chondrocytes were transfected NC/
miR-140-5p mimics or pcDNA/pcDNA-HMGBI for 48 h, the level
of IL-6 (a), TNF-a (b), MMP-1 (¢) and MMP-3 (d) were determined
by ELISA. The data are presented as mean +SD of three independent
experiments (*p <0.05). e, f The overexpression of miR-140-5p pro-
moted chondrocyte proliferation and inhibited apoptosis by targeting
HMGBI. The data are presented as mean+SD of three independent
experiments (*p <0.05)

MIR-140-5p inhibit inflammation, matrix
metalloprotease expression and apoptosis

in IL-1B-induced chondrocytes through regulating
HMGB1

To investigate the detailed functions of miR-140-5p/
HMGBI1 axis in IL-1p-induced chondrocytes, we evalu-
ated the effects of miR-140-5p/HMGB1 axis in IL-1pB-
induced chondrocytes in vitro. The expression of MMP-1,
MMP-3, TNF-a and IL-6 were inhibited after miR-140-5p
mimics, while elevated in pcDNA-HMGB1. The co-
transfection of pcDNA-HMGB1 and miR-140-5p mimics
retrieved the matrix metalloprotease and proinflamma-
tory cytokines expression to the similar level as control
in IL-1p-induced chondrocytes (Fig. 6a—d). The chondro-
cytes viability was inhibited while the cell apoptosis was
increased by HMGB 1 overexpression, whereas transfected
with miR-140-5p mimics showed the favorable influences
that cell viability was increased and cell apoptosis was
decreased (*p < 0.05) (Fig. 6e, f). Therefore, miR-140-5p
overexpression promoted the proliferation and decreased
the release of proinflammatory cytokines and matrix met-
alloprotease in IL-1f-induced chondrocytes.

Discussion

Osteoarthritis (OA), as the most frequent or prevalent
chronic joint disease, is characterized by cartilage deg-
radation and musculoskeletal pain, contributing to func-
tional disability and loss of autonomy in the elderly [25].
This study mainly revealed that miR-140-5p could inhibit
OA by targeting HMGB1 through PI3K/AKT signaling
pathway. MiR-140-5p was down-regulated and restrained
the growth in IL-1pB-induced chondrocytes, while its tar-
get gene HMGBI displayed an opposite role. The PI3K/
AKT pathway was inhibited by miR-140-5p mimics, but
activated by miR-140 inhibitor.

MiR-140 had been found to be involved in the develop-
ment of OA. It has been reported that miR-140 was detected
in synovial fluid of both normal knees and OA knees, and its
relative expression level was reduced in synovial fluid of OA
group compared with normal group [26]. There was signifi-
cant difference in the expression level of miR-140 between

the grade IV subgroup of OA and the grade I-III subgroups
as miR-140 expression was negatively related to the sever-
ity of OA [27]. The suppressive effect of miR-140 on OA
was also revealed by other researchers, which was consistent
with our findings. A combined use of miR-140 and miR-29a
successfully reversed the destructive effect of IL-1§ on the
proliferation of chondrocyte [28]. After estrogen treatment,
the expression of miR-140 in OA increased, exhibiting an
inhibitory effect on IL-1p-induced cartilage matrix degrada-
tion [29]. In brief, miR-140 was proved to the suppressor of
OA and facilitated its improvement.

HMGBI1 can bind to the cell surface receptors (e.g.,
receptor for advanced glycation end products and Toll-like
receptor-2/4/9) leading to the excessive production of IL-1f,
IL-6, and TNF-a by activating the NF-kB signaling pathway
[30, 31]. OA can suppress the synthesis of proteoglycans and
collagens and by enhancing the production of MMPs [32].
Recently, the role of HMGBI1 in OA has been highlighted.
Stimulation with IL-1p markedly promoted the transloca-
tion of HMGBI1 from the nucleus to the cytoplasm and
increased HMGB1 expression in OA chondrocytes in vitro
[33]. Furthermore, HMGB1 could upregulate an increased
inflammatory phenotype to induce OA synovial fibroblasts
transformed into theumatoid arthritis synovial fibroblast-like
phenotype [34]. These findings supported that HMGB 1 par-
ticipate the pathogenic role in the pathogenesis of OA. The
inhibition of HMGB1 shows effective anti-inflammatory
effect [35]. Therefore, targeting HMGB 1 may provide novel
strategies for the treatment of OA.

Nevertheless, limitations in this report are to be taken into
consideration. For example, the number of our samples was
so small that more samples are needed for further study. In
addition, since OA is difficult to cure at present, although
our study on OA molecular mechanism allowed us to better
understand it, more clinical therapy researches are essential
and urgent in future.

In this study, we found the PI3K/AKT signaling pathway
was regulated by miR-140-5p. It was activated when the
miR-140-5p was down-regulated and vice versa. The PI3K/
AKT signaling pathway had been demonstrated to involve
in the degradation of extracellular matrix and the death of
chondrocytes in OA [20]. The activation of PI3K/AKT sign-
aling pathway could aggravate cartilage degeneration in OA
[36]. The Western blot results from our study displayed that
miR-140-5p can target HMGBI1 to have influence on PI3K/
AKT signaling pathway and downstream function of apop-
tosis, inflammation and matrix degradation. Nevertheless,
limitations in this report are to be taken into consideration.
For example, our sample number was so small that more
samples are needed for further study. In addition, since OA
is difficult to cure at present and although our study on OA
molecular mechanism allowed us to better understand it,
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more clinical therapy researches are essential and urgent in
future.

In conclusion, miR-140-5p was down-regulated in OA.
It prevented the course of OA through reducing apoptosis,
increasing proliferation and alleviating inflammation and
degradation of ECM. In contrast, its target gene HMGB1
was upregulated, with adverse effect on OA. Down-regula-
tion of miR-140-5p in OA activated the PI3K/AKT signal-
ing pathway through targeting HMGB 1. Our current finding
suggested miR-140-5p as a potent strategy for miRNA-based
OA treatment.
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