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Abstract
Objectives: Sox9 has recently been reported to be a
key mediator during cartilage degradation in
osteoarthritis (OA). Our aim was to clarify the role
of microRNA-30a (miR-30a) and its target gene
Sox9 in regulation of extracellular matrix (ECM)
degradation in OA.
Materials and methods: Expression of miR-30a in
cartilage tissues and in primary chondrocytes from
healthy and OA donors, was determined by real-
time PCR, and levels of Sox9 mRNA and protein
were analyzed by real-time PCR and western blot-
ting, respectively. Subsequently, the target of miR-
30a was predicted by bioinformatics and confirmed
using a luciferase assay. Expression of ECM-
related genes was determined by tissue-specific
staining, immunofluorescence, real-time PCR, and
western blotting. The role of miR-30a in OA was
examined in vivo using a collagenase-induced OA
rat model.
Results: miR-30a was significantly upregulated and
Sox9 was downregulated in primary chondrocytes
from cartilage taken from OA donors compared to
healthy controls. We showed that miR-30a specifi-
cally bound to the 30 UTR of Sox9, and overex-
pression of miR-30a downregulated expression
levels of Sox9, proteoglycan aggrecan, and Col II
compared to those induced by small interfering
RNA transfection to knockdown Sox9. miR-30a
inhibition reversed the effects of ECM degradation
in vitro and in vivo.

Conclusions: miR-30a acts as a virulence MRA in
OA, promoting ECM degradation by targeting
Sox9 and by modulating activity of its downstream
effectors Col II and proteoglycan aggrecan.

Introduction

Osteoarthritis (OA) is the most common chronic joint
disease and is characterized by degradation or damage of
articular cartilage in joints, including hyaline articular
cartilage and subchondral bone. The current clinical treat-
ment of OA is limited to pain management and joint
replacement surgery in the late phase of the disease. OA
involvesmechanical abnormalities including catabolic and
abnormal differentiation of chondrocytes that leads to
continuous loss of extracellular matrix (ECM) (1–4).
Thus, molecular mechanisms associated with chondrocyte
differentiation during development and maintenance have
therapeutic potential as disease-modifying agents for OA.
The matrix proteoglycan aggrecan and type II collagen
(Col II) are the main components of the ECM. Degrada-
tion of aggrecan is an early event that is crucial for the
development of OA lesions (5). Cartilage master regula-
tor transcription factor, Sox9, is important for cartilage
development, because it can directly promote the expres-
sion of aggrecan and Col II in human osteoarthritic carti-
lage (6). It was reported that decreased Sox9 expression
induces the loss of differentiated phenotype of human
articular chondrocytes during subculture in vitro (7,8).

MicroRNAs (miRNAs) are a class of single-stranded
noncoding RNA molecules of 18–24 nucleotides in
length. They play a key role in many biological pro-
cesses through negative regulation of the expression of
target genes post-transcriptionally by sequence-specific
binding to the 30 untranslated regions (UTRs) of specific
mRNA targets (9). miRNAs also have an important role
in diseases affecting articular cartilage and dysregulated
expression of miRNAs is found in many pathological

Correspondence: Y. Hu, Department of Orthopedics, Xiangya Hospital
of Central South University, 87 Xiangya Road, Changsha, Hunan
410008, China. Tel.: +86-135-9325-3411; Fax: +86-0731-84327334;
E–mail: hyhkxy@126.com

© 2016 John Wiley & Sons Ltd 207

Cell Prolif., 2016, 49, 207–218 doi: 10.1111/cpr.12246



conditions, including OA (10,11). We used microarray
analysis technology to screen altered miRNAs in pri-
mary chondrocytes isolated from OA and identified
miR-30a. In the present study, we used the Targetscan
Program (http//:www.targetscan.org) and predicted Sox9
as a novel target of miR-30a in OA.

Secreted inflammatory molecules, such as pro-
inflammatory cytokines, are among the critical mediators
in OA pathophysiology (12). It was reported that inter-
leukin (IL)-1b controls the degeneration of articular car-
tilage matrix, in particular, by reducing the production
of cartilage-specific macromolecules, including Col II
and aggrecan (13,14). In addition, it has been shown
that IL-1b inhibits the expression of cartilage-specific
genes through suppression of Sox9 (15). Therefore, this
led to our hypothesis that during IL-1b-induced OA,
overexpression of miR-30a would markedly suppress the
expression of Sox9, resulting in the reduction of ECM-
specific components and ECM degradation.

The aim of this study was to show that miR-30a par-
ticipates in the regulation of ECM degradation in articu-
lar cartilage cells and that it functions by targeting Sox9
during IL-1b stimulation. In addition, we investigated
whether the effect of miR-30a inhibition provides a
potential approach for preventing IL-1b-induced ECM
degradation in OA.

Materials and methods

Ethics statement

Experiments were performed in accordance with the
National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals. All patients agreed to par-
ticipate in the study. Both the study and consents were
approved by Ethical Board of Central South University,
Changsha, China and complied with the Declaration of
Helsinki.

Harvest of human cartilage, cell isolation and culture

Human cartilage samples were obtained from seven
healthy donors (three males and four females, aged
39.0 � 6.3 years) and eleven OA patients (four males
and seven females, aged 75.4 � 8.6 years) who under-
went total knee arthroplasty. All samples were obtained
from the Department of Orthopaedics at Xiangya Hospi-
tal from January 2013 to June 2014. This study was
approved by the Ethic Committee of Clinical Investiga-
tion of the local investigational review board, and
informed consent was obtained from all donors.

Cartilage was removed from each donor and the
sliced sections were washed in Dulbecco’s modified

Eagle’s medium (DMEM) (Gibco; Life Technologies,
Grand Island, NY, USA) supplemented with penicillin-
streptomycin (Gibco, Grand Island, USA; Invitrogen,
Calif., USA). Briefly, the sliced samples were chopped
and digested with buffer containing 1% trypsin (Sigma,
St. Louis, USA) for 15 min at 37 °C. The supernatant
was discarded, a second digestion buffer containing
2 mg/l of type II collagenase (Sigma, St. Louis, USA)
was added for 12–16 h at 37 °C overnight. After diges-
tion, the chondrocytes were washed with DMEM and
subjected to 200 9 g centrifugation for 10 min, and then
cultured (5% CO2, 37 °C) in DMEM supplemented with
10% fetal bovine serum (FBS), 1% glutamine, 100 lg/ml
streptomycin, and 100 units/ml penicillin (Gibco, Grand
Island, USA).

Identification of chondrocytes

Adherent cells were digested by trypsin-EDTA, and then
subjected to 200 9 g centrifugation for 10 min. The
aggregated cells were cultured in DMEM with 10%
FBS to develop micropellets. After 1 week, the chon-
drocyte micropellets from donors were embedded in
paraffin or rapidly frozen and cut into 4 lm-thick sec-
tions. These sections were subsequently used for RNA
isolation or identification by histological and immuno-
histochemical staining.

The identification of cartilage chondrocytes was per-
formed using hematoxylin-eosin (HE), Alcian blue (AB)
staining, and Col II immunohistochemistry. For general
histological analyses, paraffin sections of the micropel-
lets were stained with HE and AB as described previ-
ously (16,17). HE staining allowed general assessment
of the structure of tissues with respect to cytoplasm,
synthesized ECM, and the nucleus of the cells. AB
showed the presence of aggrecan. Col II is characteristic
of hyaline cartilage. Immunodetection was performed to
detect Col II. Frozen sections were used to test for the
presence of Col II by incubation with anti-Col II anti-
body (Abcam Trading Company Ltd., Shanghai, China).

Luciferase reporter assay

The miRNA database (www.microRNA.org) was used
to identify the putative miR-30a binding site in the
30UTR of Sox9. The forward and reverse oligonu-
cleotides of Sox9-wild-type (WT) were annealed to form
a segment containing one putative miR-30a targeting
site (50-UUUUGUAUAUUAUUGUUUAC-30) on the
Sox9 30 UTR, and cloned into the Xhol and Notl sites
of psiCHECK-2-REPORT vector (Promega Corporation,
Madison, WI, USA). Site-directed mutagenesis of the
miR-30a target-site in the Sox9 30 UTR was carried out
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using a site-directed mutagenesis kit (Takara Shuzo,
Kyoto, Japan), with pmiR-Sox9-WT as a template. The
psiCHECK-2-Sox9-30UTR-WT or psiCHECK-2-Sox9-
30UTR-mut vector was co-transfected with control, miR-
NC, or miR-30a into chondrocytes using Lipofectamine
2000 (Invitrogen), respectively. Reporter gene assays
were performed 36 h post-transfection using the Dual
Luciferase Reporter assay system (Promega) according
to the manufacturer’s protocol. The normalized firefly
luciferase activity was obtained by measuring firefly
luciferase activity/Renilla luciferase activity. All experi-
ments were performed at least three times.

MiRNA transfection and IL-1b stimulation in cell
culture

Passaged human chondrocytes isolated from healthy
donors were seeded at 2.4 9 105 cells per 3.5 cm dish
and were subjected to transfection 24 h after seeding.
Transfection with 100 nM of miR-NC, miR-30a mimic,
miR-Scr (scrambled 25 nucleotides), or 150 nM of miR-30a
inhibitor or miR-Scr inhibitor (all of these miR mimics
and inhibitors were synthesized by Biotend, Shanghai,
China) was performed using Lipofectamine 2000 (Invitro-
gen) for 4 h according to the manufacturer’s protocol.
Following transfection, the medium was changed to
DMEM containing 10% FBS.

Twelve hour after transfection, 10 ng/ml IL-1b
(PeproTech, Rocky Hill, NJ, USA) or phosphate-buf-
fered saline (PBS) was added to each dish and incubated
for 0, 2, 4 or 6 h.

Overexpression or knockdown of Sox9 by Sox plasmid
or small interfering RNA transfection

The full-length or only protein-coding DNA sequence
(CDS) vector of Sox9 was purchased from SinoGen-
eMax (Beijing, China). Small interfering RNA (siRNA)
against Sox9 (siSOX9) and the scrambled siRNA (siScr)
were designed and synthesized by RiboBio (Guangzhou,
China). The transfection of Sox9 full-length, Sox9 CDS
vector, siScr, and siSox9 in chondrocytes was carried
out using Lipofectamine 2000 (Invitrogen) according to
the manufacturer’s protocol.

Real-time PCR analysis

Total RNA and small RNA were extracted from clinical
OA or normal specimens and from primary chondro-
cytes isolated from OA or normal human articular chon-
drocytes using TRIzol (Invitrogen) according to the
manufacturer’s instructions. The expression of miR-30a
and U6 was examined by the TaqMan miRNA assay

system (Life Technologies Corporation). For mRNA
detection, RNA was reverse transcribed using the high
capacity cDNA reverse transcription kit (Applied
Biosystems) including random primers. Reverse tran-
scription was followed by real time PCR using a SYBR
Green PCR master mix (Applied Biosystems). Specific
primers were used for the different mRNAs are shown
in Table 1.

Western blotting

Chondrocytes were cultured as monolayers and Sox9
protein was detected by western blotting using a poly-
clonal anti-Sox9 antibody (Abcam, Cambridge, UK) and
ECL reagent (Amersham Biosciences, Buckinghamshire,
UK) according to the manufacturer’s instructions.

Sulfated-glycosaminoglycan quantification

A cell suspension was used to analyze soluble sulfated-
glycosaminoglycan (sGAG) secretion/formation with the
dimethylmethylene blue (DMMB) assay. sGAG is the
main form of aggrecan secreted by chondrocytes in car-
tilage. A 20 ll of cell suspension was added to 200 ll
of DMMB reagent, and the absorbance of the samples
was measured at 525 nm using a FlexStation 3 Multi-
Mode Microplate Reader (Molecular Devices, Sunny-
vale, CA, USA) and compared with a standard curve
based on shark chondroitin 6-sulfate (Sigma). Total pro-
tein contents in the cell lysate from each group were
measured by the BCA protein assay kit (Pierce, Rock-
ford, IL, USA). Total sGAG was normalized to total
protein content in each group.

Immunofluorescence analysis

Chondrocytes were washed in PBS and fixed with 3.7%
formaldehyde in PBS for 10 mins at room temperature.

Table 1. The specific primers used for the different mRNAs

Primer Sequence (50–30)

Sox9-F AGGTGCTCAAAGGCTACGACTG
Sox9-R CCTAATGTTCATGGTCGGCGC
Collagen type II-F TCCTCTGCGACGACATAAT
Collagen type II-R TCTACCGACCTCCTAAACT
Aggrecan-F GAGAAGGAGGTAGTGCTGCTGG
Aggrecan-R GATGCACAAGGTAATGTCTCGGTA
U6-F GCTTCGGCAGCACATATACTAAAAT
U6-R CGCTTCACGAATTTGCGTGTCAT
b-actin-F CGTGGACATCCGCAAAG
b-actin-R CGGAGCGACAGGTGGAA
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Bovine serum was used to block nonspecific binding
sites. Anti-Col II (1:100) (Abcam) was used as the pri-
mary antibody, and goat anti-rabbit IgG conjugated to
fluorescent cy5 dye: (1:100) (Abcam) was used as the
secondary antibody. Cells were incubated with these
two antibodies in sequence and then developed with
Hoechst 33342 (Life Technologies) and observed using
a confocal microscope (Nikon A1R MP+multiphoton;
Nikon Instruments Inc., Melville, NY, USA).

Establishment of the collagenase-induced osteoarthritis
animal model and treatment

Male Wistar rats aged 10 weeks, weighing 280–300 g,
were purchased from Vital River Laboratory Animal
Technology Co., Ltd. (Beijing, China) and were used to
establish a model of collagenase-induced osteoarthritis
(CIOA). To induce CIOA, 1–2 U/10 ll of collagenaseII
(Sigma-Aldrich) was injected into the intra-articular
space of the right and left knee in rats at day 0 and 2,
respectively. The control rats received a similar injection
of 10 ll endotoxin-free PBS. PBS, 200 nM of miR-Scr
inhibitor, or miR-30a inhibitor were subsequently
injected into the right and left knee intra-articular space
of CIOA rats, once a day. At day 30, the animals were
anesthetized and articular cartilage was obtained for HE
assay, immunohistochemical staining or RNA isolation.

Statistical analysis

Data shown are representative of at least 3 independent
experiments. The results are expressed as mean � SD.
The significance of the data was estimated by analysis
of variance followed by Student Newmann–Keuls multi-
ple comparison tests. All statistical analyses were per-
formed using SPSS software (version 17.0, SPSS Inc.,
Chicago, IL, USA) and Graphpad Prism 5.01(GraphPad
Software, Inc., La Jolla, CA, USA). P < 0.05 was con-
sidered statistically significant.

Results

OA chondrocytes show normal morphology, but lack
strong staining of aggrecan and Col II

Chondrocyte micropellets were analyzed using different
staining methods in order to identify the specific struc-
ture and main components of the cartilage ECM. As
shown in Fig. 1a, chondrocyte micropellets from both
healthy and OA donors showed typical chondrocyte
structures, low ECM at the peripheral zone and greater
ECM synthesized by the cells in the central area.

Chondrocyte micropellets from healthy donors showed
positive AB and Col II staining. However, chondrocyte
micropellets from OA patients did not show aggrecan
and Col II.

Expression of miR-30a in OA chondrocytes and
targeting of Sox9 by miR-30a

To assess the putative role of miR-30a in the pathogene-
sis of OA, miR-30a expression was assessed in primary
chondrocytes from OA donors. Compared with specimens
from healthy donors, the expression of miR-30a was
upregulated in cartilage tissue and in primary chondro-
cytes from OA specimens (Fig. 1b,c). The expression
level of both Sox9 mRNA and protein was downregu-
lated in primary chondrocytes from OA specimens com-
pared with the chondrocytes from normal specimens
(Fig. 1d,e).

Sox9, which possesses a putative miR-30a targeting
site, was shown to be a target gene of miR-30a
(Fig. 2a). Luciferase activity of the Sox9 30 UTR repor-
ter was analyzed to verify Sox9 as a target of miR-30a
in primary chondrocytes. Firefly luciferase activity was
measured and normalized to Renilla luciferase activity.
The results indicated that miR-30a repressed luciferase
activity in the Sox9-WT group only, whereas luciferase
activity was unaffected in the miR-control group. Inter-
estingly, with mutated nucleotides in the miR-30a seed-
binding site, the Sox9-mut luciferase activity was no
longer affected by miR-30a (Fig. 2b).

To further support our hypothesis, the expression
level of miR-30a was assessed in primary chondrocytes
transfected with miR-30a or miR-control. The average
miR-30a expression level post miR-30a mimic transfec-
tion was4-fold of the level observed in the miR-NC
group (Fig. 2c). These results demonstrated that miR-
30a was successfully overexpressed. Twenty-four hours
after miRNA transfection, real-time PCR and western
blot showed significant downregulation of Sox9 expres-
sion with overexpression of miR-30a (Fig. 2d–f). These
results further confirmed that Sox9 is a direct target of
miR-30a.

Silencing of miR-30a can reverse the effect of IL-1b
induction on ECM degradation

Studies have shown that IL-1b can induce ECM degra-
dation by upregulating miR-30a. In the present study,
the expression of miR-30a was upregulated in normal
chondrocytes with IL-1b treatment compared no treat-
ment group (Fig. 3a). Sox9 expression in the treated
chondrocytes was also assessed, and both mRNA and
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protein levels of Sox9 were reduced in the IL-1b treated
group, especially in the miR-30a mimic transfected
group, but the effects were reversed by transfection with
the miR-30a inhibitor regardless of IL-1b treatment
(Fig. 3b,c). These results indicated that Sox9 had a
direct function during IL-1b induction mediated by
miR-30a. In this study, it was confirmed that Col II and
aggrecan genes were downregulated in cells from

healthy donors treated with IL-1b, and transfected with
miR-Scr or with miR-30a mimic (Fig. 3d,e). However,
the gene expression levels of Col II and aggrecan
increased with transfection of the miR-30a inhibitor.
This indicated that silencing of miR-30a in chondrocytes
reversed the effect of IL-1b downregulation on the
expression levels of Col II and aggrecan (Fig. 3d,e).In
addition, inhibition of miR-30a increased the level of

Figure 1. The expression of miR-30a in clinical specimens and primary chondrocytes. (a) Chondrocyte micropellets from both healthy (nor-
mal) donors and donors with osteoarthritis (OA) were identified by hematoxylin-eosin (HE), Alcian blue (AB) staining, and Col II immunohisto-
chemistry. Scale bars: 100 lm. (b–c) The expression of miR-30a in cartilage tissue (b) or primary chondrocytes (b) from healthy and OA donors
was analyzed by real-time PCR. Data were normalized to U6. (d–e) The expression of Sox9 mRNA (d) and protein (e) was analyzed by real-time
PCR and western blot, respectively. Data were normalized to b-actin. All data were expressed as mean � SD of three independent experiments.
Normal, n = 7. OA, n = 11. *P < 0.05 versus normal.
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Col II and aggrecan in the cells without IL-1b stimulation,
suggesting that miR-30a were also expressed in normal
chondrocytes. These results showed that miR-30a is
important in inducing ECM degradation through IL-1b
stimulation, and inhibition of miR-30a significantly pre-
vents IL-1b-induced ECM degradation.

In addition to the changes in mRNA, the protein
levels of Col II and aggrecan were also assessed by
immunofluorescence staining and DMMB assay, respec-
tively. The levels of Col II and sGAG decreased with
IL-1b simulation (Fig. 3f–h). Overexpression of miR-
30a decreased the concentrations of Col II and sGAG,

Figure 2. Sox9 is a direct target of miR-30a. (a) The paired miR-30a seed sequence and the seed-recognizing site in the wild-type (WT) and
mutant (mut) 30 UTR of Sox9 are shown as indicated. (b) Chondrocytes were co-transfected with firefly luciferase reporter plasmids containing
either wt-Sox9 or mut-Sox9 binding sites and Renilla plasmids (control), negative miRNA control (miR-NC) or miR-30a mimics (miR-30a). The
ratio of firefly/Renilla activity was calculated in the cells and normalized to those of the control. The results were expressed as mean � SD of three
independent experiments. *P < 0.05 versus control of wt-Sox9. (c–f) Chondrocytes were transfected with miR-30a mimics (miR-30a) or a negative
miRNA control (miR-NC), and non-transfected cells were used as a normal control (control). The levels of miR-30a (c) and Sox9 mRNA (d) were
detected by real-time PCR. Data were normalized to U6 or b-actin. (e) Sox9 protein levels were detected by western blotting with b-actin as the
loading control. (f) Quantification of Sox9 protein levels was normalized by b-actin. Data were expressed as mean � SD of three independent
experiments. *P < 0.05 versus Control.
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Figure 3. Effects of miR-30a on IL-1b-induced ECM degradation. Chondrocytes were transfected with miR-Scr, miR-30a mimic (mimic), or
miR-30a inhibitor (inhibitor), and then treated with or without 10 ng/ml IL-1b for 6 h. (a) The expression of miR-30a in normal chondrocytes with
or without IL-1b treatment was analyzed by real-time PCR. Data were normalized to U6. The expression of Sox9 mRNA (b) and protein (c) were
analyzed by real-time PCR and western blotting, The analysis was performed using images of three independent experiments, respectively. Data
were normalized to b-actin. The mRNA levels of Col II (d) and proteoglycan aggrecan (e) were evaluated by real-time PCR. Data were normalized
to b-actin. (f) The Col II expression in transfected chondrocytes was assessed by immunofluorescence staining. Scale bars: 50 lm. (g) The fluores-
cence intensity of Col II expression was analyzed using Image-Pro Plus 6.0 software. Data were expressed as the average of at least five images.
(h) sGAG content in the cell suspension was assessed by DMMB method. Data were normalized by total protein levels in the cell lysate in each
group. Data were expressed as mean � SD of three independent experiments. *P < 0.05 versus miR-Scr.
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but silencing of miR-30a restored the levels of Col II
and sGAG, regardless of IL-1b treatment (Fig. 3f–h). In
addition, IL-1b treatment significantly decreased the Col
II and sGAG levels compared with untreated healthy
chondrocytes, indicating that IL-1b-induced upregulation
of miR-30a can induce of ECM-degradation. Based on
these results, IL-1b stimulates upregulation of miR-30a,
while miR-30a mediates IL-1b induced downregulation
of Col II and aggrecan, thus affecting the levels of Col
II and sGAG.

MiR-30a mediates IL-1b-induced ECM degradation by
targeting Sox9

According to the above results, Sox9 is a direct target of
miR-30a. However, it is unknown whether Sox9 partici-

pates in miR-30a function during IL-1b-induced chon-
drocyte ECM degradation. Therefore, we investigated
the association of these effects by miR-30a via Sox9
regulation. And it directly promoted the expression of
aggrecan and Col II in chondrocytes.

In order to prove whether the ECM-degradation
effects of miR-30a were achieved by targeting the 30

UTR of the Sox9 sequence, a full-length Sox9 vector
(with 30 UTR) or a Sox9 CDS vector (without 30

UTR) were co-transfected with miR-Scr or miR-30a
mimic into the chondrocytes. It was demonstrated that
Sox9 was reduced at both the mRNA and protein level
with the miR-30a mimic together with the full-length
Sox9 vector. However, in the miR-30a mimic together
with the Sox9 CDS vector group, Sox9 expression
was only slightly reduced (Fig. 4a,b). These results

Figure 4. miR-30a functions during chon-
drocyte extracellular matrix (ECM) degra-
dation occured through regulation of Sox9.
Chondrocytes were cotransfected with miR-
Scr or miR-30a mimic together with Sox9
full-length vector (Sox9 expression vector
containing both UTR and CDS regions) or
Sox9 CDS vector (Sox9 expression vector
containing only CDS region, no UTR). The
expression of Sox9 mRNA (a) and protein (b)
was analyzed by real-time PCR and western
blotting, and the analysis was performed
using images of three independent experi-
ments, respectively. Data were normalized to
b-actin. Data were expressed as mean � SD
of three independent experiments. *P < 0.05
versus miR-Scr + Sox9 full length. Chondro-
cytes were first transfected with miR-Scr or
miR-30a inhibitor, and then transfected with
either siRNA against Sox9 (siSox9) or scram-
bled siRNA (siScr). (c) The protein level of
Sox9 was analyzed by western blotting. Data
were normalized to b-actin. (d) The sGAG
content in the cell suspension was assessed
by the dimethylmethylene blue assay. Data
were normalized by total protein content in
the cell lysate in each group. (e) Col II
expression of transfected chondrocytes was
assessed by immunofluorescence staining.
Scale bars: 50 lm. Data were expressed as
mean � SD of three independent experi-
ments. *P < 0.05 versus miR-Scr + siScr.
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confirmed that miR-30a functions mainly by targeting
the Sox9 30 UTR.

In order to verify the important function of Sox9
during miR-30a mediated ECM-degradation, chondro-
cytes were transfected with the miR-30a inhibitor or
miR-Scr as the control. Other cell groups were trans-
fected with Sox9 siRNA (siSox9) and Scr siRNA
(siScr). In the control group, the expression of Sox9
was significantly reduced by siSox9. In the miR-30a
inhibitor group, the level of Sox9 was increased through
the inhibition of miR-30a. This effect was reduced to
the normal level by co-transfection with siSox9
(Fig. 4c). The protein concentrations of Col II and
aggrecan were then assessed in these different treated
groups. In the siSox9 alone group, there was a markad
decrease in Col II fluorescence as well as a significant
reduction in sGAG levels. However, in the co-transfec-
tion with miR-30a inhibitor and siSox9 group, both the
Col II and sGAG levels were reversed to normal levels
due to the effect of Sox9 restroed by the miR-30a inhi-
bitor (Fig. 4d,e). Therefore, Sox9 may be a functional
mediator of miR-30a-mediated ECM degradation during
IL-1b induction.

The development of OA is via miR-30a and can be
restored by the miR-30a inhibitor

The severity and progression of CIOAwere evaluated by
histology of the joint cartilage. In the control group, his-
tological analyses by HE staining showed intact cartilage
with no abnormalities and a homogeneous matrix. How-
ever, in the OA group (CIOA was induced in rats by
repeated injection of collagenase), the surface of the joint
cartilage showed matrix cracks and fissures extending
into the deeper cartilage, contributing to cartilage frac-
tures. After 7 days, another group of CIOA rats were
injected with PBS. Histological analyses of HE stained
sections of CIOA joints showed stronger staining in the
cartilage matrix, as well as erosion and matrix loss. In
the group of COIA rats treated with miR-Scr inhibitor,
there were small infiltration foci of loose connective tis-
sue and strong HE staining in areas of horizontal sec-
tions of articular cartilage. In the CIOA group treated
with miR-30a inhibitor, the articular cartilage surface did
not show significantdegradation, suggesting that the
CIOA-induced fissures and fractures in cartilage and
bone matrix were induced by miR-30a (Fig. 5a). The rel-
ative expression of miR-30a in articular cartilage of
CIOA rats were analyzed by real-time PCR, treatment
with miR-30a inhibitor miR-30a levels were reduced
compared with the COIA group treated with PBS or
miR-Scr inhibitor, the results demonstrate reversely that
miR-30a was functional in OA development. Moreover,

the relative expression of Col II (Fig. 5b,e) and aggrecan
(Fig. 5c,f) were also analyzed by immunofluorescence
and real-time PCR in the bone matrices of different trea-
ted groups, respectively. Compared with the control
group, there was a marked decrease in Col II and aggre-
can in the COIA group. Treatment with the miR-30a
inhibitor restored these ECM component levels to almost
normal levels. However, in the COIA group treated with
PBS or miR-Scr inhibitor as controls, the expressions
remained low. These results demonstrate that silencing
miR-30a may contribute to the treatment of COIA.

Discussion

OA is the most common joint disease, and affect an
increasing number of the aging population. OA is char-
acterized by degeneration of cartilage components inside
the joints leading to pain, stiffness, and tenderness (18).
The capacity of articular cartilage for repair is very lim-
ited. The currentmedical treatment of OA is the reduc-
tion of joint pain and stiffness. However, there are no
effective pharmacological treatments for OA patients.
Many factors contribute to the overall degradation of
cartilage observed in OA via a known molecular mecha-
nism (19), including Sox9. Sox9 is essential for cartilage
homeostasis and function due to its ability to directly
regulate chondrocyte phenotype (20). Therefore, Sox9
may be a new therapeutic target for cartilage repair and
identification of its upstream regulator may contribute to
the development of new therapeutic option for cartilage
repair.

Some miRNA-related studies have postulated that
differential expression of miRNAs is a possible
approach for investigating the regulated function of their
targets in human diseases. In OA related miRNA
research, it has been reported that several miRNAs are
involved in the regulation of OA pathogenesis (21–23).
For example, miR-602 and miR-608 can regulate sonic
hedgehog signaling which is associated with cartilage
degradation in OA (24). MiR-210 can inhibit GPD1L
expression and prolyl hydroxylase 2 activity to promote
HIF-1a-dependent VEGF expression and angiogenesis
in human synovial fibroblasts (25). In addition, miR-
146a appears to protect against IL-1 induced IVD
degeneration and inflammation, and thus miR-146a
expression in articular chondrocytes is associated with
OA (26).

In the present study, we investigated a possible regu-
lation of miRNA and related genes involved in the
pathogenesis of OA. We searched the miRNA database
(http//:www.targetscan.org) and found that miR-30a is
cartilage specific as it contains the putative binding site
30 UTR of Sox9. The literature shows that the function
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of miR-30a is important in primary myogenesis and
muscle development (27). The miR-30 family members
are downregulated in a variety of malignant and meta-
static cancers. miR-30a plays a putative role in inhibit-
ing epithelial-mesenchymal transition in prostate cancer
(28) and lung cancer (29).

In this study, we hypothesized that upregulated miR-
30a suppressed Sox9 expression and led to ECM degra-
dation in IL-1b-induced OA. To verify our hypothesis,
the luciferase activity assay was performed and demon-
strated that miR-30a specifically targets Sox9. Further-
more, miR-30a expression was upregulated in primary
chondrocytes isolated from OA specimens, while
levels of Sox9 mRNA and protein expression were

downregulated. These results confirmed that (i) Sox9 is
a direct target of miR-30a; (ii) upregulation of miR-30a
is involved in OA pathogenesis; (iii) increased miR-30a
may promote OA development by targeting Sox9.

It is known that Sox9 expression may be advanta-
geous in ameliorating the course of OA as it can promote
Col II and aggrecan gene expression. However, Col II and
aggrecan are chondrocyte ECM genes and are downregu-
lated during chondrocyte ECM degradation (30). IL-1b, a
chondrocyte apoptosis-inducing agent can trigger carti-
lage degradation and joint inflammation (31), and thus
chondrocytes treated with IL-1b can be used to mimic OA
chondrocytes (32). In the current study, we proposed, for
the first time, that miR-30a is involved in IL-1b-induced

Figure 5. Effect of miR-30a on the development of collagenase-induced osteoarthritis (CIOA). (a) Representative joint sections of cartilage
and bone matrix in CIOA rats were stained with HE. Scale bars: 200 lm. (b–c) Representative joint sections of cartilage and bone matrix in CIOA
rats were immunofluorescence stained with aggrecan and col2. Scale bars: 100 lm. (d) The relative expression of miR-30a in articular cartilage of
CIOA rats. Data were normalized to U6. The mRNA levels of Col II (e) and aggrecan (f) were evaluated by real-time PCR. Data were normalized
to b-actin. *P < 0.05 versus healthy.
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chondrocyte ECM degradation by targeting Sox9. By
overexpressing miR-30a in chondrocytes, decreased
expression of Sox9 was observed by targeting its 30 UTR
regardless of IL-1b treatment. We demonstrated that
silencing miR-30a reversed the IL-1b-induced downregu-
lation of Sox9 as well as its downstream genes Col II and
aggrecan. To confirm that miR-30a mediates ECM degra-
dation through regulation of Sox9, siSox9 was used to
demonstrate that knockdown of Sox9 decreased ECM
gene expression synthesis. Peck et al.(33) demonstrated
that there was a conserved target site for miR-30 in the
SOX9 30 UTR, and miR-30 and Sox9 expression are posi-
tively correlated in the mouse intestine, antisense inhibi-
tion of miR-30 in a human intestinal epithelial cell line
(HIECs) led to significantly elevated levels of SOX9,
these are similar to our results.

Interestingly, the miR-30a inhibitor co-transfected
with siSox9 restoredSox9 levels and downstream gene
expression. The inhibitor did not induce stress in chon-
drocytes morphologically. Considering its effect on
miR-30a, the miR-30a inhibitor could be a potential
drug to target miR-30a in association with ECM degra-
dation together with the targeting of downstream Sox9.
Further investigation of this inhibitor will be conducted
in our OA animal models and its toxicity and targeting
effects determined. Further studies are also planned to
elucidate the mechanism of this inhibitor in the preven-
tion of ECM degradation in OA.

It is hoped that, miR-30a may serve as a new target
for preventing IL-1b-induced chondrocyte ECM degra-
dation.
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