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A B S T R A C T

Osteoarthritis (OA) is a common disease of the articular cartilage, and inflammatory response and articular
cartilage degradation have been implicated in the pathogenesis of OA. In recent years, microRNAs (miRNAs)
have been potentially involved in the pathogenesis of OA. However, little is known about the role of miRNAs in
the inflammatory response and articular cartilage degradation in OA and the underlying molecular mechanism.
In the present study, we analyze miRNA profiles in the articular tissues from OA patients using microarray. miR-
27a has attracted considerable interest for its suppressive effects on inflammation. Subsequently, the expression
levels of miR-27a were validated in the articular tissues of OA patients and IL-1β-stimulated chondrocytes. Using
this IL-1β-induced chondrocyte injury model, we found that upregulation of miR-27a suppressed articular
cartilage degradation, the reactive oxygen species (ROS) production and inflammatory response as reflected by
reductions in pro-inflammatory cytokines, including interleukin (IL)-6 and IL-8 and tumor necrosis factor (TNF)-
α. Moreover, toll-like receptor 4 (TLR4), one upstream molecule of NF-κB signaling pathway, was identified as a
direct target of miR-27a in chondrocytes. Furthermore, it was demonstrated that overexpression of TLR4 by
pcDNA-TLR4 markedly abrogated the inhibitory effects of miR-27a on the inflammatory response and the de-
generation of articular cartilage induced by IL-1β. Our findings suggest that miR-27a may be considered as a
potential therapeutic target in the treatment of OA.

1. Introduction

Osteoarthritis (OA) is regarded as the most common form of chronic
arthritis that often leads to pain and disability and affects approxi-
mately 10% of men and 20% of women over the age of 60 in the de-
veloped world [1,2]. Although there has been substantial effort to im-
prove OA, such as total joint replacement, the approaches to counteract
and avoid OA remain insufficient [3–5]. Thus, further investigation into
the pathogenesis of OA is important to optimize therapeutic strategies
and develop novel therapeutic drugs for OA patients.

The pathophysiological processes of OA are complicated and in-
flammation is the most typical pathological change among the various
causes of OA, which promotes the reduction of homeostasis and the
degradation of extracellular matrix (ECM) [6,7]. Inflammatory cyto-
kines such as interleukin-1 beta (IL-1β) has been widely used to mimic

an in vitro model of OA, as it can induce many catabolic factors
[12,13]. When chondrocytes are exposed to IL-1β, the production of
reactive oxygen species (ROS) and the release of inflammatory media-
tors are increased [8]. In addition, IL-1β stimulated the expressions of
extracellular matrix degradation-related enzyme, such as matrix me-
talloproteinases (MMPs), which affects the balance of ECM in articular
cartilage, thus aggravating the condition of OA [9,10]. Therefore, the
IL-1β-induced chondrocytes model of OA was used in the present study
for further investigations.

MicroRNAs (miRNAs) are short, non-coding RNAs that are 19 to 25
nucleotides in length that regulate gene expression post-tran-
scriptionally by pairing with complementary nucleotide sequences in
the 3′-untranslated regions of specific mRNA targets [11]. Increasing
evidence showed that aberrant miRNA expression plays an important
role in the development of OA [12]. For example, Xue et al. found that
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injection of a miR-93-5p-expressing lentivirus alleviated the destruction
of articular cartilage in a rat model of OA [13]. Baek et al. showed that
inhibition of miR-449a prevented progression of OA in rat OA models
through promoting cartilage regeneration [14]. Another group in-
dicated that miR-204-5p ameliorated the OA-like phenotype in rats
with surgically induced OA by targeting Runx2 [15]. Ding et al. found
that miR-93 protected OA mice from inflammation by targeting TLR4
[16]. Zhao et al. demonstrated that miR-26a alleviated synovitis and
cartilage injury by inhibiting the inflammatory response in OA rats
[17]. In addition, recent studies reported the alteration of several
miRNAs in OA and their potential to serve as diagnostic markers for OA
[18]. However, the function of specific miRNAs in inflammatory re-
sponse and articular cartilage degradation of OA remains unclear.

In this study, we used a miRNA microarray to analyze the miRNA
profiles in normal and OA articular tissues and observed the down-
regulation of miR-27a in OA. Subsequently, the regulatory mechanisms
of miR-27a on inflammatory response and articular cartilage degrada-
tion were examined in an IL-1β-induced chondrocyte model.
Furthermore, it was found that miR-27a targeted TLR4 and inhibited
activation of the NF-κB pathway in vitro. These results suggest that
miR-27a may serve as a novel therapeutic target in OA treatment.

2. Materials and methods

2.1. Tissue samples and human articular chondrocyte culture

OA cartilage tissues were obtained from 20 patients undergoing hip
or knee surgeries (age ranging from 50 to 73 years) at the Department
of Orthopedic Surgery Tongren Hospital, Shanghai Jiao Tong University
School of Medicine (Shanghai, China). Normal cartilage samples were
taken from 10 donors (age between 55 and 70 years) with no previous
history of joint pain at the hospital. Written informed consent was
obtained from each patient. The study was approved by the Ethics
Committee of Shanghai Jiao Tong University School of Medicine.

Primary chondrocyte isolation was performed as described pre-
viously [19]. Normal human articular cartilage was minced and di-
gested in 0.25% trypsin for 10min and 0.1% collagenase II in DMEM at
37 °C for 4 h. The digest was centrifuged at 100g for 5min, cells re-
suspended in Dulbecco's modified Eagle's medium (DMEM, Thermo
Fisher Scientific, Waltham, MA, USA) supplemented with 10% fetal
bovine serum (FBS, PAN-Biotech, Aidenbach, Germany) and 1% peni-
cillin-streptomycin (Beyotime, Jiangsu, China) at 37 °C. Cells from the
passage 1 and 2 were employed for subsequent studies. IL-1β was used
to stimulate chondrocytes for the establishment of OA in vitro model at
a final concentration of 10 ng/mL. To ascertain whether the NF-κB
pathway participates in IL-1β-induced OA changes in chondrocytes,
cells were pretreated with a NF-kB inhibitor, pyrrolidine dithiocarba-
mate (PDTC; 10mmol/L, Sigma, MO, USA), for 1 h, followed by 10 ng/
mL IL-1β for 24 h.

2.2. miRNA microarray

The miRNA microarray and the bioinformatics analysis were per-
formed at Kanchen Bio-tech Corporation (Shanghai, China). Briefly,
total RNA was isolated from 3 OA cartilage tissues and 3 normal car-
tilage tissues by miRNeasy isolation kit (Qiagen, Milan, Italy). The
quantity and integrity of RNA samples was evaluated via NanoDrop ND-
1000 spectrophotometry (Thermo Fisher Scientific, Inc., Waltham, MA,
USA). Total RNA (200 ng) was labeled with fluorescence dye hy3 or hy5
using the miRCURY Hy3/Hy5 Power Labeling kit and hybridized on the
miRCURY™ LNA Array (v.18.0), both obtained from Exiqon; Qiagen,
Inc., according to the manufacturer's protocol. Microarray images were
taken with Axon GenePix 4000B microarray scanner (Axon
Instruments, Foster City, CA, USA). Then the scanning images imported
into the GenePix Pro6.0 program (Axon Instruments) for grid alignment
and data extraction. The miRNAs with intensities ≥50 were used to

calculate a normalization factor in all samples. Normalization was
performed using median normalization. The miRNA expression profiles
were determined using MEV software (version 4.6; TIGR, Microarray
Software Suite4, Boston, United States).

2.3. qRT-PCR

Total RNA was extracted from cartilage tissues and cells with the
TRIzol reagent (Invitrogen, USA) according to the manufacturer's pro-
tocol. Reverse transcription of miR-27a and TLR4 was synthesized using
the miScript II RT kit and the reverse transcription kit (Invitrogen,
Carlsbad, CA), respectively. miR-27a and TLR4 expressions were mea-
sured using the Exiqon SYBR Green Master Mix (Exiqon, Vedbaek,
Denmark) on a Light Cycler instrument (Bio-Rad). The primers for qRT-
PCR analysis were as follows: The primers for qRT-PCR analysis were as
follows: miR-27a forward: 5′-TTCACAGTGGCTAAG-3′; miR-27a re-
verse: 5′-GTGCAGGGTCCGAGGT-3′; U6 forward: 5′-TGCGGGTGCTCG
CTTCGCAGC-3′; U6 reverse: 5′-CCAGTGCAGGGTCCGAGGT-3′; TLR4
forward: 5′-AGTTGATCTACCAAGCCTTGAGT-3′, TLR4 reverse: 5′-GCT
GGTTGTCCCAAAATCACTTT-3′; GAPDH forward: 5′-AGGTCGGTGTGA
ACGGATTTG-3′, GAPDH reverse: 5′-TGTAGACCATGTAGTTGAGG
TCA-3′. The PCR amplification protocol was as follows: an initial 95 °C
for 5min, followed by 40 cycles of 94 °C for 10 s, 57 °C for 31 s, and
70 °C for 30 s. Relative quantification was determined by normalization
to U6 or GAPDH. The qRT-PCR assays were performed in triplicate and
the relative expression levels were calculated based on the 2−ΔΔCt
method [20].

2.4. Cell transfection

When chondrocytes in six-well plate grown to about 80% con-
fluence, 20 nM miR-27a mimics, 20 nM mimics negative control (mi-
mics NC), 20 nM miR-27a inhibitor, and 20 nM inhibitor NC or 2 μg
pcDNA-TLR4 were transfected into cells at 37 °C for 24 h, using
Lipofectamine® 2000 (Invitrogen). miR-27a mimics, miR-27a inhibitor,
the corresponding control vectors, pcDNA-TLR4 and pcDNA vector
were purchased from RiboBio Co., Ltd. (Guangzhou, China). Post
transfection the cells were stimulated with IL-1β for 24 h and then
utilized in subsequent experiments.

2.5. ELISA assay

Cells were transfected with various plasmids, PDTC or miR-27a, and
then were exposed to IL-1β (10 ng/ml) for 24 h. Then, the levels of
MMP-3 (cat no.ab100607, Abcam, Cambridge, UK), MMP-9 (cat
no.ab100610, Abcam, Cambridge, UK), MMP-13 (cat no.ab100605,
Abcam, Cambridge, UK), IL-6 (cat no.p1330, Beyotime Biotechnology,
Shanghai, China), IL-8 (cat no.p1640, Beyotime Biotechnology,
Shanghai, China), and TNF-α (cat no.pt518, Beyotime Biotechnology,
Shanghai, China) in the culture supernatants were evaluated using the
commercial ELISA kits according to the manufacturer's standard pro-
tocols.

2.6. Measurement of reactive oxygen species (ROS)

ROS production in chondrocytes was measured by the kit of ROS
(Haimen, Jiangsu, China) according to the kit instructions. After de-
signated treatment, chondrocytes in 6-well plate (5×104/well) were
stained with 1 μM dichlorodihydrofluorescein diacetate (DCFH-DA)
(Beyotime Biotechnology, China) for 30min at 37 °C. Cells were cap-
tured using a fluorescence microscope (IX-81; Olympus Corp., Shinjuku,
Tokyo, Japan). The fluorescence intensity was analyzed by using the
fluorescence plate reader (Titertek Plus MS 212, ICN, Eschwege,
Germany) at Ex/Em=488/525 nm. The level of fluorescence was used
to indicate ROS levels, and data were displayed using the fold change in
fluorescence.
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2.7. Detection of malonaldehyde, superoxide dismutase, and glutathione
peroxidase

After designated treatment, the chondrocytes were lysed using lysis
buffer (Beyotime Biotechnology), the lysates were collected for the
detection of superoxide dismutase (SOD) and malondialdehyde (MDA)
and glutathione peroxidase (GPx). Then, the kits of SOD (cat no.so101),
MDA (cat no.so131) and GPx (cat no.s0058) (Beyotime, Shanghai,
China) were used to examine the level of SOD, the content of MDA and
the activity of GPx according to the manufacturer's instructions.

2.8. MTT assay

Cell viability was detected using the MTT assay. Cells (8× 103/
well) were seeded into 96-well plate for incubation overnight and
subjected to designated treatment. After incubation for 48 h, 20 μl of
MTT solution (5mg/mL, Sigma, St. Louis, MO, USA) was added to each
well and incubated for 4 h. Absorbance was measured at 560 nm by a
microplate reader (Bio-Tek Instruments, Germany).

2.9. Flow cytometry assay

Chondrocytes (1×106) were digested with trypsin, harvested after
designated treatment, washed in ice-cold PBS, and stained in 500 μL
binding buffer with 5 μL PI and 5 μL AnnexinV-FITC (Nanjing KeyGen
Biotech Co. Ltd., Nanjing, China) for 20min in the dark. The stained
cells were analyzed with EPICS XL-MCL FACScan (BectoneDickinson,
Mountain View, CA, United States).

2.10. NF-κB activity assay

Chondrocytes were plated in 6 well tissue culture plates at a con-
centration of 1×106 cells/well for 24 h. Then, cells were transfected
with 2.5 μg of a NF-κB reporter luciferase construct. Six hours later,
cells were washed and then treated with miR-27a mimics, PDTC or
pcDNA-TLR4 for another 24 h, followed by 10 ng/mL IL-1β for 24 h.
Cells were then washed in PBS and harvested in 500 μL 1× passive lysis
buffer. Luciferase was quantified using Promega Luciferase Assay kit on
a luminometer. Experimental values were recorded relative to un-
treated control samples.

2.11. Bioinformatics analysis and dual-luciferase reporter assays

miRNA target prediction tools, including PicTar version 2007
(https://pictar.mdc-berlin.de/) and TargetScan Release 7.0 (http://
targetscan.org/) were used to search for the putative targets of miR-
27a. For the luciferase reporter assay, HEK 293 T cells were co-trans-
fected with miR-27a mimics, miR-27a inhibitor and the luciferase re-
porter plasmids using Lipofectamine 2000 (Invitrogen). At 24 h post-
transfection, the double luciferase activities were analyzed using the
Dual-Luciferase Reporter Assay system (Promega Corporation).
Luciferase activity was normalized to Renilla luciferase activity.

2.12. Western blot analysis

Total protein was extracted using radio immunoprecipitation assay
(RIPA) lysis buffer (Beyotime Biotechnology, Shanghai, China) sup-
plemented with protease inhibitors (Roche, Guangzhou, China). The
protein concentration was determined using a BCA kit (Beyotime
Biotechnology, Shanghai, China). The extraction and isolation of nu-
clear and cytoplasmic protein were performed according to the Nuclear
and Cytoplasmic Protein Extraction Kit (Beyotime Biotechnology,
Shanghai, China). The nuclear and cytoplasmic proteins were quanti-
fied with kit mentioned above (Beyotime Biotechnology, Shanghai,
China) according to the recommendation. Next, the proteins in the ly-
sates were separated on SDS-PAGE gels and electrotransferred to PVDF

membranes(GE Healthcare, Freiburg, DE), followed by blocking in a 5%
skim milk solution for 1 h at room temperature. Primary antibodies
against TLR4 (cat. no. 14358; 1:2000), aggrecan (cat. no. ab3778,
1:2000, Abcam, Cambridge, UK), collagen type II (cat. no.ab34712,
1:2000, Abcam, Cambridge, UK), total p65 (cat no.#8242, Cell
Signaling Technology, 1:1000 dilution), nuclear p-p65 (cat no.#3033,
Cell Signaling Technology, 1:1000 dilution), p-IκB-α (cat no.#2859,
Cell Signaling Technology, 1:1000 dilution), IκB-α (cat no.sc-52,900,
Santa Cruz Biotechnology, 1:1000 dilution), Histone H3 (cat no.#9728,
1:2000, Cell Signaling Technology, 1:1000 dilution), and β-actin (cat
no.#4970, Cell Signaling Technology, 1:2000 dilution) were incubation
at 4 °C overnight. Then, membranes were incubated with the corre-
sponding horseradish peroxidase-conjugated goat anti-rabbit or anti-rat
secondary antibodies (cat no.ab6721 and 6785, 1:2000, Abcam,
Cambridge, UK) for 1 h at room temperature. The bands were detected
by enhanced chemiluminescence (ECL) kit (GE Healthcare, Freiburg,
DE). The intensity of the bands of interest was analyzed using Bio-Rad
Laboratories Quantity One software 3.0 (Bio-Rad Laboratories, Inc.). β-
actin protein was used as the inner control of the cytoplasmic proteins;
Histone H3 protein was used as the inner control of the nuclear pro-
teins.

2.13. Statistical analysis

The difference between means was analyzed using Student's t-test
and analysis of variance (ANOVA) using SPSS 13.0 software package
(SPSS Inc., Chicago, IL). All data are showed as the mean ± standard
deviation (SD). P value < 0.05 was considered statistically significant.
Spearman's analysis was used in correlation analysis. P < 0.05 was
considered to indicate a statistically significant difference.

3. Results

3.1. miR-27a was downregulated in OA cartilage tissues and IL-1β induced
chondrocytes

To reveal the role of miRNAs in the progression of OA, microarray
analysis was performed to determine miRNA levels in OA cartilage
tissues. Of 58 differently expressed miRNAs in the OA group 32 miRNAs
were downregulated and 26 miRNAs were upregulated, compared to
the normal group (Fig. 1A). Among the differentially expressed
miRNAs, miR-27a was one of the most significantly downregulated in
the articular cartilages of OA patients based on the microarray ex-
pression data. Consistent with our results, miR-27a was also found to be
downregulated in human OA chondrocytes, indicating that miR-27a
may be involved in the progression of OA [21–23]. In addition, several
other studies have shown that miR-27a act as a suppressive regulator of
inflammatory response in many types of injury model, including trau-
matic brain injury (TBI), acute lung injury (ALI) and so on [24–27].
However, whether miR-27a has a protective effect against the in-
flammatory response and articular cartilage degradation in OA remains
unknown. Thus, we chose miR-27a for further investigation. The ex-
pression of miR-27a was significantly downregulated in OA cartilage
tissues, compared to normal cartilage tissues using qRT-PCR analysis
(Fig. 1B). In addition, it was also found that miR-27a expression was
markedly downregulated in the IL-1β stimulated chondrocytes that is
widely used as the in vitro model of OA [28], and this inhibitory effect
was dose-dependent (Fig. 1C). Collectively, these results suggest that
miR-27a may be associated with the progression of OA.

3.2. Upregulation of miR-27a inhibited the cartilage degradation in
chondrocytes upon IL-1β condition

To further examine the effect of miR-27a on the cartilage de-
gradation, miR-27a mimics were transfected into the cultured chon-
drocytes, followed by IL-1β stimulation. The qRT-PCR analysis showed
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the miR-27a was notably increased after transfection of miR-27a mi-
mics (Fig. 2A). It was also observed that the decreased miR-27a ex-
pression in IL-1β treated chondrocytes was reversed after miR-27a
mimics transfection (Fig. 2A). Subsequently, the roles of miR-27a on the
expression of collagen type II, aggrecan and the contents of MMPs
(MMP-3, −9 and MMP-13) were then examined in chondrocytes. The
results showed that IL-1β significantly decreased the expressions of
collagen type II, aggrecan, compared with that in control, whereas

these inhibitory effects were attenuated by miR-27a overexpression
(Fig. 2B, C). As expected, IL-1β stimulation led to a significant increase
of MMP-3, MMP-9 and MMP-13 contents compared to control group,
while the increased MMPs contents induced by IL-1β were reversed by
miR-27a overexpression (Fig. 2D-F). Taken together, these data suggest
that upregulation of miR-27a might alleviate IL-1β-induced cartilage
degradation in chondrocytes.

Fig. 1. miR-27a was downregulated in OA
cartilage tissues and IL-1β induced chon-
drocytes. (A) Heat map of miRNA profiles
represents the differentially expressed
miRNAs between OA cartilage tissues (n=3)
and normal cartilage tissues (n= 3). Green
indicates low expression levels; red indicates
high expression levels. (B) qRT-PCR analysis
was used to assess the expression levels of
miR-27a in OA cartilage tissues from 20 pa-
tients with OA and normal cartilage samples
from 10 donors. p < 0.01 vs. Control group.
(C) Different concentrations of IL-1β were
used to stimulate chondrocytes and the ex-
pression of miR-27a was measured by qRT-
PCR. Data were represented as the
mean ± SD of three independent experi-
ments. *p < 0.05, **p < 0.01 vs. control
group. (For interpretation of the references to
colour in this figure legend, the reader is re-
ferred to the web version of this article.)

Fig. 2. Upregulation of miR-27a inhibited the cartilage degradation in chondrocytes upon IL-1β condition. (A) The miR-27a level in the chondrocytes transfected
with miR-27a mimics or negative control was measured by the qRT-PCR assay. After transfection with miR-27a mimics, cells were exposed to IL-1β. Then the
expression of miR-27a was also determined. (B, C) The protein levels of aggrecan and collagen II were analyzed by western blotting. The bands were semi-
quantitatively analyzed by using Image J software, normalized to β-actin density. (D-F) The contents of MMP-3, MMP-9 and MMP-13 in supernatants were evaluated
by ELISA assay. Data were represented as the mean ± SD of three independent experiments. *p < 0.05, **p < 0.01 vs. Control group; ##p < 0.01 vs. IL-1β
group.

W.-J. Qiu, et al. International Immunopharmacology 76 (2019) 105839

4



3.3. Upregulation of miR-27a suppressed IL-1β-induced oxidative stress
response and ROS production in chondrocytes

As ROS and the resulting oxidative stress, together with MMPs,
serve to maintain homeostasis in chondrocytes by facilitating cell
turnover [29,30], the present study explored the impact of miR-27a on
ROS production using DCF-DA assay in chondrocytes. As shown in
Fig. 3A, IL-1β stimulation significantly increase the level of ROS pro-
duction compared to control group, whereas this enhancement was
remarkably reduced by miR-27a overexpression. Furthermore, the
changes of oxidative stress markers, SOD, MDA and GPx in chon-
drocytes were analyzed by ELISA assay. The results showed that the
level of MDA was obviously increased, but SOD and GPx levels were
significantly reduced after IL-1β stimulation. However, miR-27a upre-
gulation attenuated these effects of IL-1β on SOD, MDA and GPx in
chondrocytes (Fig. 3B-D). These data indicated that miR-27a could re-
duce IL-1β-induced oxidative stress in chondrocytes.

3.4. Upregulation of miR-27a suppressed IL-1β-induced inflammatory
response in chondrocytes

Next, the effect of miR-27a on the release of pro-inflammatory cy-
tokines that contribute to the clinical symptoms of OA was further as-
sayed in chondrocytes. First, we assessed the effect of miR-27a on the
cell viability of chondrocytes. As shown in Fig. 4A, IL-1β stimulation
significantly decreased cell viability compared with control group, but
this inhibitory effect was attenuated by miR-27a overexpression. We
further analyzed the effect of miR-27a on the apoptosis and the levels of
apoptosis-related protein, cleaved caspase-3. The results showed that
the apoptosis portion and the levels of cleaved caspase-3 were sig-
nificantly increased in IL-1β treated chondrocytes compared to control
group, while the promoting effect was attenuated when miR-27a was
overexpressed (Fig. 4B, C). More importantly, we observed the effects of
miR-27a on pro-inflammatory cytokines by ELISA assays and the results
showed that the levels of IL-6, IL-8 and TNF-α were significantly in-
creased in IL-1β treated chondrocytes compared to control group,

whereas these promoting effects was markedly reduced by miR-27a
upregulation (Fig. 4D-F). These data suggest that miR-27a can protect
chondrocytes against IL-1β induced inflammatory response.

3.5. TLR4 was a direct target of miR-27a

To gain insights into the molecular mechanism underlying by which
miR-27a attenuates IL-1β induced cartilage degradation and in-
flammatory response in chondrocytes, we relied on TargetScan and
PicTar to predict target genes of miR-27a and identified TLR4 as a
potential target of miR-27a (Fig. 5A). Subsequently, we measured the
expression of TLR4 mRNA in OA cartilage tissues and found that the
TLR4 was significantly increased in OA cartilage tissues compared with
control group (Fig. 5B). The further correlation analysis indicated that
miR-27a expression was negatively associated with TLR4 expression in
OA cartilage tissues (Fig. 5C). In addition, to investigate whether TLR4
was regulated by miR-27a, we measured the mRNA and protein ex-
pression of TLR4 by qRT-PCR and Western Blot. As shown in Fig. 5D, E,
the mRNA and protein levels of TLR4 were markedly reduced by miR-
27a overexpression, but were significantly increased by miR-27a
knockdown. On the other hand, luciferase reporter assays showed that
overexpression of miR-27a inhibited, while miR-27a knockdown pro-
moted the relative luciferase activity in plasmids containing the wild-
type (WT) 3′UTR sequence of TLR4-mRNA, but not a mutated control
sequence, when compared with the control group (Fig. 5F). Next, we
detected the effect of miR-27a on TLR4 expression in IL-1β treated
chondrocytes by qRT-PCR. Our results showed that IL-1β stimulation
significantly increased the expression of TLR4 compared with control
group, but this promoting effect was attenuated by miR-27a over-
expression, and enhanced by miR-27a inhibition (Fig. 5G). These results
indicate that miR-27a can specifically bind to TLR4 mRNA and down-
regulate the gene expression in chondrocytes.

Fig. 3. Upregulation of miR-27a suppressed IL-1β-induced oxidative stress response and ROS production in chondrocytes. Chondrocytes were transfected with miR-
27a mimics or negative control for 24 h and then exposed to IL-1β for 24 h, the cells and cell supernatants were collected for further analysis. (A) The ROS production
was measured by a commercial kit of ROS. (B-D) The levels of SOD, MDA and GPx in chondrocytes were detected by ELISA kits. Data were represented as the
mean ± SD of three independent experiments. *p < 0.05, **p < 0.01 vs. Control group; ##p < 0.01 vs. IL-1β group.
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3.6. Overexpression of miR-27a inhibited IL-1β induced NF-κB signaling
pathway in chondrocytes

Since TLR4 is one of the upstream molecules of NF-κB signaling
pathway, which is directly related to the inflammatory response in OA
[31,32], further experiments were designed to investigate the effects of
miR-27a on the activation of NF-κB pathway in IL-1β-treated chon-
drocytes. The results of Western blot showed that the level of phos-
phorylated IκB-α (p-IκB-α) and nuclear p-p65 was obviously increased,
while IκB-α levels were significantly reduced after IL-1β stimulation
(Fig. 6A, B). However, miR-27a upregulation attenuated the effects of
IL-1β on the expression of IκBα, p-IκB-α and nuclear p-p65 in chon-
drocytes. In addition, we found that the NF-κB activity was markedly
increased after IL-1β stimulation compared with control group, whereas
this promoting effect was attenuated by miR-27a overexpression
(Fig. 6C). All data indicate that miR-27a may suppress IL-1β induced
inflammatory response by regulation of NF-κB signaling pathway in
chondrocytes.

3.7. Upregulation of miR-27a suppressed IL-1β-induced inflammatory
response through TLR4/NF-κB signaling pathway in chondrocytes

To determine whether miR-27a exerts the anti-inflammatory me-
chanism by targeting TLR4, chondrocytes were transfected with
pcDNA-TLR4 or pcDNA-vector. As expected, cells treated with pcDNA-
TLR4 showed a significant increase in TLR4 protein expression
(Fig. 7A). Subsequently, chondrocytes were co-transfected with miR-
27a mimics along with pcDNA-TLR4. As shown in Fig. 7B, C, increased
nuclear p-p65 expression and NF-κB activity in response to IL-1β sti-
mulation were significantly reduced by miR-27a overexpression, while
TLR4 overexpression attenuated the inhibitory effects of miR-27a
overexpression in chondrocytes. It was also observed that miR-27a
overexpression alleviated the reduction of cell viability in IL-1β induced
chondrocytes, whereas TLR4 overexpression partly abrogated the

promoting effect of miR-27a overexpression on cell viability. Subse-
quently, it was demonstrated that miR-27a overexpression suppressed
cell apoptosis and its inhibitory effect were reversed by TLR4 over-
expression in IL-1β induced chondrocytes (Fig. 7D, E). In addition,
TLR4 overexpression also reversed the inhibitory effects of miR-27a
mimics on the levels of IL-6, IL-8 and TNF-α in IL-1β induced chon-
drocytes (Fig. 7F-H). These data indicate that miR-27a suppressed IL-
1β-induced inflammatory response by targeting TLR4.

To investigate whether NF-κB signaling pathway was involved in
the suppressive effect of miR-27a on IL-1β-induced inflammatory re-
sponse, the activity of the NF-κB signaling pathway was blocked by a
NF-κB inhibitor, PDTC. As shown in Fig. 7B, C, PDTC also suppressed IL-
1β-induced the activation of NF-κB signaling pathway in chondrocytes.
Besides, the cell viability, cell apoptosis, and proinflammatory cyto-
kines (IL-6, IL-8 and TNF-α) caused by IL-1β was attenuated by PDTC
(Fig. 7D-H), which is similar with the role of miR-27a overexpression.
All data indicate that miR-27a suppressed IL-1β-induced inflammatory
response through blocking the activation of NF-κB signaling pathway.

3.8. Upregulation of miR-27a suppressed IL-1β-induced the cartilage
degradation through TLR4/NF-κB signaling pathway in chondrocytes

Next, to determine whether miR-27a suppressed the cartilage de-
gradation by targeting TLR4, the protein expression levels of aggrecan
and type II collagen, as well as the concentrations of MMPs were ana-
lyzed again. The results showed that miR-27a overexpression increased
aggrecan and type II collagen expression and decreased MMP3, MMP9
and MMP13 concentrations in IL-1β induced chondrocytes, while TLR4
overexpression attenuated the effects of miR-27a overexpression
(Fig. 8A-E). Besides, reduction of ROS, increased SOD, MDA expressions
and decreased GPx activity in response to miR-27a upregulation were
reversed by TLR4 overexpression in IL-1β induced chondrocytes
(Fig. 8F-I). These data indicate that miR-27a suppressed IL-1β-induced
cartilage degradation by targeting TLR4.

Fig. 4. Upregulation of miR-27a suppressed IL-1β-induced inflammatory response in chondrocytes. Chondrocytes were transfected with miR-27a mimics or negative
control for 24 h and then exposed to IL-1β for 24 h, the cells and cell supernatants were used for further analysis. (A) Cell viability was detected by MTT assay. (B) Cell
apoptosis was measured by Flow cytometry assay. (C) The protein level of cleaved caspase-3 was analyzed by western blotting. The bands were semi-quantitatively
analyzed by using Image J software, normalized to β-actin density. (D–F) The levels of IL-6, IL-8 and TNF-α were measured by ELISA kits. Data were represented as
the mean ± SD of three independent experiments. *p < 0.05, **p < 0.01 vs. Control group; ##p < 0.01 vs. IL-1β group.
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To investigate whether NF-κB signaling pathway was involved in
the suppressive effect of miR-27a on IL-1β-induced cartilage degrada-
tion, the activity of the NF-κB signaling pathway was blocked by PDTC.
As shown in Fig. 8A-B, the decreased aggrecan and type II collagen
expression induced by IL-1β were reversed by PDTC. The increased
MMP3, MMP9 and MMP13 concentrations by IL-1β was attenuated by
PDTC (Fig. 8C-E). Besides, the production of ROS caused by IL-1β was
also attenuated by PDTC (Fig. 8F). Finally, increased MDA levels, as
well as decreased activities of MDA and GPx induced by IL-1β were
attenuated by PDTC (Fig. 8G-I). All results are similar with the role of
miR-27a overexpression in IL-1β-induced cartilage degradation. Col-
lectively, these data indicate that miR-27a suppressed IL-1β-induced
cartilage degradation through blocking the activation of NF-κB sig-
naling pathway.

4. Discussion

In the present study, the miR-27a expressions were significantly
downregulated in the OA articular cartilage tissues from OA patients
and in IL-1β-stimulated chondrocytes. Moreover, overexpression of
miR-27a attenuate IL-1β induced cartilage degradation and in-
flammatory response through TLR4/NF-κB pathway in chondrocytes.
Our data collectively suggest that miR-27a may represent a promising
therapeutic target for OA.

It has been widely accepted that inflammation exerts important role
in OA by releasing various inflammatory cytokines and mediators [33].
Among these cytokines, IL-1β has been implicated in the development
of OA. Upon stimulation with IL-1β, chondrocytes, the only cells in
articular cartilage, will decrease the capability to synthesize type II
collagen and aggrecan, and to evoke the production of catabolic en-
zyme MMPs, resulting in cartilage degradation [34,35]. A number
studies have reported that inhibition of inflammatory response may be

Fig. 5. TLR4 was a direct target of miR-27a. (A) The putative binding site of miR-27a and TLR4 is shown. (B) qRT-PCR analysis was used to assess the expression
levels of TLR4 in OA cartilage tissues from 20 patients with OA and normal cartilage samples from 10 donors. p < 0.01 vs. Control group. (C) Spearman's correlation
was used to assess the correlation of miR-27a and TLR4 expression in OA cartilage tissues (r:-0.8133; p < 0.01). (D) Chondrocytes were transfected with miR-27a
mimics, miR-27a inhibitor or negative control for 24 h, the cells and cell supernatants were collected for further analysis. The protein level of TLR4 was analyzed by
western blotting. (E) Luciferase assay of chondrocytes co-transfected with firefly luciferase constructs containing the TLR4 wild-type or mutated 3′-UTRs and miR-27a
mimics, mimics NC, miR-27a inhibitor or inhibitor NC, as indicated (n=3). (F) Chondrocytes were transfected with miR-27a mimics, miR-27a inhibitor or negative
control for 24 h and then exposed to IL-1β for 24 h, the expression of TLR4 was measured by qRT-PCR. Data represent the mean ± SD of three independent
experiments. *p < 0.05, **p < 0.01 vs non-treated group; ## p < 0.01 vs IL-1β+mimics NC; && p < 0.01 vs IL-1β+ inhibitor NC.
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a new beneficial method for treating OA [36–38]. For example, Zheng
et al. found that methylene blue act as an inflammatory inhibitor by
targeting CILinc02 to regulate the inflammatory response, thereby
suppressing the degradation of chondrocyte in OA [39]. Zhao et al.
confirmed that downregulation of lncRNA PVT1 ameliorated the pro-
gression of OA by alleviating cartilage imbalance toward catabolism
and inflammatory response [40]. All results supported a promising
therapeutic strategy for OA by attenuating the inflammation.

Increasing evidence has demonstrated that miRNAs are aberrantly
expressed in the patients with OA and are involved in several patho-
physiological processes, including inflammation and cartilage de-
gradation [13,41]. For example, Dai et al. found that miR-101 is a key
modulator of chondrocytes injury in an OA rat model, and inhibition of
miR-101 can prevent the IL-1β-induced cartilage degradation in chon-
drocytes [42]. Yan et al. showed that lentiviral inhibition of miR-34a
effectively ameliorated the progression of OA through direct regulation
of the SIRT1/p53 signaling pathway [43]. Zheng et al. found that miR-
221-3p was downregulated in human cartilage tissues and miR-221-3p
upregulation prevented IL-1β-induced cartilage degradation in chon-
drocytes [44]. Therefore, in the present study, microarray analysis was
conducted on clinical samples, and a number of differentially expressed
miRNAs were screened, suggesting the potential diagnostic and ther-
apeutic values of miRNAs. More microRNAs that are relevant for the
pathogenesis of OA will be studied in the future. In particular, miR-27a
was one of the miRNAs exhibiting the most marked down regulation.

It has been generally recognized that miRNAs play different roles in

different cells. For example, miR-42-3p promoted the inflammatory
response in monocyte-derived DCs (moDCs) [45]. In the contrast, miR-
142-3p inhibited inflammation induced by bleomycin through down-
regulation of Cox-2 in MLE-12 cells [46]. Another study showed that
the overexpression of miR-142-3p inhibited lipopolysaccharide (LSP)-
induced inflammation in chondrocytes [47]. For the role of miR-27a in
inflammation, miR-27a has been reported to enhance lipopoly-
saccharide (LPS)-induced inflammation in rat pancreatic acinar cell
AR42J [48]. However, miR-27a also found to inhibit inflammatory
response of pancreatic acinar cells in acute pancreatitis by targeting
PTEN [49]. Although the suppressive role of miR-27a in macrophages
has been reported [26], the functions of miR-27a in chondrocytes re-
main unknown. In the present study, we first demonstrated that miR-
27a overexpression suppressed the IL-1β induced inflammatory re-
sponse and the degeneration of articular cartilage through blocking the
activation of TLR4/NF-κB signaling pathway, suggesting the ther-
apeutic values of miR-27a. Intriguingly, in the present study, using an
IL-1β-induced chondrocytes injury model, we found that over-
expression of miR-27a exerted a protective effect against IL-1β-induced
injury, as evidenced by promoting the synthesis of aggrecan, type II
collagen, and reducing MMPs (MMP-3, -9 and -13) contents and pro-
inflammatory cytokines (IL-6, IL-8 and TNF-α). All results suggest that
miR-27a upregulation improved IL-1β-induced chondrocytes injury
through suppressing cartilage degradation and inflammatory response.

Previous studies have demonstrated that the essential change in OA
is loss of the articular cartilage matrix, which is induced by various

Fig. 6. Overexpression of miR-27a inhibited
IL-1β induced NF-κB signaling pathway in
chondrocytes. Chondrocytes were transfected
with 25 nM miR-27a mimics for 24 h, and
then protein was extracted at 24 h after IL-1β
stimulation. (A, B) Levels of IκBα, phos-
phorylated IκB-α (p-IκB-α) and nuclear p-p65
were assessed by performing western blotting.
The bands were semi-quantitatively analyzed
by using Image J software, normalized to β-
actin or Histone H3 density. (C) Relative lu-
ciferase activity of NF-κB was quantified using
Promega Luciferase Assay kit on a lumin-
ometer. Data were represented as the
mean ± SD of three independent experi-
ments. *p < 0.05, **p < 0.01 vs. Control
group; ##p < 0.01 vs. IL-1β group.
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factors, especially oxidative stress [50]. It has been generally accepted
that overexpression of ROS plays a key role in the degeneration of ar-
ticular cartilage function [29]. Low concentrations of ROS, such as
H2O2 can induce the ECM synthesis inhibition, chondrocyte apoptosis,
excessive inflammatory response, which further lead to cartilage da-
mage [51,52]. In this study, we firstly evaluated the antioxidant effect
of miR-27a against IL-1β-induced chondrocytes reactions and con-
firmed that miR-27a can suppress the production of ROS.

To elucidate the potential mechanisms by which miR-27a protect
chondrocytes against IL-1β-induced injury, bioinformatics analysis was
performed to predicate the putative targets of miR-27a, and TLR4 was
identified as the potential target of miR-27a. TLR4, an important reg-
ulator of the NF-κB signaling pathway, has been shown to regulate the
proliferation, apoptosis and inflammation of chondrocytes [16].

Notably, a previous study showed that miR-27a regulated the LPS-in-
duced production of inflammatory cytokines in microglia by targeting
TLR4 [53]. Li et al. found that miR-27a upregulation attenuated
ischemia reperfusion (IR)-induced inflammatory damage to spinal cord
by negatively regulating the TLR4 signaling pathway in rats [54].
However, whether TLR4 is involved in the protection of miR-27a
against IL-1β-induced chondrocytes injury remained to be elucidated.
In our study, TLR4 was identified as a target of miR-27a in the chon-
drocytes and negatively regulated by miR-27a. Therefore, we hy-
pothesized that miR-27a protects chondrocytes from IL-1β-induced in-
flammation and cartilage degradation through targeting TLR4
signaling. As expected, the protective effects of miR-27a overexpression
on IL-1β-induced chondrocytes injury were abrogated by the over-
expression of TLR4, suggesting that miR-27a protected against IL-1β-

Fig. 7. miR-27a suppressed IL-1β-induced the inflammatory response through TLR4/NF-κB signaling pathway in chondrocytes. (A) Cells were transfected with
pcDNA-TLR4 or pcDNA empty vector for 24 h. The protein level of TLR4 was analyzed by western blotting. (B) After co-transfection with pcDNA-TLR4 and miR-27a
mimics, cells were exposed to IL-1β. The protein expression of nuclear p-p65 was assessed by performing western blotting. The bands were semi-quantitatively
analyzed by using Image J software, normalized to Histone H3 density. (C) Relative luciferase activity of NF-κB was quantified using Promega Luciferase Assay kit on
a luminometer. (D) Cell viability was detected by MTT assay. (E) Cell apoptosis was measured by Flow cytometry assay. (F–H) The levels of IL-6, IL-8 and TNF-α were
measured by ELISA kits. Data were represented as the mean ± SD of three independent experiments. *p < 0.05, **p < 0.01 vs. Control group; #p < 0.05,
##p < 0.01 vs. IL-1β group; $$p < 0.01 vs. IL-1β+miR-27a mimics group.
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Fig. 8. Upregulation of miR-27a suppressed IL-1β-induced the cartilage degradation through TLR4/NF-κB signaling pathway in chondrocytes. After co-transfection
with pcDNA-TLR4 and miR-27a mimics, cells were exposed to IL-1β for 24 h, the cells and cell supernatants were collected for further analysis. (A, B) The protein
levels of aggrecan and collagen II were analyzed by western blotting. The bands were semi-quantitatively analyzed by using Image J software, normalized to β-actin
density. (C–E) The contents of MMP-3, MMP-9 and MMP-13 in supernatants were evaluated by ELISA assay. (F) The ROS production was measured by a commercial
kit of ROS. (G–I) The levels of SOD, MDA and GPx in chondrocytes were detected by ELISA kits. Data were represented as the mean ± SD of three independent
experiments. *p < 0.05, **p < 0.01 vs. Control group; #p < 0.05, ##p < 0.01 vs. IL-1β group; $$p < 0.01 vs. IL-1β+miR-27a mimics group.
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induced inflammation and cartilage degradation via suppressing the
expression of TLR4. However, the possible molecular mechanism re-
quires further investigation.

It is well known that the stimulation of TLR4 can further activate
the NF-κB pathway [55]. Once activation, the NF-κB pathway triggers
the expression of a variety of inflammation-related mediators inducing
degradation of type II collagen and aggrecan, resulting in OA occur-
rence and progression [56]. Ran et al. found that inhibition of the NF-κB
pathway has been demonstrated to mediate the anti-inflammatory ac-
tivity and therapeutic effects of Schisandrin B in a rat OA model [57].
Wu et al. found that overexpression of sirtuin 6 improved the OA
through decreasing NF-κB pathway mediated the inflammatory re-
sponse of chondrocytes [58]. In addition, Wang et al. showed that
thymoquinone, an active ingredient isolated from Nigella sativa, re-
pressed the IL-1β-induced inflammation in chondrocytes of OA by
suppressing NF-κB signaling pathways [59]. In order to elucidate the
mechanisms underlying involved in the miR-27a mediated protection
against IL-1β-induced chondrocytes injury, the effects of aberrantly
expressed miR-27a on key kinases in the NF-κB signaling pathway were
examined. The results showed that the NF-κB signaling pathway was
activated in IL-1β-treated chondrocytes, and miR-27a overexpression
blocked the activity of this signaling pathway. In addition, it was also
found that the suppression of NF-κB pathway by PDTC inhibited IL-1β-
induced inflammation in chondrocytes. All these data suggest that the
protective effect of miR-27a on IL-1β-induced chondrocytes injury may
be mediated by NF-κB signaling pathway.

However, there are some limitations in the present study. For ex-
ample, only miR-27a was explored, whereas other miRNAs may also be
relevant for the pathogenesis of OA. Additionally, this study was mainly
done on cell model and the results showed that miR-27a upregulation
inhibited IL-1β-induced chondrocytes injury via blocking the activation
of the TLR4/NF-κB signaling pathway. Therefore, this study requires
further experiments in animals to investigate the role of miR-27a in the
improvement of OA. In the future, further systematic and in-depth
studies investigating the pathogenesis of OA will be conducted.

5. Conclusion

In conclusion, the present study revealed that miR-27a upregulation
inhibited IL-1β-induced chondrocytes injury via blocking the activation
of the TLR4/NF-κB signaling pathway in vitro. Our findings indicate a
therapeutic potential of miR-27a in OA treatment, however this re-
quires further experiments in animals prior to clinical application.
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