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Abstract: Background: Currently, toll-like receptor 4 (TLR-4) was implied to participate in multiple biological pro-
cesses. This study was aimed to investigate the effects of TLR-4 knockdown on osteoarthritis (OA). Methods:
Human chondrocytes collected from patients suffering OA were transfected with small interfering RNA targets TLR-4
(siTLR4) or its negative control (siNC). The expression of TLR-4 was determined by quantitative reverse transcription
PCR (qRT-PCR). Then, the expression of matrix metalloproteinases 13 (MMP-13) was detected by enzyme-linked
immunosorbent assay (ELISA). After that, cell proliferation was analyzed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay. Finally, the expression of tumor necrosis factor o (TNF-c), interferon y (IFN-y)
and interleukin 10 (IL.-10) were all measured by ELISA. Results: The mRNA expression level of TLR-4 in chondro-
cytes transfected with siTLR4 was significantly reduced in comparison with chondrocytes transfected with siNC
(P<0.001). Knockdown of TLR-4 remarkably decreased the expression of MMP-13 compared with negative control
(P<0.001). Then, the TLR-4-knockdown showed prominent elevation on cell viability at 3 d and 7 d after transfection
in comparison with negative control (P<0.001). Finally, the expression of inflammatory cytokines (TNF-«, IFN-y and
IL-10) were all down-regulated in TLR-4 knockdown chondrocytes in comparison with negative control (P<0.001).
Conclusion: Knockdown of TLR-4 in OA chondrocytes reduced expression of MMP-13 and promoted cell proliferation
accompanied by down-regulation of inflammatory cytokines.
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Introduction

As a chronic joint disease, osteoarthritis (OA)
causes long-term disability and significant pain
[1]. The World Health Organization (WHO) de-
clared that the prevalence of OA reached 9.6%
in men and 18% in women amongst people
aged over 60 years globally. With an increas-
ing number of aging populations, the preva-
lence of OA was predicted to double by the
year 2020 [2]. Concerning the treatment of OA
is still limited, it is imperative to investigate
novel therapeutic target for OA.

In common, OA is mainly characterized by the
degradation and loss of cartilage [3]. There is
sufficient extracellular matrix (ECM) in articular
cartilage; 90-95% of the ECM was type Il co-
llagen. The degradation and loss of ECM were
observed in early OA [4, 5]. Matrix metallopro-
teinases (MMPs) which cleave cartilage matrix

proteins act as the key feature for OA joint
destruction [6]. Studies focus on human OA
have demonstrated that many MMPs are
observed to express in articular cartilage [71].
Among these MMPs, the MMP-13 (collagena-
se 3) is proved to be the most essential for
the processing of ECM degradation on account
of the preference on type Il collagen, which
donates to tensile strength to cartilage and
abundantly presents in ECM [8]. There is strong
evidence to support that MMP-13 acts subs-
tantial role in OA pathogenesis [9, 10].

Toll-like receptors (TLRs) are a kind of trans-
membrane proteins involved with numerous
biological processes, including innate immu-
nity, the host defense response, autoimmune
and inflammatory disease [11]. Kim et al. clai-
med that the expressions of TLR-2 and TLR-4
were both elevated in OA cartilage [12]. Mean-
while, multiple lines of evidence suggest that
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TLRs are concerned with MMP-13 express-
ion. Ru et al. proposed that combined defici-
ency of TLR-2/TLR-4 attenuated induction of
MMP-13 in mouse [13]. Another study found
that selective TLR-9 agonist remarkably incre-
ased the gene expression of MMP-13 in both
LS174 and SW620 cells [14]. Recent study
also implied that the expression of TLR-1, TLR-
2 and TLR-6 were all improved in septic chon-
drocytes accompanied by the up-regulation of
MMP-13 [15].

With a view to the interaction of TLRs and
MMPs as well as the relationship between
MMPs and OA, we employed human chondro-
cyte to construct TLR-4 knockdown cell lines
for the first time. After that we investigated
the changes of MMP-13 and inflammatory cy-
tokines expression to confirm the effects of
TLR-4 on OA as a potential therapeutic target.

Materials and methods
Patients

This investigation was approved by our local
institutional ethics committee. Human OA carti-
lage was acquired from five patients (two males
and three females, average age 63.60 + 2.70
years) underwent total knee replacement from
February 2014 to November 2014. OA was dia-
gnosed according to the American College of
Rheumatology criteria. Patients were stopped
taking non-steroidal anti-inflammatory drugs
or steroids at least 2 weeks before surgery as
well as intra-articular injection at least 1 month
before surgery. All the samples were collect-
ed after receiving the written informed con-
sents. All the operations in our study were con-
ducted following to the approved guide line
and regulations.

Cell culture

Cartilage cultures were performed according to
the method described previously [3]. In brief,
cartilage was cut into pieces and digested by
0.2% collagenase Il (Sigma, St. Louis, MO, USA)
in Dulbecco’s modified Eagle’s medium (DM-
EM, Gibco BRL, Grand Island, NY, USA) at 37°C
for 24 h. After resuspension, the chondrocytes
were filtrated through a 0.075 mm cell strainer.
Accordingly, the chondrocytes were centrifu-
ged at 132 x g for 10 min and the pellets were
gently resuspended in DMEM supplemented
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with 10% fetal bovine serum (FBS, Gibco, Gai-
thersburg, MD, USA). Chondrocytes were main-
tained at 37°C in a humidified atmosphere of
5% CO, and 95% air. After 2 weeks culturing
with exchange of cell medium every 2 days, the
first passage chondrocytes were harvested.
All the experiments were performed within 3
days of passage 1 cells.

Cell transfection

Human chondrocytes were transfected with
small interfering RNA (siRNA) utilizing Lipo-
fectamine 3000 (Invitrogen, CA, USA) accord-
ing to the manufacturer’s instructions. The
siRNA against TLR-4 (siTLR4, sc-40260) and
none-silencing siRNA (siNC, sc-37007) were
both purchased from Santa Cruz Biotechno-
logy (Santa Cruz, CA, USA). The transfected
cells were used after transfection for 48-96 h.
The siNC was transfected as a negative control.
Cells without transfection were acted as
control.

Matrix metalloproteinase 13 (MMP-13) en-
zyme-linked immunosorbent assay (ELISA)

The culture supernatants of human chondro-
cytes transfected with siTLR4 or siNC as well
as of chondrocytes without transfection were
collected after culturing for 24 h. The protein
levels of MMP-13 were estimated by ELISA kit
(R&D Systems, Minneapolis, MN, USA) follow-
ing the manufacturer’'s protocols. The absor-
bance at 450 nm was measured using a micro-
plate reader (Bio-Rad, Richmond, CA, USA).

Cell viability assay

Cell viability assay was conducted with a 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoli-
um bromide (MTT) assay according to the pro-
tocol described previously [16]. In brief, trans-
fected and wild chondrocytes were respective-
ly seeded into the 96-well plates with a den-
sity of 1.5 x 10° cells/well and maintained for
0d, 3dand 7 d. Subsequently, 10 yL of MTT
solution (5 mg/mL, Sigma, St. Louis, MO, USA)
was added to each well and incubated
at 37°C for 4 h. Following addition of 150 pL
dimethyl sulfoxide (DMSO, Sigma-Aldrich, St.
Louis, MO, USA), cell viability was determin-
ed by measurement of the absorbance at
570 nm utilizing a microplate reader (Bio-Rad,
Richmond, CA, USA).

Int J Clin Exp Pathol 2017;10(2):1683-1689
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Figure 1. The difference of toll-like receptor 4 (TLR-
4) expression in transfected chondrocytes. Chondro-
cytes were transfected with either specific small in-
terfering RNA against TLR-4 (siTLR) or non-silencing
small interfering RNA (siNC). After transfection, cells
were collected for quantitative reverse transcription
PCR (qRT-PCR). Data presented were the mean of
five independent experiments. Error bars indicated
standard deviation (SD). ***, P<0.001.

Quantitative reverse transcription PCR (qRT-
PCR)

Total RNAs were isolated using TRIzol (Invi-
trogen, Carlsbad, CA, USA) and RNase-free
DNase | (Promega, Madison, WI, USA) following
the manufacturer’s instructions. After that,
cDNAs were synthesized using M-MLV First
Strand cDNA Synthesis Kit (Invitrogen, Carls-
bad, CA, USA). The mRNA expression levels
of TLR-4 were measured by qRT-PCR using
Power SYBR Green PCR master mix (Applied
Biosystems, Foster City, CA, USA) according to
the manufacturer’s protocol. Primers were
designed as follows: TLR-4-forward 5-TGG ATA
CGT TTC CTT ATA AG-3), reverse 5-GAA ATG
GAG GCA CCC CTT C-3’; GAPDH-forward 5-CGC
CCG CAG CCG ACA CAT C-3/, reverse 5-CGC
CCA ATA CGA CCA AAT CCG-3'. Synthesis of
primers was performed by Sangon Biotech Co.,
Ltd. (Shanghai, China). TLR-4 mRNA expression
was estimated by the comparative threshold
(Ct) using 222t method [17]. GAPDH acted as
an internal normalized reference.

ELISA of inflammatory cytokines

The concentrations of various inflammatory cy-
tokines in chondrocytes were detected using
Multi-analyte ELISArray kits (SABiosciences
Fredrick, MD, USA) followed the manufacturer’s
instructions. The relevant cytokines were tumor
necrosis factor a (TNF-a), interferon y (IFN-y)
and interleukin 10 (IL-10). The absorbance was
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measured at 450 nm by a microplate reader
(Bio-Rad, Richmond, CA, USA).

Statistical analysis

The results were presented as the mean *
standard deviation (SD) except box-whisker
plot. Measurement data were tested by one-
way analysis of variance (ANOVA). Statistical
calculations were processed by Graphpad
Prism 5.0 software (GraphPad, San Diego, CA,
USA). A statistical significance was defined
when P<0.05.

Results

SIiTLR-4 down-regulated the expression of TLR-
4

The mRNA expression level of TLR-4 in trans-
fected chondrocytes were estimated by qRT-
PCR. As shown in Figure 1, the mRNA expre-
ssion of TLR-4 in chondrocytes transfected
with siTLR4 were significantly reduced com-
pared with chondrocytes transfected with siNC
(P<0.001). There was no significant difference
between control and chondrocytes transfected
siNC; thus, we concluded that TLR-4 knock-
down chondrocytes were successfully obtained.

Knockdown of TLR-4 decreased the level of
MMP-13

MMP-13 production in culture supernatants
was determined by ELISA. In comparison with
chondrocytes transfected with siNC, the ex-
pression level of MMP-13 was remarkably de-
creased in TLR-4 knockdown chondrocytes (P<
0.001) (Figure 2). Based on the difference at
MMP-13 expression between control and chon-
drocytes transfected with siNC was not signifi-
cant, we demonstrated that the knockdown of
TLR-4 decreased the expression of MMP-13.

Knockdown of TLR-4 promoted chondrocyte
viability

Zero day, three days and seven days after
transfection, the chondrocyte viability was de-
termined by MTT assay. The Figure 3 showed
that TLR-4 knockdown markedly improved the
cell viability compared with chondrocytes trans-
fected with siNC (P<0.001). As comparison be-
tween control and chondrocytes transfected
with siNC was not significant, we implied that
knockdown of TLR-4 promoted chondrocyte
viability.

Int J Clin Exp Pathol 2017;10(2):1683-1689



The effects of TLR-4 knockdown on OA

o 151
‘T Hekk
o f !
g [
=0 - {E_
s} [ |
o A
> —_—
2 A

0.5 4 S
[0} —
= 4
= o
@

00 T T L)

Control siNC siTLR4

Figure 2. Influence of toll-like receptor 4 (TLR-4) on
expression of matrix metalloproteinases 13 (MMP-
13) in chondrocytes. Chondrocytes were transfected
with either specific small interfering RNA against
TLR-4 (siTLR) or non-silencing small interfering RNA
(siNC). After transfection, cells were collected for de-
termination of MMP-13 expression by enzyme-linked
immunosorbent assay (ELISA). Data presented were
the mean of five independent experiments. Error bars
indicated standard deviation (SD). ***, P<0.001.

4 -
-e—- Control
NC *kk
-& si
3 1 . ,/I
=i+ siTLR4 R

Relative cell viability
[h%]

0d 3d 7d
Time after transfection

Figure 3. Effect of toll-like receptor 4 (TLR-4) knock-
down on chondrocyte proliferation. Chondrocytes
were transfected with either specific small interfer-
ing RNA against TLR-4 (siTLR) or non-silencing small
interfering RNA (siNC). At 0 d, 3d and 7 d after trans-
fection, cells were collected for the measurement of
cell viability by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide (MTT) assay. Data presented
were the mean of five independent experiments.
Error bars indicated standard deviation (SD). ***,
P<0.001.

Knockdown of TLR-4 reduced the levels of in-
flammatory cytokines

Further studies on inflammatory cytokines were
also conducted by ELISA. In Figure 4A-C, the
concentration of TNF-¢, IFN-y and IL-10 were all
down-regulated in TLR-4 knockdown chondro-
cytes, in comparison with cells transfected with
SiNC (P<0.05 or P<0.01). The expression differ-
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ence of these cytokines between control and
chondrocytes transfected with siNC was not
significant; therefore, we proposed that TLR-4
knockdown reduced the secretion of inflamma-
tory cytokines.

Discussion

With a prevalence continues to rise, OA be-
comes a substantial public health burden. As
the single cell type in the cartilage, chondrocyte
plays essential role in the process of OA.
Meantime, TLR-4 was proved to be expressed
both at mMRNA and protein levels in human
chondrocytes [11]. Therefore, we utilized chon-
drocyte to construct TLR-4 knockdown cell
lines via transfection with siTLR4. Subsequent
ELISA assay suggested that the expression of
MMP-13 was markedly suppressed in TLR-4
deficiency chondrocytes. Besides, detection of
cell viability implied that TLR-4 knockdown sig-
nificantly elevated the cell viability of chondro-
cytes. Finally, the ELISA assays focused on pro-
tein levels of TNF-¢, IFN-y and IL-10 suggested
that the expressions of these inflammatory
cytokines were all down-regulated in TLR-4 defi-
cient chondrocytes.

A large numbers of evidences supported that
MMP-13 played a crucial role in OA. Previous
studies proved that knockdown of histone
deacetylase (HDAC) whose inhibitor acted as
a depressor of cartilage degradation strong-
ly suppressed MMP-13 expression in human
chondrosarcoma cells. While the expression of
HDAC and MMP-13 were both elevated in OA
patients, the correlation between MMP-13 and
OA was suggested to be existed [18]. Selective
MMP-13 inhibitors were proved to completely
block type Il collagen degradation in bovine
explants and 80% inhibition in human OA car-
tilage [19]. The OA cartilage erosions in MMP-
13 deficient mice were markedly reduced [20].
Together, human articular chondrocytes, which
ablated MMP-13 expression, were able to sta-
bilize their ECM and impede their differentia-
tion [241]. All the findings narrated above draw
a conclusion that down-regulation of MMP-13
alleviates OA. The results in our study indicated
that the expression of MMP-13 was down-re-
gulated which emphasized the important ef-
fects of TLR-4 deficiency for OA.

OA is implicated with signaling mechanisms
involved with stress- and inflammation-induced

Int J Clin Exp Pathol 2017;10(2):1683-1689



The effects of TLR-4 knockdown on OA

A T 501

g * %

g 401 T -IT—

6 30'

>

L 2019 —X— p— -

o]

w10

pd

|_ O L) L) T
83150- .

--E- 1 -

B o)

2

2 50 i

?‘

&

- 0 T T T
c T 407 *%

S

g 30 A —[— 1

E 20- — 1

@

e 10 1

I

= 0 i

Control siNC SiTLR4

Figure 4. Influence of toll-like receptor 4 (TLR-4)
knockdown on expressions of inflammatory cyto-
kines in chondrocytes. Chondrocytes were transfect-
ed with either specific small interfering RNA against
TLR-4 (siTLR) or non-silencing small interfering RNA
(siNC). After transfection, cells were collected for the
measurement of inflammatory cytokines including
tumor necrosis factor a (TNF-&), interferon y (IFN-y)
and interleukin 10 (IL-10). Data presented were the
median of five independent experiments. Error bars
indicated minimum and maximum. *, P<0.05; **,
P<0.01.

factors. When suffered with extrinsic stress,
the damaged cartilage matrix releases mole-
cules into synovial fluid and implicated the re-
lease of proteolytic enzymes by synovial cells
companied by recruitment of inflammatory
cells [22, 23]. These released molecules act
as damage-associated molecular patterns (DA-
MPs) and then activate TLRs, whose activation
is followed by induction of inflammatory gene
expression [24]. In allusion to TLR-4, the inter-
action between TLR-4 and its adaptors activate
both myeloid differentiation primary response
gene 88 (MyD88)-dependent and toll-recep-
tor-associated activator of interferon (TRIF)-de-
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pendent pathways [25, 26]. Nuclear Factor-kB
(NF-kB) is located downstream of these two
pathways. Once the NF-kB is activated, numer-
ous pro-inflammatory cytokines are produced
such as TNF-a [27]. Additionally, the NF-kB in-
duces the chondrocyte differentiation towards
hypertrophy [28]. The hypertrophic chondro-
cytes were suggested to express multiple phe-
notypic markers including MMP-13 and reduce
the expression of type Il collagen [29]. In our
study, the TLR-knockdown “chopped off” the
effects of DAMPS, thus suppressed the secre-
tion of inflammatory cytokines, which were fol-
lowed with reduced expression of MMP-13.
Besides, previous study suggested that heat
shock protein 70 (Hsp70) was released in re-
sponse to TNF-a and then acted as a paracrine/
autocrine inducer of IL-10 production in fibro-
blast-like synoviocytes (FLSs) [30]. This might
be an explanation for the decrease of IL-10
along with decrease of TNF-a. Furthermore, the
treatment options for OA were mainly focus-
ed on management of pain and swelling, and
minimum the functional impairment for main-
taining the quality of life [3]. If the TLR-4 was
knockdown, the interactions between stimuli
and inflammatory response were interrupted
resulting alleviation of pain. Thus, the TLR-4
might be an effective therapeutic target for OA.

As the single cell type in the cartilage, death
of chondrocyte has been proved to be invo-
Ived with the initiation and severity of cartilage
degradation [31]. Previous studies had lent
support on the effects of inflammatory cyto-
kines for the cell proliferation. Schuerwegh et
al. studied various cytokines and concluded
that TNF-a and IFN-y induced bovine chondro-
cytes proliferation [32]. Wang et al. showed
that the apoptosis was facilitated in human
chondrocytes with TNF-a stimulation [33].
Simultaneously, Kim et al. found that TLR4 -/-
mice showed low IFN-y along with attenuated
arthritis [34]. Likewise, the secretions of TNF-
o and IFN-y in our study were observed to
down-regulated which might affect the prolifer-
ation of chondrocytes and thereby relieve the
symptom of OA.

In conclusion, the knockdown of TLR-4 in chon-
drocytes improved the cell proliferation and
reduced the expression of MMP-13 accompa-
nied by decrease of inflammatory cytokines
expressions. The results suggested that the

Int J Clin Exp Pathol 2017;10(2):1683-1689
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TLR-4 deficiency might be a potential therapeu-
tic target on treatment of OA. Exact connection
between vast types of inflammatory cytokines
induced during OA and TLR-4 deficiency need
to be further studied.
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