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Abstract

Osteoarthritis (OA) is an age-related joint disease that is characterized by the degeneration of articular

chondrocytes. Nuclear enzymepoly(ADP-ribose) polymerase 1 (PARP-1) is associatedwith inflamma-

tion response. We investigated the role of PARP-1 in interleukin-1β (IL-1β)-stimulated human articular

chondrocytes and its underlying mechanism. Cell viability and apoptosis were evaluated by using

3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-di-phenytetrazoliumromide assay and flow cytometry, respect-

ively. Tumor necrosis factor-α (TNF-α) level was measured by enzyme-linked immunosorbent

assay. The mRNA and protein expression levels of PARP-1, IL-1 receptor (IL-1R), inducible nitric

oxide synthase (iNOS), matrix metalloproteinases (MMPs), and tissue inhibitor of metalloprotei-

nases-1 (TIMP-1) were determined by real-time reverse transcriptase-polymerase chain reaction

andwestern blot analysis, respectively. The expression and phosphorylation of NF-кB p65 were mea-

sured by western blot analysis. Results showed that stimulation of chondrocytes with IL-1β caused a

significant up-regulation of PARP-1 and IL-1R, resulting in NF-кB p65 nuclear translocation and phos-

phorylation associated with an increase of TNF-α secretion and iNOS expression. PARP-1 was inhib-

ited by siRNA transfection. Results showed that PARP-1 inhibition suppressed IL-1β-induced reduction

of cell viability and up-regulation of cell apoptosis, with a reduced IL-1R expression. PARP-1 inhibition

also effectively reversed IL-1β-induced inflammatory response through inhibiting the IL-1R/NF-кB
pathway. These data suggested that PARP-1 inhibition prevents IL-1β-induced inflammation response

at least partly by inhibiting the IL-1R/NF-кB signaling pathway in human articular chondrocytes.More-

over, PARP-1 inhibition reducedMMPs expression and increased TIMP-1 expression, suggesting that

PARP-1 inhibition could suppress cartilage destruction by modulating the balance between MMPs

and TIMP-1. Inhibition of PARP-1 might be useful in the treatment of OA.
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Introduction

Osteoarthritis (OA) is an age-related degenerative disease of joint [1].
Cartilage degradation is the main pathological change which is char-
acterized by extracellular matrix (ECM) damage and tissue cellularity

loss. Chondrocytes are the only cells of articular cartilage responsible
for the maintenance of ECM. Inflammation plays an important role in
the development and progression of OA [2]. Interleukin-1β (IL-1β),
a cytokine released by synovial cells and macrophages, causes
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inflammation of articular cartilage, stimulates the production of
matrix metalloproteinases (MMPs), down-regulates the tissue inhibi-
tor of metalloproteinases (TIMPs), and accelerates the degradation of
cartilage matrix [3,4]. Imbalance between MMPs and TIMPs is well-
known to be important in the progression of OA. Besides surgical
therapy, treatment of OA generally aims at maintaining the mobility
in the joint and retarding the degeneration of cartilage [5].

IL-1 is a potent proinflammatory cytokine and functions as the
gatekeeper for inflammation, which is produced by a variety of cells
and acts on virtually every organ system of the body [6]. IL-1 consists
of two distinct proteins (IL-1α and IL-1β) that bind to the type 1 IL-1
receptor (IL-1R1) to activate a downstream proinflammatory pathway.
IL-1R1 associates with IL-1 receptor accessory protein (IL-1RAP) to
form a transmembrane signaling complex that initiates IL-1-dependent
intracellular signaling [7]. Somewhat unique to the IL-1 system is the
existence of two distinct types of IL-1Rs, IL-1R1 and the type 2 IL-1
receptor (IL-1R2) [8].

Poly(ADP-ribose) polymerase 1 (PARP-1) is a nuclear protein that
serves as a sensor of DNA breaks [9]. PARP-1 can be activated
through binding to DNA strand breaks and facilitates damage repair
through poly(ADP-ribosyl)ation of target proteins, such as histones,
transcription factors, and PARP-1 itself [10]. Over-activation of
PARP-1 induces cell death by exhaustion of cellular ATP in condi-
tions of severe DNA damage [11]. Moreover, PARP-1 can regulate
the expressions of various key inflammatory genes, including indu-
cible nitric oxide synthase (iNOS), intercellular adhesion molecule
1, and vascular cell adhesion molecule 1 [12]. It has been demon-
strated that PARP-1 inhibition could suppress hyperstretch-induced
inflammation response [13]. MMPs, a family of 28 structurally re-
lated, multidomain Zn-dependent endopeptidases, are key enzymes
in the development and remodeling of tissues and organs [14].
PARP-1 inhibition increases the stability of atherosclerotic plaques,
which is associated with increased TIMP expression and decreased
ECM degradation [15].

In this study, we investigated whether PARP-1 inhibition is able to
inhibit inflammatory responses in an in vitro OA model of cultured
human chondrocytes, and provided evidence for its roles in cartilage
destruction.

Materials and Methods

Isolation and culture of chondrocytes

All experiments were approved by the Ethical Committee of Qingdao
Medical University. The primary human chondrocytes were isolated
from articular cartilage of OA patients undergoing total knee replace-
ment surgery as previously described [16]. Briefly, harvested cartilage
was minced into small pieces and incubated in a trypsin-containing so-
lution for 2 h at 37°C. The pieces were then washed with phosphate-

buffered saline (PBS) and incubated in 0.2% collagenase at 37°C over-
night. After digestion, the chondrocytes were collected and cultured in
Dulbecco’s modified Eagle’s medium (DMEM) (Gibco, Gaithersburg,
USA) containing 10% fetal calf serum, 100 U/ml penicillin, and
100 µg/ml streptomycin.

Cells were serum-starved overnight before treatment. Cells from
passage 1 to 3 were used in all experiments.

Cell treatment and mRNA inhibition

The primary human chondrocytes were cultured in DMEM at 37°C in
an atmosphere of 5% CO2 and treated with 10 ng/ml of IL-1β
(Sigma-Aldrich, St Louis, USA). The control group was untreated ex-
cept for a change of the medium. Cells were harvested after incubation
for 24 h. To inhibit PARP-1 expression, cells were transfected with
PARP-1 siRNA (GenePharma, Shanghai, China) or negative control
by using Lipofectamine 2000 (Invitrogen, Carlsbad, USA) in 24-well
plates. Briefly, before transfection, cells were plated in 500 µl of
growth medium without antibiotics when they are 30%–50% conflu-
ent at the time of transfection. Then, 20 pmol siRNA was diluted in
50 µl Opti-MEM (Gibco) and mixed gently. Lipofectamine 2000
(1 µl) was diluted in 50 µl Opti-MEM, mixed gently and incubated
for 5 min at room temperature. After 5 min incubation, the diluted
siRNA was combined with the Lipofectamine 2000, mixed gently
and incubated for 20 min at room temperature. Finally, the complexes
were added to each well containing cells and mixed gently by rocking
the plate back and forth. Experiments were performed 24 h after
transfection.

Reverse transcriptase-polymerase chain reaction

RNA was extracted from chondrocytes with Trizol reagent (Invitro-
gen) according to the manufacturer’s instructions. The specific tran-
scripts were quantified by quantitative polymerase chain reaction
(qPCR) using a SYBR Green PCR kit (Qiagen, Hilden, Germany).
The primers for genes are shown in Table 1. The mRNA levels were
normalized to the GAPDHmRNA level. Amplification, detection, and
data analysis were carried out by using the iCycler real-time PCR sys-
tem (Bio-Rad Laboratories, Hercules, USA). The relative mRNA ex-
pression was calculated with the comparative threshold cycle method.

Cytoplasmic and nuclear protein extraction

Protein was extracted from human chondrocytes by the use of the
NE-PER Nuclear and Cytoplasmic Extraction kit (Thermo Scientific,
Waltham, USA) according to the manufacturer’s instructions. Briefly,
cells were harvested with trypsin-ethylenediaminetetraacetic acid, cen-
trifuged at 500 g for 5 min, then washed with PBS and centrifuged
again at 500 g. The supernatant was discarded and cell pellet was
left as dry as possible. Then, ice cold CERI was added and the tube
was vortexed for 15 s to fully suspend the cell pellet. After incubation

Table 1. Sequences of primers used in this study

Gene Forward (5′→3′) Reverse (5′→3′)

PARP-1 TTGAAAAAGCCCTAAAGGCTCA CTACTCGGTCCAAGATCGCC
IL-1R1 TCCTCCATCCTGGAGAATATGA CTCATTTGGATACTCCGTGCAT
iNOS GTTCTCAGCCCAACAATACAAGA GTGGACGGGTCGATGTC AC
MMP-1 CTCCCTTGGACTCACTCATTCTA AGAACATCACCTCTCCCCTAAAC
MMP-13 TGAGGATACAGGCAAGACTCT CAATACGGTTACTCCAGATGC
TIMP-1 CTTCTGGCATCCTGTTGTTG AGAAGGCCGTCTGTGGGT
GAPDH GAAGGTGAAGGTCGGAGTC GAAGATGGTGATGGGATTTC
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on ice for 10 min, CERI was added and the tube was vortexed for 5 s.
After incubation on ice for 1 min, the tubewas centrifuged for 5 min at
16,000 g, and the supernatant (cytoplasmic extract) was immediately
transferred to a clean tube and stored at −80°C until use. The ice cold
NER was then added into the insoluble pellet and the tube was placed
on ice and vortexed for 15 s every 10 min, for a total of 40 min. After
the tube was centrifuged for 10 min at 16,000 g, the supernatant (nu-
clear extract) was immediately transferred to a clean tube and stored at
−80°C until use.

Western blot analysis

The protocol and semi-quantitative analysis were carried out as de-
scribed previously [17]. The following antibodies were used: rabbit
anti-IL-1R1 antibody (1:100; Abcam, Cambridge, UK), rabbit
anti-PARP-1 antibody (1:100; Sigma-Aldrich), rabbit anti-iNOS anti-
body (1:1000; Cell Signaling Technology, Beverly, USA), rabbit
anti-NF-κB p65 antibody (1:1000; Cell Signaling Technology), rabbit
monoclonal anti-phospho-NF-κB p65 (p-p65, 1:1000; Cell Signaling
Technology), rabbit anti-histone antibody (1:1000; Cell Signaling
Technology), rabbit anti-MMP-1 antibody (1:100; Abcam), rabbit
anti-MMP-13 antibody (1:100; Abcam), rabbit anti-TIMP-1 antibody
(1:100; Abcam), and rabbit anti-β-actin antibody (internal control;
1:1000; Cell Signaling Technology). All experiments were carried
out in triplicate. Signals were detected by enhanced chemilumines-
cence (Millipore, Billerica, USA) and analyzed by Image-Pro Plus 6.0.

Enzyme-linked immunosorbent assay

After stimulation, tumor necrosis factor-α (TNF-α) concentration in
the culture supernatants was measured using a commercial enzyme-
linked immunosorbent assay (ELISA) kit (Boster Biotechnology,
Wuhan, China) according to the manufacture’s protocol.

PARP-1 activity

PARP-1 activity in chondrocytes was determined using a colorimetric
assay, as described previously [18]. Briefly, cells were stimulated with
500 mM H2O2, and then the medium was replaced with PARP-1 re-
action buffer. Cells were fixed with 95% ethanol and endogenous per-
oxidase was blocked. Then, cells were washed once with PBS and
blocked with 1% bovine serum albumin (BSA). After 30 min, BSA so-
lution was aspirated and streptavidin–peroxidase (Jackson Immuno-
research Laboratories, West Grove, USA) was added. Color was
developed with 3,3′,5,5′-tetramethylbenzidine substrate (R&D
Systems, Minneapolis, USA). The optical density was measured with
a spectrophotometer.

Cell viability

Cell viability and proliferation were determined by the 3-(4,5)-
dimethylthiahiazo(-z-y1)-3,5-di-phenytetrazoliumromide (MTT) meth-
od. Briefly, after stimulation, cells were washed with PBS for three
times and then MTT (5 mg/ml) was added and incubated for 4 h at
37°C. The culture medium was then replaced with an equal volume
of dimethyl sulfoxide to dissolve blue formazan crystals. Absorbance
was determined at 570 nm by the use of a Varioskan FlashMultimode
Reader (Thermo Scientific).

Detection of apoptosis

Cell apoptosis was detected by the Annexin V-FITC/propidium iodide
(PI) Apoptosis Detection kit (BD, Franklin Lakes, USA). Briefly, chon-
drocytes were re-suspended in 200 µl HEPES buffer, and stained with

5 µl Annexin V-FITC and 10 µl PI for 15 min at room temperature in
the dark. After incubation, 200 µl HEPES buffer was added, and the
cells were measured by BD FACSCalibur FlowCytometer (BD). All ex-
periments were performed in triplicate.

Statistical analysis

Data are expressed as the mean ± SD. SPSS 16.0 (SPSS Inc., Chicago,
USA) was used for statistical analysis. Intergroup comparisons were
performed by two-tailed Student’s t-test or one-way ANOVA. P < 0.05
was considered to be statistically significant.

Results

IL-1β stimulation increased the expressions of PARP-1

and IL-1R as well as PARP-1 activity

Primary human chondrocytes isolated from articular cartilage of OA
patients were immunostained with anti-type II collagen antibodies and
observed under an optical microscope. Results showed that cells were
chondrocytes (Supplementary Fig. S1).

IL-1β is widely used to induceOA in vitro [19]. In this study, human
chondrocytes were stimulated with IL-1β at 10 ng/ml for 24 h. The
mRNA and protein expressions of PARP-1 and IL-1R were analyzed
by reverse transcriptase-PCR (RT-PCR) and western blot analysis, re-
spectively. As shown in Fig. 1A–E, IL-1β could significantly increase
PAPR-1 and IL-1R expressions. In addition, PARP-1 activity was also
up-regulated by IL-1β stimulation compared with the control (Fig. 1F).

PARP-1 inhibition protected IL-1β-stimulated

chondrocytes

PARP-1 expression was inhibited by siRNA. After PARP-1 was inhib-
ited for 24, 48, and 72 h, PARP-1 mRNA expression was determined
by RT-PCR. There was no statistical difference among the three time
points (Supplementary Fig. S2). Thus, the time point of 24 h was used
in the subsequent experiment. To ensure that PARP-1 was effectively
inhibited in the target cells, PARP-1 expression was measured by
RT-PCR and western blot analysis. Compared with the control,
PARP-1 expression was significantly reduced by siRNA (Fig. 2A–C).

Then, viability and proliferation of cells were analyzed by theMTT
method. Compared with the control, IL-1β stimulation reduced cell
viability and proliferation, while PARP-1 inhibition could alleviate
the adverse effect induced by IL-1β (Fig. 2D). Meanwhile, PARP-1 in-
hibition could reduce IL-1β-up-regulated cell apoptosis (Fig. 2E).
These results suggested that PARP-1 inhibition plays a protective
role in IL-1β-stimulated chondrocytes.

PARP-1 inhibition reduced the IL-1β-induced
inflammation response

Inflammation response plays a critical role in the pathogenesis of OA.
Among the proinflammatory cytokines involved in OA, TNF-α is con-
sidered to be a major participant. In patients or animals with OA, the
level of TNF-α is elevated in the synovial fluid and serum [20]. The
iNOS can synthesize nitric oxide (NO) to induce chondrocyte apop-
tosis [21]. So, we then investigated the TNF-α secretion and iNOS ex-
pression in chondrocytes. TNF-α level in supernatant was significantly
up-regulated after IL-1β treatment, whereas PARP-1 inhibition re-
duced TNF-α secretion (Fig. 3A). Meanwhile, PARP-1 inhibition sig-
nificantly reduced IL-1β-induced up-regulation of iNOS expression
(Fig. 3B–D). These results showed that PARP-1 inhibition could sup-
press IL-1β-induced inflammation response.
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PARP-1 inhibition suppressed the activation

of IL-1R/NF-кB signaling pathway in IL-1β-stimulated

chondrocytes

We then investigated whether IL-1R/NF-кB signaling pathway was in-
volved in the protective effects of PARP-1 on human chondrocytes.
First, IL-1R expression was analyzed after PARP-1 inhibition. As
shown in Fig. 4, PARP-1 inhibition could reduce IL-1β-induced up-
regulation of IL-1R expression. Then, a time course of NF-κB p65 nu-
clear translocation was analyzed. Western blot analysis showed that
NF-κB p65 was mostly cytoplasmic before IL-1β stimulation, but
translocated to nucleus when cells were stimulated with IL-1β
(2–4 h), and then translocated to cytoplasma after 8 h of treatment
(Fig. 5). However, PARP-1 inhibition suppressed IL-1β-induced p65
nuclear translocation (Fig. 6A–D). Then, p-p65 level was measured.
IL-1β could significantly increase p-p65 level compared with control,
and PARP-1 inhibition reduced p-p65 level (Fig. 6E,F). These results
suggested that the anti-inflammatory response conferred by PARP-1
inhibition might be partly mediated by the IL-1R/NF-кB pathway.

PARP-1 inhibition reduced MMP expression

and increased TIMP expression

An imbalance between the activity of MMPs and their inhibitors
TIMP is thought to underlie cartilage destruction in OA [22]. We

then investigated the expression of MMPs and TIMP-1 after
PARP-1 inhibition. Compared with the control, IL-1β increased the
mRNA expressions of MMP-1 and MMP-13, with a down-regulated
expression of TIMP-1. PARP-1 inhibition could suppress these effects
(Fig. 7). Then, the protein expressions of MMPs and TIMP-1 were
analyzed by western blot analysis. PARP-1 inhibition reduced MMP
expression and increased TIMP-1 expression (Fig. 8).

Discussion

OA is a degenerative joint disease characterized by the loss of chondro-
cyte function and ECM destruction caused by various risk factors [1].
The loss of chondrocyte function, degradation of the ECM, and in-
flammation response play crucial roles in the initiation and progres-
sion of OA, and thus inhibition of these factors is an important
issue for the treatment of OA [23].

OA is closely associated with inflammation in the early stages of
the disease. IL-1β, TNF-α, and NO are considered to be important
during inflammation response. They have been reported to induce
apoptosis in chondrocytes and ECM degradation [24]. In response
to IL-1β, chondrocytes can secrete MMPs to induce chondrocyte
apoptosis and inhibit ECM biosynthesis [25,26]. In patients or ani-
mals with OA, IL-1β, and TNF-α are elevated in the synovial fluid
and serum [20]. NO, a gaseous-free radical synthesized by iNOS,

Figure 1. IL-1β increased themRNA and protein expressions of IL-1R and PARP-1 as well as PARP-1 activity After human chondrocytes were stimulated with IL-1β,

mRNA and protein expressions of IL-1R and PARP-1 were determined by RT-PCR andwestern blot analysis, respectively. PARP-1 activity was also analyzed. (A and B)

Quantification of RT-PCR results of IL-1R and PARP-1 mRNA expressions. (C–E) Western blot analysis of IL-1R and PARP-1 protein expressions. (F) The activity of

PARP-1. Data are expressed as the mean ± SD from three independent experiments. Data were analyzed by Student’s t-test. *P < 0.05 vs. control.
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Figure 2. PARP-1 inhibition exerted protection on IL-1β-stimulated chondrocyte Chondrocytes were stimulated with IL-1β after PARP-1 inhibition by siRNA. Cell

viability and apoptosis were determined by the MTT method and flow cytometry, respectively. (A–C) The mRNA and protein expressions of PARP-1 after PARP-1

inhibition. (D) Cell viability. (E) Cell apoptosis. si-NC, negative siRNA control; si-PARP-1, PARP-1 siRNA. Data are expressed as themean ± SD. Datawere analyzed by

one-way ANOVA. *P < 0.05 vs. control; #P < 0.05 vs. IL-1β.

Figure 3. PARP-1 inhibition reduced IL-1β-induced inflammation response Chondrocytes were stimulated with IL-1β after PARP-1 inhibition by siRNA. TNF-α

secretion was measured by ELISA. iNOS mRNA and protein expressions were analyzed by RT-PCR and western blot analysis, respectively. (A) TNF-α secretion.

(B–D) iNOS mRNA and protein expressions. Data are expressed as the mean ± SD. Data were analyzed by one-way ANOVA. *P < 0.05 vs. control. #P < 0.05 vs. IL-1β.
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can induce apoptosis and increase MMP-13 expression [21]. The re-
sults of the present study showed that compared with the control,
IL-1β could significantly increase the level of TNF-α and iNOS,
which was consistent with previous studies.

PARP-1, a highly conserved DNA binding protein, is important
in maintaining the genomic stability, repairing the DNA damage,
and regulating transcriptional processes [27]. It is closely related to
various inflammatory conditions, including ischemia–reperfusion
injury, hypertension, atherosclerosis, and aging [28,29]. Moreover,
PARP-1 plays an important role in cell apoptosis [30]. In this
study, we found that compared with the control, IL-1β stimulation
could increase PARP-1 expression and activity. PARP-1 inhibition
reduced IL-1β-induced inflammation response. Then, we investi-
gated the underlying mechanisms. NF-κB, a nuclear protein, is a
transcription factor for various inflammatory cytokines [12].

The NF-κB complex remains inactive in the cytoplasm through inter-
action with the inhibitory protein inhibitor κB (IκB). Activation of
NF-κB requires phosphorylation of IκBα by IκBα kinase and subse-
quent degradation [31]. As shown in this study, PARP-1 inhibition
reduced IL-1β-induced up-regulation of IL-1R. Moreover, NF-κB
p65 was mostly cytoplasmic before IL-1β stimulation, but its local-
ization quickly changed to the nucleus with IL-1β stimulation. After
PARP-1 inhibition, p65 remained primarily cytoplasmic after IL-1β
treatment. The phosphorylation of the p65 subunit is critical for
binding to its target sites on DNA [32]. It was important to deter-
mine whether PARP-1 played a role in regulating the activity of
NF-κB. Our results showed that compared with the IL-1β, PARP-1
inhibition significantly decreased the p-p65 level. However, the
mechanism by which PARP-1 influences the phosphorylation needs
further investigation. Those results suggested that IL-1β-induced

Figure 4. PARP-1 inhibition reduced IL-1R expression After PARP-1 was inhibited, cells were stimulated with IL-1β. IL-1R mRNA (A) and protein (B,C) expressions

were analyzed by RT-PCR and western blot analysis, respectively. Data are expressed as the mean ± SD from three separate experiments. Data were analyzed by

Student’s t-test. *P < 0.05 vs. control.

Figure 5. IL-1β-induced NF-κB p65 nuclear translocation After cells were stimulated with IL-1β for 0, 2, 4, and 8 h, NF-κB p65 expression was analyzed by western

blot analysis. (A and B) Protein expression of NF-κB p65 in cytoplasma. (C and D) The protein expression of NF-κB p65 in nucleus. Data are expressed as the

mean ± SD. Data were analyzed by one-way ANOVA. *P < 0.05 vs. control.
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inflammatory response through IL-1R/PARP-1/NF-κB pathway in
human chondrocytes.

The chondrocytes can synthesize appropriate ECM molecules to
maintain cartilage homeostasis [33]. It is important to keep the biosyn-
thetic activities of chondrocytes. Our results showed that IL-1β stimu-
lation reduced the viability of chondrocytes, while PARP-1 inhibition
could prevent it, suggesting the protective effect of PARP-1 inhibition.
Cartilage ECMmolecules consist of type II collagen and sulfated pro-
teoglycan, which play crucial roles in regulating chondrocyte func-
tions [34]. MMPs, especially MMP-1 and MMP-13, can degrade
type II collagen and be inhibited by TIMPs. Under normal conditions,
TIMPs bind to active MMPs in a 1:1 ratio to make an inactive com-
plex. The imbalance in the ratio of TIMPs and MMPs results in con-
tinuous destruction in OA [35]. In the present study, we revealed that
the IL-1β-augmented expression of MMPs was inhibited, and the pro-
tein and mRNA expressions of TIMP-1 were up-regulated by PARP-1
inhibition in the IL-1β-induced chondrocytes. Therefore, maintaining
the balance of MMPs/TIMP-1 is another mechanism by which
PARP-1 inhibition prevents cartilage matrix degradation.

In conclusion, we found that IL-1β stimulation could increase the
protein expressions of IL-1R and PARP-1, as well as the activity of
PARP-1. IL-1β reduced the viability of chondrocytes and increased
cell apoptosis, while PARP-1 inhibition alleviated these. PARP-1 in-
hibition could reduce IL-1β-induced inflammation response, includ-
ing TNF-α secretion and iNOS expression, probably through
inhibiting the IL-1R/NF-кB pathway. Meanwhile, PARP-1 inhib-
ition could keep the balance between MMPs and TIMP-1. Our re-
sults suggested that PARP-1 inhibition had effective anti-OA
activity in human chondrocytes. The protection was mainly through
maintaining the viability of chondrocytes, reducing the secretion of
proinflammatory cytokines, suppression of MMPs expression, and
simultaneous up-regulation of TIMP-1 production (Fig. 9). This
study, to the best of our knowledge, provides the first evidence
that PARP-1 inhibition can effectively treat OA. Inhibition of
PARP-1might be a new approach for the treatment of OA. However,
further in vivo experiments are needed to identify novel and potent
agents for the prevention and treatment of OA through PARP-1 in-
hibition.

Figure 6. PARP-1 inhibition suppressed IL-1β-induced NF-κB p65 nuclear translocation After PARP-1 was inhibited, cells were stimulated with IL-1β for 0, 2, 4, and

8 h, NF-κB p65 expression and phosphorylation were analyzed by western blot analysis. (A and B) Protein expression of NF-κB p65 in cytoplasma. (C and D) Protein

expression of NF-κB p65 in nucleus. Data are expressed as themean ± SD. Datawere analyzed by one-way ANOVA. *P < 0.05 vs. control. (E and F) Protein expression

of phospho-NF-κB p65 (p-p65). Data are expressed as the mean ± SD. Data were analyzed by one-way ANOVA. *P < 0.05 vs. control. #P < 0.05 vs. IL-1β.

Figure 7. PARP-1 inhibition reducedMMPs and increased TIMP-1 mRNA expression Cells were stimulated with IL-1β after PARP-1 inhibition by siRNA. The mRNA

expressions of MMPs and TIMP-1 were determined by RT-PCR. (A–C) RT-PCR analysis of MMPs and TIMP-1 expressions. si-PARP-1, PARP-1 siRNA. Data are

expressed as the mean ± SD. Data were analyzed by one-way ANOVA. *P < 0.05 vs. control. #P < 0.05 vs. IL-1β.
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