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Introduction: In our study we aimed to investigate the mechanism of Wnt
inhibitory factor 1 (WIF1) on regulating chondrocyte proliferation and apoptosis via reactive oxygen species (ROS) and the Wnt/β-catenin signaling
pathway in osteoarthritis (OA).
Material and methods: Osteoarthritis chondrocytes were treated with interleukin 1β (IL-1β) to simulate an inflammatory condition. Quantitative real-time polymerase chain reaction (qRT-PCR) and western blot were applied
for detecting WIF1 expression in OA chondrocytes. MTT assay and flow cytometry were carried out to analyze the cell proliferation and apoptosis. Content of ROS was detected using flow cytometry, and activity of the Wnt/β-catenin signaling pathway was detected using immunofluorescence, western
blot and luciferase reporter assay. Western blot and enzyme-linked immunosorbent assay (ELISA) were performed to detect the expression of apoptosis-related proteins and secretion of matrix metalloproteinases (MMPs).
Results: WIF1 expression in OA chondrocytes was significantly lower than in
normal chondrocytes. After WIF1 cDNA transfection, the aberrantly high ROS
level in OA chondrocytes was down-regulated, which led to the increase of
proliferation and reduction of apoptosis. The Wnt/β-catenin signaling pathway was suppressed by WIF1 overexpression and the secretion of MMPs was
therefore reduced.
Conclusions: Up-regulation of WIF1 would promote proliferation and suppress apoptosis of OA chondrocytes through eliminating ROS production and
reduce secretion of MMPs via blocking the Wnt/β-catenin signaling pathway.
Key words: osteoarthritis, Wnt inhibitory factor 1, reactive oxygen species,
Wnt/β-catenin.

Introduction
As a progressively degenerative joint disorder, osteoarthritis (OA) is
characterized by extracellular matrix (ECM) molecules’ degradation, articular cartilages loss, and osteophyte formation. It would possibly cause
chronic disability in the elderly and is one of the major health problems
worldwide [1, 2]. Apart from palliative pain control and physiotherapy, no
rational medical therapy is currently available for OA treatment before
receiving joint replacement therapy [3].
The current views hold that osteoarthritis occurs in all joint organs, such
as menisci, subchondral bone, periarticular muscle, and synovium [4].
Many studies have demonstrated the pathological mechanisms of carti-
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lage loss [5, 6]. Related studies showed that chondrocyte hypertrophy was connected with damaged calcified cartilage in OA which promoted the
degeneration of cartilage [7]. Recent studies have
revealed that the progression of OA is closely related to oxidative stress as well as reactive oxygen
species (ROS) [8]. In normal chondrocytes, ROS
at moderate levels work as indispensable second messengers and participate in many normal
physiological processes. However, in OA pathological situations, excessive ROS trigger the oxidative damage of the cells, oxidizing cellular lipids, proteins, carbohydrates as well as DNAs, and
therefore induce cell apoptosis [9]. Furthermore,
some researchers claimed that matrix metalloproteinases (MMPs) secreted by OA cells would
degrade the cartilage and ECM, whose structure
and function were orchestrated by chondrocytes,
especially MMP-1, MMP-3 and MMP-13 [10–12].
Catabolic enzymes of chondrocytes achieve tolerance to mechanical stress as well as elasticity of
articular cartilages, which is compromised in OA
[13]. As for the poor repair and regeneration ability of cartilage, the development of osteoarthritis
could be inhibited by enhancing the proliferation
of chondrocytes [14]. Therefore, the proliferation
ability of chondrocytes is an important factor in
delaying the degradation of cartilage, and it could
be enhanced via reducing the ROS level as well as
MMP secretion.
Since Wnt was first identified by Nusse and
Varmus in 1982, the Wnt gene family members
have been identified one by one [15]. The Wnt
gene family has been evidenced to be involved in
cell proliferation, cell migration, a string of complicated metabolic pathways and other activities
[16]. Some studies showed that the abnormal expression of the Wnt pathway is connected with
different malignant tumors and other diseases,
including OA [17]. Wnt inhibitory factor-1 (WIF1),
as a key antagonist, could bind to Wnt proteins directly in the extracellular space and thus suppress
the upstream of Wnt/β-catenin signaling pathway
[18]. Some studies demonstrated that WIF1 expression was downregulated in many human malignancies such as glioma and astrocytoma [18].
In addition, previous studies showed that WIF1
could impede Wnt3a-mediated inhibition of chondrogenesis [19]. Recent studies showed a possible
linkage among ROS, WIF1 and the Wnt/β-catenin
signaling pathway, which could lead to cell apoptosis [20–22]. Therefore, we supposed that WIF1
may regulate ROS production and the Wnt/β-catenin signaling pathway in chondrocytes.
In our study we aimed to investigate the effect
of WIF1 in OA cartilage chondrocytes. We transfected WIF1 cDNA into chondrocytes, and tested
the cell proliferation and apoptosis. Wnt/β-caten-

in signaling pathway and ROS level were explored
to assess how WIF1 affected the OA. Since there
have been few studies about WIF1 and ROS in osteoarthritis, the results of this study would reveal
the connection among WIF1, ROS and chondrocyte viability, which might provide a new therapeutic theory about OA treatment.

Material and methods
Tissue samples
Osteoarthritis cartilage tissue samples were
collected from 10 OA patients (4 males, 6 females,
age 55–78, average age 68.5 years) who received
sodium hyaluronate injection. Normal cartilage
samples were collected from 10 traumatic knee
joint fracture patients without OA (5 males, 5 females, age 47–69, average 58.2 years). All the patients received knee arthroplasty in the People’s
Hospital of China Medical University during the period between December 2015 and October 2016.
All the patients have signed the informed consent
about this research and all procedures of this research were approved by the Ethics Committee of
the People’s Hospital of China Medical University.

Cell culture and transfection
Cartilage tissue fragments were washed with
Hank’s balanced salt solution (Gibco, Grand Island, NY, USA) three times and then treated with
0.25% trypsin (Gibco) at 37°C. Digestion was ended when turbidity appeared in the solution. Dispersive cells were collected and cultured in Dulbecco’s modified eagle medium (DMEM, Gibco)
containing 10% fetal bovine serums (FBS, Gibco)
and incubated at 37°C in humid air with 5% CO2.
After 2 passages, chondrocytes were available for
the following experiments.
Osteoarthritis chondrocytes in the logarithmic
phase were transfected with WIF1 cDNA plasmid
(Vigenebio, Shandong, China) using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s protocol. Human interleukin
1β (IL-1β, 10 ng/ml, Sigma-Aldrich, St. Louis, MO,
USA), antioxidant acetylcysteine (NAC, 1/2/5 mM,
Sigma-Aldrich) and β-catenin inhibitor XAV-939
(0.5 μM, Sigma-Aldrich) were used to treat the OA
chondrocytes in different groups.

Quantitative real-time polymerase chain
reaction (qRT-PCR)
Total RNA of the OA chondrocytes was extracted using Trizol reagent (Beyotime, Shanghai,
China). A DNA Reverse Transcription Kit (Applied
Biosystems, CA, USA) was used to perform the reverse transcription, and SYBR Select Master Mix
in ABI Prism 7000 Sequence Detection (Applied
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Table I. Primers used for qRT-PCR
Genes

Forward primer 5’-3’

Reverse primer 5’-3’

WIF1

TGCCTCACAAGGCATCAGTT

GGAACCCATCAGGACACTCG

c-Myc

GGCCCCCAAGGTAGTTATCC

CGTTTCCGCAACAAGTCCTC

Cyclin D1

CAATGACCCCGCACGATTTC

AAGTTGTTGGGGCTCCTCAG

CGGAGTCAACGGATTTGGTCGTAT

AGCCTTCTCCATGGTGGTGAAGAC

GAPDH

Biosystems) was used to perform the qRT-PCR.
GAPDH was used as the internal reference, and
the relative expression of mRNAs was calculated
using the 2–DDCT method. Experiments were repeated in triplicate for accuracy. Primer sequences are
shown in Table I.

Western blot
Osteoarthritis chondrocytes were treated with
RIPA lysis buffer (Beyotime), and the concentration of proteins was tested using the Advanced
BCA Protein Assay Kit (Beyotime). After SDSPAGE separation, proteins were transferred onto
a polyvinylidene difluoride (PVDF) membrane for
1 h incubation with 1% bovine serum albumin
(BSA, Sigma-Aldrich) and then washed with PBST.
Primary antibodies were added and incubated
overnight at 4°C to bind the target proteins, then
secondary antibody was added and incubated for
1 h at 37°C. Primary antibodies were rabbit antiWIF1, anti-β-catenin, anti-lamin B1, anti-β-actin
and anti-GAPDH (1 : 2000, 1 : 1000, 1 : 1000,
1 : 2000, 1 : 2000 respectively, Abcam, Cambridge,
MA, USA). Secondary antibody was HRP-labeled
goat anti-rabbit IgG (1 : 2000, Abcam). Blots were
filmed by Vilber Lourmat (Marnela Vallée, France)
and analyzed by Quantity One software (Bio-Rad,
Hercules, CA, USA).

Enzyme-linked immunosorbent assay
(ELISA)
Osteoarthritis chondrocytes were seeded onto
96-well plates and incubated at 37°C in humid air
with 5% CO2 for 24 h. Culture supernatant was
collected, and then ELISA was performed using
a Quantikine ELISA Kit (R&D Systems, Abingdon,
UK) according to the manufacturer’s protocol.
The OD value was then detected using the microplate reader. Primary antibodies used were rabbit
anti-MMP-1, anti-MMP-3 and anti-MMP-13 (all
0.5 μg/ml, Abcam), and secondary antibody was
HRP-labeled goat anti-rabbit IgG (0.5 μg/ml, Abcam).

MTT assay
Osteoarthritis chondrocytes with WIF1 siRNA
transfected were planted into 96-well plates af-
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ter digestion by 0.25% trypsin. After being cultured for 1/2/3/4/5 days, cells in 96-well plates
were treated with 20 μl of MTT reagent for 4 h.
Then supernatant was removed and 150 μl of dimethyl sulfoxide (DMSO) was added to dissolve
formazan. The optical density (OD) value of each
well was obtained by the microplate reader at the
wavelength of 570 nm.

Flow cytometry
For apoptosis test: After digestion by 0.25%
trypsin (Gibco) for 24 h, the cells were collected
into ﬂow tubes and the supernatant was discarded. After washing with PBS three times, 150 μl of
binding buffer and 1 μl of Annexin V FITC (SigmaAldrich) were added to each tube, followed by incubation for 15 min in the dark at room temperature. The cells were then treated with 100 μl of
propidium iodide (PI, Sigma-Aldrich), and the cell
apoptosis was determined by the flow cytometer.
For reactive oxygen species (ROS) level test:
The cells were planted into 6-well plates and incubated for 24 h. To each well we added 1 ml of
DCFH-DA (Sigma-Aldrich) which was diluted by
DMEM (DCFH-DA : DMEM = 1 : 1000) for 20 min
culture. After washing with DMEM, cells were collected and we analyzed dichlorofluorescein (DCF)
fluorescence intensity, which could reflect ROS
level.

Immunofluorescence
The cells were plated in a 24-well plate and
cultured for 24 h, then fixed with 4% paraformaldehyde for 20 min. Goat serum was used to
block the cells for 1 h, and then primary antibody
(rabbit anti-human β-catenin, 1 : 100, Abcam) was
added. After overnight incubation, secondary antibody (Alexa Fluor 488-labeled goat anti-rabbit
IgG, 1 : 200, Abcam) was added and the cells were
incubated in the dark for 1 h. After staining with
DAPI (Sigma-Aldrich) for 5 min, the samples were
filmed by the fluorescence microscope.

Luciferase reporter assay
TOP/FOP flash plasmid (Promega, Madison, WI,
USA) and WIF1 cDNA plasmid were co-transfected
into OA chondrocytes using Lipofectamine 2000.
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After being cultured for 48 h, OA chondrocytes
(3 × 105 cells) were planted on the top of a 24-well
plate which was coated with Matrigel, and then
treated with IL-1β (1 nM) and XAV-939 (0.5 μM).
Cells were analyzed by the Dual-Luciferase Reporter Assay System (Promega) according to the
manufacturer’s protocol, and luciferase activity
was examined by the luminometer to show the
transcriptional activity of β-catenin.

Statistical analysis
All the data were analyzed with SPSS 21.0 (IBM,
NY, USA) and presented as mean ± standard deviation (SD). Student’s t test and one-way analysis
of variance (ANOVA) were used to detect differences between groups. Differences were considered to be statistically significant at p < 0.05.

Results
WIF1 was low-expressed in human OA
chondrocytes

drocytes (p < 0.01), while that of IL-1β treated OA
chondrocytes was lower than OA chondrocytes
(p < 0.05), indicating that WIF1 was negatively related to chondrocyte inflammation (Figures 1 A, B).

WIF1 down-regulated ROS level in OA
chondrocytes
The DCF fluorescence intensity of OA chondrocytes decreased significantly compared with normal chondrocytes, while that of IL-1β treated OA
chondrocytes was even higher than OA chondrocytes, indicating that the ROS level was up-regulated in OA (p < 0.01, Figure 2 A). Then IL-1β treated OA
chondrocytes were incubated with NAC (1/2/5 mM)
for 12 h, and ROS level was gradually decreased
with the increase of NAC concentration, showing
the efficiency of NAC in ROS elimination (p < 0.001,
Figure 2 B). After WIF1 cDNA transfection, ROS level
of IL-1β treated OA chondrocytes was significantly
decreased (p < 0.01, Figure 2 C), revealing that WIF1
could suppress ROS production.

We transfected OA chondrocytes with WIF1
cDNA and observed the results of qRT-PCR, which
demonstrated that WIF1 cDNA could remarkably
enhance the expression of WIF1 (p < 0.01, Figure 3 A), suggesting that we succeeded in over-
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Considering that the inflammation of OA chondrocytes collected from cartilage tissues was mitigated after culture in the medium, we treated OA
chondrocytes with IL-1β to simulate the inflammatory condition. We then detected the differential expressed gene WIF1 in normal and OA chondrocytes. Both qRT-PCR and western blot showed
that WIF1 expression of human OA chondrocytes
was significantly lower than that in normal chon-
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Figure 1. WIF1 was low-expressed in osteoarthritis (OA) chondrocytes. A – qRT-PCR: WIF1 expression of OA chondrocytes was significantly lower compared with normal chondrocytes, while that of IL-1β treated OA chondrocytes
was lower than non-treated OA chondrocytes. B – Western blot: WIF1 expression of OA chondrocytes was significantly lower compared with normal chondrocytes, while that of IL-1β treated OA chondrocytes was lower than
non-treated OA chondrocytes (*p < 0.05, **p < 0.01)
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expressing WIF1. Cellular experiments were then
performed to test the effect of up-regulated WIF1.
MTT assay revealed that both up-regulated WIF1
and NAC (5 mM) would promote the proliferation
of IL-1β treated OA chondrocytes (p < 0.01, Figure 3 B); according to flow cytometry results, the
apoptosis rate of IL-1β treated OA chondrocytes
was significantly reduced by WIF1 and NAC (p < 0.01,
Figure 3 C). Western blot was performed to detect
apoptosis-related proteins caspase-3, PARP, Bax
and Bcl-2. The expression of cleaved caspase-3,
cleaved PARP and Bax was significantly reduced,
while expression of anti-apoptotic protein Bcl-2
was increased after WIF1 cDNA transfection or
NAC treatment, indicating that WIF1 or NAC could
suppress cell apoptosis of OA chondrocytes (p <
0.01, Figure 3 D). All these results revealed that
WIF1 would protect the viability of chondrocytes
via reducing ROS production.

WIF1 blocked Wnt/β-catenin signaling
pathway and therefore reduced MMP
secretion
Activity of β-catenin was detected by western
blot, immunofluorescence and luciferase reporter assay. Western blot results revealed enhanced
nuclear and total β-catenin expression as well as
decreased cytoplasmic β-catenin expression in
IL-1β treated OA chondrocytes compared with OA
chondrocytes (negative control), while overexpressing WIF1 or the presence of β-catenin inhib-
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Figure 2. WIF1 was negatively correlated with
ROS in osteoarthritis (OA) chondrocytes. A – Flow
cytometry: DCF fluorescence intensity of OA chondrocytes was significantly higher than normal
chondrocytes, while that of IL-1β treated OA chondrocytes was higher than non-treated OA chondrocytes. B – Flow cytometry: DCF fluorescence intensity of IL-1β treated OA chondrocytes was gradually
decreased with the presence of NAC (1/2/5 mM).
C – Flow cytometry: DCF fluorescence intensity
of IL-1β treated OA chondrocytes was decreased
after WIF1 cDNA transfection or NAC treatment
(*p < 0.05, **p < 0.01, ***p < 0.001)

itor XAV-939 showed an inverse result (p < 0.01,
Figure 4 A). Immunofluorescence demonstrated
the parallel result that the fluorescence intensity
of β-catenin in the IL-1β + WIF1 and IL-1β + XAV939 group was distinctly lower compared with
the IL-1β group (p < 0.05, Figure 4 B). Luciferase
reporter assay confirmed that the transcriptional
activity of β-catenin, which was enhanced by IL-1β
stimulation, could be significantly reduced by
WIF1 or XAV-939 (p < 0.01, Figure 4 C). Moreover,
we detected the secretion of MMP-1, MMP-3 and
MMP-13 in the cell culture supernatant. All of
them were remarkably suppressed by WIF1 and
XAV-939 (p < 0.01, Figure 4 D). All these results
confirmed that up-regulated WIF1 blocked the
Wnt/β-catenin pathway.

Discussion
Our study focused on the effect of WIF1 in OA.
WIF1 expression in OA cartilage tissues was lower
than in normal tissues. After WIF1 cDNA transfection, the aberrantly high ROS level declined, and
therefore the apoptosis rate of OA chondrocytes
decreased while proliferation was significantly enhanced. Up-regulating WIF1 could also block the
Wnt/β-catenin signaling pathway and reduce
the secretion of MMPs.
OA, though widespread, is hard to cure and
current therapies only focus on reducing pain
and strengthening joint function [4]. Recent studies have shown that many genes are associated
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Figure 3. WIF1 promoted proliferation and suppressed apoptosis of osteoarthritis (OA) chondrocytes via down-regulating ROS level in OA chondrocytes. A – qRT-PCR: WIF1 mRNA expression was significantly increased after WIF1
cDNA transfection. B – MTT assay: viability of OA chondrocytes was significantly increased after WIF1 cDNA transfection or NAC (5 μM) treatment. C – Flow cytometry: apoptosis rate of OA chondrocytes was significantly reduced
after WIF1 cDNA transfection or NAC treatment. D – Western blot: expression of pro-apoptotic proteins cleaved
caspase-3, cleaved PARP and Bax was significantly reduced, while expression of anti-apoptotic protein Bcl-2 was
increased after WIF1 cDNA transfection or NAC treatment (*p < 0.05, **p < 0.01, compared with negative control
group)
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Figure 4. WIF1 blocked Wnt/β-catenin pathway and reduced
MMP secretion in osteoarthritis (OA) chondrocytes. A – Western blot: WIF1 expression was increased after WIF1 cDNA
transfection; cytoplasmic β-catenin expression was decreased
whereas nuclear and total β-catenin expression was increased
after IL-1β stimulation, while cytoplasmic, nuclear and total
β-catenin expressions were all reduced by WIF1 or XAV-939.
B – Immunofluorescence: β-catenin fluorescence intensity,
which could be enhanced by IL-1β, was significantly reduced
by WIF1 or XAV-939. C – Luciferase reporter assay: relative luciferase activity, which could be activated by IL-1β, was significantly reduced by WIF1 or XAV-939. D – ELISA: secretion
of MMP-1, MMP-3 and MMP-13 of IL-1β treated OA chondrocytes in culture supernatant was significantly decreased after
overexpressing WIF1 or being treated with XAV-939 (*p < 0.05,
**p < 0.01, compared with negative control group)
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with osteoarthritis [23]. For example, related studies have shown that the expression levels of tumor
necrosis factor α (TNF-α), osteopontin and nuclear
factor κB (NF-κB) in patients with knee OA were
higher than in healthy controls [24, 25]. Another
study showed that the expression level of SIRT1
was decreased in the OA group, and SIRT1 might
act as an indicator for determining formation and
development of knee OA [26]. In this study, a lower WIF1 expression in OA cartilage tissues than in
normal tissues was displayed. We supposed that
WIF1 might have effects on the chondrocytes in
OA. We tested the effects of WIF1 by transfecting
WIF1 cDNA in chondrocytes, and the results indicated that high WIF1 expression would promote
the OA chondrocyte proliferation and reduce the
cell apoptosis. Based on this result, we performed
our study on its mechanism including the relationship among WIF1, ROS and the Wnt/β-catenin
pathway.
In the past decades, multi-factorial etiology
of OA has been widely discussed, including ROS
overproduction and oxidative stress [9]. However,
the relationship between ROS and WIF1 was not
so compelling. A previous study has evidenced
that WIF1 was a ROS marker in systemic sclerosis
[20], but whether WIF1 could affect the content of
ROS in OA has not been investigated before. Our
study demonstrated that WIF1 expression was
negatively associated with ROS level in OA, partly
illuminating the mechanism of WIF1 in protecting
chondrocyte viability.
The connection between WIF1 and the Wnt/
β-catenin signaling pathway has been widely explored and reported [27]. It was demonstrated
that inhibiting WIF1 induced glioma cell growth
through the Wnt/β-catenin pathway [28]. In this
study, we explored how WIF1 affects OA development through the Wnt/β-catenin signaling pathway. A recent study showed us the possible relationship. For example, verapamil could prevent the
degradation of cartilage in OA by downregulating
protein expression in the Wnt/β-catenin signaling
pathway [3]. Tetrandrine has been evidenced to
have potential for the treatment of OA through
the Wnt/β-catenin signaling pathway [29]. Inhibiting EZH2 expression can ameliorate the development of osteoarthritis through the Wnt/β-catenin
pathway [30]. Our study demonstrated that WIF1
could inhibit β-catenin to transfer from cytoplasm
to the nucleus and reduce its transcriptional activity. Moreover, WIF1 could suppress the expression and secretion of MMPs, which were located
downstream of β-catenin. Thus, we confirmed
that WIF1 could protect the viability of chondrocytes via blocking the Wnt/β-catenin pathway and
therefore suppress MMP secretion, reducing aberrant degradation of ECM.

In conclusion, WIF1 promoted OA chondrocyte
proliferation and reduced cell apoptosis. The ROS
level was reduced while the Wnt/β-catenin pathway was activated by overexpressing WIF1. However, the specific molecular mechanism of their
interaction was not explored in our study due to
some restrictions. In our further studies, more
experiments will be performed to analyze the
relationships among OA, WIF1, the Wnt/β-catenin pathway and ROS, and their actual effects on
OA will be tested by in vivo experiments. We supposed that WIF1 could become a potential target
to cure osteoarthritis.
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