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The anti-inflammation effect of strontium ranelate
on rat chondrocytes with or without IL-1f in vitro

HAO YU'?, YAN LIU'?, XIANGWEN YANG'?, JIAJING HE'?, QUN ZHONG'? and XIAOJING GUO'?

1Department of Prosthodontics, Shanghai Stomatological Hospital; 2Shanghai Key Laboratory of

Craniomaxillofacial Development and Diseases, Fudan University, Huangpu, Shanghai 200001, P.R. China

Received August 27, 2021; Accepted December 10, 2021

DOLI: 10.3892/etm.2022.11131

Abstract. Temporomandibular joint osteoarthritis (TMJ-OA)
is a common disease with a high level of inflammation in
the joint micro-environment and cartilage degradation.
Anti-inflammation and cartilage regeneration are the key
therapies for TMJ-OA, but currently, there are no novel medi-
cines or treatments that can control its pathogenic progression.
Strontium ranelate (SrR) is an anti-osteoporosis drug and is
now considered a promising anti-OA drug, but the anti-inflam-
matory effect of StR remains to be elucidated. In the present
study, the anti-inflammatory effect of SrR in a normal or high
IL-1p environment was observed. Cell viability under the treat-
ment of SrR was tested using Cell Counting Kit-8. Toluidine
blue staining, immunofluorescence staining, hydroxyproline
assay, PCR assay and western blotting were used to detect
the expression of collagen (Col)Il, proteoglycans (PG) and
aggrecan as a reflection of extracellular matrix synthesis
and MMP-9,13 hydroxyproline was used as an inflamma-
tion indicator. IL-1$ of 10 ng/ml was added to the culture
medium as inflammation environment and the tests of those
biomarkers were done again. Then, the changes in -catenin
were also studied by immunofluorescence staining, PCR assay
and western blotting to explore the possible involvement of
the Wnt/B-catenin pathway. The results showed a significant
inhibition of MMP-9, MMP-13, 3-catenin and promotion of
Col-II, PG and aggrecan in normal chondrocytes. The pres-
ence of IL-1p markedly upregulated the expression of MMP-9,
MMP-13 and B-catenin while suppressing Col-IT and PG and
StR partially reversed this trend. In conclusion, StR decreased
MMPs but promoted Col-1II, aggrecan and PG synthesis in
rat chondrocytes with or without the presence of IL-1§ and
SrR attenuated the IL-1B-induced increase in f-catenin, thus
reducing the inflammatory reaction.
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Introduction

Temporomandibular disease (TMD) is one of the most common
dental diseases and is characterized by temporomandibular
joint (TMJ) pain, snapping and difficulty in opening the mouth,
which seriously affect quality of life. There are several causes of
TMIJ inflammation, including abnormal biomechanical stress,
injury, or systematic disease, such as rheumatoid arthritis,
which result in TMD (1). TM joint osteoarthritis (TMJ-OA) is
one of the most common cases of TMD and it is typically char-
acterized by cartilage degradation and is very difficult to cure.
At present, the main pathological changes of TMJ-OA include
an increase in inflammatory factors, chondrocyte degeneration
and apoptosis, matrix collagen decomposition and abnormal
remodeling of subchondral bone (2). Chondrocytes are the
only cell component in cartilage tissue (3). When the balance
of the joint microenvironment is disturbed by factors such
as abnormal stress, ageing and genetic factors, inflammatory
factors such as IL-1B, TNF-o and nitric oxide (NO) increase (4),
chondrocytes become irritated and secrete excessive MMPs,
e.g. MMP-13, aggrecanases (ADAMTS-4, -5), nitric oxide
synthase (iNOS) and cyclooxygenase-2 (COX-2), which leads
to extracellular matrix (ECM) decomposition (5,6). Moreover,
chondrocytes in an inflammatory state also secrete various
inflammatory factors, such as IL-1p3, TNF-a, IL-6 and IL-8,
further leading to the aggravation of inflammation in the joint
microenvironment (7). This vicious cycle of inflammation will
eventually lead to cartilage destruction and the development
of OA (8).

A previous study emphasizes that the altered joint
mechanics that cause OA are addressed in first-line therapy,
which stresses the rehabilitation of normal biomechanical
and non-inflammation microenvironments (9). Unfortunately,
there are currently no pharmacological treatments or effec-
tive interventions that can alter the joint mechanics to halt
or reverse the progression of OA in the long term. As OA
involves a number of pathways and risk factors, personalized
therapy is the ultimate goal, which requires different targeted
disease-modifying OA drugs (DMOADs) for suitable thera-
peutic options (10). The pool of DMOAD:s is always in need
of growth.

Strontium ranelate (SrR) is an anti-osteoporosis drug that
has the dual effect of promoting bone formation and inhibiting
bone resorption and has been recently considered a possible
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DMOAD (11). As a promising DMOAD, SrR has some special
advantages. First, SrR has a good tolerability and safety profile
and is well tolerated by the majority of patients in long-term
treatment (12). Second, SrR can modify subchondral bone
turnover, thus indirectly modifying chondrocytes in cartilage
via factors released from bone (13,14). Third, in our previous
study, it was shown that StR has a chondrogenic induction
effect on bone mesenchymal stem cells (BMSCs) that promotes
cartilage regeneration and suppresses cartilage degradation by
inhibiting the formation of MMPs in vitro and in vivo (15).
However, the anti-inflammatory effect of SrR has not yet been
fully elucidated.

Evidence of IL-1f in progressing OA is well established
and is also an essential factor when simulating the OA
environment in vitro (6). Increased IL-1f leads to abnormal
regulation of MMPs, induces chondrocytes to produce large
amounts of NO, causes abnormal mitochondrial function and
leads to chondrocyte apoptosis and promotes chondrocytes to
produce PEG-2 and other inflammatory mediators, leading
to degradation of PG and collagen (16). However, few studies
of the anti-inflammation effect of SrR have been conducted.
Alves et al (17) published research on antinociceptive effects
of SrR; that orally taken SrR could reduce TNF-a levels in
periarticular tissues and trigeminal ganglion, but did not
decrease IL-1f expression, nor inhibit HO-1 pathway. As the
gastrointestinal barrier would block ranelate acid outside the
blood serum, it was not possible to predict the same result in an
in vitro study. The in vitro study of Henrotin et al (18) showed
that SrR had a significant inhibitory effect on MMPs and simu-
lated PG synthesis even under an inflammatory environment,
but that study did not advance mechanistic investigations.
Above all, whether StR could suppress the inflammation
level of IL-13, MMPs and stabilize ECM proteins directly
on chondrocytes and the underlying mechanism remain to be
elucidated.

The treatment of TMJ-OA involves the regeneration of
cartilage, which, using the method of tissue engineering,
requires plenty of cells. The chondrocytes from healthy
TMIJ are limited and it is reasonable to obtain chondrocytes
from other site of cartilage (19). The present study employed
the chondrocytes from rat femurs and aimed to investigate
whether StR exerted a protective effect by reducing rat chon-
drocyte inflammation caused by IL-1p. To explore its effect on
chondrocyte cell viability, ECM matrix synthesis, the expres-
sion of cartilage-forming or inflammation genes and proteins
and the involvement of the molecular mechanism of StR in
Wnt/B-catenin signaling pathways was examined.

Materials and methods

Isolation and culture of rat chondrocytes. Rat chondro-
cytes cells were isolated from Sprague-Dawley (SD) rats.
Briefly, 12 male SD rats of 4-6 weeks (weight 100-120 g)
were purchased from Vital River Laboratories. Rats were
sacrificed on receipt by sodium pentobarbital at a dosage of
150 mg/kg intraperitoneal injection and followed with strict
disinfection, the cartilage tissue on the top of the metaphysis
of the knee side was cut with a knife and washed twice
with PBS and twice with Hanks' Balanced Salt Solution
(HBSS). After washing, cartilage tissues were cut into small

pieces and incubated in HBSS (containing Ca*" and Mg*)
with 200 U/ml type II collagenase (Gibco; Thermo Fisher
Scientific, Inc.; cat. no. 17101-015) at 37°C and 5% CO, for
12 h. The cells were centrifuged at 300 x g for 5 min (room
temperature), resuspended in high-glucose DMEM (Gibco;
Thermo Fisher Scientific, Inc.) with 10% FBS (Gibco;
Thermo Fisher Scientific, Inc.) and then subjected to routine
cell culture procedures. Chondrocytes with 3-5 passages
were used for the present study.

The present study was performed strictly in accordance
with the recommendations in the Guide for the Care and
Use of Laboratory Animals of the National Institutes of
Health (20). All experiments were approved by the Animal
Research Committee of the Shanghai Stomatological Hospital
and Shanghai Research Center of Model Animal Organization
(IACUC no. 2020-0010-06).

Cell treatment with SrR and IL-15. Chondrocytes were
treated with different concentrations of SrR and induced by
IL-1pB to simulate inflammation. As described in our previous
study (15,21), 51.35 mg of StR (MilliporeSigma) was dissolved
in 50 ml of culture medium to obtain a maximum soluble
concentration of 2.0 mmol/l. Then, the samples were diluted
to different concentrations of 1.0, 0.5,0.25 and 0.125 mmol/l.

IL-1p-treated chondrocytes or cartilage tissues have been
widely adopted as in vitro models to study OA (6). The recom-
binant rat IL-1f} protein was purchased from BioVision, Inc.
(cat. no. 4130-10) and a final concentration of 10 ng/ml was
used for the present study.

Chondrocytes cell proliferation assay. The proliferation
of chondrocytes under different concentrations of SrR was
detected by CCK-8 assay. Briefly, the chondrocytes were inoc-
ulated in 96-well plates (initial cell density of 3x10° cells/well)
and treated with SrR (0, 0.125, 0.25, 0.5, 1.0 and 2.0 mmol/I)
for 1, 3, 5 and 7 days. CCK-8 (10 pl) solution in 5% CO, was
added to each plate and incubated at 37°C for 1 h under dark
conditions. Optical density (OD) values reflecting cell viability
were measured by a microplate reader (BioTek Instruments,
Inc.; ELX800) at a wavelength of 450 nm.

Toluidine blue staining. The chondrocytes were seeded on
24-well plates at an initial density of 1x10* cells/well with
DMEM added with SrR at 0.125, 0.25 and 0.5 mmol/l for
14 days induction, while initial cell density of 1x10° cells/well
for the cultural medium with IL-1 and 0.25 mmol/l SrR, and
for 3 days, at 37°C. Then, the chondrocytes were fixed with 4%
paraformaldehyde at 4°C for 30 min and stained with a tolu-
idine blue solution at room temperature for 30 min (Beijing
Solarbio Science & Technology Co., Ltd.) following 3 or
14 days of induction. Images were captured with an inverted
light microscope (Leica DMI 3000B; Leica Microsystems
GmbH) at x200 magnification.

Hydroxyproline (Hyp) assay. An Hyp assay revealed the
degradation condition of collagen. Hyp is the characteristic
amino acid that is composed of collagen and does not exist in
other human tissues (22). A hydroxyproline test kit (Abcam;
cat. no. ab222941) was used in accordance with the manu-
facturer's instructions. Cell culture supernatant, ddH,O and
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Table I. Primer sequences used for the rat chondrocytes.

Gene Forward Reverse

Col-II ATCGCCACGGTCCTACAATG GGCCCTAATTTTCGGGCATC
Aggrecan CAAGTCCCTGACAGACACCC GTCCACCCCTCCTCACATTG
MMP-9 GATCCCCAGAGCGTTACTCG GTTGTGGAAACTCACACGCC
MMP-13 TGCTGCATACGAGCATCCAT TGTCCTCAAAGTGAACCGCA
[-catenin ACTCCAGGAATGAAGGCGTG GAACTGGTCAGCTCAACCGA
GAPDH AGTGCCAGCCTCGTCTCATA GATGGTGATGGGTTTCCCGT

standard protein samples were prepared and an equal volume
of NaOH was added, evaporated, cooled and neutralized
with an equal amount of HCI. Then, the supernatant was
centrifuged at 10,000 x g for 5 min (room temperature) and
collected into a new tube. An oxidation reagent was added
and the solution was incubated at room temperature for
20 min. A developer was added and the solution was incu-
bated at 37°C for 5 min. DMAB concentrate was added and
the solution was incubated at 65°C for 45 min. The OD value
of each group was measured by microplate reader at 560 nm
wavelength. The test was repeated for three times and the
hydroxyproline concentration was calculated by the standard
curve method.

Immunofluorescence staining assay. The chondrocytes were
cultured in DMEM with or without IL-1 and SrR at 0.125,0.25
and 0.5 mmol/I for 14 days at 37°C. First, the cells were rinsed
with PBS and fixed at 4°C with 4% paraformaldehyde for
15 min. Second, the cells were treated with PBST for 10 min
under room temperature for permeability and rinsed with PBS
several times (5 min; room temperature). Then, non-specific
interactions were blocked with donkey serum and incubated
with primary antibodies against [3-catenin (Abcam; cat.
no. ab16051), collagen (Col)-1T (ProteinTech Group, Inc.; cat.
no. 15943-1-AP) and MMP-13 (Novus Biologicals, LLC; cat.
no. NBP2-17310). Cyanine 3-conjugated donkey anti-rabbit
IgG (cat. no. GB21403; Wuhan Servicebio Technology Co.,
Ltd.) was used as a secondary antibody and nuclei were
stained with DAPI (MilliporeSigma; cat. no. D9642). Images
were captured by a fluorescence microscope at x200 magni-
fication.

Reverse transcription-quantitative (RT-qg) PCR. The
chondrocytes were cultured in 6-well plates at a density of
5x10* cells/well with DMEM added with SrR at 0.125,0.25 and
0.5 mmol/l for 14 days induction and total RNA extracted at
days 1,7 and 14. With initial cell density of 5x10° cells/well for
the cultural medium with IL-1 and 0.25 mmol/l StR the total
RNA was extracted at days 1, 2 and 3 using TRIzol® reagent
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. RNA purity and quantification were tested
by NanoDrop One Microvolume Spectrophotometer (Thermo
Fisher Scientific, Inc.). The RNA was used as a template
for cDNA reverse by Tiangen FastKing cDNA Dispelling
RT SuperMix (cat. no. KR118; Tiangen Biotech Co., Ltd.)
following the manufacturer's instructions. The resultant cDNA
(100 ng) was amplified in a 20 pl reaction system containing

10 ul 2X SuperReal PreMix Plus (cat. no. FP205; KR118),
1.2 ul forward/reverse primer, 2 ul cDNA template and 6.8 ul
RNase-free ddH,0. The PCR cycling conditions were as
follow: Initial denaturation at 95°C for 15 min, followed by
40 cycles of denaturation at 95°C for 10 sec, annealing at 60°C
for 20 sec and extension at 72°C for 20 sec. All experiments
were repeated three times and the relative fold-change of gene
expression (2224 method) was calculated by the Ct value (23)
(LightCycler 96 PCR system; Roche Diagnostics GmbH). The
primer sequences are in Table I. All tests were performed in
triplicate.

Western blotting assay. The chondrocytes were cultured in
6-well plates at a density of 5x10* cells/well and treated with
or without SrR at 0.125, 0.25 and 0.5 mmol/l for 14 days, an
initial density of 5x10° cells/well treated with or without IL-1
and 0.25 mmol/l StR for 3 days at 37°C. After rinsing with PBS
several times, total proteins were collected by RIPA buffer
(Beyotime Institute of Biotechnology) on ice and measured by
a BCA protein assay kit (Beyotime Institute of Biotechnology).
Equivalent amounts of protein (20 pg/lane) were transferred
to PCDF membranes on 12% SDS-PAGE gels. Following
blocking with 5% skimmed milk at room temperature for
1 h, the membrane was exposed to primary antibodies at
4°C overnight, including Col-II (1:500; cat. no. 28459-1-AP;
ProteinTech Group, Inc.), aggrecan (1:500; cat. no. 13880-1;
ProteinTech Group, Inc.), -catenin (1:1,000; cat. no. ab16051;
Abcam), MMP-9 (1:500; cat. no. 10375-2; ProteinTech
Group, Inc.), MMP-13 (1:500; cat. no. Nbp2-17310; Novus
Biologicals) and (-actin (1:1,000; cat. no. 4970; Cell Signaling
Technology, Inc.). Then, PBST was washed and incubated with
HRP-labelled goat anti-rabbit IgG (1:1,000; cat. no. A0208;
Beyotime Institute of Biotechnology) or HRP-labelled goat
anti-mouse IgG (1:1,000; cat. no. A0216; Beyotime Institute
of Biotechnology) at room temperature for 2 h. The membrane
was thoroughly cleaned and visualized using ECL reagents
(Pierce; Thermo Fisher Scientific, Inc.). The bands were
imaged and measured by the Quantity One Analysis system
(version 4.6.6.; Bio-Rad Laboratories, Inc.).

Statistical analysis. The results are shown as the mean =+ stan-
dard deviation of three repeated experiments and were analyzed
by SPSS 26.0 software (IBM Corp.). One-way analysis of vari-
ance (ANOVA) with a subsequent post hoc Tukey's test was
used to determine the statistical significance of the differences
among groups. P<0.05 was considered to indicate a statisti-
cally significant difference.
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Figure 1. Effect of SR on rat chondrocytes viability. The OD values of every
group at day 1,3,5 and 7 are presented and no significant differences were
observed among the control, StR 0.125, 0.25 and 0.5 mmol/l groups, while
the OD values of the SrR 2.0 mmol/l at day 3, 5 and 7 and SrR 1.0 mmol/l
at day 5 and 7 groups were significantly lower compared with the control
("P<0.05). SR, strontium ranelate; OD, optical density; d, day.

Results

Effects of SrR on chondrocyte viability. Cells isolated from
rat femur cartilage were positively stained with Col-II and
aggrecan, but negatively with Col-I and 11-fibrau, which made
them identify as chondrocytes (Fig. S1).

The influence of SrR on rat chondrocyte viability was
tested by a CCK-8 assay. As illustrated in Fig. 1, StR at low
concentrations, including 0.125, 0.25 and 0.5 mmol/l, did not
suppress cell viability at days 1, 3, 5 and 7 and no significant
differences were observed between the control group and
these groups. High concentrations of SrR (1.0 and 2.0 mmol/I)
significantly inhibited cell proliferation. The results indicated
that the application of StR on chondrocytes was safer when the
concentration is <0.5 mmol/I (Fig. 1).

Effects of SrR on chondrocyte PG synthesis, hydroxyproline
(Hyp) concentration and gene expression. The chondrocytes
were treated with 0, 0.125, 0.25 and 0.50 mmol/l SrR for
14 days and toluidine blue staining revealed the PG content,
which reflects the normal synthesis function of chondrocytes.
The level of Hyp in extracellular fluid can reversely reflect
the degradation of collagen caused by inflammation or other
reasons. PCR tests were performed on days 1, 7 and 14 to
determine the gene expression of marker genes.

As shown in Fig. 2A, every SrR group had a darker stain
than that of the control group and the 0.25 and 0.50 mmol/l StR
groups were more intense than the 0.125 mmol/I group. Fig. 2B
shows the hydroxyproline (Hyp) concentration results. A signifi-
cantly lower Hyp concentration was found in all SrR groups
compared with the control group at days 7 and 14, which indi-
cated the protective effect of SrR against collagen degradation.
Fig. 2C and D shows the relative gene expression of aggrecan
and Col-1II. Significantly higher expression of aggrecan and
Col-II was found in the StR groups than in the control groups
and higher concentrations of SrR resulted in an improved trend.
Fig. 2E-G presents the gene expression of 3-catenin, MMP-9
and MMP-13 and SrR significantly suppressed gene expression.

Effects of SrR on chondrocyte Col-II, aggrecan, [5-catenin,
MMP-9 and MMP-13 protein synthesis. The chondrocytes
were treated with 0, 0.125, 0.25 and 0.50 mmol/l SrR for

14 days, which was followed by immunofluorescence staining
to visualize the location and concentration of 3-catenin, Col-II
and MMP-13 protein. The results showed a clear dose-depen-
dent effect of SrR on promoting chondrocyte function.
[-catenin was highly expressed and located inside the nucleus
in the control group, while StR treatment resulted in lighter
staining and a significantly lower expression of [3-catenin in the
0.50 mmol/1 treatment group (Fig. 3A) compared to that of the
control. The same situation could be seen in Fig. 3C: MMP-13
was positively stained in cytoplasm around the nucleus and its
expression was lower in the higher concentration group. Col-II
located in cytoplasm and extracellular area and had the opposite
expression trend: the control group had the lowest expression
and a higher concentration of StR resulted in higher expression
(Fig. 3B). Fig. 3D presents the WB results, which provided a
clearer view of the relative quantified protein content. There
was an increasing amount of Col-II and aggrecan in the StR
groups and B-catenin, MMP-13 and MMP-9 were decreased in
the StR groups at higher concentrations (Fig. 3E).

Effects of SrR on IL-1B-inflamed chondrocyte gene and
protein expression. To understand whether SrR has an
anti-inflammatory effect, 10 ng/l IL-1p was applied to chon-
drocyte culture medium and the cells treated with or without
StR for 3 days. Toluidine blue chondrocytes staining showed
a significant inhibitory effect of IL-1p on PG synthesis and
StR reversed this effect (Fig. 4A). Fig. 4B, D and E shows
that the relative gene expression of f-catenin, MMP-13 and
MMP-9 had similar tendencies. IL-1p could significantly
promote the expression of MMPs and activate -catenin. StR
could partially offset this activation. Fig. 4C shows that IL-1
also depressed Col-II gene expression and that SrR slightly
increased Col-II expression but was still significantly lower
than that of the control. Fig. 4F shows the western blotting
analysis of Col-II, f-catenin, MMP-13 and MMP-9. The
results were consistent with the PCR assay results showing
that Col-II was expressed at lower levels in the IL-1p group,
but it was clear that -catenin, MMP-9 and MMP-13 were
highly expressed and StR reversed these trends (Fig 4G).

Effects of SrR on IL-15-inflamed chondrocyte B-catenin,
Col-1I and MMP-13 protein synthesis. The chondrocytes
were treated with IL-1$ and O or 0.50 mmol/1 SrR for 3 days,
followed by immunofluorescence staining. As shown in
Fig. 5A, B-catenin had a strong stain and accumulated inside
the nucleus in the IL-1f group and SrR treatment resulted in
slightly shallower staining, but the staining was still darker
compared with the control. Col-IT was light colored in the
IL-1p group but gained a darker stain after being treated with
SrR (Fig. 5B). MMP-13 had a remarkably stronger stain in the
IL-1P group and SrR could lower its expression (Fig. 5C).

Discussion

SrR, a classic anti-osteoporosis drug, has been gradually
recognized to have an anti-osteoarthritis effect and the scope
of its clinical application has gradually expanded in recent
years. The role of SrR in promoting osteogenesis (18,24-26),
chondrogenesis (14,15,18,27) and angiogenesis (21,28) has
been experimentally confirmed, but its anti-inflammatory
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Figure 2. Toluidine blue staining. (A) Hyp concentration and (B) relative gene expression. Relative gene expression of (C) aggrecan, (D) Col-II, (E) -catenin,
(F) MMP-9 (G) and MMP-13 of rat chondrocytes treated with different concentrations of StR. The images of 2A were captured under x200 magnification.

“P<0.05. Hyp, hydroxyproline; Col, collagen; SR, strontium ranelate.

effect remains to be elucidated. The results demonstrated the
anti-inflammatory effect of SrR and evidenced a possible role
for the Wnt/p-catenin pathway.

Cartilage tissue is composed of cartilage ECM, which
mostly contains Col type II and PG, with 15-22 and 4-7% of
the cartilage wet weight, respectively (29) and chondrocytes
are the only cell component (3). Cartilage degradation is
directly reflected in the increased expression of inflammatory
factors represented by the MMP family in chondrocytes (30)
and the reduction in ECM protein synthesis, such as Col-II,
PG and aggrecan (31). In the study of the anti-inflammatory
and cartilage stabilizing effects of drugs, Col-II and PG were
used as indicators of cartilage synthesis function and MMPs
were key indicators of inflammation levels. The results of the
present study showed that SrR could significantly promote
the synthesis and secretion of Col-II, PG and aggrecan and
inhibit the expression of MMP-9 and MMP-13 inflammatory
factors, which means that SrR can promote cartilage synthesis
and inhibit cartilage degradation. So is the result of Hyp test,
which is a marker of collagen degradation, that SrR exhibited
a protective effect in a normal environment. These results
are consistent with previous studies, Tat ez al (13) treated
subchondral osteoblasts or OA patients with SrR and found
that SrR could downregulate the mRNA transcription levels
of MMP-2 and MMP-9 and upregulate the expression levels

of osteoprotegerin (OPG) and RANK-Ligand (RANKL) to
inhibit bone resorption. Similarly, Pelletier ef al (32) demon-
strated that SrR can also downregulate the expression levels of
MMP-1, MMP-13 and cathepsin K, which play an anti-OA role.
In addition, Yu et al (14) showed that SrR could also increase
the synthesis of type II collagen and chondroproteoglycan by
upregulating Sox-9, a marker protein of cartilage differentia-
tion, to weaken subchondral bone remodeling, improve local
bone microstructure and alleviate articular cartilage degenera-
tion and poor subchondral bone remodeling (33-35).

At present, researchers define SrR as a possible DMOAD
due to its stabilizing subchondral bone resorption (11,36).
Rodrigues et al (36) noted in a systematic review that, at
present, there is only moderate clinical evidence to confirm
the positive effect of StR on OA treatment, especially its
anti-inflammatory effect, which needs to be confirmed by more
studies. The results of the present study clearly demonstrated
the role of StR in protecting chondrocytes in an environment
containing the inflammatory factor IL-1p. IL-1§3 has been
proven to be a direct pathogenic factor of OA and can trigger
the synthesis of MMPs such as MMP-1, 3, 9 and 13, resulting
in cartilage damage (9,10). Chondrocytes in an environment
with a high level of IL-1f showed a significant reduction in PG
and Col-II synthesis and ECM degradation and a significant
increase in MMP-9 and MMP-13, while StR partially reversed



6 YU et al: STRONTIUM RANELATE DECREASES THE INFLAMMATION OF RAT CHONDROCYTES

A B-catenin Nucleus Merged x400 B Col-ll Nucleus Merged
Control Control
SrR SrR
0.125 mmol/I 0.125 mmol/l
SrR SrR
0.25 mmol/I 0.25 mmol/l
SrR SrR
0.50 mmol/l 0.50 mmol/l

MMP-13 Nucleus Merged

Control

SrR
0.125 mmol/l

SrR
0.25 mmol/l

SrR
0.50 mmol/l

E Il Control
B SrR 0.25 mmol/l

1.0 1
0.8 4
0.6

0.4

Relative protein
expression of Col-Il

0.2 4

Relative protein
expression of B-catenin
Relative protein
expression of MMP-9

D

SrR (mmol/l)
0125 0.25 0.5

Col-ll [i”- ‘ 140 kDa

Control

Aggrecan | e — j 70 kDa

B-catenin - - | 02 kDa

MMP-13 | s == == . [ 54 kDa

MMP-19[..., Sl T ‘67kDa

Il SrR 0.125 mmol/l
1 SrR 0.50 mmol/l

0.4+

O.S-TTTT

0.24

Relative protein
expression of aggrecan

0.14

0.0~

0.4

0.4 -
[e2]
0.3 a ]
£g 03
I
0.2 2% J
g < 0.2
Sg
0.1 €L 014
Q.
x
(]
0.0

0.0~

Figure 3. Immunofluorescence staining assay of (A) f-catenin, (B) Col-II and (C) MMP-13. (D) Western blot assay of Col-II, aggrecan, 3-catenin, MMP-13,
MMP-9 and -actin and (E) relative protein expression. The images were captured under x200 magnification, save for the right hand column of (A). Arrows

indicate the position of B-catenin. "P<0.05 as indicated. Col, collagen.

this trend (Figs. 4 and 5). Henrotin et al (18) employed chon-
drocytes from healthy humans and OA patients (relatively
high IL-1f expression) and treated them with SrR. The results
also showed strongly stimulated PG and insulin-like growth

factor I synthesis, improved cartilage matrix synthesis and
effective inhibition of MMPs. These results suggest that StR
has an anti-inflammatory effect at least at the chondrocyte
level.
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Figure 4. Chondrocytes respond to IL-18 and SrR. (A) Toluidine blue staining and (B), relative gene expression of -catenin. Relative gene expression of
(C) Col-11, (D) MMP-9 and (E) MMP-13. (F) Western blotting analysis and (G) relative protein expression of chondrocytes treated with 10 ng/1 IL-1f and O or
0.50 mmol/I StR for three days. The images were captured under x200 magnification. "P<0.05. Col, collagen; StR, strontium ranelate; d, day.

The present study investigated whether the promoting MMPs (38). Wnt/B-catenin signaling in human
Wnt/B-catenin pathway, especially B-catenin, was involved chondrocytes has an unexpected anticatabolic role by
in the anti-inflammatory effect of StR. The Wnt/fB-catenin  counteracting NF-kB-mediated MMP expression induced
pathway serves a crucial role in chondrocyte proliferation, by IL-1f in a negative feedback loop (39). A previous
differentiation and apoptosis (37) and aggravates OA by  study has shown that in animals, IL-1p indirectly activates
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Figure 5. Immunofluorescence staining assay of (A) p-catenin, (B) Col-II and (C) MMP-13 following three days of induction with IL-1$ and SrR. Arrow
showed the position of 3-catenin. The images were captured under x200 magnification, save for the right hand column of (A). Arrows indicate the position of

B-catenin. Col, collagen; SrR, strontium ranelate.

canonical Wnt signaling by upregulating Wnt ligands (40). TCF/IEF induces the expression of MMP-3 and MMP-13,
Subsequently, the transcription complex of B-catenin with  leading to cartilage destruction (41). On the other hand,
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activation of the Wnt/B-catenin pathway may lead to
abnormal osteogenesis but depress chondrogenesis (42). The
reciprocal inhibitory effect between 3-catenin and Sox-9 was
observed by Akiyama er al (43), in which Sox-9 represses
[-catenin/Tcf/lef complex activities and shows an inhibitory
effect on B-catenin when the cells were in the chondrogenic
differentiation trend but a controversial trend when osteo-
genesis was dominant. The upregulation of 3-catenin led to
the inhibition of Col-II and PG synthesis. Taken together,
cartilage degradation is correlated to the promotion of
[-catenin activity. The present study showed that SrR could
inhibit B-catenin synthesis and accumulation. In normal
chondrocytes, B-catenin and MMP synthesis decreased with
increasing SrR concentration (<0.50 mmol/l). The addition
of IL-1p significantly activated (-catenin expression and
StR attenuated the increase in [3-catenin induced by IL-1p.
However, further studies with more bio-markers, including
in vivo experiments, are required to further determine
the mechanism and confirm the role of f-catenin in the
anti-inflammatory effect of SrR.

SrR has specific characteristics, such as a regular effect
on the RANK/RANKL/OPG system that promotes bone
formation and inhibits bone resorption (44), increases the
vascularization of new bone tissue (21), encourages chondro-
genesis in cartilage tissue (35) and reduces the expression of
inflammatory factors. All these results made SrR a promising
drug for DMOADs. However, more reliable evidence, espe-
cially well-designed clinical trials, is needed to confirm the
anti-OA effects.

In conclusion, SrR decreased MMPs but promoted Col-I1,
aggrecan and PG synthesis in rat chondrocytes with or without
the presence of IL-13 and SrR attenuated the increase in 3-catenin
induced by IL-1p, thus reducing the inflammatory reaction.
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