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Naringin increases osteoprotegerin
expression in fibroblasts from
periprosthetic membrane by the Wnt/β-
catenin signaling pathway
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Abstract

Background: The osteoclast bone resorption is critical in aseptic loosening after joint replacement. The balance
between activator of nuclear factor kappa B ligand (RANKL) and osteoprotegerin (OPG) is considered to play a
central role in osteoclast maturation. Fibroblasts from the periprosthetic membrane express RANKL and promote
osteoclast formation. Studies have demonstrated that naringin inhibited osteoclastogenesis and wear particle-
induced osteolysis. In this study, the naringin-induced OPG/RANKL effects and its underlying mechanism were
studied in fibroblasts from periprosthetic membrane.

Methods: Fibroblasts were isolated from the periprosthetic membrane during hip arthroplasty for revision due to
aseptic loosening. Fibroblasts were cultured and treated with or without naringin and DKK-1 (the classical inhibitor
of Wnt/β-catenin signaling pathway). OPG and RANKL mRNA and protein levels, gene expression of β-catenin, and
cyclin D1, which participate in the Wnt signaling pathway, were examined by real-time polymerase chain reaction
and enzyme-linked immunosorbent assay.

Results: The mRNA and protein levels of OPG were enhanced by naringin in a dose-dependent manner
compared to that of the non-treated control. In contrast, naringin did not affect the expression of RANKL.
Importantly, DKK-1 attenuated OPG expression in fibroblasts under naringin treatment. Moreover, naringin
stimulated the gene expression of β-catenin and cyclin D1 in fibroblasts, and the effect could be inhibited by
DKK-1.

Conclusion: The results indicated that naringin enhanced OPG expression through Wnt/β-catenin signaling
pathway in fibroblasts from periprosthetic membrane, which may be useful to inhibit periprosthetic osteolysis
during aseptic loosening after total joint arthroplasty.
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Background
Total hip replacement is one of the most effective treat-
ments for advanced joint diseases. Periprosthetic osteoly-
sis and subsequent aseptic prosthetic loosening are still
the most common complications that limit the life of
prostheses. The osteolysis is related to a chronic inflam-
mation caused by wear debris gathering between the im-
plant and bone. The inflammation is characterized by a
granulomatous membrane at the prosthetic interface
that is infiltrated with macrophages, fibroblasts, and
giant cells [1].
The RANKL, which is a member of the tumor necrosis

factor family, has been shown to support osteoclast dif-
ferentiation and maturation. It was found that the
RANKL expression was enhanced in the tissues around
the failed prostheses [2]. The pseudosynovial fluid of
loosened total hip prostheses contained high levels of
RANKL and could induce osteoclast formation [3].
Although fibroblasts make up most of the cells at the

membrane interface, there is less information about the
role of fibroblasts in aseptic loosening than other cell
types such as macrophages, osteoblasts, and osteoclasts.
It has been shown that fibroblasts of periprosthetic
membrane are an important source of RANKL [1, 4–8].
The expression of RANKL by fibroblasts in peripros-
thetic membrane promoted osteoclastogenesis and
played a key role in wear debris-induced osteolysis. In
the mouse model, loss of RANK-RANKL signal could
lead to complete absence of osteolysis caused by wear
debris [9]. OPG inhibited the interaction between RANK
L and RANK, thus preventing wear debris-induced oste-
olysis [10, 11].
The Wnt/β-catenin signaling pathway may play an im-

portant role in regulating RANKL/OPG expression. Sev-
eral studies have shown that OPG was increased
through Wnt/β-catenin signaling pathway [12–15].
Bisphosphonates are considered to be effective

drugs to control osteolytic diseases. We previously re-
ported that alendronate stimulated OPG expression in
fibroblasts from periprosthetic membrane [16]. How-
ever, bisphosphonates have adverse effects such as
gastrointestinal irritation, atypical femur fractures, or
even osteonecrosis of the jaw. Therefore, new bio-
logical agents are urgently needed for osteolysis
caused by wear debris.
Naringin is a natural product, chemically 4′,5,7-trihy-

droxyflavanone-7-rhamnoglucoside. It is a major flava-
none glycoside extracted from tomatoes, grapefruits, and
many other citrus fruits. Naringin has diverse biological
and pharmacological properties, including anti-
inflammatory, anti-oxidant and anti-apoptotic activities.
Previous studies have shown that naringin could pro-
mote osteoblastogenesis and inhibited osteoclastogenesis
[17–25]. Recent studies have shown that naringin

significantly increased the expression of OPG in osteo-
blasts and human amniotic fluid-derived stem cells [20,
24].
Most of studies on naringin have concentrated on its

effects on osteoblasts and osteoclasts. However, the ef-
fect of naringin on fibroblasts is rarely concerned. In
previous studies, we found that fibroblasts in the peri-
prosthetic membrane played a role in aseptic loosening
and expressed RANKL and OPG [26–28]. In the present
work, the naringin-induced OPG/RANKL effects and its
underlying mechanism were studied in fibroblasts from
periprosthetic membrane.

Methods
Cell culture
The femoral and acetabular pseudomembrane samples
were collected from eight patients (5 females and 3
males; mean age 72 ± 10 years), near osteolytic lesions
between the implants or cement and bone, who under-
went revision due to aseptic loosening of total hip
arthroplasty. Every patient presented with a loose pro-
thesis with radiological osteolysis. No patient had clinical
or laboratory signs of infection. The indication of pri-
mary total hip replacement was osteoarthritis in all pa-
tients. Three of the implants were cemented, and five
were uncemented. The mean years in situ were 11 ± 4
years. Informed consent was obtained from all donors,
and the institutional ethical committee approved the
procedures. The samples were washed with PBS, cut into
small pieces, and digested in α-minimal essential
medium (α-MEM) (Gibco) which contained 1 mg/mL
collagenase (Sigma), added with 100 mg/mL of
penicillin-G (Sigma), 50 mg/mL of gentamicin sulfate
(Sigma), at 37 °C for 30 min. They were then incubated
in Versene (Invitrogen) for 1 h [8]. The cells were resus-
pended in α-MEM containing 10% heat-inactivated fetal
bovine serum (Gibco). These cells were cultured at 37 °C
in humidified air containing 5% carbon dioxide and then
cultured for four generations before the subsequent
experiments.

Phenotype evaluation of cultures
The periprosthetic membrane-derived cells were im-
munochemically stained with the following anti-
bodies to determine the phenotype evaluation and
purity of the culture: fibroblast marker vimentin
(Abcam), leukocyte/macrophage marker, CD45 and
CD14 (Dako), endothelial cell marker CD31 (Dako).
In order to determine the presence of osteoblasts in
cultured cells, the histochemical evaluation of alka-
line phosphatase expression in the cultures was also
carried out.
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Cell proliferation assay
Cell proliferation was analyzed by Cell Counting Kit-8
(CCK-8) method. Fibroblasts (1 × 104/well) were seeded
into a 96-well plate and treated at various concentrations
(0, 50, 100, or 150 μM) of narinign for 24 or 48 h. The
cells were washed 3 times in PBS and cultured for an-
other 4 h with 10% CCK-8-containing medium. Then,
the absorbance at 450 nm was measured using a micro-
tablet reader.

Stimulation of fibroblasts
Confluent-stage fibroblasts were cultured in fresh
medium containing 2% heat-inactivated fetal bovine
serum, with or without naringin (Sigma-Aldrich St.
Louis, MO, USA) and DKK-1 (Peprotech, USA).

Real-time quantitative PCR
The fibroblasts were cultured and treated with 0, 50,
100, or 150 μM naringin in the presence or absence of
100 ng/ml DKK-1 for 6 h. Total RNA was isolated with
TRIzol reagent (Invitrogen) and converted to cDNA
using the SuperScript First-Strand Synthesis Kit (Invitro-
gen). PCR was performed using the QuantiTect SYBR
Green PCR Kit (Toyobo, Osaka, Japan) and the 7500
Real-Time PCR Detection System (Applied Biosystems,
USA). OPG was amplified using 5′-CGC CTC CAA
GCC CCT GAG GT-3′, 5′-CAA GGG GCG CAC ACG
GTC TT-3′; RANKL was amplified using 5′-GTC TGC
AGC GTC GCC CTG TT-3′, 5′-ACC ATG AGC CAT
CCA CCA TCG C-3′; β-catenin was amplified using 5′-
TTG AAA ATC CAG CGT GGA CA-3′, 5′-TCG AGT
CAT TGC ATA CTG TC-3′; Cyclin D1 was amplified
using 5′-ACA AAC AGA TCA TCC GCA AAC AC-3′,

5′ TGT TGG GGC TCC TCA GGT TC-3′; and β-actin
was amplified using 5′-AGG CCA ACC GCG AGA
AGA TGA CC-3′, 5′-GAA GTC CAG GGC GAC GTA
GCA C -3′ primer sets.

RANKL and OPG enzyme-linked immunosorbent assay
For RANKL and OPG detection, fibroblasts were treated
with naringin (0 μM, 50 μM, 100 μM, 150 μM) in the
presence or absence of 100 ng/ml DKK-1 for 24 h. The
levels of RANKL and OPG in the culture supernatants
were determined by commercially available enzyme-
linked immunosorbent assay kits (R&D Systems) in ac-
cordance with the manufacturer’s instructions.

Statistical analysis
Results were representative of at least three independent
experiments. The data were expressed as means ± stand-
ard deviations (SD). Student’s t test was used to deter-
mine the statistical significance. The normal distribution
was determined by the Kolmogorov-Smirnov test. The
data were analyzed using one-way analysis of variance
(ANOVA). A P value less than 0.05 was considered sta-
tistically significant.

Results
Phenotype of the cells
After four passages, almost all of the cultures were spin-
dle mononuclear cells. These cells were positive for
vimentin and negative for CD45, CD14, CD31, and alka-
line phosphatase.

Fig. 1 CCK-8 results of fibroblasts cultured on different groups for 24 and 48 h. There was no obvious difference among the four groups (con,
50 μM, 100 μM, 150 μM naringin)
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Cell proliferation
The result of cell proliferation is presented in Fig. 1.
After incubation for 24 h and 48 h, no obvious difference
was reported among the four groups (con, 50 μM,
100 μM, 150 μM naringin) suggesting that naringin was
not obviously cytotoxic to fibroblasts.

Naringin increased OPG mRNA of fibroblasts from
periprosthetic membrane
The fibroblasts were cultured with naringin (50 μM,
100 μM, 150 μM) or only in the medium (control group)
for 6 h. As shown in Fig. 2a and b, real-time RT-PCR
showed that the expression of RANKL mRNA was not
affected, while the expression of OPG mRNA was en-
hanced in a dose-dependent manner (ap < 0.01, bp <
0.001).

Naringin increased OPG secretion of fibroblasts from
periprosthetic membrane
The fibroblasts were cultured with naringin (50 μM,
100 μM, 150 μM) or only in the medium (control group)

for 24 h. As shown in Fig. 3a and b, RANKL secretion
was unaffected. OPG protein was enhanced in a dose-
dependent manner (ap < 0.01, bp < 0.001).

DKK1 inhibited the expression of OPG induced by
naringin
The fibroblasts were treated with 100 μM naringin in the
presence or absence of 100 ng/ml DKK-1. As shown in
Fig. 4a and b, the expression of OPG mRNA was deter-
mined by real-time RT-PCR at 6 h, and OPG in the
supernatant was examined by ELISA at 24 h. The canon-
ical Wnt pathway inhibitor DKK1 treatment could sig-
nificantly reduce the effects of naringin on OPG (ap <
0.001 versus control group; bp < 0.001 versus 100 μM
naringin group).

Gene expression of Wnt/β-catenin signal pathway
components was analyzed by real-time PCR
The fibroblasts were treated with 100 μM naringin in the
presence or absence of 100 ng/ml DKK-1 for 6 h. As
shown in Fig. 5a and b, β-catenin and its target gene

Fig. 2 Naringin stimulated OPG mRNA in hip periprosthetic membrane-derived fibroblasts. The fibroblasts were treated with naringin at various
concentrations (50 μM, 100 μM, 150 μM) or in medium alone (control group) for 6 h. a RANKL mRNA and b OPG mRNA expression was examined
by real-time RT-PCR. Naringin did not increase RANKL mRNA but enhanced OPG mRNA in a dose-dependent manner (ap < 0.01, bp < 0.001)

Fig. 3 Naringin stimulated OPG secretion by periprosthetic membrane-derived fibroblasts. The fibroblasts were treated with naringin at various
concentrations (50 μM, 100 μM, 150 μM) or in medium alone (control group) for 24 h. The levels of a RANKL and b OPG in the supernatant were
determined by ELISA. Naringin did not increase RANKL secretion but enhanced OPG secretion in a dose-dependent manner (ap < 0.01, bp
< 0.001)
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cyclin D1 involved in the Wnt signaling pathway were
upregulated by naringin treatment, and this upregulation
was markedly attenuated by DDK-1 (ap < 0.001 versus
control group; bp < 0.001 versus 100 μM naringin
group).

Discussion
Homeostasis of bone metabolism is maintained through
a balance between bone resorption and bone formation.
When osteoblast bone formation is less than osteoclast
bone resorption, aseptic loosening occurs. The ratio of
OPG to RANKL controls the process of osteogenesis
and osteoclastogenesis [29]. RANKL, produced by
BMSCs and osteoblasts, induces osteoclast differenti-
ation and activation by binding to the RANK receptor
on osteoclast precursors. Osteoblasts also produce OPG,
a soluble “decoy receptor” that blocks the interaction be-
tween RANKL and RANK and affects bone metabolism.
Therefore, the balance of RANKL and OPG plays an im-
portant role in bone metabolic homeostasis. Targeting

the RANKL/RANK/OPG system should have an import-
ant effect on the differentiation and function of osteo-
clast. Previous studies have shown that the RANKL
expression is elevated in fibroblasts in the periprosthetic
membrane around failed prostheses [2]. Therefore, we
detected the expression levels of OPG and RANKL in fi-
broblasts after naringin treatment. Our study demon-
strated that naringin obviously enhanced the mRNA and
protein levels of OPG. By contrast, naringin had no sig-
nificant effects on the RANKL mRNA level and RANKL
secretion. This suggested that naringin might inhibit
osteoclast differentiation by inducing OPG/RANKL ra-
tio, which is consistent with the idea that naringin in-
creased OPG expression in osteoblasts and human
amniotic fluid-derived stem cells [20, 24].
Wnt/β-catenin signaling plays a crucial role in bone

metabolism. The activation of Wnt/β-catenin signaling
pathway has been extensively studied in bone biology
and has been proved to promote bone formation. Re-
search showed this pathway played a role in the

Fig. 4 DKK1 inhibited OPG expression by periprosthetic membrane-derived fibroblasts treated with naringin. The fibroblasts were treated with
100 μM naringin in the presence or absence of 100 ng/ml DKK-1. a OPG mRNA expression was examined by real-time RT-PCR at 6 h, and b OPG
in the supernatant were determined by ELISA at 24 h. The canonical Wnt pathway inhibitor DKK1 treatment could markedly attenuate the effects
of naringin on OPG (ap < 0.001 versus control group; bp < 0.001 versus 100 μM naringin group)

Fig. 5 Gene expression of Wnt/b-catenin signal pathway components was analyzed by real-time PCR. The fibroblasts were treated with 100 μM
naringin in the presence or absence of 100 ng/ml DKK-1 for 6 h. Transcription of a β-catenin and its target gene b cyclin D1, which participate in
the Wnt signaling pathway, were upregulated by naringin treatment, and this upregulation was markedly attenuated by DDK-1 (ap < 0.001 versus
control group; bp < 0.001 versus 100 μM naringin group)
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development of osteolytic disease [30]. The importance
of regulation of the Wnt/β-catenin signaling pathway
has also been noted in the field of aseptic loosening re-
search [31–33]. β-catenin is an important part of Wnt/
β-catenin signaling, which modulates transcription of
Wnt target genes, including OPG [34]. It was shown that
mice expressing β-catenin in osteoblasts exhibited a high
bone mass phenotype by inhibiting osteoclast differenti-
ation and bone resorption [34]. CyclinD1 is considered
to be a target of the typical Wnt pathway [35]. In this
study, we showed that naringin enhanced the β-catenin
and cyclin D1 expression levels, suggesting that naringin
may increase OPG by partially upregulating Wnt/β-ca-
tenin pathway in fibroblasts. To verify this result, we cul-
tured fibroblasts with naringin and Dkk-1, which
specifically inhibited the Wnt/β-catenin pathway and
found that DKK-1 had obvious inhibitory effect on OPG,
β-catenin, and cyclin D1 expression induced by naringin,
which further confirmed OPG expression was enhanced
through Wnt/β-catenin pathway.
The agents that increase the activity of the Wnt/beta

catenin pathway may serve as promising agents for the
treatment of osteolysis. Naringin is a natural compound
in citrus fruits, which has been proved to promote bone
development and maintenance. The effect of naringin on
Wnt/β-catenin signaling has been investigated because
Wnt/β-catenin signaling is related to osteoblastogenesis.
It was found that naringin stimulated Wnt/β-Catenin
signaling in osteoblast-like UMR-106 cells [36], naringin
protected human adipose-derived mesenchymal stem
cells from oxidative stress-induced inhibition of osteo-
genic differentiation, which may be associated with Wnt
signaling pathway [21], and naringin could prevent the
progression of disuse osteoporosis in rats by activating
Wnt/β-catenin signaling pathways [37]. Therefore, the
effect of naringin on OPG might be mediated through
activation of Wnt/β-catenin pathway. A recent study
showed that naringin significantly increased the OPG
expression in human amniotic fluid-derived stem cells
via Wnt/β-catenin signaling pathways [24], which was
consistent with our results.
These results indicated that naringin activates Wnt/β-

catenin signaling molecules, thereby enhancing the OPG
expression in fibroblasts. However, the details of the
mechanism of OPG expression induced by naringin are
not fully understood. Recent studies have suggested that
naringin activity may be mediated not only by the Wnt/
β-catenin signaling pathway but also by the NF-κB, ERK,
and other signaling pathways [38–40]. Because these
pathways may exhibit intricate cross-talk, it is possible
that the addition of DKK-1, by inhibiting only the Wnt/
β-catenin signaling pathway, did not completely block
OPG expression in the present study. In particular, al-
though our findings indicated that naringin influenced

OPG expression in large part through Wnt/β-catenin
signal transduction in fibroblasts, the general inability of
DKK-1 to completely abrogate OPG expression of narin-
gin treatment to the level observed in the control (un-
treated) suggested that this effect might not be specific
to the Wnt/β-catenin signaling pathway. Actually, fibro-
blasts might have other potential mechanisms respond-
ing to naringin. Further studies are therefore necessary
to elucidate the precise mechanism of OPG expression
induced by naringin.

Conclusion
In summary, this study showed that naringin might
regulate OPG expression through the Wnt/β-catenin
signaling pathway in fibroblasts from periprosthetic
membrane. Our findings indicated that naringin could
be used as a potential therapeutic drug for the treatment
of periprosthetic osteolysis and aseptic loosening.
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