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Effect of icariin on cell proliferation and the expression
of bone resorption/formation-related markers
in human periodontal ligament cells
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Abstract. Periodontitis is a common destructive inflammatory
disease that leads to changes in the tooth-supporting tissues.
Human periodontal ligament cells are essential in periodontal
tissue regeneration. The traditional Chinese medicine icariin
promoted bone formation, stimulated the osteogenic differ-
entiation of preosteoblastic cells and inhibited osteoclast
differentiation and bone resorption. Thus, in the present study,
the effect of icariin on cell proliferation and the expression of
osteoprotegerin (OPG), receptor activator of nuclear factor-kB
ligand (RANKL), core binding factor al (Cbfal) and osteo-
calcin (OC) was investigated in human periodontal ligament
cells, by an MTT assay, qPCR and western blot analysis. The
results demonstrated that icariin promoted cell proliferation in
a dose- and time-dependent manner, upregulated OPG, Cbfal
and OC expression, and downregulated RANKL production
and the RANKL/OPG expression ratio. This suggested the
potential value of icariin in treating alveolar bone resorption
and promoting periodontal tissue regeneration, due to its ability
to stimulate the proliferation and osteogenic differentiation
of human periodontal ligament cells and inhibit osteoclast
differentiation.

Introduction

Periodontitis is a common inflammatory disease that is
characterized by the destruction of tooth-supporting tissues,
including alveolar bone, and is the most common cause of
tooth loss in adults (1). For decades, one of the key obstacles in
periodontitis therapy is how to inhibit alveolar bone resorption
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and promote bone formation. The core mechanism of alveolar
bone resorption in periodontitis is osteoclast activation (2,3).
Human periodontal ligament cells (HPLCs), the predominant
cellular constituents of the periodontium, are important in
maintaining the integrity of the tooth-supporting tissues in
periodontitis. In addition to exhibiting multi-potential mesen-
chymal stromal cell characteristics, such as osteoblastic and
cementoblastic differentiation potential (4,5), HPLCs have been
shown to affect osteoclastogenesis. Osteoprotegerin produced
by periodontal ligament fibroblasts prevented pre-osteoclast
differentiation and function (6-8), and the conditioned media
of periodontal ligament fibroblasts inhibited osteoclast forma-
tion in a mouse bone marrow culture (6).

Icariin is the predominant active compound of the total
flavonoid extracted from the stem and leaves of Epimedium
species in traditional Chinese medicine. In addition, it has
been demonstrated to stimulate the proliferation and osteo-
genic differentiation of human bone mesenchymal stem cells,
promotes bone formation and inhibits cell apoptosis, osteoclast
differentiation and bone resorption (9-12). Icariin is suggested
to enhance bone healing and reduce the occurrence of osteo-
porosis and had been considered as a candidate osteogenic
compound for use in bone tissue engineering (10,13-15).

With respect to the diverse pharmacological activities of
icariin, in the present study, it was investigated whether icariin
promoted HPLC proliferation and regulated the expression of
biomarkers associated with bone formation or resorption, such
as RANKL, OPG, Cbfal and OC in HPLCs. The results of
the study thereby offer an insight into its use as a therapy for
periodontitis and periodontal tissue regeneration.

Materials and methods

Reagents. Icariin was obtained from the National Institute
for the Control of Pharmaceutical and Biological Products
(NICPBP; Beijing, China) with a purity of 99%. Stock solu-
tions of icariin were prepared in dimethylsulfoxide (DMSO;
Sigma-Aldrich, St. Louis, MO, USA) and stored at -20°C. The
final concentrations of icariin used in the culture were 0.001,
0.01, 0.1 and 1 pg/ml. Dulbecco's modified Eagle's medium
(DMEM), trypsin and TRIzol reagent were purchased from
Gibco-BRL (St. Louis, MO, USA); fetal bovine serum (FBS)
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Table I. Oligonucleotide primers used for gPCR.
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Primer Sequence Amplicon size (bp)
[-actin Forward: 5'-TGACGTGGACATCCGCAAAG-3'

Reverse: 5'-CTGGAAGGTGGACAGCGAGG-3' 205
RANKL Forward: 5'-TGGATGGCTCATGGTTAGAT-3'

Reverse: 5'-GTCATGTTGGAGATCTTGGC-3' 160
OPG Forward: 5'-GAAAGTGGGAGCAGAAGACA-3'

Reverse: 5-GAAGCTGTGAAGGAACCTGA-3' 211
Cbfal Forward: 5'-CTATCAGTTTCCCATGGTGC-3'

Reverse: 5'-CACCATCATTCTGGTTAGGC-3' 122
oC Forward: 5'-ATGAGAGCCCTCACACTCCT-3'

Reverse: 5-TGGGTCTCTTCACTACCTCG-3' 148

RANKL, receptor activator of nuclear factor-kB ligand; OPG, osteoprotegerin; CbFal, core binding factor al; OC, osteocalcin.

was purchased from the Thermo Scientific HyClone (South
Logan, UT, USA); polyclonal rabbit anti-osteoprotegerin
(OPG) and polyclonal rabbit anti-receptor activator of nuclear
factor-kB ligand (RANKL) antibodies were obtained from
Santa Cruz Biotechnology (Santa Cruz, Santa Cruz, CA,
USA); polyclonal rabbit anti-core binding factor al (Cbfal)
and polyclonal rabbit anti-osteocalcin (OC) antibodies were
obtained from Abcam (Cambridge, UK).

Cell culture. HPLCs were obtained from the mid-roots of
periodontally healthy permanent premolars and the third
molar teeth extracted from 6 patients (age, 18-22 years), when
informed consent had been signed. The study was approved by
the Ethics Committee of Capital Medical University, School of
Stomatology, Beijing, China. Briefly, the periodontal ligaments
were minced, dispersed and incubated with DMEM containing
15% (v/v) FBS supplemented with antibiotics (100 U/ml peni-
cillin and 100 ug/ml streptomycin). All cells were cultured at
37°C in a humidified 5% CO, atmosphere. When a confluent
monolayer was achieved, cells were harvested with 0.05%
trypsin and 0.02% EDTA, transferred to a 25 cm?* diameter
plastic culture bottle (Corning Inc., Corningy, NY, USA) and
subcultured at a 1:2 split ratio with the initial confluent mono-
layer designated as one population doubling level. HPLCs at
the third passage were used for the experiments described
below.

Cell proliferation assay. The effect of icariin on cell prolifera-
tion was analyzed using an MTT assay. HPLCs were plated
in flat-bottomed 96-well plates (2x10° cells/well) in advance.
Following incubation for 24 h, the culture medium was
replaced with fresh 5% FBS-DMEM medium containing
icariin (0.001, 0.01, 0.1 and 1 pg/ml). The cultures were incu-
bated for 2, 4 or 6 days. Cells treated with medium alone were
used as a negative control and wells with medium alone were
used as a blank control. Four hours prior to the end of the incu-
bation, the cells were washed twice with phosphate-buffered
saline (pH 7.2) and incubated with 5 mg/ml MTT (20 ul) for
the last 4 h. The medium was then decanted, formazan salts
were dissolved in 200 yl DMSO and the absorbance was
determined at 490 nm using a high-throughput microplate

spectrophotometer SpectraMax Plus®®* (Molecular Devices,
Sunnyvale, CA, USA).

gPCR. HPLCs were seeded on a 25 cm? culture bottle at
a density of 5x10° cells/cm?. The RANKL, OPG, Cbfal
and OC mRNA expression levels in the cells was analyzed
4 days following treatment with icariin (0.001, 0.01, 0.1 and
1 pg/ml ug/ml) by qPCR. Cells treated with medium alone
were considered as control cells. Briefly, the total cellular
RNA was isolated using a Total RNA Extraction kit (Sunbio,
Beijing, China) according to the manufacturer's instructions.
Complementary DNA (cDNA) was synthesized using total
RNA primed with Oligo(dT)12-18 Primer as described in the
SuperScript™ III Reverse Transcriptase kit (Invitrogen Life
Sciences, Carlsbad, CA, USA). The cDNA specimens were
analyzed using SYBR-Green qPCR. Definitive primers are
listed in Table I. qPCR was conducted using an ABI Prism
7700 system (Applied Biosystems, Carlsbad, CA, USA) under
the following conditions: 2 min at 95°C, 45 cycles of 20 sec
at 95°C, 25 sec at 58°C and 30 sec at 72°C. Following PCR,
a dissociation curve (melting curve) was constructed in the
range of 65 to 95°C.

Western blot analysis. Untreated control and treated HPLCs
were rinsed with phosphate-buffered saline and solubilized
with 1X radio immunoprecipitation assay buffer. The protein
concentrations of RANKL, OPG, Cbfal and OC were deter-
mined using a Micro bicinchoninic acid (BCA) Protein Assay
Reagent kit (Pierce Biotechnology Inc., Rockford, IL, USA).
Equalized protein concentrations from each lysate were
combined with 5X sodium lauryl sulfate (SDS) sample buffer
and electrophoresed on a 10% SDS polyacrylamide gel and
transferred to a polyvinylidene fluoride transfer membrane.
The membrane was blocked with 5% non-fat milk in Tris
buffer solution containing 0.05% Tween-20 (TBST) for 1 h.
The membranes were incubated overnight with the appro-
priate dilutions of primary antibodies in blocking buffer at
4°C. The following day, the membranes were washed and
incubated for 2-3 h with alkaline phosphatase-conjugated
secondary antibody solution in blocking buffer and washed
three times with TBST. The proteins were visualized by
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enhanced chemiluminescence according to the manufac-
turer's instructions (Amersham Biosciences, Piscataway, NJ,
USA). Western blot analysis results were quantified by densi-
tometry (Software Labworks 4.6; UVP, Cambridge, UK).

Statistical analysis. All values were presented as the
mean =+ standard deviation. Statistical analysis was conducted
using one-way analysis of variance and Wilcoxon's signed-rank
test. P<0.05 was considered to indicate a statistically signifi-
cant difference.

Results

Cell proliferation. The effect of icariin (0.001, 0.01, 0.1 and
1 pug/ml) on the proliferation of HPLCs was analyzed. Fig. 1
shows that compared with the control, icariin promoted cell
proliferation in a dose- and time-dependent manner. The
highest stimulatory activity was observed with an icariin
concentration of 0.01 ug/ml at 4 days and declined thereafter.

Effect of icariin on RANKL and OPG mRNA and protein
expression in HPLCs. The mRNA levels of RANKL and
OPG expressed by HPLCs exposed to icariin at 4 days were
analyzed by qPCR. B-actin was used as a reference gene.
Fig. 2 shows that HPLCs expressed RANKL and OPG
genes under physiological conditions. Low-dose icariin with
a concentration of 0.001 pg/ml did not exhibit a significant
effect on RANKL and OPG expression in HPLCs. However,
at a concentration of 0.01 yg/ml, icariin significantly increased
OPG while decreasing RANKL expression and resulted in
the lowest RANKL/OPG expression ratio compared with
the control and other treatment groups. At concentrations of
0.1 and 1 pg/ml, treatment with icariin resulted in a decrease
of OPG expression, an increase in RANKL expression and a
higher RANKL/OPG expression ratio.

Western blot analysis was conducted to analyze RANKL
and OPG protein production. HPLCs expressed RANKL
and OPG under physiological conditions. Icariin exhib-
ited a dose-dependent effect on decreasing RANKL and
increasing OPG production in HPLCs. This was greatest
in the 0.01 ug/ml icariin group, which exhibited the lowest
RANKL/OPG production ratio (Fig. 3).

Effect of icariin on Cbfal and OC mRNA and protein expres-
sion in HPLCs. To investigate the effects of icariin on the
regulation of osteogenic differentiation of periodontal liga-
ment cells, Cbfal and OC expression in HPLCs was analyzed.
B-actin was used in the same samples as a reference gene.
HPLCs expressed Cbfal and OC under physiological condi-
tions. Icariin exhibited a dose-dependent effect on the induction
of Cbfal and OC mRNA expression in HPLCs. Cbfal and
OC expression was induced in the 0.001 pg/ml icariin group.
The highest expression value was observed in the 0.01 pg/ml
icariin group. At concentrations of 0.1 and 1 pg/ml, treatment
with icariin resulted in the decrease in Cbfal and OC expres-
sion (Fig. 4).

In addition, icariin also exhibited a dose-dependent effect
on the induction of Cbfal and OC protein production in HPLCs.
The most marked effect was observed in the 0.01 yg/ml icariin

group (Fig. 5).
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Figure 1. Effect of icariin (0.001, 0.01, 0.1 and 1 yg/ml) on the proliferation
of HPLCs at 2, 4 and 6 days. The cell viability in the presence of icariin
increased in a dose- and time-dependent manner, and the maximum stimu-
latory effect on cell proliferation was achieved on day 4 with 0.01 pg/ml
icariin. Data are presented as the mean £ SD (n=12). "P<0.05 compared with
the control group. OD,,, optical density; HPLCs, human periodontal liga-
ment cells.
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Figure 2. Regulation of (A) OPG, (B) RANKL gene expression and
(C) RANKL/OPG expression ratio in HPLCs treated with different concen-
trations of icariin for 4 days. The mRNA expression levels were measured
by qPCR analysis and normalized against the expression levels of -actin
(internal control). Data are presented as the mean + SD (n=3). "P<0.05
compared with the control group. OPG, osteoprotegerin; RANKL, receptor
activator of nuclear factor-xB ligand; HPLCs, human periodontal ligament
cells.
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Figure 3. Regulation of OPG and RANKL protein production in HPLCs
treated with different concentrations of icariin for 4 days. The protein pro-
duction levels of OPG and RANKL were measured by western blot analysis,
and normalized against the expression levels of f-actin (internal control).
(A) Representative results of one of the triplicate experiments are shown.
(B) OPG protein production levels. (C) RANKL protein production levels;
(D) RANKL/OPG production ratio. Data are presented as the mean + SD
(n=3). "P<0.05 compared with the control group. OPG, osteoprotegerin;
RANKL, receptor activator of nuclear factor-xB ligand; HPLCs, human
periodontal ligament cells.

Discussion

Previous studies have demonstrated that icariin stimulates
bone marrow stromal cells (MSCs), osteoblast proliferation
and osteogenic differentiation in a time- and dose-dependent
manner (9,16,17). The results of the present study were in
concordance with previous studies and demonstrated that
icariin enhanced human periodontal ligament cell prolifera-
tion. In the present study, treatment with 0.01 xg/ml icariin at
4 days showed the greatest stimulatory effect on HPLCs
proliferation. This suggested icariin may exhibit an osteogenic
function by stimulating periodontal ligament cell prolifera-
tion. Compared with previous reports, the differences in the
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Figure 4. Regulation of (A) Cbfal and (B) OC gene expression in HPLCs
treated with different concentrations of icariin for 4 days. The mRNA
expression levels were measured by qPCR analysis and normalized against
the expression levels of (3-actin (internal control). Data are presented as the
mean + SD (n=3). "P<0.05, compared with the control group. Cbfal, core
binding factor al; OC, osteocalcin; HPLCs, human periodontal ligament
cells.
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Figure 5. Regulation of Cbfal and OC protein production in HPLCs treated
with different concentrations of icariin for 4 days. The protein produc-
tion levels of Cbfal and OC were measured by western blot analysis and
normalized against the expression levels of B-actin (internal control).
(A) Representative results of the triplicate experiments are shown. (B) Cbfal
protein production levels. (C) OC protein production levels. Data are pre-
sented as the mean + SD (n=3). "P<0.05 compared with the control group.
Cbfal, core binding factor al; OC, osteocalcin; HPLCs, human periodontal
ligament cells.
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effects of the icariin concentration may be due to cell type,
inoculation number and culture conditions.

It was determined that icariin promoted HPLC prolifera-
tion, and thus, the next aim was to investigate the regulation
of certain biomarkers involved in alveolar bone resorption
or formation. Numerous studies have demonstrated that
RANKL and its decoy receptor, OPG, were essential regula-
tory molecules in osteoclastogenesis and bone resorption, in
physiological and pathological conditions. Significantly higher
levels of RANKL and lower osteoprotegerin protein levels are
expressed in the periodontitis tissue. The RANKL/OPG ratio
in the gingival crevice fluid was significantly increased in peri-
odontal disease patients compared with healthy subjects (18).
Osteoblasts as well as other cells, such as periodontal ligament
cells participated in the regulation of RANKL and OPG in
periodontal tissue. OPG synthesized locally by periodontal
ligament cells regulated the resorption of alveolar bone viacyto-
kines, such as interleukin-1f and tumor necrosis factor-o (19).
Inactivation of OPG is involved in osteoclast formation by
periodontal ligament fibroblasts (20). Icariin was shown to be
a regulatory agent in the upregulation of OPG and downregu-
lation of RANKL gene expression in osteoblasts and UMR
106 cells (13). In the present study, icariin at a concentration
of 0.01 ug/ml significantly increased OPG while decreasing
RANKL mRNA expression and protein production, and
obtained the lowest RANKL/OPG expression ratio. However,
a high-dose icariin (0.1 pg/ml and 1 pg/ml) resulted in an
increased RANKL/OPG expression ratio, possibly due to cell
cytotoxicity. A previous study by Fan er al, demonstrated that
icariin exhibited a dose-dependent effect on the proliferation
and osteogenic differentiation of human bone mesenchymal
stem cells at a suitable concentration range; however, when the
concentration was >10"° M, cytotoxicity limited its effect (9). It
was suggested that icariin may inhibit osteoclast differentia-
tion and alveolar bone resorption by regulating RANKL and
OPG levels in periodontal ligament cells.

Cbfal is an essential transcription factor in osteoblast
differentiation (21-23). Mesenchymal stem cells transfected
with an adenovirus encoding Cbfal resulted in the increase
of a number of osteoblastic markers including osteocalcin,
osteopontin and type I collagen expression, and also induced
a significantly increased bone formation and marrow cavity
rebuilding (21). OC is a small, acidic extracellular protein
synthesized by osteoblasts during bone formation (24). Bone
cell activity is indirectly evaluated by the measurement of
specific biochemical markers of bone formation such as
osteocalcin; the greater the OC expression the more bone
formed (25). Previous studies demonstrated that icariin
increased the proliferation of osteoblasts and the gene
expression of Cbfal/Runx?2 in these cells. In addition, it also
increased OPG gene expression but downregulated RANKL
gene expression (26). In the present study, similar effects of
icariin were observed and certain concentrations markedly
increased Cbfal and OC mRNA expression, and protein
production in periodontal ligament cells. The results suggested
that icariin may be considered as a growth factor similar to
bone morphogenetic protein-2 and may be used to promote
bone formation and periodontal regeneration.

In conclusion, the results demonstrated the potential use of
icariin in treating alveolar bone resorption and promoting peri-
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odontal tissue regeneration in periodontitis, due to its ability
to stimulate the proliferation and osteogenic differentiation of
human periodontal ligament cells and inhibition of osteoclast
differentiation. However, the present study only determined
the effects in vitro, and thus, the effect of icariin in periodontal
tissue regeneration in vivo requires further investigation.
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