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Icariin regulates the osteoblast differentiation and
cell proliferation of MC3T3-E1 cells through microRNA-153
by targeting Runt-related transcription factor 2
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Abstract. Osteoporosis has become one of the most serious
public health problems. Icariin, miR-153 and Runt-related
transcription factor 2 (Runx2) have been demonstrated to
regulate cell proliferation and differentiation in multiple cells.
The aim of the present experiments was to investigate the
potential mechanism underlying osteoblast differentiation and
cell proliferation of MC3T3-El cells treated with icariin. Cell
Counting kit-8, alkaline phosphatase (ALP) activity and aliz-
arin red S assays, as well as reverse transcription-quantitative
polymerase chain reaction and western blot analysis, were
performed to examine whether icariin promoted osteoblast
differentiation and cell proliferation in MC3T3-El cells.
Subsequently, miR-153 target and pathway prediction, and
functional analysis were assessed. The results demonstrated
that icariin promoted proliferation, mineral content and ALP
activity in MC3T3-El cells. In addition, miR-153 and Runx2
expression levels were increased following treatment with
icariin. Luciferase assay revealed that miR-153 significantly
upregulate the luciferase activity of wild-type (Wt) Runx2
3'-untranslated region. Furthermore, the group treated with a
combination of miR-153 mimics and icariin exhibited a signif-
icantly higher expression of Runx2 in comparison with the
miR-153 mimic-treated alone group. Finally, icariin reversed
the potential effect of miR-153 inhibitor in MC3T3-E1 cells.
In conclusion, icariin exerted a strong osteoblast differen-
tiation effect in MC3T3-El cells through the miR-153/Runx2
pathway. The current study provided evidence suggesting that
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icariin should be considered as an effective candidate for the
management of osteoporosis.

Introduction

Osteoporosis is a metabolic disease that is mainly character-
ized by low bone mineral density. Osteoporosis has become
one of the most serious public health problems worldwide, and
is considered by the World Health Organization (WHO) to be
an important global health issue (1,2). The most frequent and
severe clinical complication of osteoporosis is bone fracture,
and the morbidity or mortality associated with osteoporosis is
one of the most important causes of the millions of fractures
that occur annually (1,3,4). It is estimated that the number of
people suffering from osteoporosis is >90 million in China (2),
and ~200 million worldwide (5). The burden of osteoporosis,
which results in a cost of 10 billion dollars annually, is reflected
significantly by the ever increasing hospital and medical expen-
ditures for fracture-associated problems worldwide (6-8). In
addition, >40% of postmenopausal women are affected by
osteoporosis, and this number is expected to steadily increase
with the aging population in the near future (9). Therefore,
the economic burden of osteoporosis is expected to markedly
increase with the expansion of the aging world population (10).

MicroRNAs (miRNAsormiRs)are atype of small-molecule
endogenous RNAs that regulate thousands of genes (11-14).
It is believed that 30% of the human genome is manipulated
by miRNAs through binding to the 3'-untranslated region
(UTR) of their target mRNAs, resulting in mRNA degrada-
tion or translational repression (15-17). miRNAs have been
demonstrated to function as regulators in numerous diseases;
however, few studies discussing the miRNAs associated with
osteoblastogenesis have been reported (13,18). Although the
biological functions of the majority of miRNAs are not yet
fully understood, they may serve an important role in the
regulation of various biological processes, including apop-
tosis, cell proliferation and cell differentiation. Among these
processes, osteoblast differentiation and bone formation
regulated by miRNAs are currently widely researched. Studies
have indicated that miRNAs positively regulate osteoblast
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differentiation and bone formation by targeting negative regu-
lators of osteogenesis, or negatively regulate it by targeting
important osteogenic factors (19-22). In particular, miR-153 has
been proven to regulate cell proliferation and differentiation
in osteosarcoma, prostate cancer, gastric cancer and venous
smooth muscle cell lines (23-26). Therefore, miR-153 is one
of the most representative miRNAs that can impact prolifera-
tion and osteoblastic differentiation. However, the association
among miR-153, MC3T3-El cells and osteoporosis remains
unclear.

Icariin, a prenylated flavonol glycoside isolated from the
Epimediumherb,has been observed to have bone-strengthening
activities in Chinese herbal medicine (27). It has been demon-
strated that icariin improved osteoblast differentiation and
mineralization in rat osteoblasts in vitro (28). Furthermore,
it was reported that icariin prevented bone loss induced by
ovariectomization in rats (29). In addition, icariin was found
to increase osteoblast differentiation in MC3T3-E1 cells
through the Runt-related transcription factor 2 (Runx2) and
bone morphogenetic protein (BMP) signaling pathways (30).
These results suggested that icariin may prevent bone loss by
stimulating bone formation. However, the understanding of the
mechanism underlying the icariin function with regard to the
microRNA and bone association remains unclear.

In the present study, a discrepancy in the expression levels
of miR-153 in MC3T3-El cells was observed between the
icariin-treated and the control groups. To reveal the potential
mechanism of icariin, a functional study was performed, which
identified that miR-153 promoted the osteoblast differentiation
and cell proliferation of MC3T3-E1 cells through directly
targeting and upregulating Runx2 following icariin treatment.
Therefore, the findings of the present study suggested that
icariin may serve as a potential drug for the prevention and
treatment of osteoporosis.

Materials and methods

Materials. The clonal mouse MC3T3-El preosteoblastic cell
line was obtained from the Central Laboratory of Wuhan
University (Wuhan, China). Icariin (purity, >98%) was
purchased from Abcam (Cambridge, MA, USA), dissolved
in dimethyl sulfoxide (DMSO) and stored in the dark at
-20°C. Throughout the experiments, the final concentration
of DMSO in the medium was kept at <0.1%, and a DMSO
control was compared with the icariin-treated cells. The 6-,
24- and 96-well plates, as well as the 25 mm culture bottles,
were purchased from Corning, Inc. (Corning, NY, USA). Fetal
bovine serum (FBS) was purchased from Thermo Fisher
Scientific, Inc. (Waltham, MA, USA). Phosphate-buffered
saline (PBS), dH,0, paraformaldehyde, cetylpyridinium
chloride, a-minimal essential medium (a-MEM), b-glyc-
erophosphate, ascorbic acid 2-phosphate (ASAP) and
DMSO were purchased from Sigma-Aldrich (Merck KGaA,
Darmstadt, Germany). The alizarin red S staining kit, alka-
line phosphatase (ALP) assay kit and Cell Counting kit-8
(CCK-8) for cell viability assay were obtained from Nanjing
Jiancheng Bioengineering Institute (Nanjing, China). The
RNAiso kit was purchased from Takara Biotechnology Co.,
Ltd. (Dalian, China). Antibodies against GAPDH (ab22555),
Runx2 (ab54868), ALP (ab108337), BMP2 (ab82511), BMP4
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(ab39973) and osteopontin (OPN; ab8448) were all purchased
from Abcam. Polyvinylidene fluoride (PVDF) membranes
(0.22 mm) were purchased from EMD Millipore (Billerica,
MA, USA). All experiments were repeated three times. All
control groups consisted of MC3T3-El cells without treatment
or transfection.

Cell culture and proliferation assay. MC3T3-El cells were
cultured in a-MEM supplemented with 10% FBS, 10 mmol/l
b-glycerophosphate and 50 ug/ml ASAP in a humidified
atmosphere containing 5% CO, at 37°C. The medium was
replaced every 3 days. When 80-90% confluence was reached
in the 25 mm culture bottle, cells were seeded in 96-well
plates at a density of 3,000 cells/well, in 24-well plates at a
density of 5,000 cells/well or in 6-well plates at a density of
1x10° cells/well for different assays.

The effect of icariin on cell proliferation was evalu-
ated using the CCK-8 assay. Briefly, MC3T3-El cells were
plated in 96-well plates (3,000 cells/well) and treated with
different concentrations of icariin (0.001-100 xM) for 48 h.
Subsequently, the cell numbers were assessed using CCK-8
according to the manufacturer's instructions. The results were
presented as the absorbance at 450 nm recorded by a multi-
functional microplate reader (ELx800; BioTek Instruments,
Inc., Winooski, VT, USA).

Mineral content and ALP activity assay. The mineral content
of cells was quantitatively assessed using an alizarin red S
assay (31). Briefly, cells were plated in 24-well plates at
5,000 cells/well. According to the results of the CCK-8 assay,
the doses of 0.1, 1 and 10 uM icariin were selected as the
effective concentrations. After 14 days of icariin treatment,
cells were fixed in 4% paraformaldehyde for 24 h at 4°C. Next,
paraformaldehyde was removed from the wells and cells were
washed with PBS and dH,O for three times. Subsequently,
0.04 M alizarin red S was used to stain the cells for 30 min
at room temperature while shaking. Cells were then washed
with dH,O for three times, and precipitated alizarin red S was
extracted by the addition of 10% cetylpyridinium chloride for
1 h at room temperature. The mineral content was quantified
by measuring the optical density at 550 nm.

MC3T3-El cells were seeded into 24-well plates (three
replicate wells per group) at a density of 5,000 cells/well and the
doses of 0.1, 1 and 10 xM icariin were selected as the effective
concentrations. ALP activity in the various groups was assayed at
3,10 and 14 days of treatment at a wavelength of 520 nm, according
to the manufacturer's protocol of the kit.

Transfection, miRNA target site prediction and luciferase
reporter assays. In order to promote or inhibit the miR-153
activity, the synthetic miR-153 mimics (sense, 5-UUGCAU
AGUCACAAAAGUGAUC-3" and antisense, 5'-GAUCAC
UUUUGUGACUAUGCAA-3") and miR-153 inhibitors
(5'-GAUCACUUUUGUGACUAUGCAA-3'"; both Biomics
Biotechnologies Co.,Ltd.,Nantong,China) were transfected into
1 M icariin treated MC3T3-El cultures using Lipofectamine
2000 (Invitrogen; Thermo Fisher Scientific, Inc.). Negative
controls [transfected with negative mimics (sense, 5'-UCA
CAACCUCCUAGAAAGAGUAGA-3' and antisense, 5'-UCU
ACUCUUUCUAGGAGGUUGUGA-3'") or negative inhibitors
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(5'-UCUACUCUUUCUAGGAGGUUGUGA-3") in 1 uM
icariin treated MC3T3-El cultures] were used in all reactions.
The final concentration of the mimics and inhibitors was
100 nM. Subsequent experiments were performed 3 days after
transfection.

The online software TargetScan (release 6.2; http:/
www.targetscan.org) and miRanda (http://www.microrna.
org/microrna/home.do) were used to predict the miR-153
targets. The sequence was inserted into the psi-CHECK?2
vector (Promega Corp., Madison, WI, USA) within Xhol and
Notl restriction sites. Mutation of the miR-153 binding sites
was introduced by a fast mutation kit (New England Biolabs,
Ipswich, MA, USA). MC3T3-El1 cells were co-transfected
with psi-CHECK2-Runx2 3'UTR Wt or psi-CHECK2-Runx2
3'UTR mutant (Mut), and the miR-153 or negative control
mimics at a final concentration of 100 nM. After 48 h of trans-
fection, the luciferase activity was determined according to the
manufacturer's recommended protocols of the Dual-Luciferase
Reporter Assay System (Promega Corp.).

RNA extraction and reverse transcription-quantitative
polymerase chain reaction (RT-qPCR). According to the
manufacturer's instructions, total RNA was extracted with
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
and was quantitatively measured by Quant-iT™ RNA HS
reagent (Thermo Fisher Scientific, Inc.). Complementary (c)
DNA was synthesized from total RNA using PrimeScript
RT reagent kit (Perfect Real Time; Takara Bio, Inc., Tokyo,
Japan). The mRNA expression in the cells was quantified
by qPCR using the SYBR-Green/ROX qPCRMaster Mix
(Takara Bio, Inc.) and the StepOnePlus Real-Time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The following primers were used: Runx2 forward, 5'-AGC
GGACGAGGCAAGAGTTT-3!, and reverse, 5-AGGCGG
GACACCTACTCTCATA-3"; ALP forward, 5-AGCGGA
CGAGGCAAGAGTTT-3' and reverse, 5'-AGGCGGGAC
ACCTACTCTCATA-3"; BMP2 forward, 5" AACGAGAAA
AGCGTCAAGCC-3' and reverse, 5-AGGTGCCACGAT
CCAGTCAT-3'; BMP4 forward, 5-AACTGCCGTCGC
CATTCACT-3" and reverse, 5"TCAACACCACCTTGTCAT
ACTCAT-3"; OPN forward, 5'-CCCTCCCGAGTAAGTCC
AAT-3" and reverse, 5'-"ACACTATCACCTCGGCCATC-3";
U6 forward, 5'-CGCTTCACGAATTTGCGTGTCAT-3'
and reverse, 5'-GCTTCGGCAGCACATATACTAAAAT-3';
GAPDH forward, 5'-ACCACAGTCCATGCCATCAC-3' and
reverse, S"TCCACCCTGTTGCTGTA-3". Subsequent to dena-
turing the DNA templates at 95°C for 10 min, the reactions were
followed by 40 cycles at 95°C for 15 sec, 60°C for 20 sec and
75°C for 10 sec. The expression of Runx2 was normalized to
GAPDH, and the miR-153 level was normalized to U6. Relative
expression levels were determined using the 2244 method (32).

Western blot analysis. Cells were lysed in RIPA buffer (Sigma
Aldrich; Merck KGaA) to extract the protein, the protein
concentration was quantitative measured by Pierce™ BCA
Protein Assay kit (Thermo Fisher Scientific, Inc.). A total of
20-30 pg/lane of protein was loaded onto 10% SDS-PAGE gels,
and then transferred onto PVDF membranes. After blocking
in Tris-buffered saline/Tween-20 containing 5% fat-free milk
for 1 h at room temperature, the membranes were probed
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overnight at 4°C with the following monoclonal primary
antibodies: Anti-GAPDH (1:10,000), anti-Runx2 (1:10,000),
anti-ALP (1:1,000), anti-BMP2 (1:1,000), anti-BMP4 (1:1,000)
and anti-OPN (1:10,000) antibodies. After washing by TBST
three times, the membranes were incubated with horse-
radish peroxide-conjugated secondary antibodies (1:10,000;
ab97023; Abcam) for 1 h at room temperature. GAPDH was
used as a loading control. The protein bands were visualized
and detected using an ECL system (Pierce; Thermo Fisher
Scientific, Inc.).

Statistical analysis. Data was presented as the mean + standard
deviation. Comparisons between groups were analyzed by
paired-sample t-test or analysis of variance using SPSS
version 17.0 software (SPSS, Inc., Chicago, IL, USA). A
P<0.05 value was considered to indicate a difference that was
statistically significant.

Results

Effect of icariin on proliferation, ALP activity and mineral
deposition in MC3T3-EI cells. The present study first exam-
ined the individual effects of 0.001, 0.01, 0.1, 1, 10, 100 and
1,000 M icariin on the proliferation activity of MC3T3-El
cells by CCK-8 assay (Fig. 1A). Icariin concentrations of 100
and 1,000 M were found to significantly decrease cell prolif-
eration compared with the control group (P<0.05). In contrast to
the control group, icariin at concentrations of 0.1, 1 and 10 yM
significantly increased cell proliferation (P<0.05). Finally,
icariin at 0.01 and 0.001 M increased cell proliferation, but
the difference with not statistically significant (P>0.05). These
results indicated that icariin promoted proliferation at 0.1, 1
and 10 xM in MC3T3-El cells, particularly when used at a
concentration of 1 uM. Thus, these concentrations were used
in subsequent experiments.

ALP activity was used as an osteoblast differentiation
marker in MC3T3-E1 cells. As shown in Fig. 1B, following
treatment of MC3T3-El cells with 0.1, 1 and 10 #M icariin,
ALP activity was increased by 0.12%, 19.93% (P<0.05) and
8.3%, respectively, at day 3 in comparison with the control
group. At day 10, the ALP activity was increased by 19.52%
(P<0.05), 48.57% (P<0.05) and 16.1%, respectively, while at day
14, it was enhanced by 19.39%, 53.94% and 28.25% (all P<0.05),
respectively. These results indicated that icariin promoted ALP
activity at concentrations of 1 and 10 yuM in MC3T3-EI cells,
particularly upon treatment with 1 M icariin (Fig. 1B).

According to the cell proliferation activity tests, 0.1, 1 and
10 M icariin concentrations were selected for examination of
mineralization in MC3T3-El cells by alizarin red S staining
(Fig. 1C and D). In contrast to the control group, icariin
(0.1, 1 and 10 M) resulted in significantly higher mineral
content (P<0.05). These results indicated that icariin enhanced
the deposition of calcium on nodules formed in MC3T3-El cells.

Effect of icariin on the expression levels of osteoblast
differentiation-associated genes in MC3T3-El cells.
According to the results of cell proliferation, alizarin red S
staining and ALP activity assays, icariin at 1 xM was selected
to examine the effect of treatment on the mRNA and protein
expression levels of osteoblast differentiation-associated genes
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Figure 1. (A) Cell proliferation activity in MC3T3-El1 cells treated with ICA (0.001-1,000 #M) for 48 h, assessed by Cell Counting kit-8 assay. (B) ALP activity
in MC3T3-EI cells treated with ICA (0.1, 1 and 10 M) for 3,7 and 14 days. (C) Mineral deposition in MC3T3-E1 cells treated with ICA (0.1, 1 and 10 xM) for
14 days was measured by alizarin red S staining. (D) Quantification of alizarin red S staining results was performed following extraction with cethylpyridium
chloride. "P<0.05 vs. control group; “P<0.05 vs. 0.1 uM group; ¥P<0.05 vs. 10 uM group. Results were obtained from three independent experiments and are
expressed as the mean + standard error. ALP, alkaline phosphatase; ICA, icariin.

in MC3T3-El cells. Treatment with 1 xM icariin evidently
increased the mRNA expression levels of Runx2, ALP, BMP2
and OPN (P<0.05; Fig. 2A), and the protein expression levels of
Runx2 and ALP (Fig. 2B). These results suggested that icariin
may promote the early stage of osteoblast differentiation in
MC3T3-El1 cells.

Icariin increases miR-153 expression in MC3T3-E1 cells,
and Runx?2 is positively targeted by miR-153. To determine
whether the expression of miR-153 was correlated with icariin
treatment, the expression level of miR-153 in MC3T3-El cells
was evaluated. As shown in Fig. 3A, the relative expression
of miR-153 in MC3T3-El cells was significantly increased
following treatment with icariin at concentrations of 0.1, 1 and
10 uM for 14 days, as compared with the control group. However,
there was no significantly difference among the three icariin
treatment groups. Next, miR-153 mimics (100 nM) or miR-153
inhibitor (100 nM) was transfected into the MC3T3-El cells
with Lipofectamine 2000. As observed earlier, a significant
increase in miR-153 expression was observed in the icariin
(1 uM) treatment group. Notably, icariin enhanced miR-153
expression following transfection with an miR-153 mimics
(Fig. 3B), however, it did not increase the expression of miR-153
following transfection with an miR-153 inhibitor (Fig. 3C).

These results indicated that icariin promoted miR-153 expres-
sion in MC3T3-El cells.

To define the possible mechanisms by which miR-153
affects proliferation and osteoblast differentiation in
MC3T3-El1 cells, the miRNA target analysis tools TargetScan
(release 6.2) and miRanda were used to determine the possible
target genes of miR-153. Based on the results using these two
software programs, Runx2 was predicted to be a target of
miR-153 and selected for further investigation. Subsequently,
3'UTR reporter plasmids containing the 3'UTR of Runx2
with the predicted miR-153 3'UTR sites of Runx2 were gener-
ated (Fig. 3D). The results of luciferase assay suggested that
miR-153 significantly upregulated the luciferase activity of Wt,
but of not Mut, Runx2 3'UTR in MC3T3-El cells compared
with the negative control (Fig. 3E).

Transfection of miR-153 mimic markedly increases Runx2
expression in icariin-treated MC3T3-EI cells. The potential
target protein of miR-153, namely Runx2, was selected to study
the effect of icariin on MC3T3-El1 cells. The miR-153 mimic was
transfected into the MC3T3-El cells using Lipofectamine 2000,
and the results demonstrated that icariin treatment or miR-153
mimic transfection significantly increased the expression level
of Runx2 in the MC3T3-El cells (Fig. 4A). Furthermore, the
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Figure 2. Effect of ICA on the (A) mRNA and (B) protein expression levels of associated osteoblastic genes in MC3T3-El1 cells treated with 1 M ICA for 14 days.
mRNA expression levels are expressed relative to the control group and were assessed by reverse transcription-quantitative polymerase chain reaction analysis. The
total cell lysates were analyzed for the levels of protein expression by western blot analysis using specific antibodies, and GAPDH was used as the loading control.
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Figure 4. (A) mRNA and (B) protein expression levels of Runx2 in MC3T3-El1 cells were measured at 14 days after treatment with ICA (1 xM) and/or transfec-
tion with miR-153 mimics (100 nM) or negative control. (C) mRNA and (D) protein expression levels of Runx2 in MC3T3-EI cells were also measured at
14 days after treatment with ICA (1 #M) and/or transfection with miR-153 inhibitor (100 nM) or negative control. The mRNA expression levels of Runx?2
are expressed relative to the control group and were assessed by reverse transcription-quantitative polymerase chain reaction. The total cell lysates was
analyzed for the levels of Runx2 expression by western blot analysis using specific antibodies, with GAPDH serving as the loading control. "P<0.05 vs. control
group; “P<0.05 vs. ICA + negative control group; “P<0.05 vs. miR-153 mimic group; *P<0.05 vs. miR-153 inhibitor group. ICA, icariin; Runx2, Runt-related

transcription factor 2; miR, microRNA.

combination of miR-153 mimic and icariin group had a signifi-
cantly higher expression of Runx?2 as compared with the miR-153
mimic alone group. The western blot analysis presented similar
results (Fig. 4B).

Transfection with miR-153 inhibitor affects the expression of
Runx2 protein in icariin-treated MC3T3-E1 cells. To further
investigate the potential connection between knockdown
of miR-153 and the potential effect of icariin treatment on
MC3T3-El cells, an miR-153 inhibitor was transfected into the
MC3T3-El cells using Lipofectamine 2000. The results indi-
cated that transfection with the miR-153 inhibitor significantly
decreased Runx2 expression in MC3T3-El cells when
compared with the control group (Fig. 4C). However, icariin
treatment reversed the potential effect of the miR-153 inhibitor
on MC3T3-El cells, as the expression level of Runx2 in the
miR-153 inhibitor with icariin treatment group was significantly
higher in comparison with the miR-153 inhibitor alone group.
Similar results were observed by western blot analysis (Fig. 4D).

Discussion

There is increasing interest in investigating the efficacy of
icariin as a potential alternative therapy for improving bone

formation, preventing bone loss and treating osteoporosis. In the
present study, it was observed that icariin improved osteoblast
differentiation and cell proliferation of MC3T3-E1 cells, as
demonstrated by CCK-8, mineral deposition and ALP activity
assays, as well as by stimulating the gene expression of Runx2.
In addition, the current study demonstrated that icariin regu-
lated Runx2 expression through miR-153 in MC3T3-El cells.
The present study demonstrated that treatment of MC3T3-E1
cells with icariin at concentrations of 0.1, 1 and 10 M signifi-
cantly increased cell proliferation and differentiation. However,
higher concentrations of icariin may have a negative effect
on cell proliferation, while low concentrations had a positive
effect. Numerous studies have indicated that icariin at different
concentrations enhanced cell proliferation and osteoblast differ-
entiation. For instance, Mok et al (33) observed that icariin
significantly enhanced the proliferation at concentrations ranging
between 10 and 10° M in UMR-106 cells. A dose-dependent
study by Ma et al (34) on osteoblast differentiation measuring
ALP activity revealed that the optimal concentration of icariin
for stimulating osteogenesis was 10° M in ROB cells. In addi-
tion, a recently study suggested that icariin stimulated the
differentiation of primary osteoblasts at final concentrations
of 0.1-10 uM (35). These findings were generally in agreement
with the results of the present study. According to the observed
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results of the cell proliferation activity test, alizarin red S
staining and ALP activity assay, 1 M icariin was selected as the
final concentration to further examine the effect on mRNA and
protein expression levels of osteoblast differentiation-associated
genes and to investigate the underlying mechanism of action in
MC3T3-El cells.

Several studies have reported that icariin increases
mineral deposition and ALP activity in multiple cells
and animal studies. For instance, Mok et al (33) observed
that icariin stimulated ALP activity in a dose-dependent
manner in rat osteoblast-like UMR-106 cells. Furthermore,
Ma et al (34) identified that icariin had a stronger ability in
improving ALP activity, calcium deposition and the number
of mineralized bone nodules in rat calvarial osteoblasts
(ROB cells). Li et al (36) further reported that the level of
serum ALP was higher in ovariectomized rats treated with
icariin in comparison with the controls. The present study
results were consistent with these aforementioned studies.
In addition, the present data revealed that icariin increased
miR-153, as well as Runx2 mRNA expression, in MC3T3-El
cells. These results suggested that icariin may stimulate the
process of osteogenesis by modulating the expression of
Runx2 in MC3T3-El cells. However, the signaling pathway
involved in the osteoblast differentiation effects of icariin
remains unclear.

miRNAs contribute to osteogenesis in the embryonic bone
development, while they are also involved in the maintenance
of adult bone tissue by regulating the growth, differen-
tiation and functional activity of cells (37). miR-153 has been
reported to facilitate the cell proliferation in multiple cancer
cells by suppressing important cancer-relevant genes, such
as AKT (38), CACNAIC (39) and WWOX (40). Similarly,
the present study indicated that miR-153 improved osteoblast
differentiation and cell proliferation in MC3T3-EI cells, while
icariin was demonstrated to increase the miR-153 expression
level in these cells. To the best of our knowledge, the present
study is the first to investigate the role of miR-153 in the
osteogenesis effects of icariin on MC3T3-El cells. However,
the role of miR-153 in regulating the osteoblast differentiation
remains unclear. In the current study, a new role of miR-153
in the regulation of osteoblast differentiation in MC3T3-El
cells was detected. Luciferase activity assay combined with
RT-gPCR and western blot analysis demonstrated that Runx2
was a direct target of miR-153. These results indicated that
miR-153 upregulated the mRNA expression and protein levels
of Runx?2 during the osteoblast differentiation in MC3T3-El
cells. However, the role of miRNA- Runx2 regulation in
osteoporosis requires further clarification.

Recent studies have shown that icariin stimulates the
expression of Runx2 by modulating different signal trans-
duction pathways, including the estrogen receptor-mediated
pathway (35), BMP-2/Smad4 signal transduction pathway (41)
and BMP signaling pathway (30). These studies suggested that
icariin stimulated osteoblast differentiation and maturation
through multiple pathways. The present study demonstrated
that icariin regulated Runx2 expression through miR-153
in MC3T3-E1 cells. Notably, the expression of Runx2 was
stimulated by icariin following transfection with miR-153
inhibitor in MC3T3-El cells (Fig. 4C and D), which indicated
that icariin may also regulate the osteoblast differentiation and
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cell proliferation of MC3T3-El cells through other mecha-
nisms. However, the particular mechanisms of how icariin
influenced miR-153 expression remain unclear, and further
studies are required.

In conclusion, icariin is an active constituent of the herb
Epimedium, a Chinese herb commonly used for the prevention
and treatment of osteoporosis in traditional Chinese medicine
formulas. The present study clearly demonstrated that icariin
had a strong osteoblast differentiation effect in MC3T3-El
cells through the miR-153/Runx2 pathway. Therefore, the
current study provided evidence that icariin should be consider
as an effective candidate for the management of osteoporosis.
Further studies are needed in order to investigate the under-
lying molecular mechanisms for bone mass preservation and
bone loss prevention in vivo.
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