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Abstract 

Background We previously reported that the constitutional flavonoid glycosides derived from 
herb Epimedium (EF, composed of seven flavonoid compounds with common nuclear stem) ex-
erted beneficial effects on the bone, including promoting bone formation and inhibiting bone 
marrow fat deposition. Recent in vivo study showed that Icaritin was a common metabolite of these 
constitutional flavonoid glycosides, indicating that Icaritin is a bioactive compound. The present 
study was designed to investigate whether Icaritin could promote osteogenic differentiation and 
suppress adipogenic differentiation of marrow mesenchymal stem cells (MSCs).  
Methods Primary MSCs were harvested from adult mice and exposed to Icaritin to evaluate 
whether it could promote osteogenesis and suppress adipogenesis using the following assays: 
determination of alkaline phosphatase (ALP) activity and mineralization; mRNA expression of 
osteogenic differentiation marker Runx2; osteocalcin and bone sialoprotein (BSP) by RT-PCR; 
quantification of adipocyte-like cells by Oil Red O staining assay and mRNA expression for adi-
pogenic differentiation markers peroxisome proliferator-activated receptor gamma (PPARγ); 
adipocyte fatty acid binding protein (aP2) and lipoprotein lipase (LPL) by RT-PCR. For the un-
derlying mechanism, glycogen synthase kinase-3beta (GSK3β) and β-catenin were also explored by 
western blotting. 
Results Icaritin promoted osteogenic differentiation and maturation of MSCs as indicated by 
increased mRNA expression for Runx2, osteocalcin and BSP, and enhanced ALP activity and 
mineralization; Icaritin inhibited adipogenic differentiation, as indicated by decreased mRNA ex-
pression for PPARγ, LPL, aP2, and suppressed formation of adipocyte-like cells; Icaritin inactivated 
GSK3β and suppressed PPARγ expression when promoting osteogenesis and suppressing adi-
pogenesis of MSCs.  
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Conclusion This was the first study demonstrating that the novel semisynthetic molecule Icaritin 
could stimulate osteogenic differentiation and inhibit adipogenesis of MSCs, which was associated 
with the suppression of GSK3β and PPARγ. 

Key words: Mesenchymal stem cells, Icaritin, Adipogenesis, Osteogenesis, GSK3β, Osteoporosis. 

Introduction 
Many Chinese-herb-derived formulas have 

shown their protective effects on bone in experimental 
and clinical studies, but the bioactive component(s) in 
these formulas are difficult to identify. This has 
greatly hampered the development and globalization 
of herbal medicine. We have previously reported the 
preclinical and clinical findings of constitutional fla-
vonoid glycosides derived from herbal Epimedium 
(EF, composed of seven flavonoid compounds with 
common nuclear stem) to treat postmenopausal os-
teoporosis and steroid-associated bone disorders. EF 
exerted beneficial effects on bone, including promo-
tion of bone formation and inhibition of bone marrow 
fat deposition (1-3). However, the bioactive com-
pound and the underlying mechanisms remain un-
clear. 

Decreased bone formation and increased bone 
marrow fat deposition are common feature in post-
menopausal osteoporosis and other bone disorders 
(4,5). These have been explained by suppressed oste-
ogenesis and enhanced adipogenesis of marrow 
mesenchymal stem cells (MSCs) (6-9). Wang et al. and 
Mukherjee et al. reported that treating osteoporotic 
animals with bioactive agents that enhanced osteo-
genic differentiation of MSCs, also promoted bone 
formation (10,11). These results suggested that the 
beneficial effect of our efficacy-proven EF on bone 
might be due to the modulation of the balance be-
tween osteogenic and adipogenic differentiation of 
MSCs by its bioactive compound(s). Recent in vivo 
study showed that Icaritin was the common metabolic 
compound of the seven flavonoid compounds in this 
formula (12), indicating that Icaritin was a relevant 
bioactive compound. The present study aimed to in-
vestigate whether Icaritin could stimulate osteogenic 
and inhibit adipogenic differentiation of MSCs.  

Materials and Methods 
Reagents 

All reagents were of the highest purity. Icaritin 
was purchased from the National Institute of Control 
of Pharmaceuticals and Biological Products (Beijing, 
China). Cell culture reagents and PCR primers were 
purchased from Invitrogen (Basel, Switzerland). If not 
indicated otherwise, all other reagents were pur-

chased from Sigma-Aldrich (St. Louis, MO, USA).  

MSCs isolation, expansion and culture  
Bone marrow was harvested from femora and 

tibiae of 3~4-month old wild-type C57BL/6N mice, 
and used for collecting MSCs according to a previ-
ously published protocol (13). The cell suspension 
was prepared in phosphate buffered saline (PBS), and 
then layered onto Lymphoprep™ (1.077g/ml; Ny-
comed-Amersham, Norway) for density gradient 
centrifugation (1840rpm, 30 mins, at room tempera-
ture). The mononuclear cells were collected from the 
interface of the Ficoll solution, and then resuspended 
in Dulbecco's Modified Eagle's medium (DMEM) that 
contained 10% fetal calf serum (FCS), 100U/ml peni-
cillin, 100mg/ml streptomycin, 2.5µg/ml fungizone 
and 2mM L-glutamine (Invitrogen, Paisley, UK), and 
then seeded into T75 flasks (Nunc, Roskilde, Den-
mark) at a density of 1-3×105 cells/cm2. These cells 
were incubated at 37ºC in humidified 5% CO2. When 
the primary MSCs reached confluence, they were 
separated using Trypsin-EDTA solution and passed at 
1×104 cells/cm2 into T75 flasks. The subsequently ob-
tained MSCs were used in the following experiments. 

Osteogenic stimulation 
MSCs were seeded at a density of 5000 cells/cm2 

in 6-well culture plate in DMEM. When MSCs reached 
confluence, the medium was replaced with the oste-
ogenic differentiation medium (OM) whose composi-
tion was DMEM consisting of 10% FCS, 0.3mM 
ascorbic acid, 10mM β-glycerophosphate and 10-8M 
dexamethasone (14). The treatment consisted of either 
vehicle (0.1% dimethylsulfoxide) or increasing con-
centrations of Icaritin (0.1-10μM). The cells were har-
vested at different points in time to determine the 
alkaline phosphatase (ALP) activity and the degree of 
mineralization, and the determination of the mRNA 
expression for Runx2, BSP and osteocalcin.  

Adipogenic stimulation  
MSCs were seeded at a density of 5000 cells/cm2 

in the 6-well culture plate in DMEM. When MSCs 
reached confluence, the medium was changed to the 
adipogenic differentiation medium (AM) whose 
composition was DMEM consisting of 10% FCS, 
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0.5μg/ml insulin, 10-8M dexamethasone and 0.5mM 
isobutylmethylxanthine (14). The treatment consisted 
of either vehicle (0.1% dimethylsulfoxide) or increas-
ing concentrations of Icaritin (0.1-10μM). Oil Red O 
staining for adipogenesis and mRNA expression for 
PPARγ, LPL and aP2 were evaluated at the indicated 
points in time.  

Determination of Alkaline phosphatase (ALP) 
activity 

ALP activity was measured in MSCs using a 
previously described method (13). The cells were 
washed briefly with cold PBS, and then lysed with 
cold (4oC) diethanolamine (DEA) buffer (2M HCl, 
0.01M MgCl2.6H2O, 0.5% diethanolamine, pH 
10.1-10.5). After adding 50μl of 3mM 4-nitrophenyl 
phosphate hexahydrate (PNPP) substrate solution to 
each well, ALP activity was determined at room 
temperature using a microplate reader (Ultrospec 
3000, Pharmacia Biotech, USA) at 405 nm. The ALP 
activity was expressed as activity/cell protein which 
was measured using the BCA protein assay kit 
(Pierce, USA).  

Mineralization Assay 
Mineralization of MSCs was analyzed after 18 

days’ osteogenic induction. To this end, cells were 
fixed with 95% ethanol for 30 minutes, stained with 
2% alizarin red for 20 minutes, and then washed with 
distilled water. The MetaMorph image Analysis 
Software (Universal Imaging CorporationTM, Down-
ingtown, PA, USA) was used to quantify the miner-
alized nodules, and the percentage of mineralized 
nodules was expressed as a fraction of the total 
measured area as previously described (15).  

Quantitative Real-time PCR  
Cells were collected at the indicated point in 

time during the osteogenic and adipogenic stimula-
tion. The total RNA was extracted by Trizol reagent 
after washing them with PBS. The extract was re-
verse-transcripted under the following conditions: 
42℃ for 45 mins, and 99℃ for 5 mins, and the cDNA 
product was stored at -20℃. Forward and reverse 
PCR primers were synthesized for Runx2, osteocalcin, 
BSP, PPARγ, LPL, aP2, and GAPDH based on pub-
lished paper (16,17). The forward and reverse primers 
were: Runx2 (5’-AACCCACGGCCCTCCCTGAA 
CTCT-3’ and 5’-ACTGGCGGGGTGTAGGTAAAGG 
TG-3’), osteocalcin (5’-ACCCTGGCTGCGCTCTGTC 
TCT-3’ and 5’-GATGCGTTTGTAGGCGG-TCT 
TCA-3’), BSP( 5’-CAGAGGAGGCAAGCGTCACT-3’ 
and 5’- CTGTCTGGGTGCCAACACTG-3’), PPARγ 
(5’-GGGTCAGCTCTTGTGAATGG-3’ and 5’-CTGA 
TGCACTGCCTATGAGC-3’), LPL (5’-AGGTCATCT 
TCTGTGCTAGG-3’ and 5’-ATGCTGGAAGACCTG 

CTATG-3’), aP2 (5’-TGTGATGCCTTTGTG 
GGAACC-3’ and 5’-CGTCTGCGGTGATTTCATC-3’) 
and GAPDH (5’-CACCATGGAGAAGGCCGGGG-3’ 
and 5’-GACGGACACATTGGGGGTAG-3). RT-PCR 
was performed and analyzed in a capillary real-time 
thermocycler (LightCycler, Roche Diagnostics, USA). 
Amplification was done in the presence of SYBR 
Green 1. The PCRs were done in a 20μl reaction in 
which cDNA was mixed with LightCycler-Fastart 
DNA Master SYBR Green, and contained 10pmol of 
forward and reverse primer and 4mM MgCl2 respec-
tively. The samples were amplified in a thermocycler 
under the following conditions: 50 cycles at 95oC for 
10 mins, 50 cycles at 95oC for 10 secs, 50 cycles at 
55-60oC depending on the primer set for 10 secs, and 
50 cycles at 72oC for 30 secs. PCR product accumula-
tion was monitored at multiple points during each 
cycle by measuring the increase in fluorescence that 
was generated by the binding of SYBR Green 1 to 
dsDNA. Data analysis was performed with “Fit Point 
Method” in the LightCycler software 3.3 (Roche Di-
agnostics). Relative quantification was made against 
the expression levels of the house keeping gene 
GAPDH (18). 

Oil Red O Staining Assay 
The number of adipocyte-like cells was quanti-

fied on day 18 using the Oil Red O staining method 
(8). Briefly, the cells were fixed with 10% neutral 
buffered formalin, incubated with 60% propylene 
glycol, and then stained with 0.5% (wt/vol) Oil Red O 
in 60% propylene glycol for 30 minutes. After stain-
ing, the cells were rinsed thoroughly with distilled 
water, and then incubated for 1 hour at room tem-
perature after adding 1ml of isopropyl alcohol. Ali-
quots of the extracted Oil Red O were measured at 510 
nm with spectrophotometer (Ultrospec 3000, Phar-
macia Biotech, USA). The values were normalized to 
cells protein which was measured using the BCA 
protein assay kit (Pierce, USA).  

Western Blot Analysis 
Whole cell proteins were extracted by protein 

extraction reagents kit (Pierce, USA). The protein 
content in each sample was measured using the BCA 
protein assay kit (Pierce, USA). Thirty micrograms of 
protein was separated by 10% SDS-PAGE and trans-
ferred to PVDF membrane by Trans-Blot SD Semi-Dry 
Electrophoretic Transfer Cell (Bio-Rad, USA). After 
blocking with 5% non-fat milk for half an hour, the 
membrane was incubated overnight with primary 
antibodies against phospho-GSK3β (ser9, clone 2D3; 
Upstate., Lake Placid, NY), total-GSK3β (Chemicon, 
Billerica, MA), total β-catenin (BD, Bedford,MA), and 
β-actin (Santa Scuz Biotechnology, CA, USA), and 
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then incubated with a secondary conjugated horse-
radish peroxidase antibody (Santa Cruz Biotechnol-
ogy, CA, USA) for one hour after washing with TBS. 
The proteins were then visualized using a chemilu-
minescence detection kit (Santa Cruz Biotechnology, 
CA, USA) (19,20). 

Statistical analysis 
Data are presented as mean ± standard deviation 

(SD). The differences between the groups were ana-
lyzed by one-way ANOVA using SPSS software 13.0 
(SPSS Inc., Chicago, IL, USA). Statistical significance 
was set at P<0.05. 

Results 
Icaritin promotes osteogenic differentiation 
and maturation of MSCs 

To investigate the effects of Icaritin on osteogenic 
differentiation of MSCs, mRNA expression of Runx2 
for the lineage-specific gene of osteogenic differentia-
tion, BSP for osteogenesis protein, and osteocalcin for 
the mature osteoblast marker, together with the ALP 
activity and the extent of matrix mineralization were 
determined on day 3, 6 and 18 based on the prelimi-
nary experiments respectively. 

Genes expression profile 
As compared with MSCs in the osteogenic me-

dium without Icaritin treatment (control group), the 
mRNA expression for Runx2 was increased by 2-fold, 
4.4-fold and 7.9-fold in 0.1μM, 1μM and 10μM Icaritin 
treatment groups respectively (Fig. 1A). The mRNA 
for BSP was increased by 1.5-fold, 1.9-fold and 
3.4-fold in 0.1μM, 1μM and 10μM Icaritin treatment 
groups respectively (Fig. 1B). The mRNA for oste-
ocalcin was increased by 1.1-fold, 2.2-fold and 3.3-fold 
in 0.1μM, 1μM and 10μM Icaritin treatment groups 
respectively (Fig. 1C). 

ALP activity 
As compared with MSCs in the osteogenic me-

dium without Icaritin treatment, the ALP activity was 
enhanced by 50.4%, 90.9% and 154.5% in 0.1μM, 1μM 
and 10μM Icaritin treatment groups respectively (Fig. 
1D). With 10uM Icaritin treatment, the peak ALP ac-
tivity of MSCs was increased by 53.8% as compared to 
the control group. In addition, Icaritin prolonged the 
peak ALP expression period and there was a total of 
160% increase in ALP activity within the first 12 days 
of treatment (Fig. 1E). 

Mineralization 
In the osteogenic medium, MSCs began to form 

mineralized nodules in two weeks, and matrix min-
eralization was quantified on day 18. Icaritin showed 

a dose-dependent effect on matrix mineralization. The 
mineralization area was increased by 50%, 130% and 
220% in 0.1μM, 1μM and 10μM Icaritin groups re-
spectively as compared to the control group (Fig. 1F, 
1G). 

GSK3β is involved in the regulation of Icari-
tin-induced osteogenic differentiation of MSCs 

The role of GSK3β in Icaritin-treated MSCs was 
evaluated. After Icaritin treatment, there was no sig-
nificant change in total GSK3β expression, but the 
pGSK3β was increased by 1.2-fold, 4.1-fold and 
11.3-fold in 0.1μM, 1μM and 10μM Icaritin groups 
respectively as compared to the control group. As the 
target gene of GSK3β, beta-catenin expression also 
showed a 1.1-fold, 7.3-fold and 14.1-fold increase in 
0.1μM, 1μM and 10μM Icaritin groups respectively 
(Fig. 1H, 1I, 1J).  

Icaritin inhibits adipogenic differentiation of 
MSCs 

To investigate the effects of Icaritin on adipo-
genic differentiation of MSCs, the mRNA expression 
of PPARγ for the lineage-specific transcription factor 
and aP2 and LPL for the adipocyte-specific markers 
were determined by RT-PCR on day 3. The adipo-
cyte-like cells were quantified using Oil Red O stain-
ing method based on the preliminary experiments.  

Genes expression profile 
As compared with MSCs in the control medium, 

the mRNA expression for PPARγ, LPL and aP2 was 
increased by 9.3-fold, 7.1-fold and 4.2-fold in adipo-
genic medium. After adding Icaritin in the adipogenic 
medium, these genes expressions were significantly 
inhibited. The PPARγ expression was inhibited by 
39.8%, 66% and 79.6% in 0.1μM, 1μM and 10μM Icari-
tin groups respectively. The LPL expression was in-
hibited by 25%, 48.1 and 65.4%. , and aP2 mRNA ex-
pression was inhibited by 32.7%, 51.9% and 67.3% in 
0.1μM, 1μM and 10μM Icaritin groups respectively 
(Fig. 2A, 2B, 2C).  

Quantification of adipocyte-like cells  
Icaritin inhibited adipocyte-like cells formation 

in a dose-dependent manner. After two weeks of 
culture, it showed that there was much more adipo-
cyte-like cells formation in adipogenic group as 
compared to the control group, and there were fewer 
adipocyte-like cells formation after the Icaritin treat-
ment (Fig. 2D). The quantification data showed that 
Icaritin suppressed adipocyte-like cells formation in a 
dose-dependent manner, and the suppression rate 
was increased from 30% to 47% and 75% in 0.1μM, 
1μM and 10μM Icaritin treatment groups respectively 
(Fig. 2E).  
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Fig.1 The effects of Icaritin on osteogenic differentiation, maturation and mineralization of MSCs. A, B&C: The effects of Icaritin on the mRNA expression 
for Runx2, BSP and osteocalcin in MSCs were compared between control group (Control), osteogenic medium(OS) and Icaritin treatment groups (OS plus 
with Icaritin). Results from a representative of three experiments are shown, reported as mean ± SD of quadruplicate determinations (* p<0.05 vs. OS, 
#P<0.05 vs Control ). D: The effects of different doses of Icaritin on ALP activity in MSCs. Results from a representative of three experiments are shown, 
reported as mean ± SD of quadruplicate determinations (* p<0.05 vs. control). E: The time-dependent effect of Icaritin (10µM) on ALP activity in MSCs. 
Results from a representative of three experiments are shown, reported as mean ± SD of quadruplicate determinations (* p<0.05 vs. control for each time 
point). F: Quantification data showing the matrix mineralization area in control and different doses of Icaritin treatment groups. Results from a repre-
sentative of three experiments are shown, reported as mean ± SD of quadruplicate determinations (* p<0.05 vs. osteogenic medium). G: Representative 
pictures showing the alizarin red staining mineralization nodules in control, osteogenic medium(OS), and 10 µM of Icaritin treatment group(OS+Icaritin). 
H, I&J: Western blot results showing the proteins expression of GSK3β, pGSK3β and β-catenin after different doses of Icaritin treatment. Results from 
a representative of three experiments are shown, reported as mean ± SD of quadruplicate determinations (* p<0.05 vs. control). 
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Fig. 2 The effects of Icaritin on adipogenic differentiation of MSCs. A,B&C: RT-PCR results showing PPARγ, LPL and aP2 mRNA expression in normal 
medium (control group), adipogenic medium (AM group) and adipogenic medium plus with Icaritin (Icaritin treatment group). Results from a representative 
of three experiments are shown, reported as mean ± SD of quadruplicate determinations (#p<0.05 vs. control group, *p<0.05 vs. AM group). D: Rep-
resentative pictures showing the Oil-Red-O-positive adipocyte-like cells in control, AM, and 10 µM of Icaritin treatment group. E: Quantification data 
showing the effects of Icaritin on adipocyte-like cells formation. Results from a representative of three experiments are shown, reported as mean ± SD of 
quadruplicate determinations (#p<0.05 vs. control group, *p<0.05 vs. AM group). F,G: RT-PCR results showing the PPARγ and aP2 mRNA expression in 
normal medium (control group), rosiglitazone additive medium (Ros. 0.1μM) and rosiglitazone plus with Icaritin (Icaritin group). Results from a repre-
sentative of three experiments are shown, reported as mean ± SD of quadruplicate determinations (#p<0.05 vs. control group, *p<0.05 vs. Ros group). H: 
Oil Red O staining quantification showing the adipocyte-like cells formation in rosiglitazone and different doses of Icaritin treatment groups. Results from 
a representative of three experiments are shown, reported as mean ± SD of quadruplicate determinations (#p<0.05 vs. control group, *p<0.05 vs. Ros 
group). 

 

PPARγ is involved in the regulation of Icari-
tin-suppressed adipogenic differentiation of 
MSCs 

To further investigate the involvement of PPARγ 
in the regulation of adipogenic differentiation, PPARγ 
agonist rosiglitazone (Ros.) was added to the primary 
MSCs. After the rosiglitazone treatment, the PPARγ 
and aP2 expression were increased by 14.8-fold and 
4.2-fold as compared to the control group. The further 
addition of Icaritin resulted in an increase in the inhi-
bition of these genes expressions. The PPARγ expres-
sion was suppressed by 35.4%, 53.8% and 71.5% in 
0.1μM, 1μM and 10μM Icaritin groups respectively, 
and the aP2 expression was suppressed by 32.9%, 57.3% 

and 74.4% in 0.1μM, 1μM and 10μM Icaritin groups 
respectively. Oil-red O staining showed an 11.7-fold 
increase in adipocyte-like cells formation in rosig-
litazone-treatment group as compared to the control 
group, and the addition of Icaritin significantly an-
tagonized rosiglitazone-induced adipogenesis, the 
inhibition rate was 18.9%, 40.9% and 66.9% in 0.1μM, 
1μM and 10μM Icaritin groups respectively (Fig. 2F, 
2G, 2H). 

Discussion 
This study demonstrated that Icaritin promoted 

osteogenic differentiation of MSCs and repressed 
their adipogenic differentiation. We also found that 
the pro-osteogenic and anti-adipogenic effects of 
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Icaritin were at least in part mediated by the GSK3β 
and PPARγ pathways respectively. Based on these 
findings, we concluded that Icaritin, as the bioactive 
compound in herbal Epimedium-derived formula 
(1,3), could promote osteogenic and suppress adipo-
genic differentiation of MSCs.  

Icaritin promotes osteogenic differentiation 
and maturation of MSCs 

Osteogenesis is a spatial cascade process, which 
initiates from the commitment and differentiation of 
bone marrow MSCs into osteoprogenitor cells and 
then preosteoblasts and osteoblasts, followed by ma-
trix maturation and matrix mineralization (21). The 
commitment and differentiation of bone marrow 
MSCs towards osteoblast lineage, therefore, is the 
critical step in osteogenesis initiated by the activation 
of Runx2. The importance of this gene has been con-
firmed by the fact that a Runx2 gene knockout results 
in a complete lack of bone formation owing to matu-
rational arrest of osteoblasts (22). During the differen-
tiation into mature osteoblasts, a number of extracel-
lular matrix genes are expressed by MSCs, such as 
bone sialoprotein, which is regarded as the middle 
stage marker of osteogenesis. At the late stage of bone 
formation, osteocalcin is up-regulated, which repre-
sents the maturation of osteoblasts and matrix miner-
alization processing.  

As shown in the primary mice bone marrow 
MSCs, Icaritin up-regulated the expression of Runx2, 
bone sialoprotein and increased the ALP activity in a 
dose-dependent manner. These results suggested that 
Icaritin could promote the commitment and differen-
tiation of osteoblasts in bone MSCs. In the maturation 
stage, the osteocalcin and matrix mineralization were 
also increased, suggesting that Icaritin could also 
promote osteoblasts maturation. In the previous pub-
lished paper, Huang et al. also showed that Icaritin is 
more potent than herbal Epimedium-derived Icariin 
and icariside II in promoting osteoblastic differentia-
tion, supporting the idea that Icaritin is a very im-
portant bioactive compound from Epimedium (23). 
For the underlying mechanism, as GSK3β could con-
trol osteogenesis through regulating Runx2 activity 
(24), the increased expression of Runx2 in Icari-
tin-treated MSCs might result from regulating GSK3β 
activity. Therefore, the GSK3β activity was explored 
in this study. The result showed that Icaritin caused 
phosphorylation of GSK3β on its Ser9 site (causing 
inactivation). Furthermore, the inactivation of GSK3β 
was accompanied with increased expression of 
β-catenin. GSK3β is a negative factor for controlling 
osteogenesis in normal situation. However, after in-
activation by phosphorylation on its Ser9 site, it 

would activate β-catenin and initiate osteogenesis 
(25). These results suggested that Icaritin-induced 
osteogenic differentiation was associated with regu-
lation of GSK3β activity.  

Icaritin suppresses adipogenic differentiation 
of MSCs  

In order to investigate whether Icaritin could in-
hibit adipogenic differentiation of MSCs, the adipo-
cytes number (Oil Red O staining) and adipo-
cyte-specific markers including aP2 and LPL were 
assessed. Adipocyte fatty acid binding protein (aP2) is 
known as an adipose-specific fatty acid binding pro-
tein, which is thought to be involved in intracellular 
transport and metabolism of fatty acids. aP2 is ex-
pressed in mature adipocyte and regarded as a ter-
minal differentiation marker (26). Lipoprotein lipase 
(LPL) is thought to be an early marker of adipogenesis 
and highly expressed during adipogenic differentia-
tion (27). As shown in this study, Icaritin suppressed 
aP2, LPL mRNA expression by inhibiting adipo-
cyte-like cells formation. These results suggest that 
Icaritin could suppress the adipogenic differentiation 
of MSCs. For the molecular pathway, PPARγ was the 
key transcription factor in adipocytes differentiation. 
In vitro study showed that forced expression of 
PPARγ into myoblasts made their commitment into 
adipocytes (28). PPARγ knock-down suppressed ad-
ipocyte differentiation and fat formation (29,30). The 
present study showed that PPARγ agonist rosiglita-
zone could induce adipocytes differentiation with 
enhanced expression of adipocyte-specific markers 
like aP2 and LPL. After Icaritin treatment, a signifi-
cant suppression of adipogenic differentiation oc-
curred. These results suggest that Icaritin inhibits 
adipogenesis of MSCs at least partly through PPARγ 
-mediated pathway. 

Conclusion 
This was one of the first studies demonstrating 

that the semisynthetic molecule Icaritin could pro-
mote osteogenic differentiation and inhibit their adi-
pogenesis of MSCs. These results demonstrate also 
that the pro-osteogenic effect of Icaritin is associated 
with regulation of GSK3β activity, and its an-
ti-adipogenic effect is associated with blocking PPARγ 
signaling. The in vitro study indicates that Icaritin has 
the potential for further development into an-
ti-osteoporosis drug.  
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