
Am J Transl Res 2017;9(5):2077-2087
www.ajtr.org /ISSN:1943-8141/AJTR0046214

Original Article
Icariside II promotes the osteogenic differentiation of 
canine bone marrow mesenchymal stem cells via the 
PI3K/AKT/mTOR/S6K1 signaling pathways

Guangming Luo1, Biao Xu1, Yuanliang Huang2

1Department of Oral and Maxillofacial Surgery, Affiliated Stomatology Hospital of Kunming Medical University, 
Kunming, P. R. China; 2Department of Stomatology, Shanghai East Hospital Affiliated with Tongji University, Shang-
hai, P. R. China

Received December 9, 2016; Accepted March 22, 2017; Epub May 15, 2017; Published May 30, 2017

Abstract: The aim of the present study was to investigate the osteogenic effects of icariside II (ICSII) on canine bone 
marrow mesenchymal stem cells (BMSCs) and the pathways by which these effects were induced. BMSCs were cul-
tured and expanded to the fourth passage. The proliferative effects of ICSII were assessed using the cell counting 
kit-8 (CCK-8) assay. The osteogenic response to ICSII in BMSCs in vitro was examined by alkaline phosphatase (ALP) 
activity assays and Alizarin red staining. Using Western blot assays and real-time PCR (RT-PCR), we examined the ex-
pression of osteogenetic proteins/genes. We also evaluated changes in Akt and S6K1 phosphorylation levels, along 
with changes in the expression of osteogenesis proteins/genes after pretreatment with wortmannin (an inhibitor of 
phosphatidylinositol 3-kinase; PI3K) or rapamycin [a specific inhibitor of mammalian target of rapamycin (mTOR)] in 
the presence or absence of ICSII. Our results show that ICSII promotes the proliferation of BMSCs, while inhibiting 
ALP activity. We also found that calcium nodules form after BMSCs are treated with ICSII and osteogenetic medium 
for 21 days. ICSII significantly increased the expression of osteogenesis proteins/genes and elevated the phos-
phorylation levels of Akt and S6K1. Treatment with wortmannin or rapamycin attenuated the expression of p-Akt, 
p-S6K1, and osteogenesis proteins/genes. These results suggest that ICSII promotes the osteogenic differentiation 
of canine BMSCs via the PI3K/AKT/mTOR/S6K1 signaling pathways.
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Introduction

Icariin (ICA) is a major pharmacologically active 
compound derived from Herba epimedii. As a 
treatment in traditional Chinese medicine, icar-
iin offers many biological benefits in terms of 
immunological function modulation, sexual 
enhancement, neuroprotective effects, cardio-
vascular protective effects, anti-inflammatory 
effects, anti-cancer and anti-aging treatment, 
and antioxidative protective properties [1-3]. 
Although icariin possesses many biological 
actions, the osteogenic action of icariin is one 
of the most promising areas of pharmacologi-
cal research and development for this agent. 
Icariin is also reported to have a therapeutic 
anti-osteoporosis effect [4], and it can regu-
late/maintain balanced bone remodeling [5], 
increase core binding factor alpha1 expression 
[6], stimulate the proliferation of osteoblast-

like cells [7], and increase SMAD4 (a marker of 
bone formation) mRNA levels [8]. Icariin can 
also enhance bone formation in vivo [9]. Icariin 
has the potential to become a suitable substi-
tute for some growth factors used in tissue 
engineering [10]. Icariin exerts its potent osteo-
genic effects through the activation of BMP sig-
naling and the BMP-2/SMAD4 signal transduc-
tion pathway, thus modulating the process of 
bone formation [11].

Phosphorylation levels of proteins in related 
signaling pathways are closely related to a 
series of physiological and biochemical pro-
cesses, such as proliferation, differentiation, 
and apoptosis. The PI3K/AKT and Raf/ERK1/2-
MAPK/Ras pathways are key signaling path-
ways that regulate cell proliferation and differ-
entiation. The PI3K/AKT/mTOR pathway can 
promote stem cell survival [12] and may also be 
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involved in the cell cycle, metabolism, and 
angiogenesis [13].

Icariside II (ICSII) is the major metabolite gener-
ated after oral administration of icariin [14]. A 
previous study showed that ICSII has the poten-
tial to prevent and treat of osteoporosis, in part 
by suppressing bone resorption of osteoclasts 
[15]. At the same time, we have demonstrated 
that ICSII enhances the proliferation of canine 
BMSCs and facilitates matrix calcification [16]. 
MSCs can be isolated from bone marrow, um- 
bilical cord blood, and adult sources [17, 18]. 
Canine BMSCs possess a greater ability to dif-
ferentiate and form bone during the natural 
bone development process and continue to 
exhibit a high proliferative potential, even after 
a long period of cryopreservation. Therefore, 
canine BMSCs have long been recognized as 
one of the seed cells with the greatest potential 
for bone tissue engineering and research [19].

However, no studies to date have been report-
ed that investigate the mechanism by which 
ISCII exhibits osteogenic effects on canine 
BMSCs. Moreover, the signaling pathways that 
confer the osteogenic effects of ICSII remain 
unknown. Therefore, we investigated the osteo-
genic effects of ICSII on BMSCs and the related 
signaling pathways that were affected by ICSII 
treatment.

Materials and methods

Materials and reagents

ICSII (molecular formula, C27H30O10; molecular 
weight, 514.52; purity > 98%; Figure 1) was 

purchased from Tauto Biotech (Shanghai, Chi- 
na). Canine BMSC was purchased from Cyagen 
Biosciences Inc (Suzhou, China). Dexamethas- 
one (Dex), ascorbic acid (AA), and β-glyceroph- 
osphate (β-GP) were purchased from Sigma 
(Sigma, Aldrich, St Louis, MO, US). CCK-8 (CP- 
002-500) was obtained from SAB (Maryland, 
US). QuantiChrom Alkaline Phosphatase Assay 
Kits (DALP-250) were obtained from BioAssay 
Systems (Hayward, CA, US). Low-glucose Dul- 
becco’s Modified Eagle’s Medium (DMEM), fetal 
bovine serum (FBS), phosphate buffered saline 
(PBS; pH 7.4), penicillin/streptomycin, and tryp-
sin were purchased from Gibco BRL (Grand 
Island, NY, US). Anti-osteopontin antibody (ab- 
8448), anti-Runx2 antibody (ab23981), anti-
osteocalcin (ab13420), anti-FGF basic antibody 
(ab8880), anti-Sp7/osterix antibody (ab94744), 
and phospho-anti-S6K1 (ab126818) all were 
obtained from Abcam (Cambridge, MA, US). 
Inhibitors, wortmannin and rapamycin, were 
obtained from Selleck (Houston, TX, US). The 
phospho-AKT (Ser473) and β-actin antibodies 
(3700p) were obtained from CST (Beverly, MA, 
US). Peroxidase-conjugated AffiniPure Goat 
Anti-Rabbit IgG (H+L; 111-035-003) was obta- 
ined from Jackson ImmunoResearch (West Gr- 
ove, PA, US), and peroxidase-conjugated Affini- 
Pure Goat Anti-Mouse IgG (H+L; 474-1806) was 
obtained from KPL (Gaithersburg, Maryland, 
US). Primers for real-time PCR were obtained 
from Invitrogen (Carlsbad, CA, US). TBST was 
purchased from Shanghai Yi Chen Biological 
Technology Co. Ltd (Shanghai, China).

BMSC culture

BMSCs were cultured in complete medium (CM: 
DMEM supplemented with 10% FBS, 100 U/ml 
penicillin and 100 mg/ml streptomycin) and 
incubated at 37°C in 5% CO2 to form colonies. 
When the cells were 80% confluent, they were 
passaged. Cells passaged up to the fourth pas-
sage were used in this study.

BMSC viability assays

ICSII was dissolved in dimethyl sulfoxide 
(DMSO) to obtain a stock solution concentra-
tion of 0.1 mol/L, which was then diluted with 
basic medium to desired concentrations [20].

The effects of ICSII on cell viability were 
assessed using the CCK-8 assay. BMSCs were 
seeded in 96-well plates at 3,000 cells per well 

Figure 1. Chemical structure of icariside II (ICSII).
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in growth medium for 24 h. After 24 h, the 
growth medium was aspirated from the wells, 
and serum-free medium that was incubated for 
24 h was set as the zero value.

BMSCs were treated with the solution contain-
ing ICSII at different concentrations (10-9-10-5 
mol/L). Cells cultured in the complete medium 
(CM) served as negative controls (NC). Plates 
were incubated for an appropriate length of 
time (1, 3, 5, and 7 days) in the incubator, and 
the absorbance was measured at an optical 
density of 450 nm. Each experiment was re- 
peated three times, and the mean value was 
determined.

ALP activity assays

ALP activities were determined by measuring 
the amount of ρ-nitrophenol produced using a 
ρ-nitrophenol phosphate substrate. In total, 
5000 cells per well were seeded in six-well cul-
ture plates and cultured at 37°C in 5% CO2 in a 
humidified incubator. After 24 h, the growth 
medium was aspirated from the wells, and 
medium containing ICSII at different concentra-
tions (10-9-10-5 mol/L) was added. Cells cul-
tured in the complete medium containing 10% 
FBS served as negative controls (NCs). Aliquots 
of supernatants were subjected to ALP activity 
assays using an ALP activity kit; all results were 
normalized to the total protein content. The 
absorbance at 405 nm was read and compared 
with a ρ-nitrophenol standard curve.

Quantifying mineralization via alizarin red 
staining

According to the results of the CCK-8 and ALP 
activity assays, we selected 10-5 mol/L ICSII as 
the optimal concentration.

tion medium (OM; generated by dissolving 
dexamethasone 10 nM, ascorbate-2-phosph- 
ate 50 µM, and β-glycerophosphate 10 mM in 
complete medium [21]), and 3) the ICSII group, 
which consisted of BMSCs cultured in CM con-
taining 10-5 mol/L ICSII. After BMSCs were cul-
tured for 21 days, the cells were washed with 
PBS, fixed in 10% formaldehyde solution for  
30 min, and washed with 1 × PBS. Calcium 
deposition was determined using Alizarin red 
staining.

Osteogenesis-related protein/gene expression 
in BMSCs

The expression of osteogenesis-related pro-
teins was examined by Western blotting. After 
treating BMSCs for 4, 6, or 8 days with 10-5 
Mol/L ICSII, total cellular proteins were pre-
pared by lysing cells in M-PER mammalian pro-
tein extraction reagent (PierceBiotechnology, 
USA) supplemented with a protease and phos-
phatase inhibitor cocktail that was EDTA-Free 
(PierceBiotechnology, USA). Following centrifu-
gation at 14.5 × g for 20 min at 4°C to remove 
cell debris, the protein content of the cell lysate 
was determined using a bicinchoninic acid 
(BCA) assay kit (Pierce, USA). Then, 50 μg of 
protein was denatured, fractionated by electro-
phoresis on 12% (w/v) sodium dodecyl sulfate 
polyacrylamide gels (SDS-PAGE), and electro-
phoretically transferred onto nitrocellulose 
membranes (Millipore, US). Each membrane 
was blocked with 5% (w/v) nonfat dry milk in 
TBST and incubated with one of the following 
antibodies: Ost, bFGF, OCN, Runx2, OPN, or 
β-actin. The membranes were washed for 10 
minutes each time in TBST for a total of three 
times, then incubated with the appropriate  

Table 1. The canine primer sequences

Gene Bank number Primers Primer sequences (5’-3’) Product 
size (bp)

NM_001195845.1 β-actin S:GCAAGGACCTCTATGCCAACA
A:GAAGCATTTGCGGTGGACG

257

XM_844688.3 Osterix S:CTGCGGGACTCAACGACACT
A:AGGAGGGTACTCATTGGCATAGC

186

XM_003432481.2 bFGF S:AAGAGCGATCCCCACGTCAA
A:TTCGTTTCAGTGCCACATACCA

226

XM_005627766 Runx-2 S:TCCAGACCAGCAGCACTCCATA
A:TTCCATCAGCGTCAACACCATC

186

XM_547536.4 OCN S:TCACAGACCCAGACAGAACCG
A:AGCCCAGAGTCCAGGTAGCG

207

Mineralization of the extracel-
lular matrices was demonstrat-
ed after 21 days using Alizarin 
red staining. Passage 4 cells 
were seeded into six-well pla- 
tes at an initial density of 3 × 
105 cells/ml. Once 60% conflu-
ence was reached, all wells 
were divided into the following 
three experimental groups: 1) 
the NC group, which consisted 
of BMSCs cultured in CM, 2) 
the OM group (positive con-
trol), which consisted of BMSCs 
cultured in osteogenic induc-
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was subjected to cDNA synthesis with oligo 
(dT)18 primers. SYBR Green PCR Master Mix 
(Applied Biosystems) was used to detect the 
accumulation of PCR products during cycling 
with the Applied Biosystems 7500 sequence 
detection system. The thermocycling condi-
tions were predenaturation at 95°C for 30 s, 
amplification using three-step cycles of dena-
turation at 95°C for 30 s, annealing and exten-
sion at 60°C for 30 s, for a duration of 40 
cycles, with a final dissociation cycle at 95°C 
for 15 s, 60°C for 1 min, and 95°C for 15 s. The 
canine primer sequences are listed in Table 1. 
Target gene expression was normalised to 
β-actin. Relative gene expression was calculat-
ed with the 2-ΔΔCt formula.

Figure 2. Morphology of BMSCs and treatment with ICSII. A: Morphology of BMSCs in passage 4 (50 × magnifica-
tion); B: Morphology of BMSCs cultured in the complete medium (50 × magnification); C: Morphological changes in 
BMSCs treated with ICSII for 10 days (50 × magnification).

Figure 3. Effect of 10-9 M-10-5 M ICSII on BMSC viability examined by cell 
counting kit-8 assay. All experiments were carried out in six replicates, and 
the data were expressed as mean ± SD. *(P < .01) and **(P < 0.05) signify 
significant differences between the NC and treated groups.

Figure 4. ICSII-induced alkaline phosphatase (ALP) 
activity assay when BMSCs were treated with ICSII 
(10-9 M-10-5 M) for 4, 6, and 8 days, respectively. *(P 
< .01) and **(P < 0.05) signify significant differenc-
es between the NC and treated groups.

secondary antibodies. The 
membranes were again wa- 
shed three times in TBST, 
then protein-antibody com-
plexes were detected by en- 
hanced chemiluminescence 
(ECL) reagents (Amersham 
Bioscience, Little Chalfont, 
UK). The mean expression 
level of the target protein rela-
tive to β-actin was deter- 
mined.

The transcriptional expres-
sion of several osteogenic  
differentiation-related genes 
was detected by RT-PCR as- 
says. After being treated for 6 
days with 10-5 Mol/L ICSII, 
total RNA was extracted from 
BMSCs by adding 0.5 mL 
TRizol reagent. Each 1 μg RNA 
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Figure 5. Calcium nodule formation in the NC, OM, and ICSII groups by Alizarin red staining. NC group: BMSCs 
cultured in CM, OM group: BMSCs cultured in osteogenic medium, ICSII Group: BMSCs cultured in 10-5 mol/L ICSII 
medium. Magnification 1 × (A), 50 × (B-D). Arrowhead denotes BMSCs (C, D) forming the calcium nodule, which is 
colored red by Alizarin red staining.
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Inhibition of PI3K/AKT/mTOR/S6K1 signaling 
pathways

The effect of 10-5 mol/L ICSII on the expression 
levels of p-AKT, p-S6K1, and p-JNK1/2 were 
determined in BMSCs treated for 0-90 min. 
Total cell protein extracts were prepared and 
subjected to Western blot analysis.

The influence of rapamycin and wortmannin  
on p-AKT and p-S6K1, which are activated by 
10-5 mol/L ICSII in BMSCs, was evaluated. 
Rapamycin and wortmannin were used to pre-
treat BMSCs for 60 min, and then the cells 
were co-cultured with 10-5 ICSII for another 30 
min. Finally, the phosphorylation levels of S6K1 

and Akt were determined by Western blot 
analysis.

The influence of rapamycin and wortmannin on 
osteogenic differentiation-related proteins/
genes was determined. BMSCs were pretreat-
ed with rapamycin and wortmannin for 1 h, 
then BMSCs were cultured in the presence or 
absence of 10-5 mol/L ICSII for 6 days. The 
expression of osteogenic differentiation-relat-
ed proteins/genes was determined by Western 
blot analysis and RT-PCR.

Data statistical analysis

All experiments were repeated at least three 
times, with similar results. All results are pre-
sented as the mean ± standard deviation. Data 
were analyzed using analysis of variance 
(ANOVA) and Dunnett’s t-test. Differences were 
considered statistically significant at P < 0.05. 
All statistical analyses were implemented with 
SPSS 19.0 software (SPSS Inc., Chicago IL, 
USA).

Results

Morphology changes in BMSCs after treatment 
with ICSII

BMSCs were adherent and showed a typical 
spindle-like, long and elongated fibroblastic 
shape. The cells possessed high proliferative 
ability (Figure 2A). BMSCs were treated with 
ICSII for 10 days, and the cells became stone-
like, resembling osteoblasts (Figure 2B), which 
did not occur in NCs (BMSCs cultured in CM).

Effects of ICSII on BMSC proliferation 

The effects of ICSII on BMSC proliferation 
under a range of concentrations after 1, 3, 5, 
and 7 days of treatment are shown in Figure 3. 
Although other ICSII groups did not differ sig-
nificantly from the negative control (NC) group 
(P > 0.05), ICSII concentrations of 10-9, 10-8, 
and 10-7 mol/L significantly enhanced the via-
bility of BMSCs (P < 0.01). ICSII concentrations 

Figure 6. Changes in osteogenic protein/gene expression levels when BMSCs were treated with 10-5 M ICSII. *(P < 
0.05) and **(P < 0.01) signify significantly differences between the NC and treated groups. A. BMSCs were treated 
with ICSII 10-5 M for 4, 6, and 8 days. Total cell extracts were prepared to assess changes in the expression of the 
osteogenic proteins osterix, OCN, Runx2, OPN, and bFGF by Western blot. B. BMSCs were treated with ICSII 10-5 
M for 6 days, and total RNA was extracted for real-time PCR assays to detect the changes in the mRNA expression 
levels of the osteogenic genes osterix, OCN, Runx2, and bFGF.

Figure 7. Changes in phosphorylated forms of S6K1 
and Akt. (A) BMSCs were treated with 10-5 ICSII for 
0-90 min. Total cell protein extracts were subjected 
to Western blot analysis to detect the active phos-
phorylated forms of S6K1 and Akt. (B, C) The inhibi-
tion status of phosphorylation: BMSCs were cultured 
with CM containing 100 nM rapamycin (B) or 50 µM 
wortmannin (C) for 1 h in the presence or absence of 
10-5 mol/L ICSII for 30 min. Total cell protein extracts 
were subjected to Western blot analysis to detect 
phosphorylated forms of these proteins.
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of 10-6 and 10-5 mol/L slightly inhibited the via-
bility of BMSCs.

Effects of ICSII on ALP activity 

Compared with the NC group, the ALP activity of 
the group receiving 10-9-10-5 mol/L ICSII was 
slightly lower after 4, 6, and 8 days of treat-
ment (P < 0.05); a concentration of 10-9-10-5 
mol/L ICSII inhibited the ALP activity of BMSCs 
(Figure 4).

Calcium nodule formation in response to ICSII 
treatment

Under our culturing conditions, calcium nodule 
formation in the ICSII and osteogenic medium 
(OM) groups, as measured by Alizarin red stain-
ing, was comparable with the complete medi-
um (CM) group (Figure 5). BMSCs showed a 
high level of matrix mineralization when cul-
tured in the presence of 10-5 mol/L ICSII or OM. 
BMSCs showed no evidence of matrix mineral-
ization when cultured in CM.

The effect of ICSII on the expression of osteo-
genesis-related proteins/genes in BMSCs

Treatment with 10-5 mol/L ICSII for 4, 6, or 8 
days strongly induced protein expression of 
osteogenic differentiation-related proteins/ge- 
nes, such as Osx, Runx2, bFGF, OPN, and OCN 
(Figure 6). Furthermore, expression of osteo-
genic differentiation-related protein was most 
strongly induced with 10-5 mol/L ICSII for 6 
days. Based on these results, ICSII could in- 

duce the protein expression of osteogenic dif-
ferentiation-related proteins.

PI3K/AKT/mTOR/S6K1 signaling pathway 
activation in BMSCs mediated by ICSII 

As shown in Figure 7A, 10-5 mol/L ICSII activat-
ed p-S6K1 and p-Akt. As shown in Figure 7B, 
rapamycin and wortmannin effectively sup-
pressed the up-regulation of these phosphory-
lated forms of Akt and S6K1. The expression 
level of osteogenic differentiation-related pro-
teins/genes was reduced in the presence of 
rapamycin and wortmannin (Figures 8 and 9).

Discussion

Canines have been frequently used a model 
system for regenerative therapy and toxicologi-
cal safety assessment [22, 23]. Therefore, we 
elected to use canine BMSCs in our study. 
BMSCs can be differentiated into several pos-
sible lineages through specific induction fac-
tors contained in defined growth media, such 
as adipogenic, osteogenic, and chondrogenic 
differentiation media. Several studies have 
shown that media containing dexamethasone, 
arachidonic acid, and α-glycerophosphate in- 
duce BMSC differentiation to the osteoblast  
lineage [23, 24].

In our study, we assessed BMSC matrix miner-
alization and osteoblast differentiation with 
Alizarin staining after 21 days of treatment with 
OM or 10-5 mol/L ICSII. BMSCs showed a high 
level of matrix mineralization when cultured in 

Figure 8. Changes in osteogenic differentiation-related protein expression. Expression was determined by Western 
blot after BMSCs were pre-treated with 50 µM wortmannin or 100 nM rapamycin for 1 hour, and then cells were 
cultured for 6 days in the presence or absence of 10-5 mol/L ICSII.
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the presence of OM or 10-5 mol/L ICSII, while 
BMSCs showed no signs of matrix mineraliza-

tion when cultured in CM. This indicates that 
OM and 10-5 mol/L ICSII induce the osteogenic 

Figure 9. Changes in the expression of the ostegenesis-related genes. BMSCs were pre-treated with 100 nM ra-
pamycin (Rapa) or 50 µM wortmannin (Wort) for 1 h, then cells were cultured for 6 days in the presence or absence 
of 10-5 mol/L ICSII. *P < 0.05, **P < 0.01 compared with control, #P < 0.05, ##P < 0.01 compared with ICSII group.
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differentiation of BMSCs, as the formation of 
mineralized nodules is considered a reliable 
indicator of osteogenic differentiation in vitro 
[25].

Osteoblastic differentiation is represented by 
matrix mineralization and ALP expression. ALP 
is important in bone formation and has the abil-
ity to regulate bone matrix mineralization [26]. 
ALP also is a useful marker to evaluate early 
osteogenesis [27]. In our experiment, we found 
that 10-9-10-5 mol/L ICSII inhibited the ALP 
activity of BMSCs. This may be associated with 
the ability of ICSII to dramatically promote 
BMSC viability, because cell differentiation is 
counteracted by cell proliferation. In other 
words, when cell proliferation escalates, differ-
entiation levels tend to be reduced [28, 29]. 
Treatment with 10-9, 10-8, and 10-7 mol/L ICSII 
significantly enhanced the proliferation of 
BMSCs (P < 0.01) in a concentration-depen-
dent manner, while 10-6-10-5 ICSII slightly inhib-
ited the ALP activity of BMSCs. We detected the 
expression of osteogenic differentiation-relat-
ed proteins such as Osx, Runx2, bFGF, OPN, 
and OCN to demonstrate the osteoblastic dif-
ferentiation effects of ICSII.

Of the osteogenic differentiation-related pro-
teins, Runx2 is a crucial regulator of osteogen-
esis [30, 31]. OPN plays an important role in 
promoting bone remodeling [32], while OCN is 
considered a late and more specific marker of 
osteogenic differentiation, regulating matrix 
mineralization [33]. Osterix is a factor of zinc 
finger transcription and is an important regula-
tor of osteoblast differentiation, maturation, 
and activity [34]. Furthermore, increased os- 
terix expression is considered an indicator of 
osteogenic differentiation in canines [35]. bFGF 
may participate in osteogenic differentiation 
and the regeneration of the capillary vascula-
ture, inducing bone regeneration [36, 37]. After 
BMSCs were treated with 10-5 mol/L ICSII, 
expression levels of Osx, Runx2, bFGF, OPN, 
and OCN were considerably higher than the lev-
els in the NC group on days 4, 6, and 8, sug-
gesting that ICSII improved the osteogenic dif-
ferentiation of BMSCs.

S6K is important for various cellular processes, 
including protein synthesis, mRNA processing, 
glucose homeostasis, cell growth, and survival 
and proliferation. Moreover, it has been estab-
lished that S6K possesses important functions 

in human diseases, including obesity, diabetes, 
aging, and cancer [38]. PI3K/Akt/mTOR signal-
ing pathways are involved in normal prolifera-
tion and differentiation in cells [39]. We 
explored the signaling pathways induced during 
ICSII-mediated osteogenic differentiation in 
BMSCs. 10-5 mol/L ICSII elevated phosphoryla-
tion levels of kinase Akt and S6K1. The BMSCs 
were also pre-treated with wortmannin and 
rapamycin for 1 h in the presence or absence 
of 10-5 mol/L ICSII. The expression level of 
phosphorylated forms Akt and S6K1 and osteo-
genic differentiation-related protein/genes was 
reduced. These results indicate that the PI3K/
Akt/mTOR/S6K1 signaling pathways help to 
regulate the ICSII-mediated osteogenic differ-
entiation of BMSCs.

Conclusions

In conclusion, we demonstrate that ICSII, the 
metabolism product of ICA in the stomach or 
intestines, pushes BMSCs to commit to osteo-
blastic differentiation via the PI3K/Akt/mTOR/
S6K1 signaling pathway.
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