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Abstract: Bone mesenchymal stem cells (BMSCs) are able to differentiate into multi types of lineages, so they 
have been widely applied in the stem cell transplantation. The BMSCs are usually needed to be expanded before 
transplantation due to their limited content in bone marrow. It has recently been reported that Icariin (ICA), a major 
constituent of flavonoids from the Chinese medical herb Epimedium brevicornum Maxim, promotes the proliferation 
of various types of differentiated cells. However, whether ICA can enhance BMSCs proliferation and the possible 
underlying mechanisms are still unknown. After being isolated and purified from rat bone marrow, cultured BMSCs 
are stimulated with different concentrations of ICA. The cytotoxicity of ICA is evaluated by the Cell Counting Kit-8 
(CCK-8) assay method and the ICA optimal concentration for BMSCs proliferation is determined at 320 µg/L. Our 
work reveals that ICA induces an obvious phosphorylation of ERK and p38 kinases in BMSCs, no matter serum ex-
ists or not. Inhibition of ERK or p38 MAPK signaling by their specific inhibitors PD98059 or SP600125, respectively, 
not only prevents the activation of these kinases, but also attenuates cell proliferation induced by ICA. Furthermore, 
the downstream transcription factors of MAPK pathway, Elk1, Stat3, c-Myc and Fos, are also monitored by RT-PCR, 
and our results show that among them, Elk1 and c-Myc are significantly upregulated after ICA treatment. Taken 
together, our results demonstrate that ICA promotes the proliferation of rat BMSCs through activating ERK and p38 
MAPK signaling which further leads to upregulation of their downstream transcription factors Elk1 and c-Myc. Our 
work provides a novel effective way to expand the content of BMSCs in vitro, which casts light on clinical applications 
of stem cell transplantation in the future.
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Introduction

In the bone stromal environment, there exist 
two types of cells, hematopoietic stem cells 
(HSCs) and bone marrow stromal cells (BMSCs, 
also known as bone marrow derived mesenchy-
mal stem cells) [1, 2]. BMSCs are multipotent 
progenitor cells and can differentiate into multi-
type of cells like the adipocytic, chondrocytic 
and osteocytic lineages [3]. It is promising to 
exploit the broad differentiation potential of 
BMSCs for the therapeutic treatment of human 
diseases such as cardiac, genetic, hematologi-
cal, metabolic, and neurologic diseases [4-8]. 
However, low cell engraftment success and 

expansion in vitro, and low cell survival after 
transplantation, impair BMSCs therapeutic effi-
ciency [9]. Therefore, it is necessary to develop 
a novel way to multiply BMSCs effectively.

Icariin (ICA), a major constituent of flavonoids 
from the Chinese medical herb Epimedium 
brevicornum Maxim, has originally been proven 
to be protective for male reproductive ability, 
but the underlying mechanism is largely 
unknown [10]. Recently, ICA has been found to 
stimulate the proliferation of different type of 
differentiated cells including Sertoli cells [10], 
human periodontal ligament cells [11], osteo-
blasts [12], MC3T3-E1 cells [13] and osteo-
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blast-like UMR 106 cells [14]. Whether ICA can 
promote proliferation of stem cells or progeni-
tor cells is, however, not investigated yet.

Mitogen-activated protein kinase (MAPK) signal 
transduction pathway is one of the most fre-
quently involved pathways for eukaryotic cell 
regulation. In mammalian cells, the MAPK fam-
ily is consisted of three major members: the 
extracellular regulated kinase (ERK or p42/p44 
MAPK), the p38 kinase and the jun amino-ter-
minal kinases/stress-activated protein kinase 
(JNK) [12, 15]. Mammalian MAPK can be acti-
vated by a wide variety of stimuli including hor-
mones (e.g., insulin), growth factors (e.g., PDGF, 
EGF and FGF), inflammatory cytokines of tumor 
necrosis factor (TNF) family and environmental 
stresses (e.g., radiation, osmotic shock and 
ischemic injury). Pile of evidence supports the 
notion that MAPK pathway is frequently involved 
in the proliferation of human cells like uterine 
leiomyoma cell [16], human breast cancer cells 
[17] and human umbilical vein endothelial cell 
[18].

In this study, we demonstrate the crucial role of 
ICA in stimulating proliferation of BMSCs-a 
promising type of progenitor cells for clinical 
transplantation. Given that MAPK pathway is 
the most frequently involvement contributing to 
the effects of ICA [19, 20], we further demon-
strate that ICA promotes proliferation of BMSCs 
through ERK and p38 MAPK signaling.

Materials and methods

Animals/ethics statement

Healthy Sprague-Dawley (SD) male rats at 
80~100 g are provided by the department of 
medical animal science in Peking University. 
(Certification number: SCXK (Jing) 2006-0008). 
All animals are treated in compliance with the 
Guide for the Care and Use of Laboratory 
Animals published by the US National Institute 
of Health.

Isolation and culture of BMSCs

To establish the BMSCs culture, the animals 
are anesthetized with 10% chloral hydrate 
through single intraperitoneal injection and 
killed by cervical dislocation method. Under 
sterile conditions, both femur and tibiae from 
each rat are excised. Muscle and the entire 
connective tissue are detached [21-23]. The 

ends of the bones are cut away and a 21-gauge 
needle inserted into shaft of the bone marrow 
is extruded by flushing with Dulbecco’s modi-
fied Eagle’s medium (DMEM; Hyclone, USA) 
supplemented with 10% (v/v) fetal bovine 
serum (FBS; Hyclone, USA) and100 IU/ml  
penicillin-100 mg/ml streptomycin (Solarbio, 
Beijing, China). Marrow plug suspension is dis-
persed by pipetting, successively filtered 
through 70-μm mesh nylon filter. Then cell sus-
pension is transferred to flasks and incubated 
at 37°C in a humidified atmosphere containing 
5% CO2 for 72 h. The mesenchymal stem cells 
are isolated on the basis of their ability to 
adhere to the culture plates. On the third day, 
red blood cells and other non-adherent cells 
are removed and fresh medium is added to 
allow further growth. The adherent cells grow-
ing to 70% confluence are defined as passage 
zero (P0) cells. For each passage, the cells are 
plated similarly and allowed to grow to 60-80% 
confluence. Finally, passage 3 (P3) cells are 
chosen for subsequent experiments [20, 24].

Flow cytometry analysis

P3 BMSCs are subjected to flow cytometry 
analysis in a FACS Calibur machine from BD 
Biosciences (USA). Briefly, P3 cells are harvest-
ed and suspended in culture medium at a con-
centration of 1×106 cells/ml. After a brief cen-
trifugation, cells are resuspended in PBS and 
500 μl of cell suspension is incubated with 
FITC-conjugated antibodies for 15 min at 37°C. 
Immunophenotyping of rat BMSCs is performed 
with antibodies against antigens CD90, CD44, 
CD45 and CD31 [21, 23, 24].

Cell proliferation assay

The influence of ICA on cell proliferation is eval-
uated by CCK-8 assay. P3 BMSCs are plated in 
96-well plate with 5×103 cells per well. 24 h 
later, the culture medium is changed to com-
plete medium with serial concentrations of ICA 
(20 μg/L, 40 μg/L, 80 μg/L, 160 μg/L or 320 
μg/L). After 72 h treatment, the medium is 
replaced with CCK-8 solution (Dojindo Mo- 
lecular Technologies, Japan; 10 μl in 100 μl 
growth medium). After 4 h treatment of CCK-8 
solution, the cells are washed twice with PBS 
(PH7.2), and then incubated at 37°C for 1 to 4 
hours. The OD value (absorbance at 450 nm) is 
detected by an enzyme linked immunosorbent 
assay (ELISA) reader (BIO-RAD, USA) [20].
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Blockade of ERK, p38 and JNK MAPK signal-
ing

In order to determine the role of ERK, p38 or 
JNK signaling in mediating the effects of ICA on 
BMSCs proliferation, the CCK-8 assay is per-
formed in the presence of specific inhibitors of 
above mentioned kinases. P3 BMSCs are plat-
ed at 96-well plate. 24 h later, pathway inhibi-
tors (final concentration: the ERK inhibitor 
PD98059, 30 μmol/L; the p38 inhibitor 
SB203580, 20 μmol/L; the JNK inhibitor 
SP600125, 10 μmol/L) are added to the medi-
um. After one hour treatment, the cells are 
washed twice with PBS and then incubated in 
100 μl growth medium with ICA (320 μg/L) for 
48 hours. The absorbance is determined at 
450 nm by the CCK-8 assay.

Western blot

After washed twice by cold PBS, cells are har-
vested and lysed in WIP cell lysis buffer 
(Beyotime Institute of Biotechnology, China) at 
4°C for 1 h. Then cell lysates are centrifuged at 
12000×g at 4°C for 15 min to obtain superna-
tant. Protein concentrations are determined 
using the Bradford protein assay kit (Solarbio, 
Beijng City, China) with BSA as a standard. 
Proteins from the different experimental groups 
are separated by 12% sodium dodecyl sulfate-
polyacrylamide (SDS) gel electrophoresis and 
transferred to PVDF membranes (MILLIPORE, 
USA) by electroblotting (300 mA for 1 h). The 
membranes are blocked in TBS-T (137 mM 
NaCl, 20 mM Tris (pH 7.6), and 0.1% (v/v) Tween 
20) containing 5% (w/v) BSA (Solarbio, Beijng 
City, China) at room temperature for 1 h. After 
two times washes with TBS-T, the membranes 
are then incubated with primary antibodies 
diluted at 1:1000 in TBS-T at 4°C overnight. 
After washed three times with TBS-T, the mem-
branes are incubated with appropriate second 
antibodies HRP-IgG at room temperature for 1 
h, then washed three times with TBS-T. At last, 
immunoreactive bands are visualized with DAB 
reagent.

Total RNA isolation and RT-PCR

Total RNA is extracted by Trizol Reagent 
(Invitrogen, USA). cDNA is synthesized using 
Takara RNA PCR kit (Takara biotechnology) fol-
lowing the manufacturer’s instruction. Sub- 

sequently, the DNA amplification is carried out 
in a DNA thermal cycler (TP3000, Takara), with 
initial denaturation at 94°C for 1min and each 
cycle consisting of denaturation at 94°C for 30 
s, annealing at 55-65°C for 1 min and exten-
sion at 72°C for 1 min. The endogenous house-
keeping gene Gapdh is used to evaluate the 
efficiency of reverse transcription. Elk1, Stat3, 
c-Myc and Fos, a few of the MAPK downstream 
genes regulating cell proliferation, are amplified 
and the sequences of the gene-specific primers 
used for RT-PCR are listed as follows:

Elk1: F: GTTTGTGTCCTACCCAGAGGTT, R: GCA- 
GGGACTGTATTGTGAAGGT; Stat3: F: CACAAAA- 
GTCAGGTTGCTGGT, R: CAATCAAGGAGGCATCA-
CAAT; c-Myc: F: GATGTGGTGTCTGTGGAAAAGA, 
R: GTTGTTGCTGATCTGTTTCAGG; Fos: F: GTCC-
GTCTCTAGTGCCAACTTT, R: CTTATTCCTTTCCC- 
TTCGGATT; Gapdh: F: ACAGCAACAGGGTGGTG-
GAC, R: TTTGAGGGTGCAGCGAACTT.

Statistical analysis

Statistical analysis is run with SPSS17.0 soft-
ware. All values are expressed as mean ± SEM. 
Comparisons among the groups are made 
using Kruskal-Wallis oneway ANOVA. Com- 
parisons between two groups are made using 
LSD and S-N-K test.

Results

Isolation and culture of rat BMSCs

BMSCs are isolated from rat marrow aspirates 
as described previously. BMSCs attaching to 
the culture flasks sparsely display a fibroblast-
like, spindle-shaped morphology during the ini-
tial days of incubation. After a week of culture, 
proliferation starts and the cells gradually grow 
into small colonies. As growth continues, adja-
cent colonies interconnect with each other and 
a monolayer confluence is obtained. In the third 
passage, BMSCs exhibit large, flattened or 
fibroblast-like morphology (Figure 1A). BMSCs 
are characterized by their ability to adhere to 
plastic and to proliferate. P3 BMSCs are cho-
sen for subsequent experiments, since this 
passage is nearly homogeneous as reported 
[25]. To confirm the phenotypic characteriza-
tion of the isolated BMSCs, the flow cytometry 
is carried out to detect the membrane antigens 
CD90, CD44, CD45 and CD31. As shown in 
Figure 1B and 1C, about 90% of the cell popu-
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lation expresses CD90 and CD44, 
two common surface markers of rat 
BMSCs. Meanwhile, less than 1% of 
the cell population expresses CD45 
and CD31, indicating that these cells 
are not of hematopoietic origin.

Figure 1. Morphological observation and the immunophenotype of rat P3 BMSCs. (A) The morphology of cultured 
rat P3 BMSCs. (a) 40×; (b) 200×; (c) 400×. As shown in (B and C), CD90 and CD44 (the stem cell markers) are 
expressed, but CD45 (the hematopoietic cell marker) and CD31 (the endothelial cell marker) are not expressed in 
rat P3 BMSCs.

Figure 2. ICA promotes BMSCs prolifera-
tion through ERK and p38 MAPK signal-
ing. A: The relative numbers of survival 
BMSCs treated with different concentra-
tions of ICA for 48 h, as measured by the 
CCK-8 assay. The OD values represent 
units of absorbance at 450 nm per well. 
B: BMSCs are pretreated with ERK-spe-
cific inhibitor PD98059, p38-specific in-
hibitor SB203580, or JNK-specific inhibi-
tor SP600125. One hour later, 320 μg/L 
of ICA is administrated. Then cells are 
subjected to the CCK-8 assay. ▲▲P<0.01 
when compared to the control group.
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ICA stimulates the proliferation of BMSCs 
through ERK and p38 MAPK signaling

The CCK-8 assay is performed to evaluate the 
effects of ICA on BMSCs proliferation. As shown 
in Figure 2A, the OD value of each group with 
ICA treatment is significantly higher than that of 
the group without ICA treatment (the control) 
(P<0.01). Further observation demonstrates 
that the OD value is gradually going up with the 
increase of ICA concentration. Among five con-
centration groups (20 µg/L, 40 µg/L, 80 µg/L 
group 160 µg/L and 320 µg/L), 320 µg/L of 
ICA has the best effect on the proliferation of 
rat BMSCs (Figure 2A). As more than 320 µg/L 
of ICA has side effect on cell growth (data not 
shown), so this concentration is chosen for sub-
sequent experiments.

MAPKs are frequently involved in the regulation 
of mammalian cells. To evaluate their potential 

roles in influencing on the proliferation of 
BMSCs induced by ICA, the specific inhibitors of 
MAPKs (PD98059 for ERK1/2, SB203580 for 
p38 and SP600125 for JNK, respectively) [26, 
27] are administrated followed by ICA treat-
ment. The results of CCK-8 assays show that 
the OD value of the PD98059 + ICA group or 
the SB203580 + ICA group is obviously lower 
than that of the ICA only group (P<0.01); the OD 
value of the SP600125 + ICA group is slightly 
higher than the ICA only group ,but there is no 
statistical significance (P>0.05) (Figure 2B). 
These findings indicate that ICA-induced prolif-
eration of BMSCs is mediated by ERK and p38 
rather than by JNK signaling.

ICA activates ERK and p38 kinases in rat 
BMSCs

To evaluate whether ICA induces activation of 
ERK and p38 MAPK pathways, the levels and 

Figure 3. ICA stimulates phosphorylation of ERK and p38 kinases in rat BMSCs. When cultured without serum, 
BMSCs are treated with ICA up to 30 min, then harvested at every indicated time point. Total and phosphorylated 
ERK and p38 proteins are analyzed by Western blotting (A) and the ratio of phosphorylated ERK to total ERK (B) or 
of phosphorylated p38 to total p38 (C) is calculated; when cultured with serum, BMSCs are treated with ICA up to 
24 h, then harvested at every indicated time point. Total and phosphorylated ERK and p38 proteins are analyzed by 
Western blotting (D) and the ratio of phosphorylated ERK to total ERK (E) or of phosphorylated p38 to total p38 (F) 
is also calculated). ▲▲P<0.01 when compared to the control.
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ratios of phosphorylated and total MAPKs are 
determined by SDS-PAGE/Western blotting. 
When BMSCs are cultured without serum 
(Figure 3D-F), the influence of the original 
serum on MAPK pathway is excluded. Activation 
of ERK and p38 kinases determined by the 
ratios of their phosphorylated/total proteins, 
respectively, reaches at the highest level as 
early as 5 min and lasts up to 30 min after ICA 
treatment. When BMSCs are cultured with 
serum (Figure 3A-C), there exists influence of 

the original serum on MAPK activation. Under 
this condition, the time of ICA-induced phos-
phorylation of ERK and p38 significantly pro-
longed. During our observation, the phosphory-
lated/total protein ratios of both ERK and p38 
go up from 15 min from the beginning and 
reach maximum 24 h after ICA treatment 
(Figure 3A-C). Meanwhile our experiments also 
demonstrate that ICA has no influence on acti-
vation of JNKs (data not shown).

The specific inhibitors of ERK or p38 are admin-
istrated to further observe whether they can 
block or attenuate the activation of these sub-
pathways induced by ICA. When BMSCs are cul-
tured without serum, the P-ERK/ERK ratio of 
the PD98059 + ICA group is obviously lower 
than that of the ICA group (P<0.01) and the 
P-p38/p-38 ratio of the SB203580 + ICA group 
is also lower than that of the ICA group (P<0.01) 
(Figure 4). These results show that the inhibi-
tion of ERK or p38 proteins significantly reduc-
es their phosphorylation induced by ICA, fur-
ther demonstrating that ICA activates ERK and 
p38 MAPK signaling in BMSCs.

ICA upregulates the expression of MAPK down-
stream transcription factors Elk1 and c-Myc

To further dissect the mechanisms of ICA-
induced proliferation of rat BMSCs, the expres-
sion levels of a few of MAPK downstream tran-
scription factors (Elk1, Stat3, c-Myc and Fos) 
frequently involved in cell proliferation are 
detected by RT-PCR. After ICA treatment, our 
results show that the mRNA levels of both Elk1 
and c-Myc are significantly higher than those of 
the control group (P<0.05), while there are no 
dramatically changes for the expression of 
Stat3 (P=0.273) and Fos (P=0.693) compared 
to the control (Figure 5). Taken together, these 
findings indicate that upregulation of MAPK tar-
gets Elk1 and c-Myc induced by ICA might pro-
mote the proliferation of rat BMSCs.

Discussion

In this study, we have demonstrated that ICA 
stimulates the proliferation of rat BMSCs in 
vitro. Meanwhile, our results clearly show that 
the activity of ICA is positively associated with 
the phosphorylation levels of ERK and p38 
kinases. The specific inhibitors of ERK or p38, 
not only block the activation of these proteins 
induced by ICA, but also significantly attenu-

Figure 4. ICA-induced activation of ERK and p38 is 
attenuated by inhibitors of the MAPK pathway. BM-
SCs are pre-treated with PD98059 (ERK specific 
inhibitor) or SP203580 (p38 specific inhibitor) for 1 
hour and then cultured in the presence of  ICA for 48 
h. Cells are harvested for Western blotting analysis 
(A), then the ratio of the phosphorylated ERK to total 
ERK (B) or of the phosphorylated p38 to total p38 (C) 
is calculated. ▲▲P<0.01 compared to the control (ICA 
treatment only).
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ates the proliferation of rat BMSCs stimulated 
by ICA. Taken together, these results suggest 
that ICA possesses potent proliferative effect 
through the activation of ERK and p38 
signaling.

BMSCs within the bone marrow microenviron-
ment are a population of pluripotent cells with 
the ability to differentiate into cells of the  
osteogenic, chondrogenic, tendonogenic, adip-
ogenic, and myogenic lineages [2]. Myocardial 
regeneration of tissue engineering has become 
a major cutting-edge issue in current medical 
field. The works of Polychronis [28] and Makino 
[29] show that 5-azacytidine (5-aza) induce 
BMSCs differentiate into cardiomyocyte-like 
cells, which throws light on the clinical applica-
tions of BMSCs in myocardial regeneration. 
However, the percentage of BMSCs is estimat-
ed at about only 0.001%-0.01% in the bone 
marrow [3]. Thus, it is very necessary and 
extremely urgent to explore more effective and 

cific inhibitor PD98059 and p38’s specific 
inhibitor SP600125 significantly inhibit MAPK 
activation and BMSCs proliferation stimulated 
by ICA, clearly suggesting that the activation of 
ERK or p38 MAPK signaling is crucial for the 
proliferation of BMSCs. Further supporting evi-
dence comes from the results showing that 
MAPK downstream transcription factors Elk1 
and c-Myc frequently involved cell proliferation 
are significantly up-regulated after ICA treat-
ment. Meanwhile, the JNK sub-pathway is 
found probably not to mediate the cells’ 
response to stimuli of ICA, based on the facts 
that ICA cannot activate JNKs and that the spe-
cific inhibitor of JNKs cannot block the effect of 
ICA.

In summary, our study investigates the effects 
of ICA in promoting the proliferation of rat 
BMSCs, and we find it is associated with phos-
phorylation of ERK and p38, and with the 
upregulation of MAPK targets Elk-1 and c-Myc. 

Figure 5. Up-regulation of the MAPK downstream transcription factors Elk1 and 
c-Myc in ICA-treated BMSCs. A: RT-PCR: the mRNA expression of Elk1, Stat3, 
c-Myc and Fos. B: The relative mRNA expression of Elk-1, Stat3, c-Myc and Fos.

lower side effect com-
pounds for stimulating the 
proliferation of BMSCs.

It has been reported that 
ICA promotes the synthesis 
of DNA of bone marrow and 
promotes MSCs differenti-
ate into cardiomyocytes 
with 5-aza through incr- 
easing the expression of 
zinc finger transcription 
factor (GATA-4) [28]. How- 
ever, mechanisms of prolif-
eration and differentiation 
of BMSCs has not been 
fully elucidated. MAPKs, 
serine/threonine protein ki- 
nases, are consisted of 
three sub-pathways includ-
ing ERK, p38 and JNKs. 
They play important roles  
in the regulation of cell 
growth, proliferation, differ-
entiation, death and other 
activities [30]. So far, there 
have been a few publica-
tions reporting MAPKs are 
related to the effects of ICA 
[31, 32], indicating that 
they might be involved in 
the proliferation of BMSCs 
induced by ICA. Our work 
discloses that ERK’s spe-
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As our knowledge, it is the first time for us to 
demonstrate that ICA promotes the prolifera-
tion of BMSCs via ERK and p38 MAPK signal-
ing. Although these findings need to be further 
confirmed in vivo, our data here suggest that 
ICA should be considered as a potential thera-
peutic drug in regeneration medicine.
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