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Abstract: Icariside Il (ICS 1l) is a prenylated active flavonol from the roots of epimedium koreanum Nakai, and has
many biological activities, including anti-osteoporosis, anti-hypoxia and anti-cancer activities. In this study, we aimed
to study the effect of ICS Il on osteogenic differentiation of bone marrow derived stromal cells (BMSCs). Cell surface
markers of cultured BMSCs were analyzed by flow cytometry and identified by multi-lineage differentiation assays.
BMSCs proliferation was determined by the cell counting kit-8 (CCK-8) assay for 2, 4, 6 and 8 days in a range of ICS
Il concentrations. The osteogenic response of BMSCs to ICS Il in vitro was examined by alkaline phosphatase (ALP)
activity assay and Alizarin red staining on calcium nodule formation. Results showed ICS |l significantly improved
ALP activity, and calcium deposition. The optimal concentration of ICS Il for enhancing osteogenic differentiation of
BMSCs was 10-5. Therefore, we concluded ICS Il can enhance the osteogenic differentiation of BMSCs which may

be useful in clinic.
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Introduction

Bone marrow stromal cells (BMSCs) are multi-
potential stem cells and progenitors of skeletal
tissue components such as bone, cartilage, the
hematopoiesis-supporting stroma, and adipo-
cytes [1, 2]. They exhibit multiple traits of a
stem cell population and can be greatly expand-
ed in vitro and induced to differentiate into mul-
tiple mesenchymal cell types such as osteo-
cytes, chondrocytes, and adipocytes [3, 4].
BMSCs are an attractive target for novel strate-
gies in the gene/cell therapy of hematologic
and skeletal pathologies, involving BMSC in
vitro expansion/transfection and reinfusion [5].
They are often used in clinic since they can be
easily achieved from patients and expanded in
culture, and immunologic incompatibilities may
be avoided in autologous transplantation [6, 7].
To effectively treat bone diseases, the use of
bone morphogenetic proteins-2 (BMP-2) has
been extensively studied and applied widely in
animal experiments and clinical practice [6].
The cost of BMP-2 is high and it is easily to
degrade [7-9]. Therefore, the discovery of a new

alternative agent with higher efficacies and
lower costs than the existing methods become
an urgent need in bone regeneration medicine.

Nakai is a perennial herb that grows in the
northeast part of China, north part of North
Korea and Japan [8]. It has been broadly applied
in traditional Chinese and Korean herbal medi-
cine. Up to now, it has been believed to have
many therapeutic properties including those
against osteoporosis, erectile function, prema-
ture ejaculation, urinary incontinence, joint pain
and irregular menstruation [9]. Flavonoids (icar-
iin) were thought to be the main active compo-
nents in previous studies [26]. Icariin possess-
es many biological effects, such as improving
cardiovascular function, hormone regulation,
immunological function modulation, and anti-
tumor activity, anti-aphrodisiac, antirheumatic,
sexual enhancement, immunity improvement,
anticancer and anti-aging treatment in tradi-
tional Chinese medicine [10-13]. It exerts its
potent osteogenic effect through induction of
Runx2 expression, production of BMP-4 and
activation of BMP signaling and BMP-2/Smad4
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signal transduction pathway to modulate the
process of bone formation [14, 15]. It has been
demonstrated that icariin was able to enhance
bone formation in vivo [16]. Icariin can be a
potential promoting compound for tissue engi-
neering and a substitute for the use of some
growth factors [17]. The extremely low cost and
high abundance make it appealing for bone
regeneration [18]. Icariside Il (ICS 1l) is a prenyl-
ated active flavonol from the roots of Epimedium
koreanum Nakai and the amount of natural ICS
Il that could be extracted as much as 9% (w/w)
of total flavonoids [19]. It is one of the major
metabolites of icariin and generated by hydroly-
zation of glucose moiety after oral administra-
tion of icariin [20]. ICS Il has many biological
activities, including anti-osteoporosis, anti-
hypoxia and anti-cancer activities [21]. It can
enhance the differentiation and proliferation of
osteoblasts, and facilitate matrix calcification
[22]. Meanwhile, it inhibits osteoclastic differ-
entiation in both osteoblast-preosteoclast
coculture and osteoclast progenitor cell cul-
ture, and reduces the motility and bone resorp-
tion activity of isolated osteoclasts [23]. ICS I
could regulate the formation and activity of
osteoclasts by inhibiting the proliferation and
differentiation, inducing apoptosis and cell
cycle arrest and suppressing bone resorption
of osteoclasts [24]. Therefore, ICS Il has been
used as a traditional Chinese medicine (TCM)
to treat osteoporosis, coronary artery disease
and male sexual dysfunction for over 2,000
years [13, 25]. Up to now, however, no studies
had been performed to investigate effects of
icariside Il on Beagle canine bone marrow
derived stromal cells (BMSCs).

In the present study, we aimed to study the
overall effect of icariside Il on osteogenesis of
BMSCs. The effect of icariside Il on cell prolif-
eration and osteogenetic differentiation was
studied.

Materials and methods
Materials and reagents

Icariside Il (C27H30010, Mw: 514.52, purity
>98%) was purchased from Tauto Biotech
(Shanghai, China). Dog mesenchymal stem cell
chondrogenic differentiation medium (CAXMX
90041) and adipogenic differentiation medium
(CAXMX-90031) were bought from Cyagen
Biosciences Inc (Guangzhou, Guangdong,
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China). Dexamethasone (Dex), ascorbic acid
(AA), B-glycerophosphate (B-GP) and Quanti-
ChromTM Alkaline Phosphatase Assay Kit were
obtained from BioAssay Systems (Shanghai,
China). Cell counting kit-8 was gained from
(Dojindo, Kumamoto, Japan). Low-glucose
Dulbecco’s Modified Eagle’s Medium (DMEM),
fetal bovine serum (FBS), phosphate buffered
saline (PBS, pH=7.4), penicillin/streptomycin
and trypsin were purchased from Gibco BRL
(Grand Island, NY, USA). Fluorescein isothiocya-
nate (FITC)-conjugated canine specific anti-
CD105 (Endoglin), anti-CD45 anti-CD34, anti-
CD90 (Tyr-1) antibody were bought from BD
Biosciences (San Jose, CA, USA).

Cell culture and isolation

The protocol of current experiment on a beagle
dogs (one-year-old, 15 kg) obtained from the
animal holding center of Ninth People’s
Hospital, Shanghai Jiaotong University Medical
College was approved by Institutional Animal
Care and Use Committee of the Ninth People’s
Hospital, Shanghai Jiaotong University. After 10
mg/kg ketamine injected, 20 mL bone marrow
was extracted from iliac crest of dog sterilely
according to previous report [26]. Then, the
bone marrow were cultured in the culture dish-
es (diameter, 10 cm) filled with low- glucose
DMEM (supplemented with 10% FBS), 100 U/
mL penicillin and 100 mg/mL streptomycin at
37°C under the atmosphere of 5% CO, to
obtained BMSCs. The BMSCs at 7 days were
trypsinized and mixed together as passage O.
And the passage was carried out when the cells
were confluent to 80%. The cells used in this
study were passaged up to passage 4.

Flow cytometry (FCM)

The cells on passage 4 were detached from the
flask via incubated with 0.25% trypsin-EDTA
(ethylene diamine tetraacetic acid) for 2 min at
37°C. After centrifuged (10 min, x5000 g), the
cells were washed using phosphate buffered
saline (PBS, pH=7.6) with 2% bull serum albu-
min (BSA) and 0.1% sodium azide in it. The cells
were than cultured with anti-mouse monoclo-
nal antibodies, anti CD14-PE and anti-CD45-
Cy-chrome (PharMingen, San Diego, CA) for 20
min and resuspended in flow cytometry buffer
contained 1% paraformaldehyde. The data was
analyzed by collected 10,000 events on the
Becton Dickinson FACS Vantage (Becton,
Dickinson and Company, San Jose, CA, USA)
using Cell Quest software.
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Multi-lineage differentiation of BMSCs

The cells at 90% confluent, were digested using
trypsin-EDTA and cultured in 6-wells plates with
2 mL DMEM in each well (2x10* cells per well)
at 37°C under 5% CO,. When reached 100%
confluent, the medium was aspirated off care-
fully and the cells were collected for further
study. For adipogenic, osteogenic and chondro-
genic differentiation, the collected cells were
cultured in the adipogenic differentiation medi-
um (CAXMX-90031) and osteogenic induction
medium [36] and complete chondrogenic medi-
um, respectively, for three days, then altered to
the DMEM for one day. After five times repeat-
ed this process, the cells with adipogenic dif-
ferentiation, osteogenic differentiation and
chondrogenic differentiation were stained by 1
mL oil red working solution, alizarin red and
Alcian blue for 30 min. The images of cells were
captured and Vvisualized applying optical
microscope.

Detection of calcium deposition

The BMSCs at Fourth passage were seeded
into six-well plates at initial density 3x105cells/
mL and cultured in DMEM for 2 days to reach
60% confluence. The cells in each wells were
divided into four groups, included
DMEM+BMSCs group (the cells were cultured
in DMEM), OM+BMSCs group, (the cells were
cultured in OM), ICSII+DMEM+BMSCs group
(the cells were treated with 10° M/L ICSIl and
cultured in DMEM) and ICSII+OM+BMSCs
group (the cells were treated with 10°°M/L ICSII
and cultured in OM). 25 days after cultivation,
the cells were washed with PBS (pH=7.6) and
fixed by 10% formaldehyde. Finally, the calcium
deposition was determined using Alizarin red
staining. The von kossa technique was applied
to detect the mineralization of the extracellular
matrix 25 days after culture. The stock solution
of ICSII (0.1 M/L) was prepared by dissolved
ICSIl in DMSO and diluted using DMEM to
obtain the desired concentrations.

Cell counting kit-8 (CCK-8)

Effects of Icariside Il on cell proliferation were
assessed using the cell counting kit-8 (CCK-8).
BMSCs were seeded in 96-well plates at 3000
cells per well in DMEM for 24 h. Then ICSII at
different concentrations (10°-10° M/L) were
added into to the wells. All the groups were
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incubated for 2, 4, 6 and 8 days with CCK-8 (10
uL) was added into each well and the OD (opti-
cal density) values were measured at 450 nm.
Cells cultured in DMEM without ICSIl added
were defined as negative control (NC).

Alkaline phosphatase (ALP) activity assay

ALP activities were determined by measuring
the amount of p-nitrophenol produced using
p-nitrophenol phosphate substrate. BMSCs
(5,000 cells per well) were seeded in 6-well
plates and cultured with ICSII at different con-
centrations (10°-10° M/L) added at 37°C
under 5% CO, for 24 h. The cell suspension was
then treated using alkaline phosphatase activi-
ty kit according to manufactures’ instruction
and the OD value was detected at 405 nm.
Cells cultured in DMEM without ICSIl added
were defined as negative control (NC).

Statistics analysis

Differences within groups in all assays were
tested by ANOVA and Dunnett’s t-test. P values
less than 0.05 were considered statistically sig-
nificant. The statistical analysis was imple-
mented by SPSS 19.0 software (SPSS Inc.,
Chicago, IL, USA). All experiments were repeat-
ed three times.

Results

Morphology and FCM for surface molecules
analysis of BMSCs

ICSIl is one of the major metabolites of icariin
and generated by hydrolyzation of glucose moi-
ety after oral administration of icariin. BMSCs
were isolated from bone marrow of the iliac
crest of the dog and bone marrow formed colo-
nies after being cultured for seven to ten days
in vitro. The chemical structures of icariin and
ICSIl were shown in Figure 1. As shown, the
common structure is 8-prenylkaempferol. The
morphology of BMSCs in various passages was
different and the cell surface molecules on pas-
sage 1 and 3 cultures of BMSCs were analyzed
by flow cytometry. Result was shown in Figure
2. As shown, the cells were plastic-adherent
and expressed the typical spindle-like, long and
elongated fibroblastic shape. To characterize
cells, we analyzed cell surface molecules of
BMSCs by testing the expression of a number
of characteristic CD markers. The mesenchy-
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Figure 1. Chemical structure of icariin and icariside II. A: Icariin B: Icariside Il.

The common structure is 8-prenylkaempferol.

L

Figure 2. Morphology of BMSCs in passage 1 (A) and passage 3 (B). PO
cultures were maintained for 8 days, after which they were trypsinized and
replated as passagelcells. Magnification x50 (A), x100 (B).

mal stem cell property of the BMSCs was char-
acterized by the presence of surface pheno-
types by flow cytometry. Figure 3 showed the
characterization of cultured BMSCs with mono-
clonal antibodies CD45, CD34, CD 90and
CD105. Primary cultures of BMSCs were
expanded from passage O to passage 4. As
shown, the percent of CD45, CD34, CD90 and
CD105 was 0.004%, 3.81%, 2.45%, 0.018%
respectively. The flow cytometery data showed
that our cultured BMSCs expressed standard
surface markers of BMSCs and therefore used
for experiments described below.

Multi-lineage differentiation potential of BM-
SCs

The effect of ICSII on fat droplets formation dur-
ing adipogenic differentiation of BMSCs was
studied and the results were shown in Figure
4A-F. As shown, lipid droplets formed when
BMSCs were cultured in adipogenic medium;
while in complete medium, there was no lipid
droplets formed. It indicated ICSII could inhibit-
ed the adipogenic differentiation of BMSCs.
Mineralization is an important functional index
of osteogenic differentiation in vitro and bone
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regeneration in vivo. Alizarin
Red S (ARS) staining was per-
formed to study the effect of
ICSIl on mineralization in
osteogenic differentiation of
BMSCs and the results were
shown in Figure 4G-L. As
shown, at day 25, a large
amount of calcium nodules
were formed when BMSCs
were cultured in osteogenic
medium (Figure 4H, 41, 4L);
while in complete medium,
there was no calcium nodules
formed (Figure 4G, 4K).

ICSIl enhanced mineraliza-
tion in osteogenic differentia-
tion of BMSCs

Mineralization is the mature
sign of osteogenic differentia-
tion of BMSCs. We analyzed
the calcium nodule formation
situation in ICSII, ICSII+0OM,
OM, CM group by Alizarin red
staining. Results were shown
in Figure 5. As shown in Figure

5A and 5B, when BMSCs were treated in medi-
um with 10 icariside Il for12 days (Figure 5B),
showed the typical morphology of osteoblasts-
cobblestone compared with that cultured in
complete medium (Figure 5A). As shown in
Figure 5C and 5D, a large amount of calcium
nodules were formed when BMSCs were cul-
tured in medium with 10 Icariside Il while
there was no calcium nodules formed in com-
plete medium. Moreover, the red staining in
ICSII+OM group is more densely than that in
ICSII group.

ICSII promoted cell proliferation of BMSCs

In this study, CCK-8 was used to study the rela-
tionship between ICSII concentration and cell
proliferation of BMSCs. Concentration of 10°,
108, 107, 10® and 10°® M/L was studied, and
the result was shown in Figure 6. As shown, the
OD value of BMSCs in ICSII medium was higher
than the control (P<0.05). The OD value
increased with ICSIl concentration increase
and reached the highest at ICSII concentration
of 10°° M/L which was significantly different
from the control (P<0.01). Moreover, the OD
value at ICSIl concentration of 10°° M/L was
markedly higher than at the other concentra-
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Figure 3. Characterization of cultured BMSCs with monoclonal antibodies. Primary cultures of BMSCs were ex-
panded to passage 4. Populations of these cells were analyzed with monoclonal antibodies CD45, CD34, CD 90and
CD105 by flow cytometry. A: CD45; B: CD34; C: CD9O0; D: CD105. P2: Passage 2.

tions in D2 and D4 stage. Therefore, we con- the optimal in promoting cell proliferation of
cluded ICSII concentration of 10°° M/L may be BMSCs.
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Figure 4. Multi-lineage differentiation po-
tential of BMSCs. A-F: Adipogenic differ-
entiation of BMSCs. Lipid droplets formed
only when BMSCs were cultured in ad-
ipogenic medium (B, D, F) compared with
complete medium (A, C, E), as shown by Oil
red O staining. Magnification x50 (A, B),
x100 (C, D), x200 (E, F). G-L: Mineraliza-
tion in osteogenic differentiation of BMSCs.
Calcium nodules formed only when BMSCs
were cultured in osteogenic medium (H, |,
L) compared with complete medium (G, K),
as indicated by Alizarin red staining. Mag-
nification x50 (G, H), x100 (I), x1 (K, L). K:
Chondrogenic differentiation of BMSC: cell
pellet of BMSCs expressed proteoglycan as
indicated by positive for Alcian blue stain-
ing. Magnification x200.

ICSII promoted osteogenic differentia-
tion of BMSCs

ALP is one of the early markers of
osteogenic differentiation of BMSCs.
To study the function of ICSII in osteo-
genic differentiation of MSCs, the
dose-dependent effects and optimal
concentrations need to be determined.
In this study, ALP activity with ICSII con-
centration of 10°, 108, 107, 10 and
10° M/L was determined, respectively.
As Figure 7 showed, compared with
the control, ALP activity in ICSIl con-
centration of 10 and 10° group was
significantly higher (P<0.05). Although
in other groups with ICSIl concentra-
tion of 10°, 10® and 107 M/L, ALP
activity were not significantly different
from the control (P>0.05), it was slight-
ly enhanced. Therefore, we concluded
ICSII could enhance ALP activity and
the concentration of 10®° and 10° M/L
was selected.

Discussion

The flavonoid compound icariside 1l is
derived from the stems and leaves of
Epimedium koreanum Nakai (Berbe-
ridaceae) [27]. It was known to have
antioxidant activity and inhibit melano-
genesis and hypoxia inducible factor
[28]. It has shown potential anti-cancer
activity as indicated by its ability to
suppress the proliferation and to
induce apoptosis of various human
cancer cells including osteosarcoma,
breast carcinoma and prostate carci-
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Figure 5. The calcium nodule formation situation in ICSII, ICSII+OM, OM, CM
group by Alizarin red staining. A, C, G: BMSCs cultured in complete medium;
B, E: BMSCs cultured in osteogenic medium; D, H: 10° M/L Icariside Il me-
dium; F, I: Osteogenic medium containing 10° Mol/L Icariside Il. Magnifica-
tion x50 (A-F), x1 (G-I).

noma [20, 29]. It has been used as a traditional
medicine for neurasthenia, amnesia and impo-
tence [30]. However, the effect of icariside Il on
osteogenic differentiation of BMSWSs is poorly
defined. Therefore, in this study Beagle canine
BMSCs were selected to perform this research.
BMSCs are also designated mesenchymal
stem cells, which are the most commonly used
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cell source for bone tissue
engineering [31]. They nor-
mally give rise to bone, carti-
lage, and mesenchymal cells
[32]. However, the percentage
of putative stem cells in
BMSCs in whole bone marrow
is considered as less than
0.01% and indeed the majori-
ty of the cells are not true
stem cells [33]. The Me-
senchymal and Tissue Stem
Cell Committee of the In-
ternational Society for Cellular
Therapy proposes minimal cri-
teria to define human MSC.
They reported MSC must
express CD105 CD73 and
CD90, lack expression of
CD45, CD34, CD14 or CD11b,
CD79a or CD19 and HLA-DR
surface molecules and MSC
must differentiate to osteo-
blasts, adipocytes and chon-
droblasts in vitro [34]. How-
ever, those markers are not
sufficient to define a specific
population for osteogenic
stem/progenitor cells. There
is no established, widely
accepted marker for osteo-
genic stem/progenitor cells in
bone marrow [35]. In this
study, density gradient cen-
trifugation-isolated canine
bone marrow mononuclear
cells were cultured in vitro
and BMSCs of the 4th pas-
sages were chosen as target
cells. First, the morphology,
phenotype, and function of
BMSCs were examined. The
result showed the percent (%)
of CD45, CD34, CD90 and
CD105 were 0.004%, 3.81%,
2.45%, 0.018%, respectively.
It was in accordance with the result obtained by
Dissanayaka et al [36]. Although CD105 and
CD45 were negative, the study on multi-lineage
differentiation potential of BMSCs showed
BMSCs were able to differentiate into osteo-
blasts, adipocytes and chondroblasts in vitro.
Therefore, BMSCs should be appropriately cul-
tured and induced into osteogenic cells and

Int J Clin Exp Pathol 2015:8(5):4367-4377
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OD Value

Figure 6. The effect of icariside Il on BMSCs proliferation at a wide range of
doses measured by Cell Counting Kit-8. The cells were incubated with icari-
side Il (10° M to 10° M) for 2, 4, 6 and 8 days. The complete medium served
as control. All experiments were carried out in 5 replicates and the data were

expressed as means * SD.
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Figure 7. Icariside Il induced alkaline phosphatase (ALP) activity during os-
teogenic differentiation of BMSCs. BMSCs treated with Icariside Il (10° M to
10° M) in absence of OM or in presence of OM for 3, 6 and 9 days respec-

osteogenic  medium  can
O control detect mineralized nodules.
[ 10° When cultured in the pres-
ence of ICSll, OM and

& 10 OM+ICSII group, mineralized
810’ nodules were observed.
m 1o° Therefore, we concluded ICSII
10°% inhibited the fat droplets for-

mation and promoted os-
teoblast mineralization. ICSII
is one metabolite of Icariin.
Icaritin could promote osteo-
genic but inhibit adipogenic
differentiation of MSCs by
regulating osteogenesis and
adipogenesis related gene
[39, 40]. The inhibition on adi-
pogenic differentiation result-
ed in the number of fat re-
duced, which indirectly pro-
c moted the conversion of BM-
SCs to osteoblast direction.
When the occurrence of os-
teogenic differentiation, BM-
SCs become cuboid or polygo-
nal in shape, resembling
osteoblasts, and they cluster
concentrically, forming miner-
alised nodules [41]. Such nod-
ules are considered reliable
indicators of in vitro osteogen-
ic differentiation [42].

O0B08E
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Then the effect of ICSII with
different concentration on
ALP activity and BMSCs prolif-
eration was studied. Results
showed ALP activity and OD

tively, then the cells were lysed and ALP activity assay was performed. value increased with ICSII

formed mineralized nodules, since their ability
to differentiate into osteoblast-like cells can be
easily diminished during culture and passage
[37, 38]. In this study, the cells we isolated from
bone marrow aspirated from the iliac crest of
the Beagle dog exhibited the same phenotype
as mentioned above.

Next, the effect of on fat droplets formation
and mineralization during adipogenic differen-
tiation of BMSCs was studied. The ability of
BMSCs to undergo matrix mineralization can be
detected by von kossa staining and a high level
of matrix mineralization in ICSII with or without
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concentration increased from

10° M/L to 10° M/L and an
optimal concentration (10° M/L) was selected
in our experimental conditions. The present
study demonstrated that ICSIl stimulated cell
proliferation markedly. The importance of ALP
in bone formation resides in its ability to regu-
late the mineralization of the bone matrix [43,
44]. ALP serves as a useful marker of early
osteogenesis and usually increases by the end
of the first week of BMSC culture [45]. Our
results showed ALP activity in medium with
ICSII concentration of 10° and 10 group was
significantly higher compared with control,
P<0.05. It suggested a higher osteogenic dif-
ferentiation potential of ICSIl on BMSCs.

Int J Clin Exp Pathol 2015;8(5):4367-4377
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In conclusion, ICSII could inhibit adipogenic dif-
ferentiation, promote osteoblast mineraliza-
tion, BMSCs proliferation and enhance ALP
activity. Therefore, we concluded ICSII could
promote osteogenic differentiation of BMSCs.
The optimal ICSII concentration was 10-% in our
study.
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