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Abstract MSC-based therapy is providing a cure for degenerative diseases with unmet medical need and usually iliac crest
bone marrow (ICBM) are being applied in clinics. Alternative sources, including adipose tissue and reamer/irrigator/
aspirator hold great potential for isolating MCSs. Here, we compared original MSCs features of adipose tissue (Ad-MSCs)
and bone marrow of long-bone (RIA-MSCs) or iliac crest, and the expression of chemokine receptors (including CXCR4,
CX3CRI1, CXCR6, CXCR2, CCRI and CCR?) in these three sources, which are important in the context of homing. We
further investigated the role of SDF-1/CXCR4 axis as a key player in motility of different population of MSCs using
Transwell migration assay. All cells exhibited typical MSCs characteristics. However, different MSCs sources expressed
different levels of chemokine receptors. Generally, the expression of these chemokine receptors was decreased with
increasing passage (P) number from 2 to 3. Interestingly, it was observed that the CXCR4 expression and migration
capacity in Ad-MSC:s is significantly higher than ICBM and RIA-MSCs in P2. Although our data showed that CXCR4 had
highest expression in P2 Ad-MSCs, but it dramatically declined following sub-culturing in the P3. Hence, to improve
homing of MSCs by means of chemokine/their receptors axis, the source of isolation and passage number should be
considered for clinical applications.
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1 Introduction

Stem cell technology is a growing field among researchers
around the world which has attracted a lot of attentions and
many hopes to treatment of degenerative diseases [1-3]. In
cell therapy, tissue engineering and regenerative medicine,
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mesenchymal Stem Cells (MSCs) have noticed particular
interest on themselves as an appropriate candidate for
therapy of many injured tissues such as tendon, bone,
cartilage, myocardial infarct tissue, injured liver or renal
tissue and spinal cord or brain injuries [3-5].

MSCs can obtain from various sources, but mainly from
bone marrow and adipose tissue [6, 7]. However, Stem
Cells frequency in iliac crest bone marrow (ICBM) is low
and typically represented only 0.01-0.0001% of the
nucleated cells [8]. Scarcity of MSCs in ICBM aspirate,
high cost and time consuming to culture of cells, has
prompted researcher to search for alternative harvesting
sites. Recently, the reamer-irrigation-aspirator (RIA)
device by continuous irrigation and aspiration of bone
marrow during reaming of long bones has been provided a
better source for derivation of large number of MSCs
called RIA-MSCs [9]. An alternative way to achieve high

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s13770-017-0069-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13770-017-0069-7&amp;domain=pdf

606

Tissue Eng Regen Med (2017) 14(5):605-615

yield of MSCs is digestion of adipose tissue by collage-
nase, which seems to release large numbers of Adipose
derived MSCs (Ad-MSCs) [10]. However, the use of rel-
atively expensive bacterially derived collagenase and the
relatively lengthy process of enzymatic digestion are lim-
ited factors of such method. Nonetheless, these higher-
yield sources of MSCs, with minimal cellular expansion
would be required to attain sufficient number of cells at
lower passages (typically P2 or P3 for clinical settings)
[11, 12].

In most of clinical cell therapy, Stem Cells are being
administrated systemically at P2 or P3 [6, 7, 13, 14].
Insufficient homing and retention of transplanted Stem
Cells will dramatically decrease therapeutic effects [15].
Therefore, it is crucial to have the chemotaxis and retention
of transplanted MSCs in order to maintain long-term and
more effective cell-based therapy [9, 16, 17].

In spite of the natural mechanisms of body for guiding
MSCs to injury sites to promote regeneration, these pro-
cesses are not sufficient for tissue repair [7, 9, 18]. Che-
moattractants such as chemokines secreted by injury sites
enhance the recruitment of Stem Cells toward injured tis-
sues, thus enhancing the natural healing [19]. Therefore,
chemokines and their receptors on the membrane of the cell
have a crucial role in Stem Cells migration [20]. Several
studies have reported a wide set expression of chemokine
receptors on the surface of human MSCs [21-26], however,
the data are partly contradictory because some surface
markers in some reports have expression but in another
reports don’t have, such as CXCR4, CX3CR1, CXCR®6,
CXCR2, CCRI1 and CCR7. This difference in reports is
likely due to donor-dependent sources, absence of standard
protocols for isolation and culturing and also phenotypi-
cally changes during in vitro culture [27]. Among the
ligand/chemokine receptors signaling pathway, SDF-1/
CXCR4 axis is probably the most important stem cell
homing pathway for MSCs migration toward injured tis-
sues [28].

MSCs hold great promises for many clinical applica-
tions because they have differentiation ability into a variety
of lineages, self-renewal potential without malignant
transformation, good paracrine effects and allograft capa-
bility without rejection [6, 13, 29, 30]. However, it has not
been yet well-defined how different the homing properties
of MSCs depend on the tissue sources in which they are
resident.

Here, after characterization of MSCs from three differ-
ent sources concerning surface markers and differentiation
potential, we have examined the comparative expression of
CXCR4, CXCR2, CXCR6, CX3CRI, CCRI and CCR7
among those in passage 2 and 3 that are most commonly
used passages in clinical settings. To the best of our
knowledge, this is the first study to directly compare the
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chemokine receptors’ expression of ICBM-MSCs, Ad-
MSCs, and RIA-MSCs in the context of homing under the
same condition to select the best source for cell therapy.

2 Materials and methods
2.1 Isolation of human MSCs from different sources
2.1.1 Iliac crest bone marrow (ICBM) MSCs

Human MSCs were isolated from 10 ml the iliac crest bone
marrow of healthy individuals undergoing bone marrow
harvest. Each 1 mL of iliac crest bone marrow directly
cultured in one 75 cm? tissue culture treated flask in low
glucose DMEM containing 10% fetal bovine serum (FBS)
(Gibco), 100 pg/ml streptomycin and 100 U/ml penicillin
(Invitrogen). After 48 h the medium was replaced.

2.1.2 Adipose-derived tissue (Ad) MSCs

Adipose-derived Stem Cells were obtained from raw
healthy human lipoaspirates (Razavi hospital, Mashhad,
Iran) and cultured as published in our previous study [17].
Briefly, lipoaspirates were washed with sterile phosphate-
buffered saline (PBS) to remove red blood cells and con-
taminating debris. Washed adipose tissue were treated with
1 mg collagenase (type I, invitrogen), 10 mg of bovin
serum albomin (BSA) (Biowest, Nuaillé-France) and
2 mM CaCl, in 1 ml PBS per 3 ml lipoaspirate for 45 min
at 37 °C with gentle agitation. After centrifugation, the
supernatant was discarded and the pellet containing
adherent multipotent cells including MSCs, was cultured in
DMEM low glucose containing 100 pg/ml streptomycin
and 100 U/ml penicillin (Invitrogen), 2 ng/ml basic
fibroblast growth factor (bFGF, Royan Institute, Iran) and
10% fetal bovine serum (FBS, Invitrogen). Medium
changed after two days.

2.1.3 Reamer-irrigator-aspirator (RIA) MSCs

Technical guidance on MSC isolation of RIA has been
previously reported [14]. Briefly, mononuclear cells con-
taining MSCs from RIA were separated by centrifugation
over a Ficoll-Hypaque gradient (Cederlan) and suspended
in DMEM low glucose (Gibco) containing 10% fetal
bovine serum (Gibco), 100 pg/ml streptomycin and 100 U/
ml penicillin (Invitrogen). Medium changed after 48 h.

2.1.4 Isolation human dermal fibroblast (HDF)

Skin samples were obtained from consenting patients as
redundant tissue from abdominoplasty (age 30—40 years).
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The skin punches (about 6 mm) was rinsed in DMEM high
glucose containing 20% FBS and 2.5 mg collagenase type I
in 1 ml DMEM high glucose and was incubated in 37 °C
for 10-12 h. Then, after several pipetting the cells cultured
in T75 flasks in DMEM High glucose (Gibco) containing
20% fetal bovine serum (Gibco), 100 pg/ml streptomycin
and 100 U/ml penicillin (Invitrogen). Medium changed
after 72 h.

2.2 Adipogenic and osteogenic differentiation

To promote adipogenic differentiation, HDF as negative
control and MSCs from ICBM, Ad and RIA (from three
different donors) were treated with induction medium
supplemented with 1 ptM dexamethasone (Sigma-Aldrich),
500 uM  3-isobutyl-1-methylxanthine (Sigma-Aldrich),
5 pg/ml insulin (Sigma-Aldrich) for 21 days. Finally lipid-
rich vacuoles stained with Oil Red O reagent.

For osteogenic differentiation, HDF as negative control
and MSCs from ICBM, Ad and RIA were cultured in
induction medium with 0.1 uM dexamethasone (Sigma-
Aldrich), 10 mM B-glycerophosphate (Sigma-Aldrich) and
ascorbate-2-phosphate (Sigma-Aldrich). Osteogenic dif-
ferentiaton was verified on day 21 by calcifications pro-
duced in extracellular matrix of differentiated cells that
stainable with Alizarin Red and confirmed by ALP activity
of osteoblasts [31].

2.3 Flow cytometry

The MSC:s isolated from each source (from three different
donors) have cultured on tissue culture-treated flasks were
digested with 0.25% trypsin/EDTA and washed with PBS
containing 5% FBS. For identification of surface antigens,
MSCs (1 x 10° were labeled with antibodies for charac-
terization including anti-CD34 antibody, mouse anti-CD44
antibody (Antibodies-online, Aachen Germany), rabbit
anti-CD45 antibody, Rabbit anti-CD105 antibody (Bioss
Inc, Woburn, MA, USA), rabbit anti-CD11b antibody,
mouse anti-CD73 antibody, and mouse anti-CD90 antibody
(Biologicals, Littleton, Colorado, USA) for 1 h. For each
antibody, relative isotype control was used.

2.4 Population doubling time (PDT)

Previously isolated and characterized three populations of
MSCs from different sources (ICBM-, Ad-, RIA-MSCs)
were seeded into the T25 cm? culturing flask at a density of
5000 cells/cm® in triplicate. Cells were harvested after
5 days on reaching >90% confluence with trypsin/EDTA
and stained with trypan blue and were count with hema-
cytometer for up to 6 passages. The mean PDT for each
cell type was calculated after every passage by using the

following formula: PDT = T x 1g2/(IgN' 1gN°),
T = culture time (day), N° = initial cell number, N' =
harvested cell number [32].

2.5 RT-PCR

Total RNA was extracted from MSCs (Trizol reagent,
invitrogen), and cDNAs were synthesis by reverse tran-
scription of 1 pg of cellular RNA (M-MULV Reverse
Transcriptase; fermentase), according to the manufac-
turer’s instruction. PCR was performed for 40 cycles, with
each cycle consisting of denaturation at 95 °C for 30 s,
annealing at 60 °C for 30 s, and extension at 72 °C for
30 s, and finally 5 min incubation at 72 °C after the last
cycle (the sequences of primers were used according to
Table 1). PCR products were separated by electrophoresis
on 1.5% agarose gel, stained with gel red (Biotium) and
visualized under UV light.

2.6 Real time PCR

To quantify CXCR4, CXCR2, CXCR6, CX3CRI, CCRI and
CCRY7 levels, a real time RT-PCR assay was established
with a Biorad CFX96 thermal cycler and Syber green
Universal Master Mix (Pars tous), according to the manu-
facturer’s instructions. The thermal profile for Real time
PCR (94 °C for 30 s, 60 °C for 40 s and 72 °C for 30 s)
was run for 40 cycles after an initial single cycle of 94 °C
for 15 min (all experiments were performed from three
donors and each test was at least duplicate). The sequences
of primers were used according to Table 1.

2.7 Migration assays

Chemotactic activity of ICBM-, Ad- and RIA-MSCs (from
three different donors and each test was at least triplicate)
toward SDF-1 was examined using a 24-well 8 pm pore size
polycarbonate memberane (Costar, corning) as described
elsewhere [7]. Briefly, 25 x 103 cells/ml of untreated MSCs
and AMD3100 (Sigma-Aldrich) treated MSCs (5 pg/ml) in
100 pl medium without FBS were added in the top wells and
100 ng/ml SDF-1a (Peprotech) was loaded in the bottom
chamber (10% FBS for positive control). Then, after 18-h
incubation at 37 °C and 5% CO,, the migrated cells were
stained with DAPI and counted. Also the migration was
inhibited by AMD3100 as a CXCR4 inhibitor to prove that
the migration depends on CXCR4.

2.8 Statistical analysis
Statistical analyses were performed using Graph Pad

Prism, version 6.0 software. Results are presented as
mean = SD. Statistical significance was evaluated with
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Table 1 Description of the real

Primer sequence Product size

time RT-PCR primers Gene Strand
p-actin Sense
Antisense
CXCR4 Sense
Antisense
CXCR6 Sense
Antisense
CXCR2 Sense
Antisense
CX3CRI Sense
Antisense
CCR7 Sense
Antisense
CCR1 Sense
Antisense

5'-GCGGAAATCCTGCGTGACATT-3' 232
5'-GATGGAGTTGAAGGTAGTTTCGTG-3’
5'"TCTAGGCAGGACCTGT-3’ 225
5'-CACTTTGGGCTTTGGTT-3'
5'-ATGCCATGACCAGCTTTCACT-3’ 70
5'-TTAAGGCAGGCCCTCAGGTA-3'
5'-CTCAAGACCTCCTGCCTAAG-3’ 102
5'-ACACTGAGACCAAGAAGAACC-3'
5'-ATAGATTCCCCATTGCCTCCTC-3' 120
5'-GGTTTTTCTATTTCCCTTACTGG-3’
5'-GCACAGCCTTCCTGTGTG-3' 112
5'-CGTCCGTGACCTCATCTTG-3’
5'-CACGGACAAAGTCCCTTGG-3' 134

5'-CAAAGGCCCTCTCGTTCAC-3’

one way ANOVA and post hoc test for Tukey’s and
Dunett’s multiple comparison tests.

3 Results

3.1 Characterization of MSCs from ICBM, Ad
and RIA

The flow cytometry characterization has shown that the
different MSCs contained similar set of surface antigens.
ICBM-, Ad- and RIA-MSCs have expressed high level of
CD90, CD105, CD73 and CD44 in nearly similar ways
(Fig. 1A, C) and all cultures were negative for hematopoi-
etic-associated markers: CD11b, CD34 and CD45
(Fig. 1B). Also, analysis of cell markers has revealed that
HDF are positive for CD90 as well as CD105, CD73 and
CD44 but significantly less than other groups (Fig. 1B, C).
To determine that MSCs from ICBM, Ad and RIA, are
capable for differentiate into multiple cell types, the cells
were cultured in induction media specific for differentiate
to adipocytes and osteoblasts. Our results showed that all
three types of MSCs can differentiate into osteoblasts and
adipocytes but not HDF and there was no difference in the
differentiation capacity except the osteogenesis capacity of
RIA-MSCs that was higher than other groups (Fig. 2).

3.2 Morphology and population doubling times
in three sources of MSCs

The MSCs in P2 and P3 were photographed and their
morphology was studied. Spindle fibroblast-like form was
observed in all three sources (Fig. 3A). To study PDT of
the cells, the MSCs were cultured up to passage 6. In all
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passages, RIA-MSCs showed the significantly highest
cumulative cell population than Ad- and ICBM-MSCs
(Fig. 3B). The population doubling time for ICBM-, Ad-
and RIA-MSCs were approximately 5.1, 4.4 and 2.4 days,
respectively. The PDT among the 6 passages had no sig-
nificant differences in all three sources (Fig. 3B).

3.3 The chemokine receptor expression profile
in MSCs

In this study, the mRNA expression of six chemokine recep-
tors (CXCR4, CXCR2, CXCR6,CX3CRI, CCRI and CCR7)in
MSCs from ICBM, Ad and RIA were analyzed. The expres-
sion of each chemokine receptor in ICBM was considered as
basal expression and quantified. As shown in Fig. 4A, Ad-
MSCs in P2, have shown significantly highest level in the
mRNA expression of CXCR4 (mean 515.2 £ 152.6) com-
pared with ICBM, whereas CXCR4 in RIA-MSCs had no
expression. Comparing the cells in P2, very low expression of
CX3CRI (mean 0.010 £ 0.008 for Ad and 0.057 %+ 0.036 for
RIA) and CXCR6 (mean 0.017 & 0.006 for Ad and
0.306 & 0.02 for RIA) was observed, whereas CCR7 with
mean 3.8 + 0.8 fold change in RIA-MSCs and CCRI with
mean 21.7 £ 11.3 fold change in Ad-MSCs had higher
expression rather than ICBM (Fig. 4A).

Despite the highest expression levels of CXCR4 in the P2
Ad-MSCs (Fig. 4A), its expression was dramatically
reduced in P3 (0.043 £ 0.015; p < 0.01) so that no sig-
nificant difference was observed between the Ad and ICBM
cells (Fig. 4B). Moreover, it was observed that the expres-
sion of CCRI and CX3CRI in the P3 were detectable only
in Ad-MSCs without significant variation as compared with
P2 (1.5 £ 0.7 and 0.8 £ 0.4 respectively) and the expres-
sion of CCR7 and CXCR2 was not observed in all three
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Fig. 1 The expression pattern for cell surface markers of MSCs from
ICBM, Ad, RIA and HDF cells. A Flow cytometry analysis was done
to profile characteristic markers of MSCs. ICBM-, Ad-, RIA-MSCs
have shown the same immunophenotype but not with HDF as a
control. B Flow cytometry results for negative surface markers of

sources of cells at P3 (Fig. 3C). The lowest level of
expression of CXCR6 (mean 0.061 £ 0.043) was observed
in Ad-MSCs at P3. CXCR6 was significantly reduced in Ad-
MSCs at P3 0.19 £ 0.057 and in RIA-MSCs, there was no
significant changes observed between P2 and P3
(0.8 £ 0.13) (Fig. 4B).

3.4 Migration behavior of ICBM, Ad and RIA
MSCs in P2 and P3

As CXCR4 is key player in chemotaxis, we further inves-
tigated the migration potential of human MSCs in each
source in P2 and P3 in response to SDF-1o using Boyden
chamber assay. It was found that the migration of Ad-MSCs
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MSCs were negative similar to HDF. C Cumulative data of FACS
analysis of MSCs from ICBM, Ad, RIA and HDF cells for several
surface markers. /CBM lliac crest bone marrow, Ad Adipose derived,
RIA Reamer-irrigator-aspirator, HDF Human dermal fibroblast

was much higher (20.75 &+ 6.2) compared with that of
ICBM (10.9 £ 2.2) and RIA-MSCs (7 &+ 1.9) in P2. How-
ever, in P3 no differences were found among three sources.
For showing that SDF-1/CXCR4 axis is the cause of cellular
migration and homing capabilities of Ad-MSCs, the cells
were treated with specific CXCR4 inhibitor, AMD3100, that
resulted in the impairment of SDF-1/CXCR4 axis (Fig. 5).

4 Discussion
MSC:s originating from bone marrow or fat tissues are the

most widely used in clinical trials for a wide range of
diseases [33]. Recently, there has been evidence that RIA-
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Control
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Fig. 2 Differentiation capacities of MSCs populations toward
osteoblast and adipocyte. A—D Spindle shaped fibroblastic-like cells
in the primary culture of human MSCs derived from ICBM, Ad, and
RIA. Human dermal fibroblast (HDF) is as control. E-H Osteogenic
medium was used to MSCs and HDF cells induction at P2 toward
osteoblasts for 21 days. MSCs after differentiation have produced
calcified extracellular matrix that stained by Alizarin Red S reagent as

MSCs hold great potential for stem cell based therapy
[9, 14]. To characterize MSCs from different sources, we
compared human ICBM-MSCs, RIA-MSCs and Ad-MSCs
for cell expansion, surface antigen marker, differentiation
ability, proliferation capacity, and expression of chemokine
receptors each one from three different donors under the
same conditions of culture. Flow cytometric analysis
showed that all three cell types exhibit nearly similar
phenotypes and capable of osteogenic and adipogenic dif-
ferentiation. However, in consistent with other reports [34],
RIA-MSCs possessed higher capacity toward osteogenic
differentiation compared with Ad-MSCs, while similar
adipogenic differentiation potential was observed among
the three types of cells. The first user of isolated RIA-
MSCs can be the same patient in case of suffering from
non-union or any other need. However, as MSCs can be
used allogeneic without immune-rejection [29], the second
user can be other patients with degenerative disease. There
are extensive literature already about Ad-MSCs and ICBM-
MSCs [35, 36], but we were curious about RIA-MSCs as
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evident for osteogenesis in comparison to HDF. I-L Additionally,
osteogensis was confirmed by ALP assay of osteoblasts compared
with HDF cells. M-P Also, Oil Red O staining was performed to
staining of lipid droplets in order to prove adipogenic differentiation
of MSCs, but not HDF, that were cultured in adipogenic induction
medium. /CBM iliac crest bone marrow, Ad Adipose, RIA Reamer-
irrigator-aspirator

we observed that these cells proliferate much better than
other sources (Fig. 3B). In consistent with our results, a
previous study showed that RIA-MSCs produce large
yields of MSCs and exhibited characteristics similar to
ICBM-MSCs and Ad-MSCs, including fibroblast-like
morphology, and surface markers expression [37]. These
data suggest that the tissue source from which MSCs are
isolated should be considered for specific clinical thera-
peutic application [3] and such information may be crucial
to identify the most suitable cell source for a given clinical
application [18].

Since homing action is important for achieving better
therapeutic results in clinical setting [30], we further
examined the expression of CXCR4, CXCR2, CXCR6,
CX3CRI1, CCRI and CCR7 for each MSCs of different
sources under same condition. There has been evidence
that the activation of SDF1/CXCR4 axis might be helpful
to improve the effectiveness of MSCs-based stem
cell therapy [2, 38]. Our results demonstrated that Ad-
MSCs have biological advantages regarding expression of
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Fig. 3 Morphology and A
population doubling times in

three sources of MSCs.

A Spindle shape fibroblast-like

form was observed in all three

sources at PO. B The population
doubling time (PDT) of the

ICBM-, Ad- and RIA-MSCs

were approximately 5.1, 4.4 and

2.4 days, respectively. The PDT

among the 6 passages had no

significant change B

Doubling time (Days)
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Fig. 4 The expression pattern for different chemokine receptors from
ICBM, Ad- and RIA-MSCs using RT-PCR and Real time RT-PCR in
P2 and P3. A The expression of CCRI, CCR7, CXCR2, CXCR4,
CXCR6 and CX3CRI in MSCs at P2. B The expression of CXCR4 and
CXCR6 in MSCs at P3. C The expression of CCR1, CCR7, CXCR?2,
and CX3CRI in MSCs at P3. A—-C CXCR4 and CXCR2 mRNA levels
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in RIA MSCs was undetectable in P2 and P3. The f-actin (ACTB)
housekeeping gene product was used to as an endogenous reference.
Human peripheral blood mononuclear cells (PBMCs) were used to a
positive control. *p < 0.05, **p <0.01 and ***p <0.001 was
considered significant as compared to untreated control. /CBM Iliac
crest bone marrow, Ad Adipose, RIA Reamer-irrigator-aspirator
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Fig. 5 Migration ability of
MSCs from three different
sources toward SDF-1a in P2
and P3. A Cell migration of
ICBM-, Ad- and RIA-MSCs
was analyzed using a Boyden
chamber assay in P2. B Cell
migration of ICBM-, Ad- and
RIA-MSCs was analyzed using
a Boyden chamber assay in P3.
Fluorescent images show
representative of DAPI-stained
cells (upper panel).

Statistical analysis revealed
that the migration capacity of
Ad-MSCs was significantly
higher than ICBM and RIA-
MSCs in P2, but not in P3
(lower panel). *p < 0.05 and
***p < 0.001 was considered as
significant. ICBM iliac crest
bone marrow, Ad Adipose, RIA
Reamer-irrigator-aspirator

AMD3100 SDF1a »>

Net cell number average

CXCR4 in P2 compared to other sources, making Ad-
MSCs a useful model for clinical applications of cell
therapy. The migration of MSCs to the injured tissues is
driven by chemokine receptors in response to chemokine
that are immediately produce in injured tissues [39]. It has
been shown that different chemokine receptors are belong
to homing groups and facilitate this process [21, 23, 24].
Chemokine receptors which are involved in chemotaxis
and organ-specific homing of MSCs show different
expression levels in various studies [40—43] that may be
due to a variety of cell isolation sources. Therefore,
selection of suitable MSCs source with high homing
capacity is crucial in cell therapy and regenerative medi-
cine [3, 44]. We have compared the mesenchymal Stem
Cells from P2 and P3. To fulfill good manufacturing
practice (GMP) criteria in cell therapy, most of clinical
trials are applying Stem Cells often from P2 or P3 via
systemic administration [6, 7, 13, 14]. In clinical trials, the
lack of more definitive results often attributed to poor
homing and retention of transplanted Stem Cells
[34, 45-47]. Increasing in cell chemotaxis and
transendothelial migration ability is expected to enhance
therapeutic benefit [48, 49].

In present study, relative expression profile of CXCR4,
CXCR2, CXCR6, CX3CRI, CCRI and CCR7 chemokine
receptors among ICBM-MSCs, Ad-MSCs and RIA-MSCs
were compared. The results showed that the chemokine
receptors expression decreased with increasing passage
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number from 2 to 3 in all cell types to the extent that the
expression of some chemokine receptors was undetectable.
More interestingly, although the expression of CXCR4 in P2
Ad-MSCs was higher (565.2 times) than ICBM-MSCs and
RIA-MSCs, but dramatically reduced in P3 so that differ-
ences to ICBM and RIA was not significant. We further
investigated the role of SDF-1/CXCR4 axis in MSCs motility
by Transwell migration assay. As expected, migration
through Transwell chambers was significantly increased in
response to SDF-1 only in P2 Ad-MSCs, compared to Ad-
MSCs and ICBM-MSCs in P3 or RIA-MSCs in any passage.
Such chemotactic response significantly impaired when
SDF-1/CXCR4 axis was blocked by AMD3100, an anti-
CXCR4 agent. Therefore, CXCR4 may play a significant role
in migration and homing of Ad-MSCs, thus improve the
efficacy of Ad-MSCs-based therapy.

It has been suggested that selection of appropriate MSCs
source and passage number with high homing capacity is
important in regenerative medicine [50-52]. SDF-1/CXCR4
axis is probably the most important stem cell homing path-
way for MSCs migration toward injured tissues [28, 53].
Although, our data showed that CXCR4 were highly
expressed (mean 565.2) in P2 Ad-MSCs, the expression of
this receptor declined following a passage in the culture.
Similarly, several study have indicated that CXCR4 is highly
expressed on MSCs, but is disappear over several passages
[51, 52]. This would influence the homing and repairing
potentials of MSCs, leading to the impair effect of MSCs-
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based therapy in injured tissue. In order to overcome this
limitation, MSCs genetically modified by liposome and viral
vector system for overexpressing CXCR4 [54-56]. More-
over, preconditioning or pretreating with hypoxic or
hypoxia-mimicking chemical agents [2, 57-59] also pro-
mote expression of CXCR4 in MSCs [57, 60], consequently
enhancing their homing and therapeutic effects for various
tissue injury. This would be helpful for improving engraft-
ment of repopulating MSCs in clinical transplantation before
systemically administration, thus lead to a long-term, more
effective MSCs-based therapy. However, these approaches
also have limitation for clinical use.

Mesenchymal Stem Cells derived from various sources
is considered for cell therapy and tissue engineering of
incurable diseases. Three different sources, i.e. human
bone marrow derived MSCs from iliac crest (ICBM) and
from long bones by RIA device (RIA-MSCs), and adipose
tissue (Ad), were compared for differentiation ability,
surface antigen markers, and chemokine receptors’
expression. Irrespective of MSCs yields, MSCs from dif-
ferent sources had similar levels of surface antigen mark-
ers. RIA-MSCs also showed preferentially differentiation
into osteoblast that making them a useful source for cell
therapy of bone injury and nonunion fractures. Addition-
ally, we found that Ad-MSCs have biological advantages in
the homing capacity in P2. These biological advantages
should be considered systematically when choosing a
MSC:s source for a specific clinical application.
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