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Numerous studies have reported that CXCR4 and CXCR7 play an essential, but differential role in stromal
cell-derived factor-1 (SDF-1)-inducing cell chemotaxis, viability and paracrine actions of BMSCs. Adipose
tissue-derived mesenchymal stem cells (ADSCs) have been suggested to be potential seed cells for clinical
application instead of bone marrow derived stroma cell (BMSCs). However, the function of SDF-1/CXCR4

Keywords: and SDF-1/CXCR7 in ADSCs is not well understood. This study was designed to analyze the effect of SDF-
ADSCs 1/CXCR4 and SDF-1/CXCR7 axis on ADSCs biological behaviors in vitro. Using Flow cytometry and Wes-
g)(]é'R] " tern blot methods, we found for the first time that CXCR4/CXCR7 expression was increased after treat-
CXCR7 ment with SDF-1 in ADSCs. SDF-1 promoted ADSCs paracrine, proliferation and migration abilities.

CXCR4 or CXCR7 antibody suppressed ADSCs paracrine action induced by SDF-1. The migration of ADSCs
can be abolished by CXCR4 antibody, while the proliferation of ADSCs was only downregulated by CXCR7
antibody. Our study indicated that the angiogenesis of ADSCs is, at least partly, mediated by SDF-1/CXCR4
and SDF-1/CXCR7 axis. However, only binding of SDF-1/CXCR7 was required for proliferation of ADSCs,
and CXCR7 was required for migration of ADSCs induced by SDF-1. Our studies provide evidence that
the activation of either axis may be helpful to improve the effectiveness of ADSCs-based stem cell

therapy.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

Progenitor cells was usually administered via intracoronary
infusion or transplanted directly into the ischemic region for cell
therapy for the treatment of ischemic disease. Recently, there has
been evidence that ADSCs hold great potential for such stem cell-
based therapy [1-3]. ADSCs are readily available and easily expand,
possessing multilineage differentiation potential [1]. Compared
with BMSCs, ADSCs show higher ability in reconstitute hematopoi-
esis, and less MSC-induced toxicity [2,3]. Moreover, ADSCs have
more advantage in therapy for osteoporotic fractures and cerebral
ischemia than BMSCs [4,5]. So it may be an alternative for BMSCs in
autologous stem cells treatment. However, after being trans-
planted, ADSCs face a complex hostile environment with local hy-
poxia, oxidative stress and inflammation that may lead to cell loss/
death on a large scale. Insufficient retention and survival of
transplanted stem cells will dramatically reduce therapeutic
effects [6,7]. It is crucial to promote the chemotaxis and viability
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of implanted ADSCs in order to maintaining along-term, effective
MSC-based therapy.

The ischemic tissue produces numerous cytokines, chemokines,
secreted proteins and growth factors, several of which are involved
in cell chemotaxis and organ-specific homing of stem cells [8,9].
Among these factors, SDF-1, also known as CXCL12, is considered
to be the most important chemokines in recruitment and migra-
tion of different stem cells [10,11]. SDF-1 exerts its biological func-
tion by binding to chemokine receptors CXCR4 and CXCR7 [12-14].
It has been demonstrated SDF-1/CXCR4 axis were required for
mobilization and recruitment of BMSCs [10,13]. Furthermore, it
also shows potential in regulating BMSCs proliferation and sur-
vival. However, the exact role of SDF-1/CXCR4 and SDF-1/CXCR7
aix in biological behaviors of ADSCs still remains unknown.

In the present study, we evaluated the functions of SDF-1/
CXCR4 and SDF-1/CXCR7 axis on biological behaviors of ADSCs.
We first demonstrated that the SDF-1/CXCR4 and SDF-1/CXCR7
signaling may mediate paracrine ability of ADSCs. However, only
SDF-1/CXCR4 was involved in migration of ADSCs, and CXCR7
was required for proliferation of ADSCs induced by SDF-1. To the
best of our knowledge, this is the first study that demonstrating
the exact role of CXCR4 and CXCR7 in ADSCs paracrine, prolifera-
tion and migration induced by SDF-1.
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2. Materials and methods
2.1. Culture of ADSCs

Human ADSCs were isolated from subcutaneous adipose tissue
samples obtained from liposuction aspirates from patients under-
going cosmetic liposuction, as described by Zuk et al. [7]. One
patient aged 28 from affiliated hospital of Xu Zhou Medical College
were selected. This study was carried out in accordance with the
Code of Ethics of the World Medical Association and all examina-
tions were performed after obtaining written informed consents.
ADSCs were maintained in DMEM containing 10% fetal bovine
serum. Cells were cultured in a 37 °C humidified incubator with
95% air, 5% CO,. Before experimental use, we confirmed that ADSCs
possessed the ability to differentiate into osteoblasts.

2.2. Flow cytometry

ADSCs at passages 3 were gathered to detect surface antigens,
ADSCs from passage 0 to 3 were used to detect both CXCR4 and
CXCR7 expression. Before immunostaining, cells were washed
twice in phosphate-buffered saline (PBS), then incubated with
mouse anti-human monoclonal antibodies PE-labeled CD29,
CD106 or FITC-labeled CD34, CD44 CD49d and CD80 (BD Biosci-
ences, NJ, USA) or FITC-labeled CXCR4, CXCR7 (R&D Systems, Min-
neapolis, MN) at 4 °C for 45 min. After washed in PBS, cells were
stained with fluorescein isothiocyanate-labeled isotype-matched
antibodies (1:200) (Boster Co., Wuhan, China) for 30 min at room
temperature, and rinsed with PBS. Antigens were evaluated in
1 x 104, viable cells using a FACS Calibur cytofluorometer (Becton
Dickinson) and were analyzed using CELLQuest software (Becton
Dickinson). Background fluorescence was assessed by control tube
staining with isotype-matched antibodies.

2.3. Cell proliferation assay

ADSCs at P3 were incubated in 96-well plate and experiment
was proceeded everyday after seeding. Cell numbers were deter-
mined by a standard 3-(4,5-imethylthazol-2-yl)-2,5-diphenyltet-
razolium bromide (MTT) assay (Sigma, St. Louis, MO). Cells were
treated with 20 I MTT (5 mg/ml), incubated at 37 °C for 4h,
150 pl dimethyl sulphoxide DMSO was added to each well. Finally
the plates were shaken and the optical density at 490 nm was
measured on ELX-800 spectrometer reader (Bio-Tek Instruments
Inc., USA). Four replicate wells were tested per assay and each
experiment was repeated four times. Cell viability was calculated
by growth curve with time as X axis and optical density as Y axis.

2.4. Migration assay

ADSCs at P3 were collected for transwell assay. The experiment
was performed using a modified two chamber plates with a pore
size of 8 pm from Millipore Inc (Billerica, MA). For migration assay,
1 x 105 ADSCs cells were seeded in serum-free medium in the
upper chamber. Cells were pretreated with a CXCR4 or anti-CXCR7
antibody. Then, SDF-1 (Millipore, Billerica, MA) was added in the
lower chamber at a concentration of 0.5 mg/L. After 12 h incuba-
tion at 37 °C, non-migrating cells in the upper chamber were
carefully removed with cotton swab, cells that had traversed the
membrane were fixed in methanol, stained with hematoxylin.
The number of cells was calculated by counting at least five
random separate fields (200-fold magnification) as the ratio of
the experimental samples to the control samples x 100.

2.5. Wound healing assay

ADSCs at P3 were used to detect cell motility. Cells were seeded
onto 35mm plates at a density of 1 x 106 and cultured as
common. The experiment was proceeded after ADSCs at 80-90%
of confluency. An artificial wound was carefully created using
P200 pipette tip scratching on the confluent cell monolayer. Photo-
micrograph was taken immediately (time Oh), then cells were
incubated in DMEM containing 1% fetal bovine serum. The migra-
tion of cells and closing of scratch wound was observed and micro-
photographs were taken each time point. Within each assay the
experiments were performed in triplicates and the whole assay
was repeated three times.

2.6. Western blot analysis

P3 ADSCs were harvested from the plates. Aliquots of cell
extracts were separated on a 10% SDS-polyacrylamide gel. The
proteins were then transferred to nitrocellulose membrane and
incubated overnight at 4 °C with following antibodies: Rabbit
anti-CXCR4, CXCR7 and B-actin (Cell Signaling Technology, Beverly,
MA, USA). Membranes were then washed and incubated with sec-
ondary antibody (goat anti-rabbit IgG) for 2 h, stained by colora-
tion fluid which contains 10 ml alkaline phosphatase buffer, 33 pl
BCIP, and 66 pl NBT, and finally, the membrane is scanned.

2.7. ELISA for VEGF, HGF and B-FGF

ADSCs at P4 were incubated in 96-well plates and cultured as
common. The experiment was proceeded after ADSCs at 70-80%
of confluency. Cells were incubated in DMEM containing 1% fetal
bovine serum for 2 d. The supernatants were collected and centrif-
ugated at 1000 rpm for 5 min, then filtered at 0.22 pm. VEGF, HGF
and B-FGF concentration of the condition medium were
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Fig. 1. Characteriation of human ADSCs. (A) Morphological characterization of
ADSCs assessed by phase-contrast microscopy and osteogenic differentiation of
ADSCs confirmed by alizarin bordeaux staining. (B) Flow cytometry histograms of
human ADSCs.
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determined by Quantikine ELISA kits according to the manufac-
turer’s instructions (R&D Systems, Minneapolis, MN).

2.8. Statistical analysis

Numerical data are expressed as means + SD. Statistical differ-
ences between the means for the different groups were evaluated
using Student’s t-test performed with SPSS 11.5 software (SPSS).
P <0.05 was considered as statistically significant.

3. Results

3.1. Isolated cells from lipoaspirated fat displayed the properties of
ADSCs

The average number of mononuclear cells isolated from lipoas-
pirated fat was 4.1 £1.6 x 106/ml (n = 6). Cells exhibited a elon-
gated fibroblast-like morphology after 7 days culture (Fig. 1A).
Alizarin bordeaux staining showed that cells possessed the ability
of osteogenic differentiation (Fig. 1A). Flow cytometry (FCM) was
used to detect the stem cell related surface markers, and our data
showed that passage three (P3) cells were CD29, CD44 and CD49d
positive, but CD34 CD80 and CD106 negative (Fig. 1B). These
results demonstrated that mononuclear cells isolated from lipoas-
pirated fat were ADSCs.
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3.2. CXCR4 and CXCR7 expression was up-regulated by SDF-1
stimulation

In order to detect the expression of CXCR4 and CXCR?7 in differ-
ent passage of ADSCs, we performed FCM and Western blot. We
found that the mononuclear cells isolated from lipoaspirated fat
(PO ADSCs) expressed both CXCR4 and CXCR7 (Fig. 2A and B). How-
ever, CXCR4 or CXCR7 positive cells were significantly decreased
during the process of cell culture, and almost no CXCR4 or CXCR7
positive cells in P3 ADSCs. Two days after treated with SDF-1, data
from FCM and Western blot showed that both CXCR4 and CXCR7
expression was significantly upregulated in P3 ADSCs. Our results
suggested that SDF-1 stimulated both CXCR4 and CXCR7 expres-
sion in ADSCs. (Fig. 2C and D).

3.3. SDF-1-CXCR4/CXCR7 axis was involved in ADSCs paracrine actions

We investigated the role of SDF-1/CXCR4 and SDF-1/CXCR7 aix
in paracrine actions of ADSCs using ELISA assay. After 2 days
stimulation of SDF-1, the concentration of VEGF, HGF and B-FGF
in ADSCs condition medium were increased significantly. However,
when we blocked CXCR4 or CXCR7 activation by corresponding
antibody, the promotion of paracrine caused by SDF-1 were inhib-
ited by either antibody. When CXCR4 and CXCR7 were blocking
simultaneously, the promotion ability of SDF-1 was completely
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Fig. 2. SDF-1 stimulates CXCR4 and CXCR7 expression. (A) Flow cytometry were used for the analysis of CXCR4 and CXCR7 levels in ADSCs from passage 1 to 3. (B) Western
blot were used for the analysis of CXCR4 and CXCR?7 levels in ADSCs from passage 1 to 3. The expression of CXCR4 and CXCR7 significantly reduced from PO to P3. “P < 0.05 vs.
PO ADSCs. (C) Flow cytometry were used for the analysis of CXCR4 and CXCR?7 levels in ADSCs exposed to 0.5 mg/L SDF-1. (D) Western blot analysis was used for the analysis
of CXCR4 and CXCR7 levels in ADSCs exposed to 0.5 mg/L SDF-1. SDF-1 stimulation was able to induce both CXCR4 and CXCR7 expression in P3 ADSCs for 2 days. *P < 0.05 vs.

P3 ADSCs. All experiments were carried out in triplicate.
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Fig. 3. SDF-1-CXCR4 |CXCR7 aix is required for ADSCs paracrine actions and
proliferation. ADSCs stimulated with or without 0.5 mg/L SDF-1 were treated with
10 mg/L anti-CXCR4 or anti-CXCR7 antibody. (A) ELISA was performed to determine
production of VEGF, B-FGF and HGF from ADSCs. (B) Standard MTT assay for
mitochondrial viability were performed to detected cell proliferation ability.
Numbers of cells were evaluated by optical density at 490 nm. *P < 0.05 vs. control.
#P < 0.05 vs. SDF-1 stimulating group. n = 3 from different groups.

abolished (Fig. 3A). Our results indicated that CXCR4 and CXCR7
were involved in ADSCs paracrine induced by SDF-1.

3.4. SDF-1/CXCR7 but not SDF-1/CXCR4 was required for ADSCs
proliferation

MTT assay was performed to examine whether SDF-1 were
responsible for ADSCs proliferation. We found that SDF-1 stimu-
lated cell proliferation compared with control group (Fig. 3B).
When we block CXCR4 axis, there has no significant difference in
cells proliferation ability that response to SDF-1. However, after
treated with anti-CXCR7 antibody, the numbers of ADSCs cultured
in 3-7 days were significantly lower than cells only given SDF-1.
Our data revealed that SDF-1/CXCR7 axis can function in regulating
proliferation of ADSCs.

3.5. SDF-1/CXCR4 axis was required for ADSCs motility

We further investigated the role of SDF-1/CXCR4 and SDF-1/
CXCR7 axis in ADSCs motility. A transwell assay was performed
in our study and we found that ADSCs migration through transwell
chambers significantly increased on account of chemotaxis in re-
sponse to SDF-1. Such chemotactic response was blocked by an
anti-CXCR4 antibody, but not CXCR7 (Fig. 4A). In wound healing

assay, SDF-1 promoted ADSCs migration compared with control
group. Such effect was significantly impaired when SDF-1/CXCR4
axis was blocked by anti-CXCR4 antibody, but no influence on cell
migration after blocking CXCR7 (Fig. 4B). Our data suggested that
SDF-1/CXCR4 axis was involved in regulating ADSCs motility.

4. Discussion

ADSCs-based regenerative strategies hold tremendous promise
and may become an alternative for BMSCs in various clinical appli-
cation [4,5,15,16]. Most clinical trials of cell therapy are adminis-
tering stem cells via intracoronary infusion or transplanting
directly into the ischemic region [17]. The mobilization and
recruitment of either transplanted cells or progenitor cells from
the bone marrow are usually regulated by SDF-1 [18]. However,
the role of SDF-1 and its receptors CXCR4, CXCR7 in biological
behavior of ADSCs has not been well understood. The present study
identified for the first time that CXCR4 and CXCR7 protein expres-
sion were induced by SDF-1 in ADSCs. SDF-1 promoted ADSCs par-
acrine actions through CXCR4 and CXCR7 receptors. Moreover,
only SDF-1/CXCR7 aix was required for ADSCs proliferation and
SDF-1/CXCR4 was involved in cell migration. Our study indicated
that SDF-1-CXCR4/CXCR7 pathway may play a significant role in
mobilization and homing of ADSCs, thus improve the efficacy of
ADSCs-based therapy.

SDF-1 is secreted by endothelial cells, reticular cells or auto-
crine by MSCs [19]. It is upregulated in ischemic tissue and remains
elevated for several days [19,20]. SDF-1 regulates cell chemotaxis
and organ-specific homing via interaction with CXCR4 and CXCR7
[21]. In order to explore the role of SDF-1-CXCR4/CXCR7 signaling
in ADSCs biological behaviors, we first detect CXCR4/CXCR7
expression in ADSCs. Our data showed that CXCR4/CXCR7 were
highly expressed (positive rate 51.4% for CXCR4 and 80.3% for
CXCR7) in PO ADSCs. Unfortunately, the expression of both recep-
tors declined following a few passages in the culture (positive rate
2.54% for CXCR4 and 1.89% for CXCR7 in P3 ADSCs). This would
influence the homing and repairing potentials of ADSCs, leading
to the impair effect of ADSCs-based therapy in ischemic or injured
tissue.

In order to overcome this limitation, Cationic liposome and len-
tiviral vector system are used to genetic modify stem cells for over-
expressing CXCR4 and CXCR7 [19,22]. Moreover, hypoxic
preconditioning also advances CXCR4 and CXCR7 expression in
MSCs [23,24], consequently enhancing their therapeutic effects
for renal ischemia/reperfusion injury. In the present study, we
firstly demonstrated that SDF-1 pretreating increased the level of
both receptors in ADSCs. It indicated that a short-term exposure
of ADSCs to SDF-1 may lead to inducible expression of CXCR4
and CXCR7. This would be useful for improving engraftment of
repopulating stem cells in clinical transplantation. In addition,
when treated with SDF-1, the secretion of VEGF, HGF and B-FGF
from ADSCs were increased, cells migration and proliferation abil-
ities were also improved. It suggested the critical role of SDF-1 in
stem cell mobilization. Pretreating ADSCs with SDF-1 before sys-
temically administration may significantly enhance their viability,
thus lead to a long-term, effective MSCs-based therapy on would
healing or tissue engineering.

As two cognate receptors of SDF-1, CXCR4 and CXCR7 play a
essential but differential role in therapeutic potential of stem cells.
It has been verified that SDF-1 may promote proliferation and
homing of transplanted BMSCs via binding with CXCR4, while
CXCR7 be more involved in cell survival viability and adhesion
[10,12,25,26]. So, we further evaluated whether CXCR4/CXCR7
involved in ADSCs chemotaxis, viability and paracrine induced by
SDF-1.
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Fig. 4. SDF-1/CXCR4 promotes ADSCs motility ability. (A) Transwell assay was used to detect ADSCs migration. Cell numbers were counted in four random fields at 10 x 10
magnification, results are expressed as relative fold change compared with control value, which were given arbitrary percentage values of 100 C Data are shown as mean * SD.
*P < 0.05 vs. control. #P < 0.05 vs. SDF-1 group. All experiments were carried out in triplicate. (B) Wound healing assay was preformed to detect cell motility after ADSCs
stimulated with or without 0.5 mg/L SDF-1 were treated with 10 mg/L anti-CXCR4 or anti-CXCR7 antibody. The wounded spaces are reduced significantly in SDF-1 group, and
such cell motility promation was partly offseted by anti-CXCR4 but not anti-CXCR7 antibody.

ADSCs are demonstrated to secrete some proangiogenic and
mitogenic factors, such as VEGF, HGF and B-FGF to promote angio-
genesis and wound healing [27,28]. Liu H et al. confirm that both
SDF-1/CXCR4 and SDF-1/CXCR7 axis were required for BMSCs
paracrine actions [23]. We pretreated ADSCs with neutralizing
antibodies before stimulated by SDF-1, and found that the promo-
tion in cell paracrine were obviously blocked by both CXCR4 and
CXCR7 antibody. It supported the possibility that binding of SDF-
1-CXCR4 and CXCR7 were equally important for the hematopoie-
sis-supporting properties of ADSCs in cell therapy.

In cell therapy, the absent of more definitive results were often
attributed to poor recruitment and retention of transplanted cells
[17,23]. Increasing in cell chemotaxis, transendothelial migration
ability are expected to enhance therapeutic benefit [17]. Numerous
studies have proved that CXCR4 is of pivotal importance in stem
cell chemotaxis and migration [20,25,26,29,30]. We used transwell

assay and wound healing assay to assess the role of CXCR4/CXCR7
in ADSCs motility. As expected, either cells migration through
transwell chambers or scratch wound repairing ability were in-
creased in response to SDF-1. Moreover, when pretreating cells
with antibodies before stimulated by SDF-1, the promotion in cell
migration was obviously blocked by CXCR4 antibody, but not
CXCR7. These data suggested CXCR4 an important role in ADSCs
migration and the activation of SDF-1/CXCR4 signaling maybe
more important for the infused ADSCs homing to the ischemic
tissue than CXCR4.

Increasing in circulating progenitor cell numbers are also
expected to improve cells recruitment [17,31,32]. SDF-1 is demon-
strated to have potential in regulating proliferation and survival of
BMSCs through CXCR4 and CXCR7 [10,12,23,33]. In this study, we
confirmed that SDF-1 increased ADSCs proliferation using MTT
assay. In addition, the blocking of CXCR7 may suppress cell self-re-
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newal capacity. However, inhibition of CXCR4 expression has no
effect on cell proliferation increased by SDF-1. Our result suggested
that the activation of CXCR?7 is responsible for ADSCs self-renewal
capacity. This would be helpful to elevate circulating ADSCs num-
ber and enhance the number of recruited cells, so that maximize
the effectiveness of ADSCs-based therapy.

In summary, we provide novel evidence that SDF-1-CXCR4/
CXCR7 axis play an essential but different role in regulating ADSCs
migration, proliferation and paracrine actions in vitro. Our studies
support the hypothesis that the activation of SDF-1-CXCR4/CXCR7
signaling is of crucial importance in cell mobilization and retention
during clinical application.

Acknowledgments

This work was supported by Grants from the National Natural
Science Foundation of China (No. 81302207), and Medical Excel-
lent Talents of Jiangsu Province (RC2011115).

References

[1] M. Konno, A. Hamabe, S. Hasegawa, H. Ogawa, T. Fukusumi, S. Nishikawa, K.
Ohta, Y. Kano, M. Ozaki, Y. Noguchi, D. Sakai, T. Kudoh, K. Kawamoto, H. Eguchi,
T. Satoh, M. Tanemura, H. Nagano, Y. Doki, M. Mori, H. Ishii, Adipose-derived
mesenchymal stem cells and regenerative medicine, Dev. Growth Differ. 55
(2013) 309-318.

[2] N. Nakao, T. Nakayama, T. Yahata, Y. Muguruma, S. Saito, Y. Miyata, K.
Yamamoto, T. Naoe, Adipose tissue-derived mesenchymal stem cells facilitate
hematopoiesis in vitro and in vivo: advantages over bone marrow-derived
mesenchymal stem cells, Am. J. Pathol. 177 (2010) 547-554.

[3] C.S. Lin, Advances in stem cell therapy for the lower urinary tract, World J.
Stem Cells 2 (2010) 1-4.

[4] H.T. Chen, M.]. Lee, C.H. Chen, S.C. Chuang, L.F. Chang, M.L. Ho, S.H. Hung, Y.C.
Fu, Y.H. Wang, H.I. Wang, GJ. Wang, L. Kang, J.K. Chang, Proliferation and
differentiation potential of human adipose-derived mesenchymal stem cells
isolated from elderly patients with osteoporotic fractures, J. Cell Mol. Med. 16
(2012) 582-593.

[5] Y.C. Yang, B.S. Liu, C.C. Shen, C.H. Lin, M.T. Chiao, H.C. Cheng, Transplantation of

adipose tissue-derived stem cells for treatment of focal cerebral ischemia,

Curr. Neurovasc. Res. 8 (2011) 1-13.

E.K. Shevchenko, P.I. Makarevich, Z.I. Tsokolaeva, M.A. Boldyreva, V.Y. Sysoeva,

V.A. Tkachuk, Y.V. Parfyonova, Transplantation of modified human adipose

derived stromal cells expressing VEGF165 results in more efficient angiogenic

response in ischemic skeletal muscle, ]J. Transl. Med. 11 (2013) 138.

P.A. Zuk, M. Zhu, H. Mizuno, J. Huang, J.W. Futrell, AJ. Katz, P. Benhaim, H.P.

Lorenz, M.H. Hedrick, Multilineage cells from human adipose tissue:

implications for cell-based therapies, Tissue Eng. 7 (2001) 211-228.

[8] A. Grenz, J.H. Dalton, ].D. Bauerle, A. Badulak, D. Ridyard, A. Gandjeva, C.M.
Aherne, K.S. Brodsky, J.H. Kim, R.M. Tuder, HK. Eltzschig, Partial netrin-1
deficiency aggravates acute kidney injury, PLoS One 6 (2011) e14812.

[9] C.Jayakumar, R. Mohamed, P.V. Ranganathan, G. Ramesh, Intracellular kinases
mediate increased translation and secretion of netrin-1 from renal tubular
epithelial cells, PLoS One 6 (2011) e26776.

[10] S. Herberg, X. Shi, M.H. Johnson, M.W. Hamrick, C.M. Isales, W.D. Hill, Stromal
cell-derived factor-1beta mediates cell survival through enhancing autophagy
in bone marrow-derived mesenchymal stem cells, PLoS One 8 (2013) e58207.

[11] M. Kucia, K. Jankowski, R. Reca, M. Wysoczynski, L. Bandura, D.J. Allendorf, J.
Zhang, ]. Ratajczak, M.Z. Ratajczak, CXCR4-SDF-1 signalling, locomotion,
chemotaxis and adhesion, ]J. Mol. Histol. 35 (2004) 233-245.

[12] J. Kahn, T. Byk, L. Jansson-Sjostrand, I. Petit, S. Shivtiel, A. Nagler, I. Hardan, V.
Deutsch, Z. Gazit, D. Gazit, S. Karlsson, T. Lapidot, Overexpression of CXCR4 on
human CD34+ progenitors increases their proliferation, migration, and NOD/
SCID repopulation, Blood 103 (2004) 2942-2949.

[13] A. Peled, I. Petit, O. Kollet, M. Magid, T. Ponomaryov, T. Byk, A. Nagler, H. Ben-
Hur, A. Many, L. Shultz, O. Lider, R. Alon, D. Zipori, T. Lapidot, Dependence of
human stem cell engraftment and repopulation of NOD/SCID mice on CXCR4,
Science 283 (1999) 845-848.

(6

[7

[14] L. Petit, D. Jin, S. Rafii, The SDF-1-CXCR4 signaling pathway: a molecular hub
modulating neo-angiogenesis, Trends Immunol. 28 (2007) 299-307.

[15] M.A. Gonzalez, E. Gonzalez-Rey, L. Rico, D. Buscher, M. Delgado, Treatment of
experimental arthritis by inducing immune tolerance with human adipose-
derived mesenchymal stem cells, Arthritis Rheum. 60 (2009) 1006-1019.

[16] L. Cai, B.H. Johnstone, T.G. Cook, J. Tan, M.C. Fishbein, P.S. Chen, K.L. March,
IFATS collection: human adipose tissue-derived stem cells induce angiogenesis
and nerve sprouting following myocardial infarction, in conjunction with
potent preservation of cardiac function, Stem Cells 27 (2009) 230-237.

[17] M. Cheng, G. Qin, Progenitor cell mobilization and recruitment: SDF-1, CXCR4,
alpha4-integrin, and c-kit, Prog. Mol. Biol. Transl. Sci. 111 (2012) 243-264.

[18] X. Xu, F. Zhu, M. Zhang, D. Zeng, D. Luo, G. Liu, W. Cui, S. Wang, W. Guo, W.
Xing, H. Liang, L. Li, X. Fu, ]. Jiang, H. Huang, Stromal cell-derived factor-1
enhances wound healing through recruiting bone marrow-derived
mesenchymal stem cells to the wound area and promoting
neovascularization, Cells Tissues Organs 197 (2013) 103-113.

[19] Y. Gheisari, K. Azadmanesh, N. Ahmadbeigi, S.M. Nassiri, A.F. Golestaneh, M.
Naderi, M. Vasei, E. Arefian, S. Mirab-Samiee, A. Shafiee, M. Soleimani, S.
Zeinali, Genetic modification of mesenchymal stem cells to overexpress CXCR4
and CXCR7 does not improve the homing and therapeutic potentials of these
cells in experimental acute kidney injury, Stem Cells Dev. 21 (2012) 2969-
2980.

[20] C. Huang, H. Gu, W. Zhang, M.C. Manukyan, W. Shou, M. Wang, SDF-1/CXCR4
mediates acute protection of cardiac function through myocardial STAT3
signaling following global ischemia/reperfusion injury, Am. ]. Physiol. Heart
Circ. Physiol. 301 (2011) H1496-1505.

[21] X. Sun, G. Cheng, M. Hao, J. Zheng, X. Zhou, J. Zhang, R.S. Taichman, K. Pienta, J.
Wang, CXCL12/CXCR4/CXCR7 chemokine axis and cancer progression, Cancer
Metastasis Rev. 29 (2010) 709-722.

[22] H. Gul-Uludag, P. Xu, L.A. Marquez-Curtis, ]. Xing, A. Janowska-Wieczorek, J.
Chen, Cationic liposome-mediated CXCR4 gene delivery into hematopoietic
stem/progenitor cells: implications for clinical transplantation and gene
therapy, Stem Cells Dev. 21 (2012) 1587-1596.

[23] H. Liu, S. Liy, Y. Li, X. Wang, W. Xue, G. Ge, X. Luo, The role of SDF-1-CXCR4/
CXCR7 axis in the therapeutic effects of hypoxia-preconditioned
mesenchymal stem cells for renal ischemia/reperfusion injury, PLoS One 7
(2012) e34608.

[24] R. Das, H. Jahr, G.J. van Osch, E. Farrell, The role of hypoxia in bone marrow-
derived mesenchymal stem cells: considerations for regenerative medicine
approaches, Tissue Eng. B Rev. 16 (2010) 159-168.

[25] J.M. Tang, J.N. Wang, L. Zhang, F. Zheng, J.Y. Yang, X. Kong, L.Y. Guo, L. Chen, Y.Z.
Huang, Y. Wan, S.Y. Chen, VEGF/SDF-1 promotes cardiac stem cell mobilization
and myocardial repair in the infarcted heart, Cardiovasc. Res. 91 (2011) 402-
411.

[26] B. Mazzinghi, E. Ronconi, E. Lazzeri, C. Sagrinati, L. Ballerini, M.L. Angelotti, E.
Parente, R. Mancina, G.S. Netti, F. Becherucci, M. Gacci, M. Carini, L. Gesualdo,
M. Rotondi, E. Maggi, L. Lasagni, M. Serio, S. Romagnani, P. Romagnani,
Essential but differential role for CXCR4 and CXCR?7 in the therapeutic homing
of human renal progenitor cells, J. Exp. Med. 205 (2008) 479-490.

[27] T. Shoji, M. Ii, Y. Mifune, T. Matsumoto, A. Kawamoto, S.M. Kwon, T. Kuroda, R.
Kuroda, M. Kurosaka, T. Asahara, Local transplantation of human multipotent
adipose-derived stem cells accelerates fracture healing via enhanced
osteogenesis and angiogenesis, Lab. Invest. 90 (2010) 637-649.

[28] W.S. Kim, B.S. Park, J.H. Sung, The wound-healing and antioxidant effects of
adipose-derived stem cells, Expert Opin. Biol. Ther. 9 (2009) 879-887.

[29] RJ. Miller, G. Banisadr, B.J. Bhattacharyya, CXCR4 signaling in the regulation of
stem cell migration and development, J. Neuroimmunol. 198 (2008) 31-38.

[30] X. Liu, B. Duan, Z. Cheng, X. Jia, L. Mao, H. Fu, Y. Che, L. Ou, L. Liu, D. Kong, SDF-
1/CXCR4 axis modulates bone marrow mesenchymal stem cell apoptosis,
migration and cytokine secretion, Protein Cell 2 (2011) 845-854.

[31] M. Ii, M. Horii, A. Yokoyama, T. Shoji, Y. Mifune, A. Kawamoto, M. Asahi, T.
Asahara, Synergistic effect of adipose-derived stem cell therapy and bone
marrow progenitor recruitment in ischemic heart, Lab. Invest. 91 (2011) 539-
552.

[32] S.R. Thom, T.N. Milovanova, M. Yang, V.M. Bhopale, E.M. Sorokina, G. Uzun, D.S.
Malay, M.A. Troiano, K.R. Hardy, D.S. Lambert, CJ. Logue, DJ. Margolis,
Vasculogenic stem cell mobilization and wound recruitment in diabetic
patients: increased cell number and intracellular regulatory protein content
associated with hyperbaric oxygen therapy, Wound Repair Regen. 19 (2011)
149-161.

[33] A. Kortesidis, A. Zannettino, S. Isenmann, S. Shi, T. Lapidot, S. Gronthos,
Stromal-derived factor-1 promotes the growth, survival, and development of
human bone marrow stromal stem cells, Blood 105 (2005) 3793-3801.


http://refhub.elsevier.com/S0006-291X(13)01752-X/h0005
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0005
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0005
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0005
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0005
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0010
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0010
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0010
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0010
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0015
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0015
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0020
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0020
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0020
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0020
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0020
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0025
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0025
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0025
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0030
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0030
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0030
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0030
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0035
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0035
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0035
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0040
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0040
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0040
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0045
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0045
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0045
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0050
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0050
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0050
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0055
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0055
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0055
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0060
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0060
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0060
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0060
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0065
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0065
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0065
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0065
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0070
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0070
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0075
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0075
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0075
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0080
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0080
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0080
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0080
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0085
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0085
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0090
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0090
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0090
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0090
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0090
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0095
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0095
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0095
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0095
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0095
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0095
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0100
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0100
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0100
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0100
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0105
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0105
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0105
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0110
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0110
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0110
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0110
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0115
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0115
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0115
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0115
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0120
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0120
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0120
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0125
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0125
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0125
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0125
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0130
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0130
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0130
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0130
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0130
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0135
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0135
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0135
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0135
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0140
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0140
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0145
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0145
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0150
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0150
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0150
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0155
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0155
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0155
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0155
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0160
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0160
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0160
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0160
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0160
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0160
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0165
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0165
http://refhub.elsevier.com/S0006-291X(13)01752-X/h0165

	The role of SDF-1-CXCR4/CXCR7 axis in biological behaviors of adipose tissue-derived mesenchymal stem cells in vitro
	1 Introduction
	2 Materials and methods
	2.1 Culture of ADSCs
	2.2 Flow cytometry
	2.3 Cell proliferation assay
	2.4 Migration assay
	2.5 Wound healing assay
	2.6 Western blot analysis
	2.7 ELISA for VEGF, HGF and β-FGF
	2.8 Statistical analysis

	3 Results
	3.1 Isolated cells from lipoaspirated fat displayed the properties of ADSCs
	3.2 CXCR4 and CXCR7 expression was up-regulated by SDF-1 stimulation
	3.3 SDF-1-CXCR4/CXCR7 axis was involved in ADSCs paracrine actions
	3.4 SDF-1/CXCR7 but not SDF-1/CXCR4 was required for ADSCs proliferation
	3.5 SDF-1/CXCR4 axis was required for ADSCs motility

	4 Discussion
	Acknowledgments
	References


