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Stem Cells Accelerate Wound Healing by Migrating

into Skin Injury Areas
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Abstract

Stromal cell-derived factor-1 (SDF-1) and its membrane receptor C-X-C chemokine receptor type 4 (CXCR4) are
involved in the homing and migration of multiple stem cell types, neovascularization, and cell proliferation. This
study investigated the hypothesis that bone marrow—derived mesenchymal stem cells (BMSCs) accelerate skin
wound healing in the mouse model by overexpression of CXCR4 in BMSCs. We compared SDF-1 expression and
skin wound healing times of BALB/c mice, severe combined immunodeficiency (SCID) mice, and immune
system—deficient nude mice after ®*Co radiation-induced injury of their bone marrow. The occurrence of
transplanted adenovirus-transfected CXCR4-overexpressing male BMSCs in the wound area was compared with
the occurrence of untransfected male BALB/c BMSCs in ®’Co-irradiated female mice skin wound healing areas
by Y chromosome marker analyses. The wound healing time of BALB/c mice was 14.00+1.41 days, whereas for
the nude and SCID mice it was 17.16+1.17 days and 19.83+0.76 days, respectively. Male BMSCs could be
detected in the surrounding areas of ®’Co-irradiated female BALB/c mice wounds, and CXCR4-overexpressing
BMSCs accelerated the wound healing time. CXCR4-overexpressing BMSCs migrate in an enhanced manner to

skin wounds in a SDF-1-expression-dependent manner, thereby reducing the skin wound healing time.

Introduction

LOCATED ON THE SURFACE of the human body, the skin is
the most vulnerable tissue. In addition, as the organ with
the most coverage of the human body, the skin plays an im-
portant role in maintaining internal environment stability and
preventing dehydration and infection. As the first line of de-
fense for protecting against invasion of microorganisms and
chemical substances, keeping the skin intact and functioning
is a major clinical consideration. It is important to facilitate the
healing of skin wounds to revive the skin’s barrier function.
Currently, within conventional treatment methods, the skin
autografting method as the source of new skin not only causes
new wound defects but is also constrained by limited skin
tissue availability. Allogenic skin grafting, or dermatoheter-
oplasty, tends to cause immunological rejection or commu-
nication illness. Artificial skin, generated by inoculating

fibrocytes or epidermal cells, has the tendency to decay and is
subject to apoptosis; it is also expensive and is thus not suit-
able for use in clinical practice (Attinger et al., 2006; Gottrup,
2008, Schierle et al., 2009). Therefore, how to boost wounded
skin’s repair and reconstruction of its lost functions remains a
focus of research.

Bone marrow—derived mesenchymal stem cells (BMSCs)
are one kind of cells with the potential of multidirectional
differentiation within adult stem cells (ASCs). The advan-
tages of BMSCs in regenerative medicine are that they are
convenient to obtain, easy to be cultured and amplified
in vitro, have relative low immunogenicity, and are free from
being involved in ethical controversies like embryonic stem
cell transplantation (Kruase et al., 2001; Sanchez-Ramos
et al., 2000; Shiota et al., 2007). Moreover, BMSCs are more
accessible for the import of exogenous genes, thus making
them a supporting shuttle that is ideal for exogenous gene
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therapy (Minguell et al., 2001). Therefore, we chose BMSCs
as the appropriate carrier for seeded cells and gene therapy
for our research of skin wound repair. In addition, we
studied BMSCs because they are able to secrete a number of
growth factors and cytokines (Besse et al., 2000), particularly
stromal cell-derived factor-1 (SDF-1) and its receptor C-X-C
chemokine receptor type 4 (CXCR4), which are crucial for
homing and migration of multiple stem cell types and con-
tribute to recovery of neurological functions (Shichinohe
et al., 2007) as well as neovascularization and cell prolifera-
tion (Sharma et al., 2010).

In this study, we investigated whether BMSCs gather
during the skin wound repair process into the area sur-
rounding the healing wound via exogenous application.
Furthermore, on the basis of known chemotaxis principles,
we modified the BMSCs by gene transfection to promote
their transfer to the wound surfaces and studied whether
enhanced BMSC migration into skin wounds might affect the
skin wound repair.

Materials and Methods

Cells collection and detection of CXCR4 expression

Isolation and culture of BMSCs. Male mice [BALB/c,
nude, and severe combined immunodeficient (SCID)] were
anesthetized, respectively, with 0.75% pentobarbital sodium
(45mg/kg) injected into the enterocoelia. Then a cavity was
cut into the tibia under aseptic conditions and washed several
times with Dulbecco’s modified Eagle medium (DMEM)/F12
culture medium. The collected washing fluid was centrifuged
and the supernatant discarded. The pellets containing the cells
were suspended in DMEM/F12 complete culture medium,
containing 100 IU/mL penicillin and 100 ug/mL streptomycin
with 10% fetal bovine serum (FBS), at a density of 4x 10°/ cm?
and cultured under a 5%°°Co and saturated humidity condi-
tions at 37°C. When the cells reached 90% confluence, they
were passaged in the same growth medium. BMSCs were
identified by their ability for multidirectional differentiation
(Fig. 1). Gradually the extracted BMSCs were purified and
amplified to the third passage, before being further treated
and injected. The experiments were performed in adherence
with the Guide for the Care and Use of Laboratory Animals
and were approved by the Ethics Committee of the Third
Military Medical University, China.)

CXCR4 overexpression of BMSCs. The CXCR4-coding
DNA was amplified from mouse back skin cDNA and inte-
grated into an adenovirus shuttle vector carrying a green
fluorescent protein (GFP) gene (AdTrack vector). Packaging
and amplification was done using 293 cells with subsequent
virus titer measurement (Adv-CXCR4). The third-passage
BMSCs (BALB/c, nude, and SCID) were moved to 25-cm?
culture bottles, and the virions were added to the cells in a
concentration of multiplicity of infection (MOI)=1 plaque-
forming unit (PFU) per cell. After the completion of the
transfection, the cells were washed with 5mL of DMEM /F12
with 10% FBS, and the transfected BMSCs culture was in-
cubated at 5%CO,, with saturated humidity and at 37°C for
another 3 days in DMEM/F12 with 10% FBS.

CXCR4 suppression of BMSCs. The third-passage
BMSCs (BALB/ ¢, nude, and SCID mice) were placed in six-well

FIG. 1. The cultivation and identification of BMSCs. (A)
Cultivated in DMEM/F12 complete culture medium, BMSCs
adhered on to the surface of the flask and most of them were
fibroblast-like and oval in shape. (B) Fourteen days of lipo-
blast induction. (C) Twenty days of osteogenic induction. (D)
Twenty-eight days of chondrogenic induction.

plates until reaching 70% confluence on the day of infection.
Cells were infected by adding the CXCR4 shRNA lentiviral
particles (sc-35422-V, Santa Cruz, CA, USA) to 2mL of Poly-
brene medium mixture and incubated overnight. Incubation
continued for 3 days in DMEM/F12 with 10% FBS. Select stable
clones expressing the CXCR4 shRNA via puromycin dihy-
drochloride selection (sc-108071, Santa Cruz, CA, USA).

CXCR4 expression on relevant BMSCs. The relevant
BMSCs, were collected and analyzed for CXCR4 transcrip-
tion genes via semiquantitative reverse transcription PCR
with CXCR4 primers (CXCR4-P1, 5-GGCCGTCTATGTG
GGTGTCTGG-3; CXCR4-P2, 5-TGGCCCTTGGAGTGTGA
CAG-3’) and protein expression via western blotting (ab2074,
Abcam, Cambridge, UK).

Back skin wound model construction and detection
of SDF-1 expression in wounds

Mice wound model. Female mice, whose weight varied
from 18 to 22 grams (20.0+1.5 grams), were irradiated with
%Co (radiation dose 3.5 Gy), causing radiation injury to their
bone marrow. A 1.5-cm-diameter wound was cut into the
shaved back skin on the center line of the spinal column of
the above-mentioned mice with a formed perforator, and the
wound surface was covered with sterile gauze after hemostasis.

SDF-1 expression in wounds. The tissues surrounding
the wounds (BALB/c, nude, and SCID mice, respectively,
n=8) were cut out 1, 3, 5, 7, and 14 days after the initial
wounding, and total RNA was extracted for constructing
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cDNA. The resulting cDNA was analyzed for SDF-1 gene
transcription by fluorescent quantitative RT-PCR. Primers
used were: SDF-1-P1, 5-CCAAGGTCGTCGCCGTGCT-3;
SDF-1-P2, 5-TGACGTTGGCTCTGGCGATGT-3’; GAPDH-
P1, 5-ACCCATCACCATCTTCCAGGAG-3"; GAPDH-P2, 5'-
GAA GGGGCGGAGATGATGAC-3"). The control groups
received only “’Co treatment.

Effect of CXCR4 expression on BMSC migration
toward the concentration gradient of SDF-1

Migration in vivo. Female mice wound models (BALB/c,
nude, and SCID mice, respectively, n=6) were constructed as
described above and randomly divided into four groups
with 6 mice per group. Each animal was injected with 0.4 mL
of carboxyfluorescein diacetate N-succinimidyl ester (CFDA-
SE)-marked cells (1x107/mL) by the caudal vein as
follows: Group A, normal male BMSCs; group B, CXCR4-
overexpressing male BMSCs; group C, CXCR4-knockdown
male BMSCs; and group D, treated only with normal saline.
At 1, 3,5, 7, and 14 days after treatment, the surface skin
surrounding the wound was collected. One sample was em-
bedded in frozen sections and detected by fluorescence mi-
croscope/laser confocal microscope; the other was for
quantifying the number of male BMSCs in the tissues sur-
rounding the skin wound in the female mice. We detected
expression of the Y chromosome by real-time quantitative PCR
analysis using the SYBR Green system. Specific primers
were: Y-P1, 5-CTGCAGTTGCCTCAAC AAAACT-3’; Y-P2,
5-GGTGTGCAGCTCTACTCCAGTCT-3. Melting curves
were generated to ensure the purity of the amplified product.
Data were analyzed according to the comparative cycle
threshold (Ct) method and were normalized by glyceraldehyde
3-phosphate dehydrogenase (GAPDH) expression (Table 1).

Migration in vitro. For assessment of the motility of
BMSCs with different levels of CXCR4 expression treated
with SDF-1 (PeproTech, NJ, USA), the migration assay was
performed in a 12-well transwell plate with 8-um pore size
filter inserts (Corning Costar, NY, USA). First, each type of
BMSC (BALB/¢, nude, and SCID mice, n=3 ) was divided
into three groups as follows: Group A, male BMSCs; group
B, CXCR4-overexpressing male BMSCs; and group C,
CXCR4 knockdown male BMSCs. Then, 1mL of experi-
mental cells (5x 10*/mL) were seeded into upper wells. After
1h of cell attachment, 0.5 mL of medium with SDF-1 (0, 5, 10,
15ng/mL) was added to the lower wells and incubated for
8h at 5%CO,, saturated humidity, and 37°C. At the end
point, the cells on the upper side of the inserts were removed
completely by swabbing. The transmigrated cells on both the
underside of the membrane and the well bottom were
measured quantitatively using MTS reagent (Promega, Ma-

TABLE 1. DRAWING OF THE STANDARD CURVE
ofF Y CHROMOSOME FQ-PCR DETECTION

1 2 3 4 5 6
ACt 10.837 13.198 16.896 20.156 23.946 27.475
Genome 20 2.0 0.2 0.02  0.002 0.0002
mass (ng)

ACt= —3.398Log(genome mass)+14.954

Slope factor K= —3.398; intercept b=14.954, R%=0.995.
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dison, WI, USA). The optical densities in experimental
groups were normalized as a percentage.

Observations for wound healing

Wound models of female mice with different immunity
states (BALB/c, nude, and SCID, n=6) were constructed and
treated as described above. Every day after injury, the healing
time and general condition of the wounds were observed. Skin
wound healing was defined as the wound being closed com-
pletely and no inflammatory exudation present. At the same
time, the wound was photographed with a scale plate using a
digital camera, and the images were processed by Image Pro
Plus v1.5 (Media Cybernetics, Rockville, MD, USA). The
wound healing rate was described with the percentage of re-
pair area: Wound healing rate=(Area of before treatment —
Area of observation time/Area of before treatment) x 100%.

Statistical analysis

All of the data are presented as the mean *standard error
(x*s). Data processing was performed using SPSS ver-
sion 13.0. A t-test and analysis of variance (ANOVA) were
applied to test the difference between groups. A p value
of <0.05 was considered as a significant statistical difference.

Results

The wound healing time was related to the immune
state of the mice

All mice survived the radiation injury and the skin-cutting
model successfully. On the first day after surgery, the wound
surfaces of BALB/c mice were clean and dry, and then began
to become encrusted 48h later. The wound surface shrunk
obviously after the 7" day until primary healing at 15 days
(14.00 +£1.41). In the nude and SCID mice, the encrusting time
of nude mice and SCID mice, respectively, started at the 4™
day and 5" day, and the shrinking of surface was delayed to
10 days, with an average healing time of 17.16+1.17 days and
19.83+0.76 days, respectively, which was obviously pro-
longed compared with the BALB/c mice (p<0.05) (Fig. 2A).

Expression of the SDF-1 gene in wound areas
was affected by the different inmune states of the mice

During the course of wound healing, SDF-1 gene expres-
sion of the BALB/c mice increased at the first day and
reached a peak value until the 5th day (p<0.01) after the
surgery; a gradual decrease followed and approached that of
the unwounded mice in the 14™ day, when the wounded
surface was basically healed. The SDF-1 gene expression of
the nude and SCID mice began to rise gradually and reached
a postponed peak value in the 7™ day after injury within the
experimental time points (p<0.01); on the 14™ day, with still
unhealed wound surfaces, SDF-1 gene expression was still
higher than in the respective unwounded mice. A direct
comparison of the three different mice strains showed that
the SDF-1 expression of BALB/c mice on the 5th day was
double than that of the other two strains, but all mice had
almost the same values at the 7th day; SDF-1 expression
started to decline until the 14™ day in all mice (Fig. 2B).

Although the relationship of immune states and SDF-1
expression is obvious, we have some interest in whether the
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FIG. 2. The relationship between healing time and SDF-1 expression in injured tissue of BALB/c, nude, and SCID mice after
injury. (A) (*) Compared with BALB/c mice, the wound healing time was obviously delayed (P<0.05). (B) (a) BALB/c
compared with nude or SCID mice, P<0.05. (b) BALB/c compared with its own control group, which had been irradiated
with ®Co but had no skin wounding. (c) Nude and SCID mice compared with their respective control groups (P <0.05).

expression of CXCR4 in BMSCs should be affected by the
animals’ immune states. For this question, detection for
normal BMSCs was determined by RT-PCR and western
blotting. The results showed there was no significant differ-
ence in expression of CXCR4 in BMSCs among the three
mouse types (Fig. 3).

CXCR4-overexpressing BMSCs can preferentially
migrate via a concentration gradient of SDF-1
in vitro and in vivo

CXCR4-overexpressing BMSCs and CXCR4-suppressing
BMSCs were constructed with genetically modified adeno-

virus and lentivirus, and were confirmed by levels of tran-
scription and protein expression (Fig. 3). We compared the
migration of CXCR4-overexpressing , CXCR4-suppressing,
and normal BMSCs that interact with 10ng/mL SDEF-1
in vitro. As shown in Figure 4A, the migration can obviously
increase with heightening of CXCR4 expression within the
group of the same mice. Compared with normal BMSCs,
CXCR4-overexpressing migration increases significantly
(p<0.05). In the same vein, CXCR4 suppression decreases
significantly (p <0.05). These results regarding the migration
of CXCR4-overexpressing BMSCs with the concentration
gradient of SDF-1 indicate that these two elements are pos-
itively correlated with each other, and this migration is not
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FIG. 3. CXCR4 gene and protein expression in the BMSCs. There are no obvious differences of CXCR4 BMSCs in BALB/c,
nude, and SCID mice. CXCR4 gene/protein expression can be overexpressed by Adv-CXCR4 and knocked down by CXCR4

shRNA lentiviral particles.

an obvious difference within the groups of different mice
(Fig. 4B).

Finally, whether or not exogenous BMSCs could migrate
into the host’s injured tissue became our concern. The laser
confocal microscopy result showed exogenous CXCR4-
overexpressing BMSCs expressed in injured tissue of BALB/c
mice. The 1% day after the skin injury, few CXCR4-over-
expressing BMSCs with GFP were observed in the wound
area (Fig. 5A); on the 3™ day, the number of positive cells
increased in the wound (Fig. 5B), with a further increase of
GFP signals on the 5™ day after injury (Fig. 5C). On the 14"
day, the wounded surface completely coalesced, and under
laser confocal microscopy fluorescent GFP signals were still
visible scattered within the tissue; however, no positive sig-
nals appeared in the control group that was treated with
normal saline (Fig. 5D).

At same time, quantitative results of the sex-determin-
ing region Y (SRY) were also detected for BMSCs mi-
grating into the injured tissue. In the final data display
(Fig. 5E), the 1°* day after the injury, Y chromosome sig-
nals were detected in groups A, B, and C injured tissue
in female BALB/c mice; the peak time appeared at the
5th day after injury (p<0.01) with a consistent further
appearance for 14" day. The Y chromosome of the
CXCR4-overexpressing group was always obviously
higher than the normal group. However, the CXCR4-
suppressing group showed the opposite tendency with
knockdown of CXCR4 genes. Another coincidence was
that the implant and expression tendency of the Y chro-
mosome in the CXCR4-overexpressing group was as-
sociated with expression of SDF-1 within the different
groups of mice (Fig. 5F).
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FIG. 4. The effect of CXCR4 in BMSC migration with chemotaxis of SDF-1 in vitro. (A) CXCR4-overexpressing BMSCs have
better chemotaxis with the invariable condition of SDF-1. (B) The immune state cannot change chemotaxis of BMSCs with the

variable condition of SDF-1.

Exogenous BMSCs implanted in injuries can enhance
the cutaneous wound healing of the host

After the cells were caudally injected into the irradiated
female skin-injured BALB/c mice, the animals were in good
condition and the wounds began to encrust after 24-36h.
After 5 days, the wound surface could be observed to be
obviously shrinking, and it healed primarily after 13 days for

CXCR4-overexpressing BMSCs, with an average wound
surface healing time of 12.46+1.17 days, which was
sooner than BALB/c mice treated with nontransfected
BMSCs or with saline (Fig. 6A). Most interesting is that
CXCR4-overexpressing BMSCs can cover the insufficiency
or delay of SDF-1 in cutaneous injured tissue of immu-
nodeficient nude mice/SCID mice to enhance wound
healing (Fig. 6B).
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FIG. 5. Detection for exogenous CXCR4-overexpressing BMSCs migrating into injured tissue. (A-D) Observation by laser
confocal microscope. (a) DAPI staining of cell nuclei. (b) GFP signals of Adv-CXCR4-transfected male BMSCs. (c) Bright-field
tissue image. (d) Overlay of a and b. (A) The group of wounds on the first day after injury. (B) The group of wounds on the
third day after injury. (C) The group of wounds on the 5th day after injury. (D) The control group on the 5th day. (E and F)
Observation by qRT-PCR. (a) Intragroup comparison (P <0.05). (b) Comparison among groups (P <0.05).

Discussion

The healing response begins the moment the tissue is
injured, and the entire course occurrs in very orderly and
efficient phases—hemostasis, inflammation, proliferation,
and remodeling (Gottrup, 2008). As the blood components
spill into the site of injury, the platelets come into contact with
exposed collagen and other elements of the extracellular ma-
trix. Each of the contributing cell types has a crucial function
present at the wound site during the phases of proliferation,
migration, matrix synthesis, and contraction, as well as
growth factor and matrix signaling (Schierle et al., 2009).
Serious injuries or long-term chronic diseases lead to damage
of many kinds of repair cells that participate in the edge and
basal regions of healing wounds and cause the repair cell
number and function to decline, leading to slow or refractory
wound repair, because these cells cannot play their physio-
logical function of endogenous repair.

Stem cells derived from adult cells (ASCs) have great
therapeutic potential (Attinger et al., 2006), good biological
capacity of tissue repair, and the potential of directional
multiplex differentiation into many different cell types
(Krause et al., 2001; Shiota et al., 2007). Besides, ASCs also
secrete nutritional factors related to the regulating growth
characteristics in local microenvironments (Gniecchi et al.,
2008; Liu et al., 2006). Thus, these characteristics of ASCs
may provide a possibility of repairing wound surfaces and
improving their healing. It is well known that the bone
marrow is not only one of ASCs storage organs, but also
plays a role in mobilization of ASCs to wounds, because

BMSCs derived from hematopoietic stem cells (Delorme
et al., 2006) are capable of producing growth factors that play
a critical role in healing of the damaged tissue (Liu et al.,
2006; Minguell et al., 2001).

The signaling function of chemokines secreted from skin
wounds leads to directed chemotactic migration of endoge-
nous BMSC repair cells through their specific chemokine
receptor interactions, allowing these cells to integrate into the
wound surface and promote the wound healing process. The
levels of chemokine expression determine the activity and
functional state of repair cells and have important effects on
wound repair (Mescher and Neff, 2005). Previous studies
showed that SDF-1 is one of the strongest chemokines for
chemotactic effects on BMSCs so far, and combined with the
SDE-1 receptor CXCR4, the SDF-1/CXCR4 biological axis
plays an important role in the process of tissue/organ
wound repair Ceradini et al, 2004; Shiba et al., 2007). Healing
of organs, i.e., heart, liver, and kidney, shows a relationship
between SDF-1 concentration and the chemoattractant ac-
tivity for ASCs, which means the local concentration vari-
ance of SDF-1 in wound areas can affect ASCs mobilization,
homing, and aggregation (Kucia et al., 2006; Tang et al., 2005;
Togel et al., 2005). However, primary BMSCs express high
levels of CXCR4 in vitro, but with the extended passages the
BMSCs gradually reduce their surface CXCR4 expression
(Brenner et al., 2004; Wynn et al., 2004) to low or even no
expression, which impairs their the migration toward SDF-1
(Honczarenko et al., 2006).

Our experiments show that SDF-1 showed a single-peak
when the mouse skin tissue suffered damage, but BALB/c
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FIG. 6. Comparison of wound healing among different treatments and mice strains. (A) BALB/c mice treated with CXCR4-
overexpressing BMSCs, normal BMSCs, CXCR4-knockdown BMSCs, and normal saline. (B) CXCR4-overexpressing BMSCs
can effectively improve wound healing for immunodeficiency. Note: (a) Intragroup comparison (P<0.05). (b) Comparison

among groups (P <0.05).

mice express the SDF-1 peak 2 days ahead and stronger
than immunodeficient SCID or nude mice. These results
suggest that the inflammatory response has started once
BALB/c mice were injured, first by induction of neutrophil
macrophage effusion and aggregation activated by nu-
merous proinflammatory cytokines and chemokines, and
then followed by secretion of large amounts of tissue repair
factors (Martinez et al., 2009). Due to alternatively activated
macrophages in the following 3-5 days, the fibroblasts and
endothelial cells proliferated (Mantovani et al., 2009), be-
coming the main source for increased SDF-1 expression.

Furthermore, with constant completion of repair, the re-
duced number of fibroblasts and completed wound angio-
genesis as well as improved hypoxia, SDF-1 expression
declined to control levels (Fig. 2) when the wound healed
for 14 days. However, in nude and SCID mice, due to their
immune deficiencies, the early inflammatory responses
showed a lack or delay (Moseley et al., 2004), and resulted
in delayed and low SDF-1 expression. Moreover, our results
implied that the extent of BMSC migration into the wound
surface is dependent on SDF-1 expression and positively
related with wound healing. Low SDF-1 expression might
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fail to attract BMSCs and thereby delay wound healing,
which is consistent with a report of Ponte et al. (2007), who
suggested that BMSCs migration and homing to injured
tissue depends on the systemic and local inflammatory
state.

Kahn et al. (2004) reported that CXCR4 overexpression in
human CD34" progenitor cells using a lentiviral gene
transfer technique helped navigate these cells to the murine
bone marrow and spleen in response to SDF-1 signaling.
Cells overexpressing CXCR4 exhibited significant increases
in SDF-1-mediated chemotaxis and actin polymerization,
leading to improved SDF-1-induced migration and prolif-
eration/survival, and finally resulted in significantly higher
levels of in vivo repopulation in nonobese diabetic/severe
combined immunodeficiency (NOD/SCID) mice (Brenner
et al., 2004; Kahn et al., 2004). Moreover, other reports sug-
gest that it is feasible to use CXCR4 gene-modified BMSCs
for experimental research (Lien et al., 2009; Zhang et al,,
2009). In this study, we used SDF-1 and CXCR4 interactions
and gene cloning technology to construct CXCR4-over-
expressing BMSCs, and found that high expression of SDF-1
enhances the migration of BMSCs to wound surfaces,
thereby accelerating the repair of damaged tissue.

In conclusion, our findings provide a theoretical basis for
wound healing in which high expression of SDF-1/CXCR4
leads to high BMSC migration into skin wounds with con-
comitant accelerated wound healing. The level of CXCR4
expression in BMSCs appears to be a critical factor for this
healing mechanism.
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