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Abstract

Massive skin defects caused by severe burn and trauma are a clinical challenge to
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surgeons. Timely and effective wound closure is often hindered by the lack of skin
donor site. Bone marrow-derived cells (BMDCs) have been shown to ‘differentiate’
into multiple tissue cells. In this study we focused on the direct manipulation of

E-mail: xiazhaofan@hotmail.com endogenous BMDCs, avoiding the immunocompatibility issues and complicated cell

isolation, purification, identification and amplification procedures in vitro on wound
repair. We found that mobilisation of the BMDCs into the circulation significantly
increased the amount of BMDC:s at the injury site which in turn accelerated healing of
large open wound. We used a chimeric green fluorescent protein (GFP) mouse model
to track BMDCs and to investigate their role in full-thickness skin excisional wounds.
We have shown that bone marrow mobilisation by granulocyte colony stimulating
factor (G-CSF) exerted multiple beneficial effects on skin repair, both by increasing
the engraftment of BMDCs into the skin to differentiate into multiple skin cell types
and by upregulating essential cytokine mRNAs critical to wound repair. The potential
trophic effects of G-CSF on bone marrow stem cells to accelerate wound healing could
have a significant clinical impact.

doi: 10.1111/.1742-481X.2012.01007 .x

Introduction
Key Messages

Massive skin defects caused by severe burn and trauma remain
a challenge in clinical work. Early closure of open wounds is
apparently the primary goal of treatment. Currently, surgeons
usually perform the intermingled transplantation using auto-
graft, allograft and micrografting techniques. However, this
type of therapy often requires multiple operations and is sub-
ject to the limitation of available donor skin. Non-invasive
wound management is therefore a top concern for clinicians.

Wound repair is a highly complex biological process involv-
ing many kinds of cells, extracellular matrix and regula-
tory factors (1). The process of wound healing is highly
dependent on some systemic signals, such as growth fac-
tors, cytokines, chemokines and proteolytic enzymes. Stem
cells play a unique role in the above biological changes
in response to skin injury, and thereby represent promising

e in this study we focus on the direct manipulation of
endogenous BMDCs, avoiding the immunocompatibil-
ity issues and complicated cell isolation, purification,
identification and amplification procedures in in vitro
wound repair

e bone marrow-derived cells (BMDCs) have been shown
to ‘differentiate’ into multiple tissue cells

¢ BMDCs should be cultured and amplified in vitro before
clinical application

e we hypothesise that mobilisation by granulocyte colony
stimulating factor (G-CSF) of BMDCs into the circu-
lation can significantly increase the amount of BMDCs
at injury site, which in turn accelerates wound healing
after skin injury

¢ 300 two-month-old male C57BL/6 mice and 60 EGFP-
transgenic C57BL/6 donor mice were used
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e our results indicate that, after GCSF mobilisation there
was substantial GFP+ cell infiltration in wounds during
the acute early phase, which was detected by spectral
fluorescence imaging

e in the wound environment, recruited BMDCs can dif-
ferentiate into epidermal stem cells or transit-amplifying
cells near the region of hair follicles

e this investigation suggests that upregulation of growth
factor expression in wound tissue following G-CSF
therapy plays a key role in promoting cellular processes
such as chemotaxis, cell proliferation, cell signalling
and angiogenesis that are critical to proper wound
healing

o the data obtained in this study indicate that the healing
effect on full-thickness wound resulting from G-CSF
treatment is associated with increased expression at the
wound site of VEGF, bFGF and EGF by various cell
populations, including macrophages, haemopoietic stem
cells and MSCs

e we have shown that G-CSF exerts multiple beneficial
effects on skin repair, both by increasing the engraft-
ment of BMDCs into the skin to differentiate into mul-
tiple skin cell types, and upregulating essential cytokines
critical to wound repair

e this study does not discriminate the ultimate origin of
the BMDCs which are participating in skin regeneration
after mobilisation

e we believe that the G-CSF treatment is an appealing
and functional potential therapy for improving wound
healing because it shortens the course of wound healing
and offers both ease of treatment and versatility

o further work on understanding the mechanism of G-
CSF mobilisation in accelerating wound healing and the
long-term outcomes of healed wounds will be critical for
introduction of these findings into clinical practice

non-invasive wound management. These stem cells could
originally be located in the injured tissues or migrated to
injured tissues from bone marrow, such as mesenchymal stem
cells (MSCs) and haematopoietic stem cells. Bone marrow-
derived cells (BMDCs) have been shown to ‘differentiate’ into
multiple tissue cells. The traditional concept of stem cell ther-
apy includes the isolation of stem cells from patients, amplifi-
cation and differentiation in vitro and subsequent re-injection
of autologous cells into the patient. The quantity of stem cells
is very low in fresh bone marrow fluid aspirated from the
ilium. Consequently, BMDCs should be cultured and ampli-
fied in vitro before clinical application. Such in vitro prepara-
tion could increase contamination risk, decrease pluripotency
of MSCs and miss the optimal transplantation time, which
limits its clinical usefulness. An alternate cell source could be
the endogenous stem cells. Thus, scientists currently focus on
particular on the convenient and safety usage of BMDCs on
in vivo wound repair. However, the study by Fan et al. (2),
using two different murine models, suggest that BMDCs do
not significantly contribute to steady-state epidermal home-
ostasis and are not required or responsible for providing ker-
atinocyte stem cells and keratinocyte repopulation following
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skin injury. These data indicate that BMDCs have a limited
role in wound repair whether skin is injured or not. In this
study we hypothesise that mobilisation by granulocyte colony
stimulating factor (G-CSF) of BMDCs into the circulation
can significantly increase the amount of BMDCs at injury
site, which in turn accelerates wound healing after skin injury.
To allow tracking of the BMDC, we used a chimeric mouse
model in which bone marrow cells marked with enhanced
green fluorescent protein (EGFP) were isolated from EGFP-
transgenic C57BL/6 donor mice and were transplanted into
lethally irradiated wild-type C57BL/6 mice to investigate the
role of BMDCs in a full-thickness skin excisional wound.
Using this mouse model, we investigated the total contribu-
tion of the BMDCs after mobilisation to cutaneous wound
healing.

We found that wound healing was accelerated after the
G-CSF induced bone marrow mobilisation with increased
recruitment of BMDCs to wound site and expression of
growth factors critical to wound healing.

Materials and methods

Chimeric mice preparation

All experiments were performed in accordance with the proto-
cols approved by the Animal Care Committee of Second Mil-
itary Medical University. Two-month-old 300 male C57BL/6
mice and 60 EGFP-transgenic C57BL/6 donor mice were
used. All mice were housed under identical conditions and
given food and water ad libitum. The experimental design is
summarised in Figure 1.

In order to prepare chimeric mice, bone marrow was col-
lected from the tibia and femur of EGFP-transgenic C57BL/6
donor mice (kindly provided by Professor Huang, Department
of Cardiac Surgery, Changhai Hospital). A single-cell suspen-
sion was prepared, and the cells were ready for immediate
transplantation. Recipient adult C57BL/6 mice were treated
with a lethal irradiation dosage of 8-5 Gy at 0-8737 Gy/min
using a cobalt-60 irradiator. Approximately 5 x 10° EGFP+
cells were prepared for transplantation by resuspension in
phosphate buffered saline (PBS) and injected into recipient
mice via the tail vein. Degree of chimerism was assessed by
flow cytometry of circulating nucleated cells at 8 weeks after
bone marrow transplantation.

Skin wound model and BMDCs mobilisation

Under sodium pentobarbital anesthesia, the dorsal hair was
removed, and the skin was prepared for generation of
standardised full-thickness wounds including the panniculus
carnosus muscle on the mid-back. All chimeric mice were
divided into two groups and a wound injury of 1-3 x 1.3 cm?
was created in them. Recombinant human G-CSF was injected
s.c., 50 pug/kg/day (Kirin Biopharmaceutical, Tokyo, Japan),
for 5 days before and 3 days after wound creation in G-CSF
group. Saline instead of G-CSF was injected in other wounded
mice as control group.

© 2012 The Authors
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Figure 1 Experimental design. C57BL/6 mice after total body irradiation were transplanted with bone marrow cells acquired from enhanced green
fluorescent protein (EGFP)-transgenic C57BL/6 mice immediately. A small number of surviving mice had undergone blood analysis 8 weeks after
bone marrow transplantation (BMTx) to evaluate the degree of chimerism. The rest of survivors received an excisional wound on the back 2 weeks
after blood analysis. After excision, these mice were divided into two groups: granulocyte colony stimulating factor (G-CSF) group (mobilisation group)

and control group.

Wound-healing examination

In order to record wound healing, images of the residual
wound area were obtained using a digital camera under the
same photographic conditions. Average wound-healing time
was then determined. The digital analysis was performed by
the investigators who were blinded to group assignments.
Complete wound-healing times were indicated by the shed-
ding of scars and complete re-epithelialisation of the wound
bed. The re-epithelialised but unhaired skin area was recorded
as zero. The percentage of residual wound area relative to the
original area was calculated using an image analysis software.
On days 0, 3, 6, 9, 12, 15 and 18 after wound injury, mice
were anaesthetised and the entire wound with its surrounding
skin within 2 mm was excised. The excised tissue was
bisected along its craniocaudal axis into two parts. One of
them was fixed in 2% paraformaldehyde and then embedded
in OCT (Tissue-Tek, Sakura, Torrance, CA) for histological
analysis; the other one was snap-frozen in liquid nitrogen for
real-time polymerase chain reaction (RT-PCR) examination.

GFP+ cells detection in recipient wound in vivo by
spectral fluorescence imaging

On days 0, 3, 6, 9, 12, 15, 18 and 21 after wound injury, mice
were anaesthetised and the entire wounds were exposed. Fluo-
rescence imaging was conducted using a whole-animal imag-
ing system (Maestro, CRi, Woburn, MA). Multiple images
were acquired with fixed bandpass excitation and emission
filters in place. Each image was acquired with identical expo-
sure time. Each series of image was subsequently analysed
using Maestro version 2.4 software. Images corresponding to
GFP signals were used to quantify fluorescence signals.

Immunofluorescence staining

Immunofluorescence staining was performed on OCT frozen
sections using standard staining protocols. Skin sections were
stained with anti-GFP Ab (Molecular Probes, Eugene, OR). In

© 2012 The Authors

addition, skin sections were treated with primary Abs against
CK10 (Santa Cruz Biotechnology), a-smooth muscle actin
(a-SMA; Sigma Biotechnology, St. Louis, MO), and factor
VIII(Santa Cruz Biotechnology, CA). Secondary Abs conju-
gated to tetramethyl rhodamine isothiocyanate (TRITC; Santa
Cruz Biotechnology) or fluorescein isothiocyanate (FITC;
Santa Cruz Biotechnology) were used for fluorescence stain-
ing detection. The samples were photographed using an Olym-
pus microscope and an Optronics digital camera (Olympus,
Melville, NY). Selected slides were also analysed by confocal
microscopy (Spectra Confocal Microscope TCSSP2-AOBS,
equipped with leica confocal software; Leica Microsystems
Inc., Bannockburn, IL).

Detection of growth factors mRNA expressions by
quantitative real-time PCR

Total cellular RNA was extracted from wound tissue with
TRI-zol reagent (Invitrogen, Carlsbad, CA) and then puri-
fied using a Qiagen RNeasy Mini kit (Qiagen, Hilden, Ger-
many) according to the manufacturers’ protocol, and nucleic
acid concentrations were measured with a spectrophotometer
(NanoDrop ND-1000; Saveen & Werner, Kristiansand, Nor-
way). Total RNA was reversely transcribed using SuperScript
First-Strand Synthesis kit (RT-PCR; Invitrogen). The primers
used for real-time PCR are shown in Table 1. Reactions
were performed using SYBR-Green PCR master mix (Applied
Biosystems, Foster City, CA) in a BioRad iCycler iQ Detec-
tion System. Quantification was performed using the ABI
Prism 7900 Fast Sequence Detection System (Applied Biosys-
tems) according to the comparative CT method.

Statistical analysis

All values are presented as mean + SD. Statistical analy-
sis was performed using the two-tailed Student’s 7-test or
by analysis of variance (ANOVA). Significance was taken as
P < 0-05. All statistical analyses were performed using SPSS
10.0 software (SPSS Inc., Chicago, IL).
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Table 1 Primers used for real-time PCR
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Gene Forward primer sequence (5'-3) Reverse primer sequence (5'-3)
B-actin CCTCTATGCCAACACAGTGC GTACTCCTGCTTGCTGATCC
bFGF CGGCATCACCTCGCTTCC CCGTGTGGGTCGCTCTTCTC
EGF GGGGGAATATCGGTGCTGACTCTG TGTGCCGTGCTTGATGCCTGATAA
VEGF ATCCGCAGACGTGTAAATGTTCCT TCACCGCCTTGGCTTGTCAC
PCR, polymerase chain reaction.
Results A ool Mebimtion B

2.5 0O Coatrol
Generation of EGFP chimeric mouse :

207

Only 11-5% of the EGFP chimeric mice died within the
first 2 weeks of radiation. All mice surviving over 2 weeks
had normal leukocyte counts 6 weeks after radiation (data
not shown), with 87-2-99-1% of the circulating GFP+ cells
by flow cytometry (mean: 94-1% =2-8; Figure 2). None
of the animals showed signs of graft-versus-host disease,
immunologic signs of rejection or wound infection.

Acceleration of wound healing
by mobilised BMDCs

The mean time of wound healing in the G-CSF-treated mice
was 12-5 £ 0-9 days while in control mice was 183 =+
0-8 days (P < 0-01, n = 6 wounds per group). As shown in
Figure 3, wound closure was significantly faster in the G-CSF-
treated mice than in control mice, supporting that mobilised
BMDCs accelerated wound closure.

In vivo cellular tracking by spectral fluorescence
imaging

Images corresponding to GFP signals were used to quan-
tify fluorescence signals. Measurements were taken from the
computed images using a circular region of interested (ROI)
placed over each GFP area. GFP signal intensity was quanti-
fied to indicate approximately the GFP+ cells per wound. To
understand the cell migration to the wound after mobilisation,
BMDCs expressing GFP were imaged repetitively over a 3-
week period in the same animals (n = 6). Control mice show
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Figure 3 Effects of granulocyte colony stimulating factor (G-CSF)
mobilisation on wound closure. Wound measurement of control group
(n = 6) and bone marrow mobilised group (n = 6) in mice. Wounds were
excised on the dorsum of mice and treated with G-CSF as described.
Wounds were traced once a day and the area was determined after
computer digitisation of the wounds. Each point represents the mean of
six wounds. *P < 0-05.

lower GFP signal intensity (n = 6) compared with mobilised
group during the whole wound-healing process (Figure 4).

Mobilised BMDCs contribution
to wound healing

GFP+ cells were colocalised with cytokeratin 10 (CK 10), fac-
tor VIII (F-VIII) and a-SMA (Figure 5). Immunohistochemi-
cal analysis for GFP—+ cells within the wound could also coex-
press a-SMA (on the 5th day after wounding), which indicates
that BMDCs could differentiate into fibroblasts (Figure 5, left
column). We also found incorporation of GFP+ cells in the
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Figure 2 Flow cytometry histogram of circulating cells from a control mouse (middle) and an enhanced green fluorescent protein (EGFP) bone
marrow-transplanted mouse (right). Note the shift in emission spectra in the fluorescein isothiocyanate (FITC) channel, with 94-1% +2.-8 of the
circulating cells fluorescing green.
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Figure 4 In vivo cellular tracking by spectral fluorescence imaging.
Control mice show lower green fluorescent protein (GFP) signal intensity
(n = 6) compared with mobilised group during the whole wound-healing
process. *P < 0-05.
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Figure 5 Immunohistochemical examination of bone marrow-derived
cells (BMDCs) integration and differentiation in the wound site
after granulocyte colony stimulating factor (G-CSF) treatment. Green
fluorescent protein (GFP) positive cells (green) were colocalised with
a-smooth muscle actin (a-SMA) (on the 5th day after wounding), factor
VIII (on the 5th day after wounding) and CK 10 (1 week after wounding)
(red).

walls of blood vessels (on the 5th day after wounding). These
cells were typically found lining the luminal side of the ves-
sels, and stained positive for factor VIII (Figure 5, middle
column), thereby indicating that they undergo endothelial dif-
ferentiation. Staining of the skin samples for GFP+ cells coex-
pressed CK 10 (1 week after wounding) as well (Figure 5,
right column). Most GFP+ cells seen in the epidermis were
closely associated with hair follicles, primarily in the region
of the inner and outer root sheath and the dermal papillae
and occasionally near the bulge region of the hair follicle.
This suggests that the BMDCs could transdifferentiate into
keratinocytes.

Contribution of mobilised BMDCs
to growth factor mRNA expression
in wounds

We compared the mRNA expression of various growth fac-
tors in wound tissue of G-CSF mobilisation group and con-
trol group by means of quantitative real-time PCR. Figure 6

© 2012 The Authors
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Figure 6 Effect of granulocyte colony stimulating factor (G-CSF) therapy
on growth factor expression in wounds. Experimental animals were
divided and managed as described. On days O, 3, 6, 9, 12, 15 and
18 after injury, tissue of wounds were excised, and changes of VEGF,
bFGF and EGF were detected by real-time quantitive polymerase chain
reaction (RT-PCR).*P < 0-05.

compares the mRNA expression levels of these growth fac-
tors in wound tissue during the wound-healing period. In the
control group, mRNA expression of epidermal growth fac-
tor (EGF)/basic fibroblast growth factor (bFGF) increased,
reached the peak on the 3rd day after wound injury, and
then declined to the normal level on the 6th day. In con-
trast, in the G-CSF mobilisation group EGF/bFGF mRNA
expression was enhanced throughout the first 6 days before
dropping to the normal level. There was no statistical dif-
ference of the peak values between two groups. However,
the time for high expression of EGF and bFGF mRNA was
extended in mobilisation group compared with control group
(Figure 6A,B).

In the control group, mRNA expression of vascular
endothelial growth factor (VEGF) increased and reached the
peak on the 6th day after skin injury, and then decreased to the
normal range. On 0, 3, 6, 9 days after G-CSF mobilisation the
mRNA expression of VEGF was significantly higher than the
corresponding values in the control group (Figure 6C). These
results indicate that G-CSF mobilisation could up-regulate
VEGF mRNA expression and extend high expression time
of EGF and bFGF mRNA in skin wounds.

Discussion

Wound healing is a complex process, initiated by interac-
tions between many cell types, soluble factors and matrix

International Wound Journal © 2012 John Wiley & Sons Ltd and Medicalhelplines.com Inc 477



Mobilised BMDCs accelerate wound healing

components (3,4), which involves multiple local and sys-
temic signalling medicators, such as growth factors, cytokines,
chemokines and proteolytic enzymes (5). The sum of these
interrelated events determines the process of wound healing.
Stem cells in bone marrow include haemopoietic stem cells,
MSCs and multipotent adult progenitor cells (6). MSC therapy
has emerged as a highly promising approach of regenerative
cell therapy (7—12). The stem cells can enter a transdifferen-
tiation pathway to be programmed into specific cells required
for regenerating damaged tissues. However, some results sug-
gest that BMDCs do not significantly contribute to steady-
state epidermal homeostasis and are not required or respon-
sible for providing keratinocyte stem cells and keratinocyte
repopulation following skin injury (2). Fan and coworkers (2)
found that in murine models keratinocytes derived from donor
BMDCs re-presented only one to three cells per 10° total epi-
dermal cells obtained from healed wounded skin, a frequency
of 0-0001% to 0-0003%. These data indicate that BMDCs have
a minimal contribution to the repair process after skin injury.
A reasonable explanation of this result may be that BMDCs
in peripheral circulation is extremely limited, resulting in rare
incorporation of BMDCs to the wounds. We therefore seek
to find a new approach to increase BMDCs ‘releasing’ from
bone marrow to the peripheral circulation by which to amplify
the effect of BMDCs in wound healing.

G-CSF is a cytokine synthesised by a variety of cell types,
and is known to be involved in the proliferation and differ-
entiation of granulocytes and their precursors, as well as in
mediating haematopoietic stem cell and MSC mobilisation to
peripheral blood (13,14). Recent studies have indicated that
G-CSF may be effective in mobilising cells that contribute to
organ repair (15—17). However, little is known with respect
to skin regeneration after G-CSF mobilisation. On basis of the
observation that extra-organ stem cells play a minor role in
wound repair in the absence of cell-mobilising factors such
as G-CSF, we hypothesise that BMDC mobilisation could be
effective in accelerating wound healing after skin injury.

Green fluorescent protein (GFP) has been used for cell
tracking and imaging gene expression in superficial or surgi-
cally exposed structures. In order to further trace the BMDCs,
we used a GFP chimeric mouse model. For imaging the
immunofluorescence, we used a stringent system of optical
filters to exclude the possibility of autofluorescence and other
conditions of false positive green fluorescence. GFP signal
intensity was quantified to indicate the approximate number
of GFP+- cells in the wound. Our results indicate that, after G-
CSF mobilisation there was substantial GFP+ cell infiltration
in wounds during the acute early phase, which was detected by
spectral fluorescence imaging. As the inflammation subsides,
there was a discrete population of cells expressing GFP that
persists up to 7 days after the wound was healed. However,
mice in control group showed lower GFP signal intensity dur-
ing the acute early phase and the GFP signal could hardly be
detected after wound healing. From these data, it is clear that
after bone marrow mobilisation there were a larger propor-
tion of GFP+ cells originating from the bone marrow in the
healing wound in comparison with the control mice. After
G-CSF mobilisation, the capability of BMDCs was enhanced
to participate phenotypically in the restoration of BM-derived
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myofibroblasts, hair follicles, dermal blood vessels and epider-
mal phenotype post-injury, which were shown by morphology
and immunoreactivity for CK 10, factor VIII and a-SMA.
Most GFP+ cells seen in the epidermis were closely asso-
ciated with hair follicles, primarily in the region of the inner
and outer root sheath and the dermal papillae and occasionally
near the bulge region of the hair follicle. This finding confirms
that after bone marrow mobilisation BMDCs are recruited
non-specifically via the inflammatory response and neovas-
cularisation (18—20). In the wound environment, recruited
BMDCs can differentiate into epidermal stem cells or transit-
amplifying cells near the region of hair follicles.

Growth factors play a crucial role in wound healing
(21-23). Wound healing could be enhanced by a number of
tissue repair growth factors secreted by both tissue-borne cells
and those recruited to the wound immediately after tissue
injury. Therapeutic efficacy of systemical G-CSF in wound
healing might be related to increased growth factor production
on wound site. Indeed, our RT-PCR analysis of growth factor
mRNA expression in G-CSF-treated group showed constitu-
tive expression of VEGF, bFGF and EGF. VEGF is released
by a variety of cells and stimulates multiple components of the
angiogenic cascade. Experimental data supports the hypothesis
that VEGF stimulates epithelialisation and collagen deposi-
tion in a wound (21). Fu er al. (24) investigated the effect of
bFGF on burn wound in a randomised placebo-controlled trial
and showed that bFGF effectively decreased healing time and
improved healing quality. Uchi et al. (25) evaluated the clini-
cal efficacy of bFGF for diabetic ulcer and showed accelerated
wound healing effects of bFGF.

The role of EGF has been extensively investigated in nor-
mal and pathological wound healing. It is implicated in ker-
atinocyte migration, fibroblast function and the formation of
granulation tissue (26). This investigation suggests that upreg-
ulation of growth factor expression in wound tissue following
G-CSF therapy plays a key role in promoting cellular pro-
cesses such as chemotaxis, cell proliferation, cell signalling
and angiogenesis that are critical to proper wound healing.
The data obtained in this study indicate that the healing effect
on full-thickness wound resulting from G-CSF treatment is
associated with increased expression at the wound site of
VEGF, bFGF and EGF by various cell populations, including
macrophages, haemopoietic stem cells and MSCs.

A regenerative medicine approach for tissue repair focused
on the direct manipulation of endogenous adult stem cells,
avoiding the immunocompatibility issues and complicated in
vitro procedures, is very appealing. The approach appears
reliable and safe and is very promising in terms of effec-
tively stimulating the repair process in injured tissue. We
have shown that G-CSF exerts multiple beneficial effects on
skin repair, both by increasing the engraftment of BMDCs
into the skin to differentiate into multiple skin cell types, and
upregulating essential cytokines critical to wound repair. The
potential trophic effects of G-CSF on bone marrow stem cells
to accelerate wound healing could have a dramatic clinical
impact. Also this study does not discriminate the ultimate ori-
gin of the BMDCs which are participating in skin regeneration
after mobilisation. We believe that the G-CSF treatment is
an appealing and functional potential therapy for improving
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wound healing because it shortens the course of wound heal-
ing and offers both ease of treatment and versatility. Further
work on understanding the mechanism of G-CSF mobilisation
in accelerating wound healing and the long-term outcomes of
healed wounds will be critical for introduction of these find-
ings into clinical practice.

Conclusion

Bone marrow mobilisation by G-CSF exerted multiple benefi-
cial effects on skin repair, both by increasing the engraftment
of BMDC:s into the skin to differentiate into multiple skin cell
types and by upregulating essential cytokine mRNAs critical
to wound repair. The potential trophic effects of G-CSF on
bone marrow stem cells to accelerate wound healing could
have a significant clinical impact.
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