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Abstract
While dermal substitutes can mitigate scarring and wound contraction, a significant drawback of
current dermal replacement technologies is the apparent delay in vascular ingrowth compared with
conventional skin grafts. Herein, we examined the effect of the chemokine stromal cell-derived
factor-1 (SDF-1) on the performance of a porous collagen–glycosaminoglycan dermal analog in
excisional wounds in mice. C57BL/6 mice with 1 cm×1 cm dorsal full-thickness wounds were
covered with a collagen–glycosaminoglycan scaffold, followed by four daily topical applications
of 1 μg SDF-1 or phosphate-buffered saline vehicle. Some animals were also pretreated with five
daily doses of 300 mg/kg granulocyte colony-stimulating factor. Animals treated with SDF-1 and
no granulocyte colony-stimulating factor reepithelialized 36% faster than vehicle controls (16 vs.
25 days), and exhibited less wound contraction on postwounding day 18 (~35% greater wound
area) plus three-fold longer neoepidermis formed than controls. Conversely, granulocyte colony-
stimulating factor promoted contraction and no epidermal regeneration. Early (postwounding Day
3) inflammatory cell infiltration in the SDF-1-treated group was 86% less, while the fraction of
proliferating cells (positive Ki67 staining) was 32% more, when compared with controls. These
results suggest that SDF-1 simultaneously delays contraction and promotes reepithelialization and
may improve the wound-healing performance of skin substitutes.

Healing large skin defects with minimal scarring and contraction remains a significant
problem in patients with burns, chronic wounds, and skin cancer.1 Scarring and wound
contraction are dermal phenomena that can be mitigated by the use of skin grafts and dermal
substitutes, such as Integra™ and Alloderm™, which provide templates for dermal
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regeneration.2 In spite of their benefits in burns and reconstructive surgery, a significant
drawback of current dermal replacement technologies is the apparent delay in vascular
ingrowth compared with conventional skin grafts.3-5

Wound healing is a highly coordinated process where cell–cell interactions (homotypic and
heterotypic) are important and are mediated, in part, by chemokines, a family of signaling
molecules that have chemotactic properties for leukocytes and other cell types, and likely
participate in the regulation of angiogenesis, epithelialization, and tissue remodeling phases
of wound healing.6 The CXC chemokine stromal cell-derived factor-1 (SDF-1/CXCL12),
which specifically binds the receptor CXCR4, plays a key role in the trafficking of
lymphocytes,7 hematopoietic stem cells, and endothelial progenitors.8 While the majority of
chemokines are inducible, SDF-1 is constitutively expressed in many tissues including the
skin.9,10 In skin wound healing, recent studies have shown that SDF-1 is down-regulated
both at the mRNA and at the protein level within the early granulation tissue, while it is up-
regulated at the wound margins, particularly in fibroblasts and endothelial cells.11

Inflammatory cytokines, such as tumor necrosis factor-α, interleukin-1, and interferon-γ,
have been shown to decrease SDF-1 expression in fibroblasts.11,12

Because SDF-1 expression is reported to be primarily at the wound edges, it is plausible that
SDF-1 levels are relatively low over much of the wound area. In light of the various known
chemotactic properties of SDF-1 toward stem cells and progenitor cells that may be
beneficial to wound healing, we investigated the effect of an exogenous application of
SDF-1 on the healing of wounds extending deep into the dermis when used in combination
with a dermal skin substitute. We also investigated the effect of systemic granulocyte
colony-stimulating factor (GCSF) pretreatment to increase the number of circulating stem
cells before SDF-1 application.

MATERIALS AND METHODS
Materials

Recombinant mouse CXCL12/SDF-1α was purchased from R&D Systems (Minneapolis,
MN). GCSF was purchased as commercially available Neupogen (Filgrastim) in 300 μg/mL
concentration from Amgen (Thousand Oaks, CA).

A 1-mm-thick dermal scaffold consisting of a porous cross-linked collagen–
glycosaminoglycan (GAG) matrix was prepared by mixing a suspension of bovine collagen
and shark-derived chondroitin-6-sulfate, and subjecting the precipitated copolymer to cross-
linking by dehydrothermal treatment based on prior established protocols.13 This thickness
was chosen to match that of murine skin.

Animals
Male 29–35-day-old wild-type mice (C57BL/6) were purchased from Charles River
Laboratories (Wilmington, MA) and maintained in accordance with National Research
Council guidelines. Animals were housed in an Association for Assessment and
Accreditation of Laboratory Animal Care (AAALAC)-accredited facility at the Shriners
Hospitals for Children-Boston, and all procedures on animals were approved by the
Subcommittee on Research Animal Care at Massachusetts General Hospital.

Wound model
Approximately half of the animals in a cohort (n=19) were pretreated with 300 μg/kg GCSF,
given subcutaneously daily for 5 days before surgery.14 The remainder (n=21) were given
saline instead. One day before surgery, all animals were shaved and depilated (Nair R,
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Church & Dwight Co., Princeton, NJ). On the day of the surgery (Day 0), the mice were
weighed and anesthetized with 60 mg/kg pentobarbital. The dorsal skin was marked using a
standardized 1.0 cm2 square template. A full-thickness wound was created on the dorsal area
of the mouse by excising a 1 cm ×1 cm square of skin (epidermis, dermis, and underlying
panniculus carnosus). An equivalent piece of collagen–GAG dermal scaffold (skin
substitute) was sutured onto the wound, ensuring that its porous bottom surface was in
contact with the wound bed. Then, 1 μg SDF-1 in 100 μL of phosphate-buffered saline
(PBS) was pipetted onto the scaffolds of approximately half of the saline-pretreated (n=11)
and half of the GCSF-pretreated animals (n=10). The other animals received the same
volume of PBS solution. Benzoin tincture compound (Paddock Laboratories, Minneapolis,
MN) was applied around the wound margins. Once dry, the wound area was covered with a
semiocclusive transparent polyurethane dressing (Tegaderm™, 3M, St. Paul, MN). Animals
received subsequent topical SDF-1 or PBS treatments once a day for 3 additional days by
injecting under the polyurethane dressing and on top of the scaffold without disturbing the
dressing. More specifically, the skin was punctured with the needle away from the wound
area. Then, the needle tip was pushed subcutaneously until located ~1 cm away from the
wound site and under the dressing. The skin was punctured again, allowing the needle to
emerge between the skin and the dressing, and slowly moved above the center of the
scaffold, where fluid was dispensed.

This created four experimental groups: (a) GCSF+SDF-1 (n=10); (b) SDF-1 alone (n=11);
(c) GCSF alone (n=9); and (d) PBS vehicle control (n=10). Three days postsurgery, some
animals in each group (n=6, 6, 5, and 6, respectively) were euthanized and the wounds were
harvested en block including the surrounding skin and underlying tissue areas. The rest of
the animals were monitored daily and sacrificed when reepithelialization was evident
macroscopically (based on the absence of redness and fluid exudate) on Day 18 postsurgery.
Wounds were photographed digitally from a standard height on the day of surgery (Day 0)
and the day the animals were sacrificed (Days 3 and 18).

Histological processing
Excised tissues were fixed in 10% neutral-buffered formalin for 24 hours and then stored in
70% alcohol at 4 °C until final processing. Wound tissues were cut along a midline,
embedded in paraffin, processed into 5-μm-thin sections, and stained using the hematoxylin
& eosin (H&E) protocol. The histological images were photographed using a Nikon
Labophot (Melville, NY) microscope equipped with a Polaroid DMC2 color camera
(Concord, MA) using analysis software version v 2.1. Images were taken in the center of
each histological section at ×4, ×10, and ×40 magnifications.

Tissue morphometric analysis
To determine the macroscopic wound area, the digital macroscopic images were analyzed
using NIH ImageJ software v 1.40 g (ImageJ, NIH, Bethesda, MD). Planimetry was used to
calculate the scar area, which was defined as the area devoid of hair growth on Day 18
postsurgery. This value was expressed as a percentage of the initial wound area, which was
measured immediately after surgery on Day 0.

Stained histological sections from Day 18 postsurgery were also analyzed microscopically at
4 magnification using ImageJ software to determine the neoepidermal length and contraction
distance. Neoepidermal length was defined as the distance of reepithelialization between the
ends of the normal epidermis on either side of the wound. Contraction distance was
measured as the distance between the panniculus carnosus in the uninjured normal dermis on
either side of the wound. Lateral wound margins in the histological sections were
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determined by the presence of appendages (hair follicles, sweat glands) and a more
organized epidermis and dermis.

Immunohistochemistry protocol and analysis
The paraffin sections from the Day 3 postsurgery wounds were stained for the cell
proliferation antigen Ki67, whereas the Day 18 postsurgery wounds were stained for α-
smooth muscle cell actin (α-SMA) according to previously published protocols.15

Ki67 antigen retrieval was accomplished by treatment with Proteinase K (Roche Diagnostics
Corp., Indianapolis, IN) and microwaving in 10 mM sodium citrate (pH56), respectively.
The primary antibody for Ki67 was from LabVision (Freemont, CA). A biotinylated anti-rat
IgG secondary antibody was used in conjunction with a tyramide amplification system
(PerkinElmer, Boston, MA). High-power (×40) magnification digital images were visualized
using Adobe Photoshop CS software (Adobe Systems Incorporated, San Jose, CA). Images
of the Ki67-stained wound sections were quantified to determine the number of proliferating
cells (brown nuclei) over the entire section using three fields per histological section (one in
the middle of the granulation tissue and two on either lateral aspect). The cell proliferation
rate was expressed as a percentage of positive nuclei to total nuclei.15

For α-SMA staining, the deparaffinized histological slides were pretreated with 0.1% trypsin
(Sigma Chemical Co., St. Louis, MO) to facilitate antibody penetration. Endogenous
peroxidase was quenched with 3% hydrogen peroxide (Sigma Chemical Co.). Nonspecific
sites were blocked with 1% goat serum (Sigma Chemical Co.). A monoclonal anti-α-SMA
antibody from Sigma Chemical Co. was used in conjunction with a biotinylated goat anti-
mouse IgG secondary antibody (Sigma Chemical Co.) and affinity-purified avidin (Sigma
Chemical Co.). The labeling was carried out using an aminoethyl carbazole chromogen kit
(Zymed Laboratories Inc., South San Francisco, CA) and the slides were counterstained with
Mayer’s hematoxylin. Negative controls of each histological section were also performed,
which were stained with an anti-myeloma IgG2σ instead of the primary antibody.
Myofibroblasts were identified as α-SMA-positive cells if they displayed the reddish brown
color for the chromogen with an intensity comparable to that of the vascular smooth muscle
cells in the same section. Digital images of the stained sections were obtained at 4×
magnification to measure the relative percentage of the α-SMA-positive cell area in the
wound area using NIH ImageJ software.16 H&E stain was performed to visualize and
compare the infiltration of inflammatory cells into the wound area among the animal groups
at an early time point (Day 3). The inflammatory cell density was evaluated among the
control and the GCSF+SDF-1 animal groups by assessing three fields per histological
stained slide (one in the middle of the wound scaffold area and two on either lateral aspect)
at ×40 magnification. Inflammatory cells (neutrophils, lymphocytes, and basophils) in each
high-powered field image were counted using Adobe Photoshop CS software (Adobe
Systems Incorporated).

Statistical analysis
Results are expressed as mean ± standard deviation. Unpaired Student’s t test (two-tailed)
was used to evaluate the significance of differences between groups. A p < 0.05 was
considered statistically significant.

RESULTS
In this study, we investigated the effect of topically applied SDF-1α on the wound-healing
response in wild-type mice. Each mouse was inflicted one wound consisting of a
fullthickness 1 cm ×1 cm excision on the dorsum area that was grafted with a collagen–
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GAG dermal matrix. The wounds were then covered with a thin silicone sheet dressing
(Tegaderm™). Some animals were also systemically administered GCSF, which was used to
mobilize stem cells from the bone marrow into the circulation, before wounding.

The animals and their respective wound gross morphology were followed every day
postsurgery (Day 0) until wound closure. “Wound closure” was defined as when the wound
area no longer exhibited redness and fluid loss (exudate). Reepithelialization of the closed
wounds was specifically confirmed by histology on Day 18. By Day 18, all groups treated
with SDF-1 and/or GCSF had closed wound areas while the wounds of the PBS vehicle
control group were still open (Figure 1). Histological analysis of wound cross-sections at
that time point confirmed that all wounds, except for PBS controls, had fully reepithelialized
(Figure 2). On average, wounds treated with SDF-1 alone closed within 16 days
postwounding, while the GCSF-treated groups took 18 days and the PBS vehicle controls
took 25 days to close (Table 1). Thus, SDF-1 treatment accelerated reepithelialization by
36% compared with PBS vehicle controls.

All wounds contracted to less than 10% of their initial wound area. Nevertheless, notable
differences among the animal groups were seen. Referring back to Figure 1, wounds in the
SDF-1 only-treated animals exhibited a clearly visible epithelialized area free of hair at the
time of closure, suggesting that a significant amount of new tissue had formed. GCSF-only-
treated animals, on the other hand, contracted almost completely, leaving a narrow “stellate”
scar with virtually no remaining hair-free area. Animals treated with a combination of both
GCSF and SDF-1 showed in-between behavior. Wound hair-free areas on Day 18 were
quantified and normalized to the initial wound area. The results show a significantly greater
wound area in the SDF-1 group compared with any other group (Figure 3). This area was
approximately 35% larger than in the control group, suggesting that in the presence of
scaffold, SDF-1 inhibited wound contraction. Conversely, GCSF-treated groups (with or
without SDF-1) contracted significantly more than the controls, suggesting that GCSF
promotes wound contraction.

To further corroborate these macroscopic results, we also measured the contraction distance
and neoepidermal length at the microscopic levels on histological sections of wounds
harvested on postwounding Day 18. Contraction distance was reduced by approximately
50% (Figure 4A), while neoepidermal length was increased by over three-fold in the SDF-1-
treated group compared with the PBS control group (Figure 4B). These results further
support the notion that SDF-1 inhibits wound contraction and promotes reepithelialization of
scaffoldgrafted wounds.

Because myofibroblasts are often present in contracting wounds, we stained for the
myofibroblast marker α-SMA in histological wound sections harvested on postwounding
Day 18. Representative observations at low magnification (×4) are shown in Figure 5, and
the percentage of α-SMA-positive area relative to the total wound area is reported in Table
2. Although there was high variability in the PBS control group, where wounds had typically
not fully reepithelialized, there was consistently more tissue expressing α-SMA in the
SDF-1 group compared with the GCSF group. In addition, the values for the SDF-1 and
SDF-1+GCSF groups were very similar.

As a preliminary investigation of the potential mechanisms of action of SDF-1 on the
wound-healing response, we examined some of the cellular events in the scaffold at 3 days
postsurgery. We found that scaffolds in SDF-1-treated animals had much less cellular
infiltrates (Figure 6), more specifically, there was a decrease of 86% in the SDF-1-treated
group compared with the PBS control group (Figure 7A). Concomitantly, there was an
approximately 30% increase in the number of proliferating cells in the SDF-1-treated group
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relative to the PBS control group (Figure 7B). Further studies are required to investigate the
specific cell types recruited into the wound site.

Central wound sections obtained postwounding on Day 18 were stained with Masson’s
trichrome to visualize the collagen fibers at low magnification in the wound bed and the
surrounding tissue area of the various animal groups in order to assess the quality of the scar
tissue. It was apparent that the collagen bundle organization and cell density in the scar area
of all wound groups were different from the surrounding unwounded normal skin. Focusing
on the scar areas, the control group showed clearly less collagen deposition as compared
with any of the treated groups (Figure 8). However, there was no apparent difference in the
collagen deposition or the orientation of the scar tissue area among the treated groups.

DISCUSSION
In this study, we found that topically applied SDF-1, when used in combination with a cross-
linked collagen–chondroitin sulfate matrix scaffold, delayed wound contraction and led to
faster closure (reepithelialization) of a full-thickness excision wound in normal wild-type
mice as compared with control animals grafted with the scaffold but otherwise treated with
PBS vehicle. More specifically, for a 1 cm×1 cm excision wound, the time to wound closure
was reduced from 25 to 16 days for SDF-1-treated wounds (Table 1). Similar wounds
without scaffolds healed in an 18- to 20-day time period, suggesting that while the scaffold
by itself slowed down wound closure, with the addition of SDF-1, wound closure time was
restored and even shortened compared with wounds not treated with either scaffold or
SDF-1. Furthermore, the addition of SDF-1 reduced wound contraction when compared with
the PBS vehicle controls (Figure 3). Thus, SDF-1 may significantly improve the
performance of cross-linked collagen–chondroitin sulfate matrix dermal scaffolds by both
promoting faster reepithelialization and further delaying wound contraction.

Prior studies have reported that SDF-1 enhances wound healing in various injury models,
including the skin, albeit without the use of scaffold biomaterials. For example, reports
indicate that skin wounds in dystrophin-deficient mice heal faster than wild-type mice,
which correlate with higher levels of SDF-1 as well.17 Furthermore, exogenous SDF-1 has
been shown to increase endothelial progenitor recruitment in wounds of diabetic mice18 and
to favor neovascularization in general.19 Because SDF-1 is known to be chemotactic for
stem cells,20 it is also plausible that SDF-1 promotes dermal tissue regeneration by attracting
hematopoietic stem cells21 and mesenchymal stem cells22,23 to the wound site. Furthermore,
it has been proposed that SDF-1 may promote the migration of neighboring endothelial
progenitor cells and stem cells24 into injured tissue, thus accelerating neovascularization.11

Recent studies indeed suggest that bone marrow-derived circulating stem cells, either
endogenous or injected intravenously, are recruited into the wound site,3,21 and differentiate
into vascular structures.25 Other studies also indicate that SDF-1 promotes keratinocyte
proliferation,26 which is consistent with the observed faster reepithelialization in the SDF-1-
treated wounds observed herein.

The fact that SDF-1 facilitated the wound-healing process in the presence of a scaffold
raises the question of whether scaffold–SDF-1 interactions may play an important role in the
biological response observed. Based on our study, we cannot discern whether there is such
an interaction but further experiments are warranted to explore the possibility of
cooperativity. It may be that by slowing down wound contraction, the scaffold material may
alter the kinetics of the wound-healing response in such a way that it enables SDF-1 to exert
an effect. If this is the case, it would be interesting to assess the role of the scaffold in
diabetic mice, which have inherently slower wound contraction than wild-type mice.27 It is
also plausible that SDF-1 binds the negatively charged chondroitin sulfate in the scaffold
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material, as SDF-1 is positively charged,10 with potential beneficial consequences, such as
prolonging the half-life and the duration of release of SDF-1 in the wound area.

While we observed reduced wound contraction with SDF-1 within the time frame of the
studies reported herein, in a few extra animals, we continued observations of the wounds
several weeks after closure and found that they continued to contract (data not shown); thus,
SDF-1 appeared to delay but not completely stop the wound contraction process in this
particular animal model. The α-SMA staining data are in line with this, because positive
staining was consistently found in the SDF-1- and GCSF+SDF-1-treated groups (Table 2),
suggesting that they were likely undergoing further wound contraction at the time of
observation (18 days postwounding). Interestingly, the GCSF-only group consistently had
the lowest expression level of α-SMA, which suggests that those wounds had fully
contracted by that time. α-SMA was extremely variable in the controls, which still had open
wounds on Day 18. In some instances (as shown in Figure 5A), the expression level was
very high, which may be due to the lack of epidermal signals, because the literature data
suggest that epithelial-derived factors inhibit fibroblast-mediated wound contraction.28

One study indicated that blocking endogenous SDF-1 resulted in increased
reepithelialization and decreased eosinophil infiltration in second-degree dermal burn
wounds 5 days postwounding, although complete reepithelialization of the burn wounds had
not occurred.29 An interesting fact is that while SDF-1 is known to be chemotactic for cells
expressing CXCR4,30,31 recent studies also indicate that at high concentrations, SDF-1
repels many CXCR4-expressing cell types.32,33 Thus, it is plausible that high levels of
SDF-1 could have similar effects to blocking SDF-1 in the wound-healing context. We did
observe a decrease in the inflammatory response in the SDF-1-treated groups at 3 days
postwounding (Figure 6), and various studies indicate that blocking CXCR4 inhibits the
recruitment of inflammatory cells in vivo.34 Prior literature data from fetal wound healing
studies also suggest that the lack of inflammatory cell recruitment into the wound is a
hallmark of fetal regenerative wound healing; as the embryonic immune system develops,
the inflammatory response to injury becomes more prominent, and wound healing shifts to
healing by scar formation.35-37 Thus, it would be interesting to ascertain whether the
decreased inflammatory response due to SDF-1 is an important contributor to the improved
wound healing observed here.

Some experimental groups included systemic GCSF pretreatment, which promotes the
release of hematopoietic cells from the bone marrow into the circulation.38 We found that
GCSF promoted faster wound closure (18 days vs. 25 days for the PBS control group; see
Table 1) in scaffold-grafted wounds, but the effect appeared to be entirely mediated by
wound contraction (Figures 1, 3, and 4). While the reasons for this were not explored here, it
is plausible that GCSF mobilizes bone marrow cells that promote wound contraction. For
example, prior experimental results have pointed out the existence of circulating fibrocytes
that can home into the wound site.39 Thus, understanding the impact of GCSF on the
dynamics of cells both in the circulation and in the wound site would require further study.
However, because inhibition of wound contraction in rodents correlates to better wound
healing by reduced scar formation in human wounds,40 these results suggest that GCSF may
be detrimental for the regeneration of dermal wounds.

In conclusion, the results from our experiments herein suggest that topically applied SDF-1,
when used in conjunction with a collagen–GAG dermal scaffold, simultaneously inhibits
wound contraction and stimulates reepithelialization in a mouse full-thickness excision skin
wound model. We propose that incorporating SDF-1 into skin substitutes may significantly
improve their wound-healing performance, especially in functional areas where wound
contraction and scar formation may be detrimental. Consequently, the SDF-1-treated skin
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substitute may be an effective approach to stimulate wound closure and quality tissue
formation in poorly healing tissues. Additional studies will be necessary to determine the
optimal dosage and administration schedule of SDF-1 to maximize the wound-healing
benefits. Investigation of the underlying mechanisms of action, including the possible roles
of SDF-1-mediated stem cell recruitment and modulation of the inflammatory response
would greatly help in achieving this goal. Further studies are also needed to investigate the
performance of SDF-1-treated-dermal scaffolds in larger wound areas, including those that
require coverage with split-thickness skin grafts.
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Glossary

α-SMA Alpha-smooth muscle actin

bFGF Basic fibroblast growth factor

CXCR4 Chemokine (C-X-C motif) receptor 4

GCSF Granulocyte colony-stimulating factor

H&E Hematoxylin and eosin

PBS Phosphate-buffered saline

SDF-1 Stromal cell-derived factor-1
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Figure 1.
Gross morphology of skin wounds grafted with a collagen–GAG scaffold on Day 18
postwounding. Two representative animals are shown for each group.

Sarkar et al. Page 11

Wound Repair Regen. Author manuscript; available in PMC 2011 September 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Wound cross-section harvested on Day 18 postwounding and stained with H&E. (A) SDF-1-
treated wound showing intact epidermis over the wound. (B) Control (PBS-treated) wound
showing break in the epithelium.
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Figure 3.
Quantified wound areas on Day 18 postwounding. Data shown are average ± SD of the hair-
free areas in the groups shown in Figure 1 above. N=4–5 mice per group. **p < 0.001; ***p
< 0.001 compared with the control, respectively.
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Figure 4.
Contraction distance (A) and neoepidermal length (B) measured on Day 18 postwounding.
*p < 0.05; ***p < 0.001 compared with the control. In (A), GCSF and SDF-1 groups are
also different from each other at a level of p < 0.001. N=4–5 mice per group. NS: not
significantly different from the control.
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Figure 5.
α-Smooth muscle cell actin (α-SMA) distribution in wound cross-sections on Day 18. (A)
Control; (B) GCSF only; (C) SDF-1 only; and (D) GCSF+SDF-1. Note that positive staining
of α-SMA (not visible in the GCSF-only group) appears as a reddish brown stain on the
tissue section and is pointed out by arrowheads. Bar=100 μm.
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Figure 6.
Cellular infiltrate seen in H&E-stained wound cross-sections on Day 3 postwounding. (A)
Control; (B) GCSF only; (C) GCSF+SDF-1; and (D) SDF-1 only. Bar=10 μm.
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Figure 7.
Quantification of number of recruited cells in scaffold on Day 3 postwounding. (A) Cell
number per high-power field. Data shown are average ± SD. N=5–6 mice per group. ***p <
0.001 compared with the control. (B) Fraction of Ki67-positive cells normalized to the total
cell number in the center of the scaffold. Data shown are average±SD. N=5–6 mice per
group. *p < 0.05 compared with the control.
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Figure 8.
Appearance of Masson’s trichrome-stained cross-sections showing collagen fiber
organization. (A) Control; (B) GCSF only; (C) GCSF+SDF-1; (D) SDF-1 only; and (E)
normal skin. Wound cross-sections are from Day 18 postwounding. Bar=100 μm.
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Table 1

Closure time for 1 cm×1 cm full-thickness wounds†

Experimental group Closure time (days)

With scaffold

 Control (PBS)

 GCSF only

 SDF-1+GCSF

 SDF-1 only

†
SD=1, and N=4–5 per group.

*
p < 0.05,

***
p < 0.001.

Wound Repair Regen. Author manuscript; available in PMC 2011 September 6.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Sarkar et al. Page 20

Table 2

Fraction of tissue positively stained for α-smooth muscle actin†

Experimental group Area (%)

Control (PBS) 12.4±13.0

GCSF only  5.2±1.1

SDF-1+GCSF 13.2±8.4

SDF-1 only 14.3±5.5 (p < 0.05 vs. GCSF only)

†
Data shown are average±SD, and N=4–5 per group.
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