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Abstract

Objective: To evaluate therapeutic effect of intradermal injection of bone marrow-derived mesenchymal (BM-
MSCs) versus adipose-derived (ASCs) stem cells on surgical skin wound healing.

Methods: Eighty albino rats were used and classified into four groups: | (Control), Il (skin wound), III (skin wound
with BM-MSCs treatment) and IV (skin wound with ASCs treatment). The rats were sacrificed on 7t or 14t days
from the day of wound induction and skin specimens were processed to be examined by light microscope.

Results: Examination of skin sections of groups Il, lll and IV after 7 days revealed discontinuity of epidermis,
granulation tissue formation and cellular infiltration which were more extensive in group Il. After 14 days, these
findings persisted in group Il, partially subsided in group Il and completely subsided in group IV. Collagen fibers
were increased with change in their orientation as the healing progress. The CD31 immunoexpression in endothelial
cells lining dermal blood vessels was increased in group |V after 7 days with significant reduction in the same group
after 14 days when compared with group Il and group llI.

Conclusion: Wound healing was more advanced with ASCs treatment and that could suggest ASCs as a
promising therapy for wound healing without complications and further investigations are recommended to enhance

the efficacy of ASCs as a therapy for tissue repair.
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Introduction

The goals of skin wound treatment is the enhancement of wound
closure with restoration of skin function as a barrier and for infection
prevention and pain suppression and hence allow rapid return to a
normal professional and social life [1]. Although several strategies were
tried to treat wounds, no ideal therapy is available to date and poor
responses and frequent reopening could be happened due to many
systemic metabolic diseases and local conditions like low
vascularization. Hence, new therapies are required for optimization of
wound healing outcomes [2].

Stem cells have great potential for damaged tissues replacement
through their unique ability for self-renewal and undergoing
differentiation and so are promising for wound treatment [3].
Mesenchymal stem cells (MSCs) are multipotent non-hematopoietic
cells could be derived from bone marrow, adipose tissue, skin, fetal
liver and umbilical cord blood [4,5]. MSCs were tested in clinical trials
and gave promising outcomes without any apparent toxicity in patients

[6].

Bone marrow-derived MSCs (BM-MSCs) were detected in the bone
marrow over the entire life span of mammals without exhibiting
hemopoietic markers but only regulate hematopoietic cell development
[7]. Moreover, it was reported that they can differentiate into neural

cells, hepatocytes, lung, kidney, skin, and the gastrointestinal tract cells
[8].

BM-MSCs are identical genetically to their hosts and so; do not lead
to immune reaction. However, obtaining of them by bone marrow
aspiration has the disadvantages of being an invasive process [9].

Adipose-derived stem cells (ASCs) are present in perivascular
region of white adipose tissue of subcutaneous fat and have the same
markers as other MSC isolated from bone marrow or umbilical cord.
They also share many properties with MSCs such as multipotentiality
and their ability to differentiate into adipocytes, chondroblasts,
osteoblatses, myoblast, fibroblasts and endothelial cells [10]. However,
they are more promising to be used in treatment applications than
other stem cells because they could be easily isolated in large quantities
and easy to be cultured [11]. The ability of ASCs for self-renewal and
tissue regeneration has great influence on proper wound healing with
invisible scars and thicker skin [12]. ASCs were reported to be suitable
for the treatment of wounds due to their ability to differentiate into
several cell types and secrete angiogenic and anti-apoptotic factors
[13].

So, the aim of the present study was to reveal therapeutic effect of
intradermal injection of BM-MSCs versus ASCs on the
histopathological changes during surgical skin wound healing in adult
male albino rats.
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Materials and Methods standard sterile conditions. Both the epidermal and dermal layers were
removed down to the subcutaneous connective tissue, creating a full-
Stem cells thickness wound [17].

Bone marrow derived mesenchymal stem cells (BM-MSCs) and
adipose derived stem cells (ASCs) were provided from Biochemistry
Department, Kasr Al-Ainy Medical School.

Bone marrow was harvested by flushing the tibiae and femurs of a
6-weeks old male rats with Dulbecco's modified Eagle's medium
(DMEM) supplemented with 10% fetal bovine serum. Nucleated cells
were isolated with a density gradient and re-suspended in complete
culture medium supplemented with 1% penicillin- streptomycin. Cells
were incubated at 37°C in 5% humidified CO, for 12-14 days, until
formation of large colonies (80~90% confluence). The culture was
washed with phosphate buffered saline (PBS) and released with 0.25%
trypsin in 1 mM EDTA (5 min at 37°C). After centrifugation, the cells
were re-suspended with serum-supplemented medium and incubated
in 50 cm? culture flask (Falcon, USA). MSCs in culture were
characterized by their adhesiveness and fusiform shape [14].

ASCs were derived from the adipose tissue around upper part of the
intestine of 6 weeks old male rats and washed with saline solution,
incubated in Dulbecco’s modified Eagle’s medium (DMEM). The cell
suspension was centrifuged and the sediments of stromal vascular
fraction (SVF) were collected. Isolated nucleated cells were re-
suspended in complete culture medium supplemented with 1%
penicillin-streptomycin. Cells were incubated for 12-14 days as
primary culture or upon formation of large colonies. When large
colonies developed (80-90% confluence), cultures were washed twice
with phosphate buffer saline (PBS) and cells were trypsinized with
0.25% trypsin in 1 mM (EDTA) for 5 minutes at 37°C. After
centrifugation, cells were re-suspended with serum-supplemented
medium and incubated in 50 cm? culture flask (Falcon, USA). On day
14, the adherent colonies of cells were trypsinized, and counted [15].

Experimental animals

Eighty adult healthy male albino rats (180-200 g body weight) were
obtained from breading animal house, Faculty of Medicine, Zagazig
University. The animals were maintained in accordance with the
guidelines of stem cell research unit in the central laboratory, Zagazig
University. Throughout the duration of the experiment, the rats were
housed at room temperature with normal light/dark cycles and were
allowed ad-libitum access to food and water. The experiment was
carried out in compliance with the “Guide of the Care and Use of
Laboratory Animals” [16]. Experimental protocols were approved by
the ethical committee of the Faculty of Medicine, Zagazig University.
One week after acclimatization, rats were randomly divided into four
equal groups (twenty rats each).

Group I (Control): Rats were equally subdivided into two subgroups
(ten rats each); subgroup Ia (negative control), the animals received no
treatment and subgroup Ib, the animals were injected intradermally on
the middle of the right dorsal side with 0.5 ml of phosphate-buffered
saline (PBS), the vehicle of stem cells [1].

Group II (Skin wound): The rats were anesthetized using an
intramuscular injection of ketamine and xylazine, at dose of 40 and 5
mg/kg body weight, respectively. The surgical area was shaved with an
electric razor and disinfected using 70% ethanol. After a deep surgical
plane of general anesthesia had been reached, a square of wound (1
cm?) were performed on the middle of the right dorsal side under

Group I (Skin wound with BM-MSCs treatment): The rats were
underwent surgical wound as group II then injected with BM-MSCs
extracted from male albino rats once at a dose of 1x10° cells per rat
suspended in 0.5 ml of PBS [18]. They were injected intradermally
immediately after wound induction using Short Needle Insulin Syringe
at cross shaped 4 injection sites in the margin of the surgical skin
wound.

Group IV (Skin wound with ASCs treatment): The rats were
underwent surgical wound as group II then injected with ASCs once at
a dose of 1x10° cells per rat suspended in 0.5 ml of PBS [19]. They
were injected intradermally immediately after wound induction using
Short Needle Insulin Syringe at 4 cross shaped injection sites in the
margin of the surgical skin wound.

The rats of the experimental groups (II, III and IV) received
Penicillin (5 mg/kg intramuscular) and anti-inflammatory Meloxicam
(0.2 mg/kg intramuscular) for three consecutive days after wound
induction. Their wounds were covered with a non-adhering dressing
allowing wound to heal and the bandages were replaced every other
day [20]. The rats were housed individually to avoid infection or
further damage to wound by the others. The state of wounds was
observed to detect any oozing or infection was every day. The rats of
experimental groups (II, IIT and IV) were sacrificed on 7" and 14t
days of wound induction. The animals of control group were sacrificed
at the same time with the corresponding experimental groups. Both
control skin and skin wound specimens were taken with the same
depth.

Histological and immunohistochemical study

Skin specimens (1 cm?) were fixed in in 10% formol saline for 48
hours and then processed to prepare paraffin blocks. Thick sections (5
pm) were prepared and stained by hematoxylin and eosin (H&E) and
Mallory trichrome stains [21]. Immunohistochemical study was done
for localization of CD31 in endothelial cells lining proliferating blood
vessels. The deparaffinized sections on charged slides were used using
avidin-biotin-complex (ABC) immunoperoxidase technique. The
sections were incubated in hydrogen peroxide for 10 min to block the
endogenous peroxidase then incubated with the primary anti-CD31
antibody at 1:5000 dilutions for 30 min at room temperature. The
primary anti-body used was a mouse monoclonal antibody with
cytoplasmic reaction specific for CD31 obtained from Lab Vision
Corporation (Cat. #MS-1873-R7). Then the slides were washed with
phosphate buffer then incubated with the secondary anti-mouse
antibodies universal kits obtained from Zymed Corporation. Staining
was completed by incubation with substrate chromogen DAB (3,3-
diaminobenzidine) which resulted in brown-colored precipitate at the
antigen sites and Mayer’s hematoxylin was used as a counter stain.
Positive control was lung tissue. Negative control sections were
prepared using PBS with-out using the primary antibody [22].

Morphometric study

The image analyzer computer system Leica Qwin at Pathology
Department, Faculty of Dentistry, Cairo University was used to
evaluate the following parameters in 10 consecutive fields from each
rat in randomly chosen five animals of each group. Using anti-CD31
immunostained sections, the mean area percentage of positive
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immunoexpression for CD31 was measured at a magnification 400X.
They were measured using the color detect menu and in relation to a
standard measuring frame.

Using Mallory trichrom stained sections; the mean area percentage
of collagen was measured. Three images per rat of each group were
captured at 100X magnification. The Image] software was used to
evaluate the percentage of blue staining (collagen) which was
measured as the percentage of total pixels in each image using the
“Threshold color”.

Statistical analysis

Data were coded and entered using the statistical package SPSS
(Statistical Package for the Social Sciences) version 24.

Data was summarized using median and interquartile range.
Comparisons between quantitative variables were done using the non-
parametric Kruskal-Wallis and Mann-Whitney tests. P-values less than
0.05 were considered as statistically significant.

Results

Histological and immunohistochemical results

Examination of skin sections of subgroups Ia and Ib were similar
and did not show any histological variations, therefore, results of
subgroup Ia were represented as the control group (I).

Examination of skin sections of control group showed the two layers
of the skin; epidermis and dermis. The epidermis was formed of
stratified squamous keratinized epithelium. The dermis consisted of
connective tissue with collagen bundles in different directions, few
blood vessels, fibroblasts, hair follicles and sebaceous glands. The
endothelial cells lining dermal blood vessels showed negative CD31
immunoexpression (Figures 1A-1D).

A&C X100; B&D X 400).

Figurel: Skin of control group showing the epidermis (thick arrow) with its keratin layer (K), underlying dermis (D), hair follicles (F) and
sebaceous glands (S). Few blood vessels (arrows), fibroblasts (arrow heads) and collagen bundles in different directions (c) are observed.
Negative CD31 immunoexpression is observed in endothelial cells of dermal blood vessels (A&B: H&E; C: Mallory trichrome; D: Anti- CD31.

Examination of sections from skin wound after 7 days showed
discontinuity of the epidermis at wound site which was covered by
highly elevated skin scab above epidermal surface and the wound gap

was filled with granulation tissue. The regenerating dermis at the
wound bed contained cells with pale stained cytoplasm and small dark
nuclei and surrounded by inflammatory exudates. The dermis at the
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boundaries of the wound showed the signs of inflammation in the with dispersed collagen fibers at the wound bed and showed weak
form of extensive cellular infiltrations and numerous blood vessels. ~CD31 immunoexpression of endothelial cells lining few of the blood
Hair follicles and sebaceous glands were absent. The dermis was filled  vessels (Figures 2A-2E).
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Figure 2: Skin wound after 7 days showing discontinuity of the epidermis (thick arrows), covering scab (S) highly elevated above epidermal
edge (1) and granulation tissue (G) filling the wound gap. At wound boundary, the dermis showing extensive cellular infiltration (I) and
numerous blood vessels (arrow heads). Cells with pale stained cytoplasm and darkly stained nuclei (arrows) surrounded by inflammatory
exudates (x) are seen in the wound bed with no skin appendages are seen. Collagen in the dermis at wound bed appears as dispersed fibers
(double arrows). Weak CD31 immunoexpression is observed in endothelial cells of few dermal blood vessels (curved arrows) (A-C: H&E; D:
Mallory trichrome; E: Anti- CD31. A X40; B&D X 100; C&E X 400).

B

Examination of sections from skin wound with bone marrow creeping to cover wound gap. The covering skin scab was slightly
derived mesenchymal stem cells treatment (wound+BM-MSCs) after 7 elevated above epidermal surface with inflammatory exudates under it.
days showed discontinuity of epidermis with starting of epidermal Dense cellular infiltrations and blood vessels were detected in the
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regenerating dermis at wound bed with absence of hair follicles and
sebaceous glands. Some collagen bundles arranged perpendicular to
the surface and moderate CD31 immunoexpression of endothelial cells
lining some dermal blood vessels were observed (Figures 3A-3E).
Examination of sections from skin wound with adipose derived stem
cells treatment (wound+ASCs) after 7 days showed creeping of
epidermis under skin scab which was non-elevated above epidermal
surface with inflammatory exudates under it. Dense cellular
infiltrations and several blood vessels were seen in the dermis with
absence of hair follicles and sebaceous glands. Thick collagen bundles
arranged perpendicular to the surface and strong CD31
immunoexpression in endothelial cells of several dermal blood vessels
were observed (Figures 4A-4E). Examination of sections from skin
wound after 14 days showed continuous epithelium of ununiformed
thickness and covered by scab and a thin keratin layer. The dermis
appeared with persistent numerous blood vessels and cellular
infiltrations. Some cells had pale stained cytoplasm and dark shrunken
nuclei with deposition of collagen fibers parallel to epidermal surface
and the skin appendages were still absent. Moderate CD31
immunoexpression was observed in endothelial cells of some dermal
blood vessels (Figures 5A-5D). Examination of sections from skin
wound+BM-MSCs after 14 days showed continuous epidermis with
epidermal ridges and thin keratin covering layer. The dermis showed
cellular infiltration with few pale stained cells with dark small nuclei
and some blood vessels were still detected. The hair follicles started to
reappear and collagen fibers were arranged in dermis parallel to
epidermis. Mild CD31 immunoexpression was observed in endothelial
cells of some dermal blood vessels (Figures 6A-6D).

e an i %S
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Figure 3: Skin wound+BM-MSCs after 7 days showing creeping
epidermis (double arrow) under skin scab (s) slightly elevated above
epidermal surface with inflammatory exudates (X) beneath it.
Cellular infiltrations (I), blood vessels (arrow heads) and some
collagen bundles (arrows) arranged perpendicular to the surface are
observed in the dermis of wound bed. Moderate CD31
immunoexpression is observed in endothelial cells of dermal blood
vessels (curved arrows) (A&B: H&E; D: Mallory trichrome; E: Anti-
CD31. A&C X 100; B&D X 400.).

Figure 4: Skin wound+ASCs after 7 days showing a creeping of
epidermis (thick arrow) covered by non-elevated skin scab (S) and
few exudates (x). The dermis contains several blood vessels (V), few
pale stained cells with dark nuclei (arrowheads) and thick collagen
bundles (arrows) arranged perpendicular to the surface. Strong
CD31 immunoexpression is observed in endothelial cells of several
dermal blood vessels (curved arrows) (A&B: H&E; C: Mallory
trichrome; D: Anti- CD31. A&C X100; B&D X 400).
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Figure 5: Skin wound after 14 days showing continuous epithelium
of ununiformed thickness (double arrows) covered by a thin keratin
layer (K) and skin scab (S). The dermis is still rich in blood vessels
(V), cellular infiltration (thick arrows) and some cells with pale
stained cytoplasm and dark small nuclei (arrowheads). Collagen
fibers are deposited in the dermis parallel to epidermis (C).
Moderate CD31 immunoexpression is observed in endothelial cells
of dermal blood vessels (arrows) (A&B: H&E; C: Mallory
trichrome; D: Anti-CD31. A&C X 100; B&D X 400).
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Figure 6: Skin wound after 14 days+BM-MSCs showing continuous
epidermis (E) with epidermal ridges (arrow heads) covered by thin
keratin layer (double arrow). Cellular infiltration (I) and some hair
follicles (F) are observed in the dermis at wound bed. Few pale
stained cells with dark small nuclei (arrows), some blood vessels (V)
and collagen fibers (thick arrows) arranged parallel to the epidermis
are observed. Mild CD31 immunoexpression is detected in
endothelial cells of some dermal blood vessels (arrows) (A&B:
H&E; C: Mallory trichrome; D: Anti- CD31. A&C X 100; B&D X
400).

Examination of sections from skin wound+ASCs treatment after 14
days showed continuous epidermis covered by thick keratin layer. The
dermis appeared less cellular as the cellular infiltration was greatly
subsided with presence of few fibroblasts and few blood vessels.
Collagen bundles appeared in different directions with reappearance of
skin appendages. Weak CD31 immunoexpression was observed in
endothelial cells of few dermal blood vessels (Figures 7A-7D).

Figure 7: Skin wound+APCs after 14 days showing continuous
epidermis (E) covered by thick keratin layer (K). The dermis is less
cellular with reappearance of hair follicles (F) and sebaceous glands
(S), containing fibroblasts (arrows), collagen bundles in different
directions (C) and few blood vessels (arrow heads). Weak CD31
immunoexpression is observed in endothelial cells of few dermal
blood vessels (arrows) (A&B: H&E; C: Mallory trichrome; D: Anti-
CD31. A&C X 100; B&D X 400).

Morphometrical and statistical results

Statistical analysis of the of the mean area percentage of CD31
immunoexpression, as an indicator of proliferating new blood vessels,
showed statistical differences among studied groups. After 7 days of
wound induction, significant increase in CD31 immunoexpression was
detected in group IV (wound+ASCs) when compared with other
studied groups. Significant reduction in CD31 immunoexpression was
observed in group II (wound) when compared with both group III
(wound+BM-MSCs) and group IV (wound+ASCs). After 14 days,
significant reduction in CD31 immunoexpression was observed in
group IV (wound+ASCs) when compared with both group II (wound)
and group IIT (wound+BM-MSCs) (Table 1 and Histogram1).

Groups Control Group (l)| Wound Wound+BM-MSCs Group (lll) Wound+ASCs
Mean = SD
Group (1) Mean = SD Group (IV)
(n=20) Mean * SD (n=20) Mean + SD
(n=20) (n=20)
After 7 d After 14 d After 7 d After 14 d After 7 d After 14 d
Area % of CD31 2.80£0.30 4.16 £ 0.302 7.13+0.22 16.12+£0.15 13.79 £ 0.302 18.37 £ 0. 442 504+1.41°0
Area % of | 45.4 +2.31 49.1+4.32 63.3 £ 9.152 53.5 +4.59 60.3 + 6.452 59.3 £ 5422 47.2 +3.05°
collagen
aSignificant change (P<0.05) among studied groups.
bSignificant change (P<0.05) when compared with group I1&lI1).
SD=Standard deviation; n=Number of animals; d=days.

Table 1: Statistical analysis of area % of CD31 immunoexpression and area % of collagen fibers among the studied groups.
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Histogram 1: The mean area % of CD 31 immunoexpression among
the studied groups.

After 7 days, statistical analysis of the mean area % of collagen
showed significant increase in group IV (wound+ASCs) when
compared with other studied groups. After 14 days, the mean area % of
collagen showed significant increase in both group II (wound) and
group III (wound+BM-MSCs) when compared other studied groups.
However, significant reduction in collagen was observed in group IV
(wound+ASCs) when compared with both group II (wound) and
group III (wound+BM-MSCs) (Table 1 and Histogram 2).

Historam2

Histogram 2: The mean area % of collagen among the studied
groups.

Discussion

Skin wound is a health care problem as normal wound healing
remains imperfect even under optimal conditions with failing to
resume skin structure and function [23]. In the present work, the
choice of MSCs treatment for wound healing was attributed to their
reported ability of migration to sites of injury without immune
reaction and ethically, MSCs use is not hindered, in contrast to the use
of human embryonic stem cells [3,24]. The choice of ASCs, in the
present study, was owing to their reported advantage of being easy
isolated in large quantities, easy to be cultured and amplified and
hence has more potential for treatment applications [11].

In the current work, after 7 days of wound induction, light
microscopic examination of H&E stained wound sections of groups II,
III and IV revealed discontinuity of epidermis, granulation tissue
formation, skin scab and inflammatory infiltrate. In the same context,

the inflammation phase was described to involve increased vascular
permeability, migration of blood cells to wound site and plasma oozing
into injured tissue [25]. This inflammatory process was reported to be
important to start wound healing process and its suppression, as in
cases of diabetes mellitus, caused abnormal healing [26].

However, in the current study, after 7 days, the granulation tissue
and cellular infiltration were more extensive in group II than in both
groups III and IV. That is in consistence with the suggested anti-
inflammatory effect of MSCs and particularly of ASCs [27]. That was
explained by previous investigators who attributed this to their
paracrine effect with secretion of trophic factors that lead to
reprogramming of inflammatory macrophages from type 1 into an
anti-inflammatory macrophages type II that modulating inflammation
[3,28]. Moreover, enhanced expression of the anti-inflammatory
protein, tumor necrosis factor, was observed in the lung tissue after
MSCs trapping [29].

In the current study, apoptotic cells with pyknotic darkly stained
nuclei were observed in granulation tissue at wound bed. Similarly,
apoptosis of inflammatory cells was observed during first few days of
wound healing and was suggested to be important to end the process
of inflammation and initiate healing phase [30]. On the other hand,
failure of apoptosis during healing was reported to lead to pathological
repair with hypertrophic scar and keloid formation with
hypervascularity and hypercellularity [31].

After 14 days of wound induction, some of the granulation tissue
and the signs of inflammation persisted in group II and partially
subsided in group III and completely subsided in group IV. Despite the
importance of inflammatory reactions in wound healing process, the
persistence of them could be considered as a bad sign in wound
healing process as that may impair healing of the wound with
formation of chronic unhealed wounds [32]. Hence, in the present
work, the subsidence of cellular infiltration, after 14 days of wound
induction in group IV could be considered as a good sign of wound
healing.

In the present study, after 14 days, the wound of groups III and IV
showed appearance of epidermal ridges and reappearance of some skin
appendages that couldn’t be detected in the group II. Hence, these
findings could be considered as a sign of proper healing of epidermis.
In the same context, epidermal ridges were suggested to be taken as an
indicator for full differentiation of epidermis as these ridges are
essential to strength epidermal-dermal junction against shear stress
and to prevent penetration by pathogens [33].

Examination of Mallory trichrome stained sections of skin wound
after 7 days, showed collagen in the dermis of wound bed as dispersed
fibers in group (II) and as bundles perpendicular to the surface in both
III and IV groups which were thicker in group IV. These findings were
in the same context with Kwon and his colleagues who stated that
systemic and local injection of BM-MSCs caused significant increase in
collagen production with improvement of wound healing in diabetic
rats [24]. So, they suggested that collagen, as a major component of
extracellular matrix, is crucial for tissue repair after injuries. In
addition, collagen deposition defects were reported to be accompanied
with delayed wound healing in diabetic patients [32]. These findings
were explained by Xue and his colleagues who stated that MSCs could
provide early signal for dermal fibroblast to start healing of skin wound
and also have ability to differentiate into fibroblasts [34]. After 14 days,
collagen bundles in group IV deposited in different direction more or
less resembling that of control group. However, in IT and III groups, the
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collagen failed to form bundles in different directions and appeared as
fibers parallel to the surface. That could be attributed to the reported
ability of ASCs to express extracellular matrix proteins including
several types of collagen with formation of collagen type I network
[35]. In the same context, the BM-MSCs treated wound showed thin
collagen (type III) deposition with parallel orientation to skin surface
and then after the third week, was replaced by thick collagen (type I)
deposition in different directions with stress planes in a manner like
normal skin [36]. In addition, during the late regenerative phase of
wound healing, the fibroblasts were reported to undergo phenotypic
alteration into myofibroblasts to begin wound contraction [37].

In the current work, skin wound after 7 days showed significant
reduction in CD31 immunoexpression in endothelial cells lining
dermal blood vessels in group II although the presence of several blood
vessels within the granulation tissue and wound bed boundaries.
However, in III and IV groups, there was early increase in CD31
immunoexpression denoting increased angiogenesis. That is in
agreement with previous investigators who stated that BM-MSCs
transplantation increases capillary angiogenesis which is critical for
wound healing and skin grafting success as it restore vascular
perfusion and deliver nutrients to the wound [38,39].

Hence, wound angiogenesis regulation could be used to improve
healing particularly in cases of healing impairment [40]. The role of
BM-MSCs in skin repair was attributed to their angiogenic effect
through secretion of several arteriogenic cytokines such as vascular
endothelial growth factor (VEGEF), angiopoietin, apoptotic cells
elimination and through enhancement of the endothelial cells
proliferation and differentiation [18,41,42]. In the same context, MSCs
were reported to differentiate into endothelial cells and release
proangiogenic molecules attracting inflammatory and progenitor cells
to provide microenvironment suitable for neoangiogenesis and
subsequent wound healing. Hence, enhancement of angiogenic
capacity of BM-MSCs was reported to provide simple and efficient
therapy for the wounds with large defects [43]. In the present study,
angiogenesis after 7 days was significantly high in wound with ASCs
treatment when compared with wound with BM-MSCs treatment as
denoted by significant increase in CD31 immunoexpression. Similarly,
allo-ASCs transplantation ~ was observed  to induce
neovascularization better than auto-BM-MSCs transplantation [44].
Also, ASCs was suggested to accelerate healing of skin ulcers as they
differentiate into endothelial cells and through secretion of angiogenic
factors [13,45,46]. In addition, ASCs were suggested as an inducer for
angiogenesis in treatment of human limb ischemia [47]. This
therapeutic effect was suggested to be attributed to microvesicles
released from them [48]. However, after 14 days, the CD31
immunoexpression in the present work was significantly reduced in
group IV when compared with that of groups II and III. That is in
agreement with Basiouny and his colleagues who observed that
vascular endothelial growth factor (VEGF) stimulated angiogenesis
about 7 days after wounding and then showed reduction later on due
to diminished inducers of VEGF such as hypoxia and accordingly,
VEGF and neoangiogenesis decline again after wound healing [36].

Collectively, wound healing processes was more advanced, in the
present work, with ASCs treatment than with BM-MSCs treatment. In
same context, ASCs were reported to have ability to reduce wound
healing time in rats within 7 days [49]. Similar results were observed
after intradermal injection of allogenic BM-MSCs into linear wounds
incision in rats [50]. Although both ASCs and BM-MSCs have
improving effect on wound healing, ASCs have the advantage of being

more available in adequate amount and have less invasive methods to
be obtained [51]. In addition, in burn injury, where BM-MSCs were
suppressed, ASCs were reported to be more benefit in wound healing
especially when daily application is needed as ASCs were unaffected by
burn injury or culturing procedures [11,52]. Also, ASCs injection was
suggested to be a promising nonsurgical treatment for acute anal
sphincter injury [53].

Conclusion

Wound healing processes was more advanced with ASCs treatment,
more than with BM-MSCs treatment, as revealed by earlier restoration
of skin appendages, normal collagen bundles pattern and earlier
angiogenesis as indicated by increased CD31 immunoexpression
which then decreased as wound healing progress. That could
suggesting ASCs as a promising therapy for wound healing without
keloids or scars besides their more adequacy, more availability and less
invasive methods to be obtained. Further investigations are
recommended to confirm and enhance the efficacy of ASCs to be used
as a cell-based therapy for tissue repair.
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