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ABSTRACT

The complex process of wound healing can be delayed in circumstances when the natural niche is
extremely altered. Adipose-derived stem cells (ADSC) seem to be a promising therapy for these type of
wounds. We aim to describe the studies that used ADSC for wound healing after a full-thickness skin
defect, the ADSC mechanisms of action, and the outcomes of the different ADSC therapies applied to
date. We performed a review by querying PubMed database for studies that evaluated the use of ADSC
for wound healing. The Mesh terms, adipose stem cells AND (skin injury OR wound healing) and syno-
nyms were used for the search. Our search recorded 312 articles. A total of 30 articles met the inclusion
criteria. All were experimental in nature. ADSC was applied directly (5 [16.7%)]), in sheets (2 [6.7%)]), scaf-
folds (14 [46.7%)]), skin grafts (3 [10%)]), skin flaps (1 [3.3%]), as microvesicles or exosomes (4 [13.3%)]),
with adhesives for wound closure (1 [3.3%]), and in a concentrated conditioned hypoxia-preconditioned
medium (1 [3.3%]). Most of the studies reported a benefit of ADSC and improvement of wound healing
with all types of ADSC therapy. ADSC applied along with extracellular matrix, stromal cell-derived factor
(SDF-1) or keratinocytes, or ADSC seeded in scaffolds showed better outcomes in wound healing than
ADSC alone. ADSC have shown to promote angiogenesis, fibroblast migration, and up-regulation of mac-
rophages chemotaxis to enhance the wound healing process. Further studies should be conducted to
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assure the efficacy and safety of the different ADSC therapies.

Introduction

Repair is defined as the physiologic change of an organ to try to
recover its tissue after injury without exact replacement of the
damage [1]. Regeneration refers to the ability to replace the dam-
age entirely and recover morphology and functionality [2]. Wound
healing and regeneration is a complex process consisting of four
stages: hemostasis, inflammation, proliferation, and remodeling
[3]. Although healing is a natural process, in some circumstances,
wounds are difficult to heal, such as those caused by removal of
full-thickness of the skin such in surgical resections due to skin
cancer. In these situations, skin grafts or flaps are considered;
however, several limitations have been identified with the use of
these two therapies. Adverse events related to skin grafting con-
sist in graft dehiscence, partial graft loss, donor site morbidity,
poor color matching, pain, discomfort, and hypertrophic scar [2,4].
Whereas, the skin flap adverse events include hematomas, infec-
tion, necrosis, and dehiscence [5]. Limitations on the rotation arch
and size in skin flaps are also present, besides the need for micro-
surgery to keep the flap vascularized. For these reasons, cell
therapies appear to be a potential treatment to decrease the mor-
bidity of these procedures.

Cell therapies for skin tissue replacement after surgical resec-
tions have taken advantage of the properties of stem cells. These
undifferentiated cells are characterized for the ability to self-renew
and differentiate into functional cells [6]. Mesenchymal stem cells

are the focus of studies on skin regeneration; between them,
bone marrow-derived stem cells are the multipotent adult stem
cells most often studied [7]. However, current studies are evaluat-
ing the use of adipose-derived mesenchymal stem cells (ADSC)
due to their easier method of extraction, cost-effectiveness, lack
of ethical issues, and properties of differentiation into osteoblasts,
chondrocytes, adipocytes, myocytes, and skin cells [8-10].

To date, the efficacy of these stem cells on cutaneous wound
healing of full-thickness defects has not been well defined. In our
review, we aimed to describe all the preclinical studies that used
different ADSC therapies to promote wound healing of full-thick-
ness skin defects. In addition, we sought to describe the mecha-
nisms of actions and outcomes after the application of these
ADSC therapies.

Methods
Study selection

Our review included experimental in vitro/in vivo studies about
the use of ADSC in surgical wound healing of full-thickness skin
defects. Studies were included if they met following criteria: (1)
original experimental, prospective, or retrospective design focused
on ADSC as a primary resource for skin tissue regeneration; (2)
application of ADSC in any form of administration to surgical skin
wound healing of full-thickness defect; and (3) compared their
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results with a control group. Studies were excluded if they eval-
uated the use of fat grafting, stromal vascular fraction, keratino-
cytes, growth factors, platelets, and derivatives as a primary
source for wound healing; analyzed the use of ADSC specifically
in radiated or burned skin, scars, chronic pressure ulcers, diabetic
models or patients, and other causes of skin injury; were reviews,
case reports, and noncomparative descriptive studies of the topic,
or were written in other language than English.

Data sources and search strategy

A review was conducted by one author (MTH) on March 30, 2020
in the PubMed database searching for articles reporting on the
use of ADSC in wound healing for full-thickness skin defect. The
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines were followed. The Mesh Terms
used for the search strategy were the following: (Adipose derived
Stem Cells[Title/Abstract] OR Adipose-Derived Mesenchymal Stem
Cells[Title/Abstract] OR Adipose Derived Mesenchymal Stem
Cells[Title/Abstract] OR Mesenchymal Stem Cells, Adipose-
Derived[Title/Abstract] OR Adipose Derived Mesenchymal Stromal
Cells[Title/Abstract] OR Adipose-Derived Mesenchymal Stromal
Cells[Title/Abstract] OR Adipose Derived Mesenchymal Stromal
Cells[Title/Abstract] OR Adipose Tissue Derived Mesenchymal
Stromal Cells[Title/Abstract] OR ((mesenchymal stem cells[Title/
Abstract] OR adult stem cells[Title/Abstract] OR stem cells[Title/
Abstract]) AND (adipose[Title/Abstract] OR adipocyte[Title/
Abstract]))) AND  (skin injury[Title/Abstract] OR ((wound
healing[Title/Abstract] OR Healing, Wound|[Title/Abstract] OR
wound repair[Title/Abstract]) AND (skin [Title/Abstract] OR
cutaneous|Title/Abstract]))). Identified studies were uploaded into
EndNote (Clarivate). Two independent reviewers selected the final
studies. Manuscripts were screened manually by the first author
and selected according to the inclusion and exclusion criteria in a
two-steps process. First, studies were reviewed based on the title
and abstract. Second, the full text of the selected studies was
screened for the final selection. If the first author doubted select-
ing an article, the second author reviewed the article according to
the selection criteria and both reviewers came to a consensus for
the final decision.

Data pooling and data analysis

Relevant data were extracted and pooled as description of experi-
mental studies. The variables selected to describe experimental
study results included author, year of publication, and the type of
ADSC therapy. All data were compiled and compared. We classi-
fied the articles into the following six categories: ADSC directly,
ADSC in sheets, ADSC in scaffolds, ADSC in skin grafts and flaps,
ADSC-derived microvesicles or exosomes, ADSC with adhesives for
wound closure, and ADSC in concentrated hypoxia-precondi-
tioned medium.

Study quality assessment

Risk bias assessment was done according to a modified version of
SYRCLE's guidelines (Table 1) [11]. Quality assessment was difficult
in most cases due to the lack of information about possible bias
risks. Fifteen (50%) studies had a total bias free score of 5 or
more [9,12-25], and so, were considered to have a relatively low
risk of bias.

Results

We found 312 articles in our PubMed search, and looked for
articles inside the citations that could meet our inclusion criteria.
In total, 30 articles were included in our review (Figure 1). All
included studies were experimental and were published between
2011 and 2020. Five (16.7%) studies analyzed the effectiveness of
ADSC directly [8,9,18,25,26], two (6.7%) studies tested the effects
of ADSC in sheets [17,27], fourteen (46.7%) studied ADSC in com-
bination with scaffolds [15,19-21,23,24,28-34], three (10%) in skin
grafts [13,14,22], one (3.3%) in skin flaps [33], four (13.3%) as
derivatives (e.g. microvesicles or exosomes) [12,35-37], one (3.3%)
in adhesives for wound closure [38], and one (3.3%) in a concen-
trated hypoxia-preconditioned medium [16] (Tables 2 and 3).
Biomaterials used as scaffolds for the ADSC in skin injury were
platelet-rich plasma hydrogels with polyethylene glycol [31], gel-
atin-based hydrogel [23,32], fibrin gel [33], fibrin matrix [34], hya-
luronic acid gel with added vitamins and minerals [15], dermal
substitute [19,24,28,30], collagen gel [21,29], and matrigel [20].

In general, most of the studies demonstrated better outcomes
in wound healing after using ADSC compared to other groups of
therapy. In addition, when ADSC were placed along with ECM,
cytokines or keratinocytes, wound healing was improved [8,9].
However, these outcomes varied according to the type of ADSC
therapy applied. For instance, Zomer et al. [26] in an in vitro study
found a greater wound closure rate for dermal stem cells com-
pared with ADSC. This may be explained probably due to the lack
of growth factors that influence the action of ADSC. On the other
hand, ADSC therapy when seeded in scaffolds, showed better out-
comes such as faster wound closure, decrease of inflammation
and neovascularization compared with controls and even with
ADSC only groups [21,23,24,30-32,34].

ADSC effects in wound healing

Overall, the principal mechanisms described of ADSC were angio-
genesis, migration, differentiation of fibroblasts, and up-regulation
of macrophage chemotaxis (Figure 2). Production of growth fac-
tors involved in ADSC mechanism of action was reported in 4
(13.3%) articles [12,13,22,31] and suggested in 2 (6.6%) [21,32].

Studies have described the paracrine function of ADSC to
increase angiogenesis and generate growth factors that stimulate
neovascularization, although they still have an unidentified role
over the endothelial cells and pericytes [13-17,19-22,
26,28,32-34,37]. Samberg et al. [31] studied ADSC seeded in plate-
let-rich plasma hydrogels and found expression of the specific
genes involved in neoangiogenesis, including a-smooth muscle
actin, VEGF, Angpt-1, and Angpt-2. Equally important, an upregula-
tion of Angpt-1 and Angpt-2 was described to increase the con-
centration of platelets in wound healing when ADSC were
cultured within platelet-rich plasma hydrogels [31].

On the other hand, vascular endothelial growth factors (VEGF)
and transforming growth factors (TGF-B1) were found to be
secreted by the ADSC and associated with increased expression of
angiogenesis [12,13,21,31,32]. Releasing of these factors along
with the fibroblast growth factor, favor the reconstitution of der-
mal fibroblasts promoting wound healing [27,32]. Stromal cell-
derived factor 1 (SDF-1) is a potent chemotactic cytokine com-
monly produced by bone marrow stromal cells, with special func-
tions in stem cell mobilization, inflammatory cell infiltration, and
angiogenesis. SDF-1 has been found to regulate and control
migration of ADSC during wound healing [8].

In addition, ADSC has been found to differentiate into fibro-
blasts and, therefore, to migrate and promote skin wound healing
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Figure 1. Inclusion and exclusion criteria.

by increasing the production of collagen [9,12,16,21,23,33,34].
Zhou et al. [9] proposed that this differentiation is caused by an
increased expression of CK19, vimentin and collagen | and Il
which is probably induced by the adipose extracellular matrix
(ECM). Interestingly, recruitment of macrophages and enhanced
granulation tissue formation in wounds were found to be stimu-
lated by ADSC [18]. However, at the same time, ADSC in sheets
seemed to promote wound healing through the suppression of
macrophages and modulation of tumor necrosis factor-a. expres-
sion [27]. Regarding this, ADSC were associated with an anti-scar-
ring effect by increase secretion of hepatocyte growth factor,
inhibition of differentiation of fibroblast to myofibroblast, and
decrease of macrophage chemotaxis [27]. Consequently, ADSC
can regulate macrophages migration in different stages of
wound healing.

Discussion

Our review described the mechanisms of action of ADSC in the
preclinical stage, the potential applied ADSC therapies and their
outcomes to date after their use for the wound healing process.
ADSC applied directly to the wounds demonstrated a greater
wound healing and an increased granulation tissue formation
compared with the control groups. This result was even better
than the effects of the therapy with Bone Marrow Mesenchymal
Stem cells and dermal fibroblasts that did not show these
changes when applied directly to wounds [18]. However, through-
out the reported studies the ADSC action was enhanced by cells
and other factors that surround their niche such as the ECM and
stromal cell-derived factor 1 (SDF-1). ADSC and adipose ECM
applied directly to the wound showed a faster healing rate and
better expression of collagen | and Il compared to control groups
[9]. In a like manner, Wu et al. evaluated the intracarotid injection

of ADSC action alone and after an injection of SDF-1 directly to
the wound [8]. They found that levels of ADSC exhibited a signifi-
cantly higher number of ADSC located in the injured skin after an
intradermal application of SDF-1, compared with the con-
trol group.

Regarding the type of ADSC administration, Kallmeyer et al.
[25] have tested the action of ADSC through an injection directly
to the wound site and intravenously in rats. They reported that
the local administration of the ADSC has demonstrated a faster
wound closure than the systematic administration probably
related with the short time of life of the ADSC in blood [25].

On the other hand, depending on the type of therapy applied,
the ADSC treatment for wound healing has resulted in different
outcomes as we analyze in the following sections.

ADSC in sheets

Cell sheets of ADSC are scaffold-free culture systems that have
been applied with the promise of decreasing the adverse
responses to exogenous biomaterials [39]. During cell sheet for-
mation, the ECM is preserved and it continuously stimulates the
harvested ADSC, keeping their properties intact [40]. The disad-
vantages of the use of ADSC sheets are their fragility and poor
mechanical properties as they easily contract, resulting in reduced
graft sizes. However, these limitations may be alleviated by the
use of external supports [40]. In addition, the sheet process for-
mation is complicated and time-consuming requiring special
materials. Yu et al. studied the ADSC sheet formation after the
induction with L-ascorbate 2-phosphate [27]. Through this, they
demonstrated a higher survival rate of ADSC 14 days after treat-
ment, and also identified their antifibrotic effect in the last stage
of wound healing. Indeed, they noted that ADSC in wounds
remained only until day 28 post-treatment, which may limit the
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Table 2. Articles to date classified according to the adipose-derived stem cells therapy.

ADSC directly

Kallmeyer et al. [25] 2020 ADSC
Zomer et al. [26] 2019 ADSC
Zhou et al. [9] 2019 ADSC
Wu et al. [8] 2015 ADSC
Hong et al. [18] 2013 ADSC
ADSC in sheets
Yu et al. [27] 2018
Lin et al. [17] 2013
ADSC with scaffolds
Mirzaei-Parsa et al. [24] 2019
Gao et al. [23] 2019
Doornaert et al. [28] 2019
Samberg et al. [31] 2019
Hsu et al. [32] 2019
Zhang et al. [29] 2018
Zeng et al. [33]* 2017
Ozpur et al. [34] 2016
Rodriguez et al. [15] 2015
Meruane et al. [19] 2012
Huang et al. [30] 2013
Lee et al. [21] 2011
Natesan et al. [20] 2011
Lee et al. [21] 2011
ADSC in skin grafts and flaps
Vidor et al. [13] 2018
Yucel et al. [14] 2016
Zeng et al. [33]* 2017
Zografou et al. [22] 2011
ADSC-derived microvesicles and exosomes
Yang et al. [35] 2020
Ma et al. [36] 2019
Ren et al. [12] 2019
Zhang et al. [37] 2018
ADSC and adhesives for wound closure
Nowacki et al. [38] 2016
ADSC in concentrated hypoxia-preconditioned medium
Sun et al. [16] 2014

ADSC in sheets
ADSC and multilayer sheet

ADSC in nanofiber-acellular dermal matrix

ADSC seeded in polyvinyl alcohol (PVA) hydrogel dressing
ADSC in decellularized dermal matrix

ADSC seeded within Platelet-rich plasma (PRP) hydrogels
ADSC and gelatin-based hydrogel (GBH) wound dressing
ADSC in collagen scaffold

Compound ADSC and Fibrin Gel in skin flaps

ADSC and fibrin matrix

ADSC and hyaluronic acid gel with added vitamins and minerals (Cytocare 532).
ADSC and a Dermal substitute (Integra)

ADSC in acellular dermal matrix

ADSC and collagen gel

ADSC and matrigel

ADSC seeded in collagen gel

Heterologous ADSC in skin grafts

ADSC in chondrocutaneous composite graft
Compound ADSC and Fibrin Gel in skin flaps
ADSC in skin grafts

Exosomes from ADSC

Exosomes from ADSC

Isolated microvesicles from ADSC

Exosomes from ADSC

ADSC and octyl blend cyanoacrylate adhesive (a topical skin adhesive for wound closure)

ADSC in concentrated hypoxia-preconditioned medium

*Corresponded to the same study.

uncontrolled cell differentiation of these cells, increase the safety
of the therapy and decrease the likelihood of malignancy. Similar
results were found by Lin et al., who also pointed out that the
number of sheets was directly related to the improvement in
wound healing. They identified a significantly better wound heal-
ing in the triple-layer ADSC sheet compared to the single-layer
ADSC group [17].

ADSC with scaffolds

In general, wound healing was enhanced when ADSC were
seeded in scaffolds compared with the other groups ADSC or
scaffolds alone [21,23,24,30-32,34]. Tissue engineering strategies
involve the construction of 3-dimensional natural or synthetic
scaffold biomaterials that are seeded with ADSC. Platelet-rich
plasma (PRP) is the plasma obtained after removing blood cells
through centrifugation, and contains sequestered platelets with
high concentrations of cytokines, self-growth factors, and other
molecules [41]. Polyethylene glycol (PEG) has been used to pro-
duce a crosslinked hydrogel in different biomaterials for wound
healing like PRP that allows the release of those factors [42].
Therefore, PEGylation PRP hydrogels were shown to be an excel-
lent scaffold for ADSC that promotes their growth and differenti-
ation over 14days post-treatment [31]. When compared to
platelet free plasma treatment with ADSC and alone, ADSC in
PEGylated PRP hydrogels showed higher neovascularization by
day 8 post-treatment. However, improvement of other wound
healing parameters such as epidermal thickness, epithelialization,
and collagen remodeling was not found. These results were

suggested to be caused by limitations of the study regarding the
low number of animals studied per group, the short follow-up,
and the utilization of immunosuppressed rats that were not the
ideal for the study of the wound healing process. An important
issue to consider this therapy in the clinical setting would be the
lack of a standardized protocol and regulations for PRP gener-
ation, and the lack of identification of the specific factors in the
PRP that enhance the action of ADSC in wound healing [43].
Alternatively, gelatin-based hydrogel wound dressing com-
bined with ADSC has demonstrated to facilitate matrix formation
and fast angiogenesis in injured skin also through the release of
growth factors and cytokines [32]. Fibrin gel with ADSC seeded
and applied in skin flaps showed better results in wound healing
than other groups [33]. ADSC-seeded fibrin matrix was found to
have less wound contracture, more epithelization, and minimal
ulceration [34]. However, a greater vascularization was found
when keratinocytes were added to the ADSC-seeded fibrin matrix,
which means that keratinocytes can also enhance the regenera-
tive properties of ADSC. Similarly, hyaluronic acid gel with added
vitamins and minerals (Cytocare 532, Revitacare) was observed to
shorten the time of wound healing and potentiate the ADSC
effect [15]. On the other hand, Meruane et al. studied the use of
dermal substitute (Integra) with ADSC and showed an increase of
the microvascular density and synthesis of collagen | compared
with the group using only scaffold [19]. However, the authors did
not find an increase in the epithelial differentiation at sites with
ADSC. These partial results may be explained due to the short
period of the study, because they observed the changes in the
epithelial tissue only until the 21st day after treatment and the
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Figure 2. Mechanism of action suggested for adipose-derived stem cells in wound healing model. Abbreviations: ADSC: adipose derived stem cells; FGF: fibroblast

growth factor; VEGF: vascular endothelial growth factor.

epithelial changes seem to appear at fourth week after treatment.
Similarly, ADSC seeded on matrigel showed signs of microvascula-
rization after the application within 10 days, but became unstable
after 12days which means that although matrigel can induce
ADSC into an endothelial phenotype, there might be other factors
that regulate the action of these cells [20]. Finally, human ADSC-
seeded in collagen gel was found to promote wound healing,
although the comparison group of dermal fibroblasts populated
in the collagen gel closed the wound faster than the group with
ADSC [21]. Despite this finding, ADSC therapy is still preferred for
wound healing over fibroblasts, due to the disadvantages of self-
skin isolation to harvest autologous fibroblasts and the fibroblasts’
immunogenicity that could reduce their effects on wound healing
that makes them less attractive.

ADSC in skin grafts and flaps

Skin grafts and flaps are used to reconstruct skin defects caused
by tumor excision, as well as congenital defects and chronic
wounds [13]. However, skin grafts and flaps have common
adverse effects, including partial or complete necrosis and con-
traction, which lead to deformity of structures [44]. Added as a
measure to obtain better results in the use of skin grafts and
flaps, ADSC have been shown to protect them from ischemia. We
found three studies that used ADSC in skin grafts [13,14,22], and
one in skin flap [33]. Zografou et al. [22] reported a lower area of
skin graft necrosis when ADSC were used, compared with the
control group. Similarly, Vidor et al. [13], after studying the use of
ADSC in skin grafts, identified a significantly lower epidermal

necrosis, ulceration rates, and epidermal inflammatory infiltrate in
the ADSC group, compared to the controls groups [13].
Interestingly, this study used heterologous ADSC to prove their
effects, suggesting that due to the low immunogenicity, these
cells could be applied in the clinical setting safely when perform-
ing skin grafts. However, regarding this, more preclinical studies
with a larger sample size are needed to confirm the safety of the
procedure. On the other hand, Yucel et al. [14] studied ADSC in
chondrocutaneous composite grafts and found significantly less
apoptosis and more survival areas of the graft in the ADSC group
compared to other groups when applied ADSC four days before
of the graft. However, when applied the ADSC and grafts simul-
taneously, total necrosis of the graft was found. This study con-
cluded that a short period of time is needed before placing the
graft to allow the ADSC settling in the tissue and maximize their
neovascularization properties. Regarding the timing, Vidor et al.
[13] applied the ADSC simultaneously with the grafts; however,
they did find positive results in the ADSC and graft group. The
differences in the results between these two studies may be
explained by the type of graft used in each of the studies. A com-
posite graft involving two types of tissue such as cartilage and
skin used by Yucel et al. [14] would have needed more vascular-
ization for viability and, as a result, a short period between the
application of ADSC and the graft. Moreover, it has been known
that neovascularization effects of ADSC start after day three of
aplication [45].

Regarding ADSC in skin flaps, Zeng et al. [33] seeded ADSC in
scaffolds of fibrin gel and found better results in the survival rate
of the flap in this group compared to others.



ADSC-derived microvesicles and exosomes

Microvesicles and exosomes are mediators that allow intercellular
communication and exchange of DNA, RNA, proteins, and lipids
between cells [46]. ADSC derivatives in wound healing are an
important new area to study due to their advantages to act dir-
ectly without the need for any further processing and acting
through the release of paracrine factors that contribute to tissue
repair. We found promising outcomes in wound healing with the
use of ADSC derivatives; although, its efficacy was not compared
to any group using ADSC cellular therapy. Ren et al. [12] found
that local injection of ADSC-derived microvesicles increased re-
epithelialization, collagen deposition, neovascularization and
accelerated wound closure. They suggested that this function was
mediated by the activation levels of Akt and ERK signaling path-
ways in keratinocytes, fibroblasts, and endothelial cells.
Upregulation of the PI3K/Akt signaling pathway was previously
found to enhance wound healing. In fact, Zhang et al. [37] sug-
gested that this signal pathway produced the internalization of
the ADSC-derived microvesicles in human dermal fibroblasts and
the increase in production of collagen type | and Ill. Moreover,
increased phosphorylation and activation of Akt and ERK in endo-
thelial cells were found to enhance endothelial cell proliferation
and migration, explaining the potential angiogenic role of ADSC-
derived microvesicles [47].

Regarding the studies evaluating the action of ADSC exo-
somes, it was reported that ADSC caused a proliferation and
migration of keratinocytes, as well as, an enhanced re-epitheliza-
tion and angiogenesis that improved wound healing compared
with the control group [36,37]. When compared with ADSC alone,
Yang et al. [35] found that both experimental groups (ADSC alone
and ADSC exosomes alone) applied in the wound site in mice
demonstrated a similar improvement in wound healing at the 7th
postoperative day compared to the control group.

ADSC and adhesives for wound closure

The use of ADSC in adhesives for wound closure was also studied
as a new therapy. Our review identified one study that found bet-
ter cosmetic and aesthetic outcomes in the ADSC group com-
pared with other types of topical skin adhesives [38].

ADSC in concentrated hypoxia-preconditioned medium

ADSC applied in a concentrated hypoxia-preconditioned medium
was proposed as a possible treatment for wound healing. Sun
et al. [16] studied its use in a rat model suggesting that this
medium could enhance the wound healing through the angio-
genesis, increase of collagen, migration of fibroblasts and recruit-
ing of stem cells. This study found that the concentrated medium
showed a better-organized epidermis, an increase in collagen con-
tent, a shorter healing time, and a better wound healing from day
7 after surgery, compared to the nonconcentrated. There was not
a comparison between the use of ADSC with and without hyp-
oxia-preconditioned medium, as a result, further studies should
be conducted to measure the additional benefit of the low oxy-
gen concentration.

Strengths and limitations

In this review, we reported the manuscripts to date studying the
use of ADSC in wound healing of full-thickness defects. We sum-
marized mechanisms of action, the type of therapies, and out-
comes of the ADSC therapy studied to promote skin regeneration.
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Limitations of our study included the description of reported
data with considerable heterogeneity due to the different proto-
cols presented in each manuscript. In addition, there are inherent
limitations in the review methodology because of the search,
selection and publication biases that should be considered. As a
result, this review is descriptive in its results, in alignment with
the purpose of the study.

Conclusion

Evidence has demonstrated that ADSC favor the neovasculariza-
tion, migration, differentiation of fibroblasts and the upregulation
of macrophage chemotaxis in wound healing. Application of ECM,
SDF-1, or keratinocytes along with ADSC and ADSC therapy in
scaffolds have shown to improve their effects in wound healing
compared with ADSC alone. ADSC therapy in sheets, grafts, flaps,
in microvesicles, exosomes, adhesives, and hypoxia media have
shown different outcomes in the preclinical stage and need fur-
ther studies to clarify their potential benefits. Cell therapy based
on ADSC is a promising solution for wound healing of full-thick-
ness skin defects; however, the absence of a standardized proto-
col of ADSC extraction makes their use difficult in a clinical
setting. In addition, the number of cells and methods of applica-
tion with higher numbers of animals should be taken into consid-
eration to evaluate the results in a more generalized manner and
to better understand the biology of these cells in wound healing.
In the future, clinical studies should be performed after assuring
the safety and efficacy of this treatment.
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