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m ABSTRACT

In Brazil, 1 million burn accidents occur annually, and
subsequent wound infections account for 75% cases of deaths
among these patients, in addition to inducing deformities
in the affected areas. Therefore, the aim of this study was
to discuss the current status of mesenchymal stem cells,
with an emphasis on adipose-derived stem cells (ADSCs), in
combination with plasma gel, glue fibrin, and membranes
(scaffold). The use of gels and membranes supports cell
growth, and aims at potential application in reconstructive
plastic surgery for the treatment of burn patients or individuals
requiring skin grafts. This study explores and discusses the
role of mesenchymal stem cells, adipose-derived mesenchymal
stem cells, glue fibrin, plasma gel, and the scaffold. This
research collected information from the Virtual Health
Library (VHL) and PubMed. A considerable number of articles
have been published on burn treatment. However, there is
little research on burn treatment with ADSCs, glue fibrin,
plasma gel, and scaffold. An ADSC autograft combined with
a biological dressing is promising in reconstructive plastic
surgery for the treatment and recovery of burn patients or
individuals with other injuries that require skin grafts. These
features can reduce pain and aid in drying of the lesion, thus
promoting neovascularization and wound reepithelialization.
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m RESUMO

No Brasil, 1 milhao de acidentes com queimaduras acontecem
por ano e as infecgoes sdo responsaveis por 75% dos 6bitos nestes
pacientes, além de deixar lesées que ocasionam deformidades
nas areas atingidas. Sendo assim, o objetivo deste trabalho é
fornecer uma visao atual sobre células-tronco mesenquimais
(MSCs), com énfase nas células-tronco derivadas do tecido
adiposo (ADSCs), associadas a gel de plasma, gel de fibrina e
membranas (scaffold). O uso de géis e membranas tendem a
auxiliar o crescimento celular visando sua possivel aplicacdo
na Cirurgia Pléastica Reparadora para o tratamento pacientes
queimados ou que necessitam de enxerto de pele. O presente
trabalho abordou de forma exploratéria e narrativa o tema
células-tronco mesenquimais, células-tronco mesenquimais
derivadas do tecido adiposo, gel de fibrina, gel de plasma e
scaffold. O tipo de pesquisa empregada foi conduzido com coleta
de informagoes utilizando-se a Biblioteca Virtual em Satde
(BVS) e PubMed. O numero absoluto de artigos publicados
relacionados ao tratamento de queimaduras é consideravel.
Até o momento, a quantidade de pesquisas relacionadas
a terapia com células-tronco derivadas do tecido adiposo,
gel de fibrina, gel de plasma e scaffold para o tratamento
de queimaduras apresenta-se escassa. O autoenxerto de
ADSCs associado a biocurativos torna-se uma perspectiva
promissora na Cirurgia Plastica Reparadora para o tratamento
e recuperacgio de pacientes que sofreram queimaduras ou
outros acidentes que necessitam de enxerto de pele. Estes
recursos podem reduzir a dor e prover a dessecagéo da leséo,
promovendo neovascularizacdo e a reepitelizagcio da ferida.

Descritores: Células-tronco; Procedimentos cirtrgicos reconstrutivos;
Bioprotese; Pele; Tecido adiposo.

INTRODUCTION

Among burn cases reported in Brazil, estimates
indicate that most incidents occur at home and almost
half involve children!. Recently, the World Health
Organization (WHO)?stated that burns cause the death
of 195,000 individuals every year, and nearly 11 million
people sustain severe burns that require medical care.

In addition, subsequent wound infections are
responsible for 75% cases of deaths among burn
patients, since the loss of skin protection and presence
of devitalized tissues provide an excellent environment
for the growth and proliferation of microorganisms,
favoring the occurrence of bacteremia and septicemia?.
According to estimates of the Ministry of Health?,
recent data in Brazil show that the average cost for the
treatment of burn patients who require hospitalization
reaches R$ 1 million per month.

A variety of dressings is commercially available
for the treatment of chronic injuries, with the aim at

promoting neovascularization, formation of granulation
tissue, and wound closure. First-generation dressings
use biomaterials, and second-generation dressings use
these in combination with stem cell therapy®.

Skin grafting is one of the procedures used
to treat people who sustain burns or other injuries
involving tissue loss. The Brazilian Skin Bank accepts
donations of cadaver skin to be used in subsequent
grafting. However, the availability of homologous skin is
still very limited, and such grafts have the disadvantage
of only covering the wound temporarily®. Therefore,
grafts capable of permanently covering the affected
area without being rejected by the recipient are needed.
In this context, autologous grafts are ideal for treatment
of large defects.

Recently, mesenchymal stem cells (MSCs) have
proven to be of great value in protocols for tissue
repair because of their rapid proliferation in vitro,
and can be reproducibly isolated and manipulated’.
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Seeking better treatments, the use of autologous
grafts with adipose-derived stem cells (ADSCs) has
become a promising strategy in Tissue Engineering
and Reconstructive Plastic Surgery. These cells have
the advantage of differentiating into epithelial tissues,
including dermis and epidermis®. In addition to plasticity,
ADSCs have remarkable ability to significantly increase
granulation tissue and epithelialization, resulting in the
acceleration of wound closure®.

OBJECTIVE

Owing to challenges in the treatment of patients
with large burns or skin loss caused by other accidents,
the aim of this literature review was to identify and
discuss studies on MSCs, with emphasis on ADSCs.
The combined use of ADSCs and plasma gel, glue
fibrin, and membranes (scaffold) to support cell growth
will be presented, aimed at assessing their potential
application in reconstructive plastic surgery, for the
treatment and recovery of patients with burns or other
injuries requiring skin grafts.

METHODS

This study investigated the topic of mesenchymal
stem cells and mesenchymal stem cells derived from
adipose tissue. This research was performed using the
Virtual Health Library (VHL) (http://www.bireme.br/
php/index.php) and PubMed-NCBI (http://www.ncbi.
nlm.nih.gov/pubmed) databases.

The following keywords were used to search for
articles: Burn wound; Treatment burn wound; Adipose
derived stem cells; Burn wound and cell therapy;
Adipose stem cell and glue fibrin; Burn wound and
adipose stem cell; Adipose stem cell and plasma gel,;
Adipose stem cell and scaffold and burn; Adipose stem
cell and scaffold and glue fibrin; Adipose stem cell and
scaffold and plasma gel. Articles published between
2005 and 2015 were selected, based on these keywords.

RESULTS

The fields of skin wounds and cell therapy have
grown in recent years. This is confirmed by the number
of publications reviewing survey that were retrieved
in the PubMed and VHL databases. From 2005 to July
2015, 20,639 publications related to Burn wound were
retrieved from both websites; there were 14,950 articles
related to Treatment burn wound, 6,666 related to
Adipose derived stem cells, and 1,376 related to Burn
wound and cell therapy.

Conversely, few works were related to Adipose
stem cell and glue fibrin; Burn wound and adipose stem
cell; Adipose stem cell and plasma gel; Adipose stem cell
and scaffold and burn; Adipose stem cell and scaffold
and glue fibrin; Adipose stem cell and scaffold and
plasma gel. Figure 1 shows the absolute distribution
of these data in numbers.

Number of publications

W Adipose stem cells, membranes (scaffold) and plasma gel
8 Adipose stem cells, membranes (scaffold) and burns

m Burn wounds and adipose stem cells

Source: PubMed and Virtual Health Library (VHL).
* Data collected from January to July 2015.

8 Adipose stem cells, membranes (scaffold) and glue fibrin
0 Adipose stem cells and plasma gel
m Adipose stem cells and glue fibrin

Figure 1. Total annual distribution of limited terms that are related to the
treatment of skin wounds and cellular therapy (2005-2015).

DISCUSSION

MSCs and ADSCs

MSCs have been isolated and characterized in
different tissues of the body, such as the bone marrow,
umbilical cord, brain, epithelium, tooth pulp, and
adipose tissue!’. MSCs express specific surface markers
(Table 1) and are capable of differentiating into multiple
lineages of mesodermal cells; however, it was recently
observed that MSCs can also differentiate into other
cell types that are not mesodermal***2, MSCs have great
advantages because of easy isolation and capacity for
proliferation in culture; they are not immunogenic,
and can be employed in autologous transplantation®®.

Among the MSCs, ADSCs have aroused great
interest in reconstructive plastic surgery, as these
cells are abundant and can be collected by liposuction,
with little risk of morbidity and mortality to the
donor®. Figure 2 shows a representative scheme for
the breakdown and recovery of the vascular stromal
fraction (VSF), with the aim of treating burns and
other injuries involving skin loss. ADSCs are located
in a niche in the perivascular region formed by blood
vessels in association with connective tissue, adipose
and stromal cells, various progenitors, and stem cells
(Figure 2)1°. The VSF is obtained after extensive
washing and enzymatic digestion. Besides adult stem
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Table 1. Main surface markers used for the identification of
MSCs and ADSCs.

Specific surface markers

Stem cells
Negative Positive
CD11p, CD14, CD19, , CP13,CD29or
integrin -1, CD44,
CD31, CD34, CD45,
CD49e, CD54, CD73,
MSCs* CD62E, CD62L,
CD62P CD79. and CD71, CD90, CD105,
HLADR. CD106, HLA-ABC,
i and STRO-1
CD10, CD11a, CD11b, CD9, CD10, CD13,
CDllc,CD14,CD16, CD29, CD44, CD49d,
CD18,CD24,CD31,  CD54, CD55, CD59,
CD34, CD36, CD38, CD71, CD73, CD90,
ADSCs CD45, CD49d, CD56, CD105, CD166,

CD61, CD62e, CD104,
CD106, CD117,

STRO-1, HLA-ABC,
vimentin, type I
CD133,CD144,and  collagen, fibronectin,
HLA-DR and ASMA

* MSCs = mesenchymal stem cells. ADSCs = adipose tissue-derived stem
cells. Source: Dominici et al."'; Calloni et al.’?

Niche with ADSCs
Progenitors

|
‘Adipose tissue_

In vitro expansion

‘ ENZYMATIC DIGESTION
of ADSCs

Collagenase 1V and pronase NI

Autologous graft of ADSCs
- in burn patients
$% ' ‘ - o’
q.? ‘W - S - ADSCs + Scaffold TR
Centrifuge at 1,200 g SV F € y

10 minutes '
Stromal vascular
fraction

Humidified incubator at 372C
With 5% CO,

Source: Niche with ADSCs (Irina Kerkis with modifications, available online at: http://www.rbci.org.br/
detalhe_artigo.asp?id=1734).

Figure 2. Representative scheme of the experimental manipulation of
adipose-derived stem cells (ADSCs) associated with a scaffold (membranes), with
the aim of treating burns and other injuries involving skin loss.

cells, the VSF also includes macrophages, lymphocytes,
and endothelial vascular cells, among others!*.
Another important feature of ADSCs is
their ability to adhere to plastic and proliferate in
culture. Thus, cells are isolated through culture and
characterized by specific surface markers (Table
1)2. Because of their plasticity when properly
induced, these cells can differentiate into multiple cell
lineages, including dermis and epidermis®'s. Thus, the
pluripotent characteristics of ADSCs can contribute
to new treatments for various diseases, particularly
in protocols involving cell therapy, which can be
performed with quality and reproducibility.

Perspectives for the treatment of burns and other
injuries involving skin loss

The main goals in wound treatment are rapid
closure, restoration of proper function, and aesthetic
satisfaction. With the aim of seeking new therapies
for lesion correction, a number of recent studies have
shown that ADSCs constitute a source of mesenchymal
stem cells; when used in grafting, these release factors
that stimulate angiogenesis and accelerate the wound
healing process!*?,

While confirming ADSC pluripotency, Chavez-
Munoz et al.'® observed that these cells have the ability
to transdifferentiate into epidermal keratinocytes and
stratified epidermis. In addition, the authors noted that
ADSCs might be used in cell therapy, since they offer
epidermal coverage in cases of extensive skin loss. It
was subsequently observed by immunohistochemistry
and Western blotting that ADSCs, when collected
from canine models, introduced into the intradermal
region located at wound edges in nude mice, and
exposed to low-intensity laser therapy, regenerate skin
appendages, stimulate neovascularization, and promote
the regeneration of skin histological properties!’.

It is clear that even stem cells collected from
debrided subcutaneous tissue are able to effectively
treat in vivo nude mouse wounds, suggesting that
these cells could be employed in wound repair and
skin regenerative therapies!®. Another relevant
aspect observed by immunohistochemistry analysis
was the statistically significant increase in density of
blood vessels and collagen, and secretion of vascular
endothelial growth factor (VEGF) and transforming
growth factor beta 3 (TGFb3) in studies with autologous
transplants of ADSCs in mice. Such factors enhance
angiogenesis, wound healing, and survival and overall
thickness of the skin graft, suggesting potential value
for reconstructive and repair surgeries®.

Similarly, other investigations showed that
ADSCs, when used in murine models, contribute
to skin regeneration and activation of stem cells of
follicular and epithelial tissues, besides aiding in repair
of peripheral innervation®*'. The macroscopic and
histological findings in murine models of diabetic mice,
which heal with great difficulty, revealed that the use of
ADSCs in the injured area led to a significant increase
in granulation tissue, epithelialization, and accelerated
wound closure®.

Wang et al.??, after isolating ADSCs and associated
polypeptide membranes of poly-L-glutamic acid (PLGA)
and chitosan (CS) from murine models, observed that
grafts using these cells proliferate in layers (scaffold),
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reducing the time of wound closure. In computed
microtomography trials (micro-CT), Lee et al.?®
confirmed that the incorporation of stem cells isolated
from adipose tissue into polypeptide membranes can
be a useful and promising tool in tissue engineering. In
addition, it should be noted that cellulose membranes
and elastin are biocompatible, cytocompatible, and
suitable for use with mesenchymal stem cells, with the
aim of use immediately after isolation®.

Recently, a randomized controlled study
conducted in patients submitted to major surgical
procedures showed that the application of ADSCs
to surgical wounds improved closure and achieved
satisfactory levels of healing®. The loss of soft tissue is
a permanent challenge in Reconstructive Surgery, and
the application of ADSCs in vivo, in combination with
biocompatible materials that serve as cellular support,
showed favorable results in injured mice, suggesting
their use as a possible new therapy for skin wounds?25,

Glue fibrin and plasma rich in platelets associated
with stem cells

The gel or glue fibrin (Figure 3) consists of
two components that are present in plasma, namely
fibrinogen and thrombin. In the presence of calcium,
these polymerize to form a fibrin network?’. Fibrin
is a mesh of clotting factors and adhesive proteins
that promotes cell adhesion and interacts with the
environment, stimulating the formation of collagen and
extracellular matrix®,.

Cell adhesion, collagen
and extracellular
matrix formation

FIBRIN GEL
Fibrinogen +

(hromb'\rica\mum
=

I
i - REGENERATON .

nnnnnnnn of B R

S

( Walo
ENZYMATIC
DIGESTION

L

j<= o
- Stromal vascular ADSCs A o

4 fraction

PRP GEL
(plasmarichin platelets)
Platelets +

thrombin + calcium
‘Growth factors that
aid wound healing

Figure 3. Representative scheme of the experimental manipulation of
adipose-derived stem cells (ADSCs) associated with glue fibrin and platelet
rich plasma gel (PRP) with the aim of treatment of burns and other injuries
involving skin loss.

Commercial preparations approved for clinical
use can be used as biological seals. Several experimental
studies indicated that glue fibrin plays a role in
homeostasis, inflammation, wound healing, and control

of angiogenesis®. In addition, many protocols involving
tissue engineering have proposed that glue fibrin could
be used as a carrier and support for stem cell grafts,
since this gel can form a three-dimensional matrix®.

According to Yang et al.’l, the association of
mesenchymal stem cells with glue fibrin can induce the
formation of a scaffold, reproducing the skin structure
that allows faster healing. This is a promising strategy,
using the graft to replace the skin in the treatment of
burn patients. Recently, Taghiabadi et al.*corroborated
this methodology and added that glue fibrin reduced
the hypertrophic scar of burn patients, when associated
with a keratinocyte culture.

Fibrin is a natural substrate, readily available,
abundant in wound healing, and rapidly degraded by
the host®. Moreover, the use of glue fibrin can increase
the percentage of skin graft acceptance. Evidence also
suggests that it improves homeostasis and exerts a
protective effect, which results in reduced occurrence
of bacterial infection?*22,

It is also worth highlighting plasma gel, which is
currently used in tissue engineering protocols (Figure 3),
and is obtained by centrifugation of autologous venous
blood. This produces a high concentration of platelets
in a small volume of plasma, thus leading to plasma
rich in platelets (PRP)3%. When added to thrombin and
calcium, plasma gel is also a blood component that
promotes platelet activation and clotting, leading to
formation of a platelet gel. This gel is rich in platelet-
derived growth factor (PDGF), transforming growth
factor alphal and betal (TGF-alphal and betal),
endothelial growth factor (EGF), vascular endothelial
growth factor (VEGF), prostaglandin E2 (PGE2), and
insulin-like growth factor (IGF)®.

With the current need for substrates and
membranes that are not immunogenic and that present
proper cell growth factors, in addition to improving
vascularization and tissue healing, PRP seems to be a
promising vehicle, capable of meeting mesenchymal
stem cell requirements®¢*’. Moreover, it is worth noting
that PRP has recombinant growth factors, is pathogen-
free, and is from an autologous source, which makes its
application more effective and safer for the patient?®®.

It was observed that the growth factors present in
PRP are not mutagenic and act to effectively stimulate
healing. PRP might be used alone or in combination
with stem cells in tissue regeneration®. Among studies
in which stem cells are associated with PRE, it was
observed that the receptors expressed by stem cells are
activated by the growth factors present in PRP. These
induce the upregulation of genes from the extracellular
matrix, collagen synthesis, and cell proliferation, thus
playing important roles in the healing process®*.

Rev. Bras. Cir. Pldst. 2016;31(3):417-423
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CONCLUSION

Although there have been advances in procedures
for burns and other injuries involving skin loss, the
importance of finding new therapies capable of aiding
in the recovery of individuals with skin lesions is
significant. The aim is to minimize complications,
treatment time, and costs, thus ensuring the return of
the individual to normal activities as soon as possible.

The combinations of ADSCs with glue fibrin or
plasma gel associated with membranes, which aim to
provide a scajffold to support cell growth, are promising
strategies capable of meeting stem cell requirements.
Under these conditions, homeostasis is maintained
in tissues that replace cells lost during maturation,
aging, or injury, thus providing proper cell growth with
the aim of reliably reproducing the lost structure and
function of the original skin.

Therefore, autologous grafts using ADSCs,
in combination with biological dressings, offer a
promising perspective in reconstructive plastic surgery
for the treatment and recovery of burn patients or
individuals with other types of injuries requiring skin
grafts; these grafts can reduce pain and modulate
drying in a wound, thus promoting neovascularization
and wound reepithelialization.
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