JOURNAL OF PLASTIC SURGERY AND HAND SURGERY
2023, VOL. 57, NOS. 1-6, 78-94
https://doi.org/10.1080/2000656X.2021.1993234

x‘{s C

THA
CHIRURGICA
SCANDINAVICA

Taylor & Francis
Taylor & Francis Group

ARTICLE

‘ '.) Check for updates ‘

Efficacy of stromal vascular fraction and enzyme-free mechanical isolation therapy
in experimental full thickness burn wounds

Percin Karakol® ®», Mehmet Bozkurt® (), Caner Gelbal®

and Mehmet Ibrahim Tuglu®

?Department of Plastic, Reconstructive and Aesthetic Surgery, Health Science University Bagcilar Education and Training Hospital, Istanbul,
Turkey; PFaculty of Medicine, Department of Histology, Celal Bayar University, Manisa, Turkey

ABSTRACT

Background: Autologous cell suspensions obtained by a stromal vascular fraction (SVF) and enzyme-free
mechanical isolation (EMI) are an alternative in the treatment of burn wounds. In this study, we aimed to
investigate the effect of autologous cell suspensions obtained by SVF and EMI on full-thickness skin
burn wounds.

Methods: A total of 45 male Sprague-Dawley rats were divided into three groups, SVF group, EMI group,
and SVF + EMI group. The groups were also classified as the first, second, and third week of the burn to
reveal the effect of the treatment on the burn in the early, middle, and late stages. For treatment, 0.2 ml
SVF or 0.2ml EMI was injected subcutaneously into the burn lesions of the subjects. Histopathological
examination was performed on the burn wounds taken at the end of the experiment, and Ki67, CD44,
CD73, CD90, and CK17 expressions were evaluated.

Results: Histological examination revealed that there was no improvement in the control samples, but
the skin was multicellular, vascularization was present. Histologic scores in all groups was significantly
better than control, and SVF + EMI was the best group in terms of recovery (p < 0.05). Ki67, CK17, CD44,
CD73, and CD90 expressions were significantly higher in the treatment groups compared to the con-
trol (p < 0.05).

Conclusion: We found in our study that both applications significantly increased the healing of the burn
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wound. Moreover, SVF + EMI application provided more improvement than SVF or EMI alone.

Introduction

Burn injuries are traumas that can happen anytime and anywhere
and can affect anyone. Burn injuries can be caused by heat, cold,
friction, radiation, electricity, and chemicals. However, most burn
injuries are caused by heat [1]. The World Health Organization
(WHO) estimates that around 265,000 people worldwide die each
year from burns [2]. Burn injuries cause lifelong physical and psy-
chological injuries that affect the quality of life [3,4]. Burns is clas-
sically divided into three degrees: first-degree, affecting the
superficial layer of the epidermis; second-degree, affecting the
dermis; and third-degree, affecting the full-thickness skin and can
even reach muscle and bone. Severe burns can affect almost all
organs and cause serious morbidity and mortality. Therefore,
treating serious burns is important, but the ideal treatment for
severe burns has not been developed [5].

Treatment of burn wounds varies according to the affected
body area, the size of the lesion, patient age, and individual
health status. Routine treatment of burn wounds includes the
elimination of necrosis, split-thickness autologous skin grafts
(STSG), and prevention of infections [6]. Surgical debridement fol-
lowed by occlusive dressing is usually routinely used in full-thick-
ness burn injuries in most burn centers [7]. However, it is
necessary to develop new interventions to increase functional
recovery and morphological reconstruction and to reduce hyper-
trophic scar formation [8].

As a result of the demonstration that stem cells can prevent
further tissue loss with their capacity for regeneration and differ-
entiation, stem cell therapies have become a new option in med-
ical treatment [9-11]. The stromal vascular fraction (SVF) contains
a rich source of adipose-derived stem cells (ADSC) that have the
potential to differentiate into adipocytes, myocytes, chondrocytes,
osteoblasts, and neuron-like cells [12-14]. SVF, the source of
ADSCs, has been shown to have antioxidant, anti-inflammatory,
antiapoptotic, and immune-modulatory effects [9,11,15]. Foubert
et al. [16] reported that ADSC regulated inflammation and
improved wound epithelialization and angiogenesis in burn
wounds. Atalay et al. [17] reported that SVF improves deep par-
tial-thickness burn wound healing. Cardoso et al. [18] found that
SVF was helpful in the treatment of full-thickness burns in rats.

Non-cultured stem cells (NCSC), called ReCell, obtained by
enzyme-free mechanical isolation (EMI) method were put into
clinical practice for wound healing in 2005. ReCell is an autolo-
gous cell suspension containing keratinocytes, fibroblasts, melano-
cytes, and Langerhans cells [19]. This cell suspension can be
applied to the burn wound at a ratio of 1:80 without any delay in
place in the operating room, as it does not require culture and
can be prepared quickly [20]. ADCS created by ReCell has been
used in various areas such as burns, graft donor sites, hypopig-
mented wounds, chronic wounds, vitiligo, and large congenital
melanotic nevus [21-27].
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Figure 1. Light microscopic view of the burn wound at the end of the first week. Tissue sections were stained with H&E.

In our study, the aim was to investigate the effects of SVF and
EMI applications on the healing of the burn wound in the early
period (first week of the burn), early late period (second week of
the burn), and late period (third week of the burn) in the rat ther-
mal burn model. For this purpose, the expression profiles of the
cell proliferation marker Ki-67, keratinocyte differentiation marker
cytokeratin 17 (CK17), and stem cell markers CD44, CD73, and
CD90 were investigated immunohistochemically including histo-
logical healing.

Materials and methods

All animal experiments adhered to the guidelines detailed in the
NIH Guide for the Care and Use of Laboratory Animals. The insti-
tutional animal study review committee approved this study. Male
Sprague-Dawley rats weighing 250g were housed in an animal
facility with a 12-h light and dark cycle for 1 week to acclimate
prior to the initiation of the experiment. All animals received
water and food ad libitum and were monitored for the entire
study period. A total of 45 subjects were divided into three
groups with 15 subjects each, SVF group, EMI group, and
SVF +EMI group. The groups were also classified as the first
week, second week, and third week of the burn to reveal the
effect of the treatment on the burn in the early, middle and
late stages.

Stromal vascular fraction (SVF) preparation

Fat pads were removed by dissection from the inguinal areas of
each rat, and hematopoietic cells were removed by washing with

saline. The washed adipose tissue was mechanically cut into small
pieces with fine-tipped tissue scissors, and then 0.1% collagenase
type | (C0130, Sigma Aldrich™, St. Louis, MO) and type Il (C6885,
Sigma Aldrich™, St. Louis, MO) were added and kept at 37°C for
30 min. After removing the accumulated triglyceride-rich oil layer,
the sample was centrifuged at 3000rpm for 5min. The super-
natant consisting of mature adipocytes was removed. The bottom
precipitate was used as SVF [17].

Enzyme-free mechanical isolation (EMI)

In order to prepare the autologous suspension to be applied,
hairy tissue samples were taken with a 3mm punch biopsy pen.
The material was conducted to laminar flux in transport solution
(Sterile Phosphate Buffer Solution at 2% (PBS) and 1% antibiotics:
105 units/ml penicillin and 105 pg/ml streptomycin) washed in
PBS to remove debris and red blood cells and minced with fine
tissue scissors. The fragmented tissues were incubated with type |
collagenase (1.5mg/ml) and kept in a water bath at 37°C for
50 min. After enzymatic digestion, the tissue was filtered using a
70 um filter and collagenase was removed by dilution with phos-
phate buffer solution (PBS). The cell suspension was centrifuged
at 363 g (1800 rpm)/7 min and the supernatant, composed primar-
ily of mature adipocytes, was removed. The pellet was formed by
cells that were resuspended in PBS. The counting of viable cells
was performed using the Tripan Blue stain exclusion method.
Injections were prepared by adding PBS and an SVF volume
equivalent to 5 x 10° cells/ml in 1ml syringes. Four injections of
0.2ml were made in each wound edge and dripping of 0.2ml
covering the wound bed [21-27].
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Figure 2. Light microscopic view of the burn wound at the end of the second week. Tissue sections were stained with H&E.
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Figure 3. Light microscopic view of the burn wound at the end of the third week. Tissue sections were stained with H&E.
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Table 1. Histoscore and H score of Ki67, CD73, CD90, CD44 and CK17 in all groups.

First week Second week Third week

Histoscore

Control 2.85+0.10 2.15+0.07 1.60+0.12

SVF 3.05+0.11 2.75+0.08%* 2.45 +0.13%%*

EMI 3.00+0.07 2.55+0.13% 2.25+0.11%*

SVF +EMI 3.85+0.07%* 3.10£0.10%F*3 3.10£0.14%%% b
Ki67

Control 137.10+7.60 90.40 +5.91 67.40+6.82

SVF 207.90 + 10.84%** 167.70 £ 11.42%%* 140.10 £ 13.06%**

EMI 187.10 £ 12.56%* 148.30 + 10.39%** 125.70 £ 9.69+**

SVF +EMI 237.20 +9.74%%* 2 198.90 + 8.72%** 2 180.80 + 7.55%** & b
(D73

Control 213.80+2.35 76.80 +5.24 67.40+5.13

SVF 220.80 +3.13%* 151.00 + 9.27%** 145.50 + 10.52%**

EMI 235.40 + 3.42%** 137.10 + 8.27%** 176.50 + 6.59***

SVF +EMI 253.90 +4.77%%* 2 176.30 + 5.37%%* 2 21250+ 5.67%%* P
CD90

Control 139.00+2.12 13530+2.27 135.30+2.27

SVF 159.40 + 4.49%* 2 157.30 £ 4.57%* 157.30 + 4.57%*

EMI 187.60 + 3.92%%* 170.80 + 5.86*** 170.80 + 5.86+**

SVF +EMI 176.10 £ 4.07%** P 166.00 + 4.91+%* 166.00 + 4.91%**
(D44

Control 195.30 £3.71 195.80 + 5.00 231.60+3.25

SVF 205.50 +3.82 202.10+4.23 240.50+3.46

EMI 23730+ 5.21%%% P 242.60 + 5.99%** © 264.50 +2.70%%% P

SVF + EMI 229.10 +4.55%%* P 231.60 + 5.05%** P 270.50 + 4 47%%% P
CK17

Control 13540+ 15.72 90.40 +5.91 67.40+6.82

SVF 168.50 +7.01 167.70 £ 11.42%** 140.10 £ 13.06%**

EMI 176.20 £ 5.12% 148.30 + 10.39%** 125.70 £ 9.69+**

SVF + EMI 214.70 + 3.89%** b 198.90 + 8.72*** 2 180.80 + 7.55%** ab

EMI, Enzyme-free Mechanical Isolation; SVF, Stromal Vascular Fraction.
*p < 0.05 compared to control; **p < 0.01 compared to control; ¥***p < 0.001 compared to control.

3p <0.01 compared to EMI; ®p < 0.05 compared to SVF.

Values are expressed as mean + SEM. Statistical analysis was used: one-way ANOVA.

The kit provided a sterile, single-use, tissue collection double
bag with an inner filter bag of 120 um mesh. A volume of lipoas-
pirate (25-30 ml) was transferred into the inner bag by the upper
port. Placing the bag vertically, the Klein solution containing part
of blood cells was recovered in the lower part of the processing
bag and removed while the adipose tissue remained in the inner
filter bag. An equal volume of PBS solution equal to Klein solution
removed was introduced into the processing bag through the
upper port, and the fat was processed according to the instruc-
tion for use. Briefly, fat tissue was massaged for 5min and disag-
gregated by using a small plastic rod and enforced to pass
through the filter bag by manual massaging. The disaggregated
tissue was collected with a syringe using the lower valve port of
the outer bag and centrifuged at 400G for 10 min at room tem-
perature, followed by resuspension in 1 ml of Dulbecco Minimum
Essential Medium (DMEM) complete culture medium Cells 2021 of
14 (Sigma-Aldrich, Milan, Italy) with 10% of Fetal Bovine Serum
(Sigma-Aldrich, Milan, Italy)), 0.5% of amphotericin B (GIBCO Life
Technology, Monza, ltaly), and 1% of a mixture of penicillin/
streptomycin 1:1 (GIBCO Life Technology, Monza, Italy) to count
the number of cells inside. The product obtained by this method
was named ‘SVF' [21-27].

Experimental burn model

Surgical procedures were performed on subjects under general
anesthesia. For anesthesia, an intramuscular injection of 50 mg/kg
ketamine hydrochloride (Ketalar® 50mg/ml vial, Pfizer) and
0.65mg/kg xylazine hydrochloride (Rompun® vial, Bayer) was
administered. Following anesthesia, the backs of the subjects

were first shaved with an electric shaver, then with a razor blade,
and disinfected with Savlon (10%) solution. To create the burn, an
electric heater with an automatic thermostat with a copper plate
with a diameter of 15 mm was used. The areas to be burned were
marked as 15mm in diameter on the dorsal skin of the rats on
the scapula, on the right and left sides of the midline, with
approximately 20 mm of intact skin between them. A deep dermal
burn was created by applying a temperature probe with a tem-
perature of 120°C to the marked areas for 16s. With the dermal
burn created, the basal layer, dermal cytokines, and stem cells,
which could be used as a source for wound healing,
were eliminated.

Treatment protocol

Leftside burn-in subjects were used for study groups, and right-
side burns were used for control purposes. The rats in all groups
were divided into three subgroups among themselves, with five
treated at the end of the first week, another five at the end of
the second week, and the remaining five at the end of the third
week. Subdermal injection of 0.2ml SVF or 0.2ml EMI was
injected into the left-sided burn lesions of the subjects for treat-
ment. In the SVF+EMI group, a total of 0.4ml was injected,
including 0.2 ml SVF and 0.2 ml EMI. 0.2 ml of NaCl was applied to
right-sided control lesions in SVF and EMI groups, and 0.4 ml 0.9%
NaCl in SVF +EMI group. Four weeks after the burn model was
created, the subjects were sacrificed, and tissue samples were
taken and examined.
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Figure 4. Immunohistochemical staining for Ki67 of the burn wound at the end of the first week.

Histopathological evaluation

At the end of the experiment, after euthanasia of rats with 10 mg/
kg xylazine and 75mg/kg Ketamine under general anesthesia,
samples containing injured and intact skin areas were removed
and fixed in 10% formalin for 24-72h. Tissues were then
embedded in paraffin blocks following the routine tissue follow-
up procedure. Approximately 5pum thick sections were cut from
the paraffin blocks with a microtome. The sections were stained
with Hematoxylin-Eosin stain and Masson’s Trichrome for histo-
pathological examination. Re-epithelization, granulation tissue,
and collagen deposition in the range of at least +1 and maximum
+4 were evaluated by two histologists who were blinded to the
study groups [28].

Indirect immunohistochemistry staining

After the sections were kept in an oven at 60°C for one night for
immunohistochemical staining, they were made transparent with
xylene. Then they were kept in distilled water for 5min by rehyd-
rating with alcohol series in a degree decreasing from 95% to
60%. The sections restricted with Dakopene were treated in 0.5%
trypsin solution at room temperature for 15min. Then, 3% H,0,
was applied for 5min in order to inhibit endogenous tissue perox-
idase. The sections were washed with phosphate-buffered saline
(PBS) three times for 5min and were treated with blocking solu-
tion for 1h for blocking. After removing the blocking solution
from the tissue, the sections were incubated overnight with the
primary antibodies Ki67, CD44, CD73, CD90, or CK17. The sections
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Figure 5. Immunohistochemical staining for Ki67 of the burn wound at the end of the second week.
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Figure 6. Immunohistochemical staining for Ki67 of the burn wound at the end of the third week.



84 P. KARAKOL ET AL.

Control
EMI
Negative

SVF

SVF-EMI

Figure 7. Immunohistochemical staining for CD90 of the burn wound at the end of the first week.

were washed three times with PBS the next day and were incu-
bated with anti-mouse biotin-streptavidin hydrogen peroxidase
secondary antibody for 30 min. The sections were washed three
times with PBS for 5min and stained with DAB for 5min in order
to determine the visibility of the immunohistochemical reaction.
Contrast stained sections with Mayer's hematoxylin were washed
several times with deionized water. For the final step, serially
increasing concentrations of alcohol were used to remove water,
passed from xylene, and at the end, sections were covered with
a coverslip.

Statistical analysis

Immunohistochemical staining results were evaluated by examin-
ing the H-score [29-31]. The H-score was calculated with the for-
mula (14 staining intensity/3) x staining ratio. The staining ratio

was graded semi-quantitatively, 0=staining in less than 1% of
cells; 1+ = staining in 1-10% of cells; 24+ = staining in 11-50%
of cells; 3+ = staining in 51-80% of cells; 4+ = staining in more
than 80% of cells. Staining intensity was determined as 0=no
staining; 1=pale; 2=moderate; 3= heavy. The difference
between the findings and the groups was determined using the
one-way ANOVA test, and p<0.05 was considered statistically
significant.

Results

In histological examination, that the control samples did not
improve in the first-week group, but improvement started in the
treatment groups. The skin was multicellular, vascularization was
present, and the wound was closed (Figure 1). The control
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Figure 8. Immunohistochemical staining for CD90 of the burn wound at the end of the second week.
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Figure 9. Immunohistochemical staining for CD90 of the burn wound at the end of the third week.
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Figure 10. Immunohistochemical staining for CD73 of the burn wound at the end of the first week.

samples did not improve in the second week (Figure 2) and the
third week (Figure 3) groups but improved in the treat-
ment groups.

When the groups and weeks were examined in terms of cell
proliferation, cell migration, re-epithelialization, granulation tissue,
vessel formation, collagen accumulation, and fibril structure
parameters during the healing process, a significant improvement
(p <0.05) was achieved in all groups compared to the control.
The best group in terms of recovery was SVF 4 EMI, followed by
SVF and EMI groups. Results of the first-week application were
numerically better than the other weeks (Table 1).

Positive cells were evident, especially in the basal layer of the
epidermis, in Ki67 immunohistochemistry stains, which were

examined as a marker of proliferation in cells in the skin (Figures
4-6). Ki67 H-score was significantly higher in all experimental
groups than in controls (p <0.01). Among the groups, the best
group in terms of recovery was SVF+ EMI, followed by SVF and
EMI. Results of the first-week application were numerically better
than the other weeks (Table 1).

Immunohistochemical staining for CD90 (Figures 7-9), CD73
(Figures 10-12), and CD44 (Figures 13-15) were performed as
ADSC markers in SVF and EMI applied for treatment. CD73 and
CD90 staining were significantly higher than in controls in all
groups and weeks. CD44 staining was significantly increased in
the EMI and SVF+EMI groups compared to the control group
(Table 1).
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Figure 11. Immunohistochemical staining for CD73 of the burn wound at the end of the second week.
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Figure 12. Immunohistochemical staining for CD73 of the burn wound at the end of the third week.
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Figure 13. Immunohistochemical staining for CD44 of the burn wound at the end of the first week.

Positive cells were evident in the epithelial layer in CK17
immunohistochemistry staining, which was examined as a cyto-
keratin marker in cells in the skin (Figures 16-18). The CK17 H-
score was significantly higher in all groups in the second and the
third-week applications, and in the EMI and SVF + EMI groups in
the first week compared to the control group (Table 1). Among
the groups, the best group in terms of improvement
was SVF + EMI.

A representative macroscopic wound healing process s
imaged in Figure 19.

Discussion

Care and treatment of burn patients are carried out by an inter-
professional team consisting of burn specialists, plastic surgeons,
intensive care, wound care specialists, physiotherapists, dieticians,

and nurses. The main goal in burn treatment is to prevent compli-
cations and restore functionality. However, treatment results
depend on the degree and size of the burn. Recovery is slow with
most second and third-degree burns, and patients may have to
stay in hospital for a long time [32,33]. Deeper injuries may
require surgical treatment, including excision and STSG [34,35].
Early STSG is avoided in the treatment of large and deep partial-
thickness wounds due to the risk of delay in wound closure. This
can lead to infection and poor aesthetic and functional results
[36]. Therefore, early autologous cell spray grafting may be an
interesting therapeutic option for the treatment of large, deep
partial-thickness wounds [37].

Cutaneous wound healing due to injury and burn can gener-
ally be summarized as inflammation, epithelization, and tissue
remodeling. During normal wound healing, the functional state
and biomechanics of the skin should be sufficient to allow its
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Figure 14. Immunohistochemical staining for CD44 of the burn wound at the end of the second week.
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Figure 15. Immunohistochemical staining for CD44 of the burn wound at the end of the third week.
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Figure 16. Immunohistochemical staining for CK17 of the burn wound at the end of the first week.

restoration. However, this is not the case in burn-like injuries, and
the wound closes without epithelization with excessive accumula-
tion of collagen. Therefore, it is important to know the state of
the mechanisms governing the cellular functions and extracellular
protein reorganization to be able to accomplish the studies for
the treatment of wound healing. CD44 is the cell surface adhesion
receptor expressed in all cells in the dermis. It is also known to
have a role in the migration of leukocytes, T cell extravasation,
and hyaluronic acid metabolism in the inflammatory and fibrotic
process. CD44-null mice have been reported to have a severe
scarring potential. This data shows that CD44 plays a very import-
ant role in epithelization [38,39].

Numerous successes have been achieved with mesenchymal
stem cells (MSC) used in regenerative therapy since the 1970s

[40]. MSCs are more advantageous than other stem cells in that
they differentiate into a variety of cell lineages including muscle,
bone, cartilage, and fat, and secrete biologically active paracrine
factors [41]. In addition, MSCs, which can be easily isolated from a
variety of adult tissues such as adipose tissue, bone marrow, skin,
and periodontal ligament, possess immunomodulatory properties
[42,43]. ADSCs have been widely studied after being characterized
by Zuk et al. in 2001 [43]. ADSCs with multi-potential differenti-
ation capacities, surface markers, and adhesion to plastic can be
easily obtained from adipose tissue [44]. Although the efficacy of
purified ADSCs has a greater potential for differentiation than SVF
consisting of heterogeneous cell mixes, ADSC isolation from SVF
requires longer time, more equipment, and higher cost [12]. For
this reason, it would be more appropriate to use SVF obtained
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Figure 17. Immunohistochemical staining for CK17 of the burn wound at the end of the second week.
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Figure 18. Immunohistochemical staining for CK17 of the burn wound at the end of the third week.
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from the patient’s own adipose tissue, which does not cause an
ethical problem and allogeneic reaction, in cases requiring imme-
diate medical intervention, such as in burn wounds. The applica-
tion of SVF obtained by lipoaspiration is both an easy method
and does not cause significant increases in morbidity [17]. Indeed,
in a study conducted in 2012, 174 cases of ADSC application pub-
lished in clinical settings were analyzed and found to have no
adverse effects [45]. In addition, there are clinical studies that
acknowledge the safety and efficacy of ADSCs for wound heal-
ing [46-48].

Studies have shown that ADSCs accelerate wound healing in an
ischemic wound model [11] and a full-thickness excisional wound
model [10]. Ebrahimian et al. [49] determined that SVF therapy
healed radiation-induced wounds. Another study showed that SVF
improved both the microscopic and macroscopic aspects of the
wound healing process in experimentally induced full-thickness burn
wounds in rats [18]. In animal experimental models to monitor the
wound healing process, ADSCs increase angiogenesis and epitheliali-
zation and lead to the survival of grafted cells [50].

Re-epithelialization is known to depend on the ability of keratino-
cytes to co-clone [51]. Additionally, it is suggested that melanocytes
and fibroblasts contribute to the repigmentation process [52]. With
ReCell® technology, one of the recently developed NCSC and EMI
methods, an autologous, heterogeneous skin cell suspension contain-
ing approximately 65% keratinocytes, 30% fibroblasts, and 3-5% mel-
anocytes was obtained [53]. By this method, a small donor
population of basal layer cells is sufficient for the autologous cell sus-
pension and can be administered immediately. The cell suspension
obtained by this method provides an alternative treatment option in
burn injuries, as it can be applied without any delay, especially when
the affected area is very large or there is not enough donor skin [19].
The easy and fast preparation of the autologous cell suspension with
ReCell and the ability of the obtained cell suspension to cover a
wound 80 times larger than the donor site has been interesting [54].
ReCell has been used in studies on cutaneous injuries and skin
lesions, including vitiligo and congenital melanocytic nevi, and donor
sites [25,27,55]. De Angelis et al. [56] reported that 70% of patients
achieved re-epithelialization between 40 and 60days postoperatively
of skin cells obtained with the ReCell system to treat chronic ulcers.
NCSCs derived from skin tissues of burn patients without the use of
biochemical reagents consists of keratinocytes, melanocytes, and
fibroblasts. In the rat model of burn healing, NCSCs significantly
improved wound healing compared to PBS alone [20]. In another
study, ADCS obtained with ReCell were shown to be a safe and
effective alternative to STSG for the treatment of deep partial-thick-
ness burns. In addition, increased healing, less scarring, and reduced
pain were noted in the donor areas where ReCell was taken [57]. In
our study, it was observed that SVF and EMI applied to a full-thick-
ness burn wound provided a significant improvement in all groups
compared to the control group in terms of their respective histo-
pathological scores. There was no difference between the groups.
Our results are similar to the results of the previous study in which
SVF and EMI were applied. Hu et al. [54] showed that the combin-
ation of STSG and the autologous skin cell suspension is more effect-
ive and safer than STSG alone. Karina et al. [58] reported on wound
healing that the efficacy of SVF + PRP (platelet-rich plasma) in terms
of both macroscopic and microscopic findings was greater than SVF
or PRP alone. In our study, the SVF+EMI group showed more
improvement than the SVF alone and EMI alone groups.

The presence of proliferating cells at the injury site is consid-
ered an indicator of wound healing. Bromodeoxyuridine and
PCNA have been used to detect proliferating cells in the burn
wound [59,60]. We used Ki67 as an indicator of proliferation in

Figure 19. The wound induced is shown to heal gradually. (A) Wound onset, (B)
SVF and EMI application (C) After application process, and (D) Final wound heal-
ing as images.

our study. Positive cells were observed in Ki67 immunohistochem-
istry staining in skin cells, especially in the basal layer of the epi-
dermis. Ki67 H-score was significantly higher in all experimental
groups than in the control group. SVF 4+ EMI was determined to
be the best among the groups in terms of recovery. There was no
difference between the SVF and EMI groups. Moreover, CK17
expression, which is an epithelial cell marker in the evaluation of
recovery, was significantly higher than in the control group in the
second and the third-week applications in the SVF group and in
all application weeks in the EMI and SVF+ EMI groups. Among
the groups, the best group in terms of improvement was
SVF + EMI. The increased expression of both CK17 and Ki67 in the
treatment groups was due to the applied SVF and EMI.

MSCs are generally characterized as positive for surface
markers CD44, CD73, CD90, and CD105 and negative for surface
markers HLADR, CD45, CD14, and CD34 [61]. Bourin et al. [44] pro-
vided guidelines for the characterization of stromal elements of
SVF using markers CD13, CD29, CD44, CD73, and CD90 (>40%
expression). Prasi et al. [62] found that there was no significant
difference in their studies comparing both mRNA and protein lev-
els of CD11b, CD34, CD44, CD105, CD29, CD73, CD90, or CD36 in
burn wound with control. In our study, we determined that CD73
and CD90 expression increased significantly in all groups and
weeks, and CD44 expression in EMI and SVF + EMI groups com-
pared to the control. The fact that Prasi et al. showed that there
was no difference in stem cell markers between control and burn
wound tissue in their study suggests that the difference between
the control and treatment groups in our study is due to the treat-
ment applied, SVF and EMI.



In conclusion, we determined in our study that both SVF and
EMI application significantly increased the healing of the burn
wound. Moreover, SVF + EMI application provided more improve-
ment than SVF or EMI alone. Since both SVF and EMI can be
obtained easily and in a short time, it shows that they can be
treatment alternatives, especially in deep and large burns.
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