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THE COMBINATION OF STROMAL VASCULAR FRACTION CELLS
AND PLATELET-RICH PLASMA INCREASES FIBROBLAST
GROWTH FACTOR 2 AND INSULIN-LIKE GROWTH FACTOR 1 IN
FULL-THICKNESS BURNS IN ANIMAL MODEL
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INSULINE-LIKE 1 DANS LE MODELE ANIMAL DE BRULURE PROFONDE
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SUMMARY. The previous study on the injection of SVFs in combination with PRP showed positive effect on the
healing of deep dermal burns. We now seek to understand the effect on full thickness burns, as assessed by changes in
serum FGF2, IGF1, epithelialization, and fibroblast count. Forty-eight Wistar rats were randomly divided into four
groups: (1) rats with full thickness burns given a local injection of combined SVFs and PRP; (2) rats with burns given
topical Vaseline; (3) rats with burns given a local injection of placebo; and (4) rats without burns. Primary data were
measured according to the time of euthanasia (at the 8th hour, 4th day, 7th day, 14th day or 21st day). One-way ANOVA
test followed by post hoc test were used. Epithelialization in rats who received SVFs and PRP was superior on days 7,
14 and 21 when compared to the other groups. The fibroblast count in rats who received SVFs and PRP showed sig-
nificant difference on days 7 (p=0.022). Significant differences in serum FGF2 were observed on days 4, 7, 14 and 21
(p=0.003, p=0.001, p=0.024, p=0.038, respectively). A significant difference was also observed in serum IGF1 levels
ondays 7, 14 and 21 (p=0.043, p=0.003, p=0.045, respectively), and the combination of SVFs and PRP showed superior
results compared to other groups. Injection of combined SVFs and PRP increases FGF2, IGF1, fibroblast count, and
epithelialization.

Keywords: fibroblast growth factor 2, full-thickness burn injury, insulin growth factor 1, platelet-rich plasma, stromal
vascular fraction cells

RESUME. Nous avons montré dans une étude précédente que 'injection combinée de cellules stromales vasculaires
(CSV) et de plasma riche en plaquettes (PRP) promeut la guérison des brilures intermédiaires. Dans cette étude, nous
evaluons les effets de cette méme combinaison sur les briillures profondes en mesurant les variations du facteur 2 de
croissance fibroblastique (F2CF) comme du facteur de croissance insuline-like 1 (FCIL1), I’épithélialisation et le nom-
bre de fibroblastes. Quarante- huit rats Wistar ont été répartis au hasard en 4 groupes : 1- Briilure profonde et injection
de CSV + PRP ; 2- Briilure profonde et pansement vaseliné ; 3- Brilure profonde et injection de placebo ; 4- Rats
sains. Les données ont été recueillies au moment de leur sacrifice : h8, J4, J7, J14 et J21). Un test ANOVA a précédé
les analyses adaptées. L’ épithélialisation était supérieure, a J7, J14 et J21 chez les rats du groupe 1. Le nombre de fi-
broblastes était significativement plus éleve a J7 (p=0,022). Les concentrations sériques de F2CF étaient significati-
vement plus élevées a J4, J7, J14 et J21 (p=0,003 ; 0,001 ; 0,024 et 0,038 respectivement). En ce qui concerne FCILI,
les concentrations sériques étaient plus élevées dans le groupe 1 a J7, J14 et J21 (p=0,043 ; 0,003 et 0,045). L’injection
combinée de CSV et de PRP augmente F2CF et FCILI, le nombre de fibroblastes et |’épithélialisation.

Mots-clés : facteur 2 de croissance fibroblastique, facteur de croissance insuline-like 1, cellules stromales vasculaires,
plasma riche en plaquettes, brillure profonde
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Introduction

Burns remain a health problem with high mor-
bidity and mortality rates. The World Health Or-
ganization reports that the number of deaths
worldwide resulting from burns can be up to
180,000 per year.!

Burn healing is a dynamic series of processes
that are influenced by several factors. There are
several therapeutic options that can be used to sup-
port the wound healing process, including stem cell
therapy and its derivatives. However, the use of this
therapeutic modality remains limited, due to insuf-
ficient research and clinical trials.?

Stromal vascular fraction cells (SVFs) are a col-
lection of several cells such as pericytes, endothe-
lial cells, preadipocytes, and other progenitor cells.
SVFs secrete various growth factors, and produce
anti-inflammatory-antioxidant effects that are use-
ful in wound healing. Similarly, platelet-rich
plasma (PRP) is a concentrated solution of platelet
plasma that contains many growth factors. Previous
studies have shown that combined SVFs and PRP
are superior for accelerating burn healing compared
to SVFs or PRP alone.*

Fibroblast growth factor 2 (FGF2) is a member
of the heparin family that binds to growth factors,
and functions as an important mediator in wound
healing. FGF2 is a single polypeptide that has mi-
togenic and angiogenic effects.”

Insulin growth factor 1 (IGF1), also known as
somatomedin C, is a hormone with a molecular
structure similar to insulin. IGF1 plays an important
role in wound healing by acting via several mecha-
nisms, including as a chemotactic agent for en-
dothelial cells, and by stimulating the proliferation
and migration of keratinocytes and fibroblasts.!%!!

As a continuation of our previous studies, we
sought to investigate whether the combined injec-
tion of SVFs and PRP produces a positive effect on
the healing of full thickness burns, as reflected by
an increase in FGF2 and IGF1 levels. Research on
the combined use of SVFs and PRP for full thick-
ness burns is, to our knowledge, limited, and we
hope that the results of this study will contribute to
the existing literature.®!%13
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Methods

Study design

The groups used in this study were as follows: a
treatment group (rats with full thickness burns that
received a local injection with combined SVFs and
PRP); a positive control group (rats with full thick-
ness burns that received topical Vaseline); a negative
control group (rats with full thickness burns that re-
ceived a local injection placebo); and a normal con-
trol group (rats that were not modeled for burns and
did not receive therapy). Groups with burn treatment
were divided further into five smaller groups accord-
ing to the time of euthanasia (at 8 hours, day 4, day
7, day 14 or day 21 following burn induction). The
normal control group was not subdivided, and con-
sisted of only one group.

This research was conducted after obtaining ap-
proval from the animal research ethics committee of
Hasanuddin University (Ethical clearance number:
851/UN4.6.4.5.31/ PP361 2A21). The animal labo-
ratory was treated in accordance with national re-
search council’s guidelines, and this report was
written to comply with ARRIVE guidelines.'*!?

Sample size and criteria for inclusion and exclusion

Wistar rats (Rattus norvegicus) were used as the
experimental unit in this study, with a total of three
rats in each group, giving a total of 48 samples. Fed-
erer formula was used to calculate the number of
samples in each group.

Rats were included in this study if they met the
following criteria: male, 2-3 months old, body
weight of 150-250 grams. Rats were excluded from
the study if they died prior to the time of euthanasia.
Samples were assigned to each group by simple ran-
domization using a computer-based random gener-
ator. Researchers who carried out the enzyme-linked
immunosorbent assay (ELISA) test and histopatho-
logical readings did not know the origin of the group
from which the sample came.

Animal handling, care and monitoring

Animal care and all research procedures were
carried out at Hasanuddin University Animal Labo-
ratory and Hasanuddin University Medical Research
Center. Rats were first stabilized and adapted for



seven days in the laboratory environment. The
mouse cages used measured 30 x 30 x 15 cm?, and
each cage contained three rats. Rats were fed ADII
pellets and were allowed to drink ad libitum. The
room temperature was set at 28°C (£ 2°C), with a hu-
midity of 50% (+ 10%). Room lighting was set to a
cycle of 12 hours on and 12 hours off. Cages were
cleaned daily.

Preparation of platelet-rich plasma

Blood was aspirated from the heart of donor rats
using a 3 mL syringe with a 25 G needle, and was
subsequently stored in a tube containing ethylenedi-
aminetetraacetic acid (EDTA). 30 mL of collected
blood was then centrifuged for 10 minutes at a speed
of 2400 rpm (450 G). The supernatant plasma and
buffy coat were then separated and re-centrifuged
for 15 minutes at 3600 rpm (850 G). Following this,
3 mL of infranatant plasma containing buffy coat
was taken and frozen in liquid nitrogen. Prior to use,
PRP was diluted and activated with a solution of
10% CaCl, (Merck, Germany) immediately before
injection. PRP preparation in this study was carried
out in accordance with the protocol from Juntendo
University, Tokyo.!¢

Preparation of stromal vascular fraction cells

As the source of SVFs, subcutaneous fat was
taken by incision from the right and left inguinal re-
gion of the donor rats. The fat was then washed with
phosphate-buffered saline solution (Gibco-BRL,
Grand Island, NY, USA) and stored in 15 mL tubes
with 0.15% collagenase (Wako, Osaka, Japan).
These were incubated at 37°C for 30 minutes. To
counteract the effects of collagenase, a control
medium was added to the fat, which consisted of
Dulbecco’s modified Eagle’s medium [DMEM,
Gibco-BRL], 1% antibiotic-antimycotic (Sigma-
Aldrich, St. Louis, USA), and 10% fetal bovine
serum (Gibco-BRL).!6!

This suspension was then centrifuged for 5 min-
utes at a speed of 1500 rpm (250 G), after which the
cell pellets were resuspended in sterile water. The
number of SVFs cells was counted using Neubauer
counting chambers with trypan blue (Gibco-BRL)
staining. A total of 50,000 SVF cells were trans-
ferred into an Eppendorf tube, which was then

Annals of Burns and Fire Disasters - vol. XXXVII - n.1 - March 2024

mixed with PRP until the solution volume reached
500 pL. The preparation of SVFs was carried out in
accordance with the protocol from Juntendo Univer-
sity, Tokyo.!%!7

Induction of full-thickness burns

A stainless-steel tool weighing 100 grams and 1
cm in diameter was used to induce burns. The hair
on the rat’s back areca was shaved, and anesthesia
was then administered using 2% isoflurane by in-
halation. The shaved area was disinfected using
povidone iodine prior to modelling. The metal was
preheated in water at 100°C for 5 minutes, then at-
tached to the back of the rat for 30 seconds without
pressing. To ascertain the depth of the full thickness
burn, we performed histopathological examination
with hematoxylin-eosin (HE) staining.'®

Injection and application of treatments

Intradermal injections of SVFs and PRP were ad-
ministered once, directly following burn induction,
at 12, 3, 6 and 9 o’clock from the wound edge, and
in the center of the wound. The total volume of
SVFs and PRP injected was 500 pL (100 pL at each
injection point). In the positive control group, Vase-
line was applied topically to the wound surface. In
the negative control group, saline injections were ad-
ministered to the same locations as in the treatment
group. The rats were given antibiotics and analgesics
following the procedure. The wound was then cov-
ered with transparent film and a circular girdle.
Wound care was carried out daily.

Outcome measures

Euthanasia was carried out using inhalation of
2% isoflurane. Blood samples were taken by direct
aspiration from the heart following thoracotomy.
These samples were analyzed to determine serum
FGF2 and IGF1 levels according to the day of eu-
thanasia using ELISA according to the manufac-
turer’s protocol (catalog numbers: RAB1139 and
RAB1146 for FGF2 and IGF1, respectively; Sigma-
Aldrich, Singapore).

Tissue samples for histopathological examination
were taken by excising burnt tissue, which was then
fixed using a 10% formaldehyde solution. Tissue
samples were sent for processing into paraffin
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blocks, and were stained with HE to determine the
number of fibroblasts quantitatively and epithelial-
ization semi-quantitatively.

Fibroblast assessment was carried out by count-
ing the number of fibroblast cells per field of view
using a light microscope (Fig. 1).

A semi-quantitative method was used to assess
the histopathological features of epithelialization ac-
cording to the assessment metrics previously pro-
vided by Gal et al., using the following scoring
system: 0: no epithelialization has occurred and the
edges of the burn are visible (thickness of cut edges);
1: there is <50% migration of epithelial cells; 2:
there is >50% migration of epithelial cells; 3: a cell
bridge has formed between the edges of the burn; 4:
keratinization has occurred."

Data were processed using SPSS software version
23 (IBM Corp. Released 2015. IBM SPSS Statistics
for Windows, Version 23.0. Armonk, New York).
One-way ANOVA test was conducted, followed by
a post hoc test. Kruskal Wallis test was used alterna-
tively if one group did not meet the requirements. A
p value of <0.05 was considered significant.

Results

All samples used in this study complied with the
inclusion and exclusion criteria until the end of the
study. Histopathological analysis with HE staining
showed tissue damage that penetrated the subcuta-
neous and muscular layers (Fig. 2). The results of
epithelialization, fibroblast count, FGF2, and IGF1
levels are presented in Table I, Fig. 3 and Fig. 4.

Epithelialization results

Epithelialization did not occur at the 8th hour and
4th day. On day 7 and 14, the greatest degree of ep-
ithelialization was found in the treatment group. Ep-
ithelialization in the treatment group on day 21 was
4 (£ 0); while in the positive and negative control
groups this value was found to be 3 (= 0) and 2 (+
1.16), respectively.

Fibroblast results

The fibroblast count did not differ significantly
between groups at the 8" hour and day 4 following
burn injury (p=0.877, p=0.327 respectively). How-

Fig. 1 - HE-stained histopathological pictures on full-thickness burn, examining fibroblast count. A) Fibroblast proliferation on the 7th day treatment
group. Fibroblasts are shown in arrows; B) Fibroblast proliferation in the positive control group on day 14. Fibroblasts are shown in arrows; C) Fi-
broblast proliferation in the negative control group on day 21. Fibroblasts are shown in arrows; D) Fibroblast proliferation in the normal control
group on day 21. Fibroblasts are shown in arrows.
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Table I - Results for FGF2 level (pg/mL) measurements and p-values.
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;;riiets Group of Intervention FGF2 Level(Mean) IGF1 Level(Mean) Epithelialization (Median) Fibroblast (Mean)
gth Treatment Group 43.25 (+5.30) 1.81 (+0.08) 0 (£0) 1.67 (£0.58)
hour
Positive Control 33.12 (6.58) 1.70 (£0.14) 0 (x0) 1.67 (£1.16)
Negative Control 35.90 (£24.55) 1.57 (£0.51) 0 (£0) 1.33 (+0.58)
Normal Control 25.39 (+2.45) 1.96 (+0.22) 4 (+0) 1.33 (+£0.58)
p=0.270 p=0.444 p=0.012%* p=0.877
4th day Treatment Group 52.24 (+4.58) 2.47 (£0.25) 0 (£0.58) 3.33 (+0.58)
Positive Control 44.19 (+8.68) 2.33 (+0.21) 0 (+0) 3 (£2.65)
Negative Control 37.64 (£5.78) 2.00 (£0.14) 0 (+0) 1.67 (£1.16)
Normal Control 25.39 (+2.45) 1.96 (+0.22) 4 (+0) 1.33 (+0.58)
p=0.003* p=10.082 p=0.023* p=0.327
4th Treatment Group 68.86 (+10.94) 2.37 (£0.14) 1 (x0) 36.33 (+6.35)
day
Positive Control 44.67 (+4.94) 2.08 (+£0.18) 0 (+0.58) 11.67 (£5.77)
Negative Control 35.45(+10.22) 1.72 (£0.33) 0 (x0.58) 14.67 (+9.24)
Normal Control 25.39 (+2.45) 1.96 (+0.22) 4 (+0) 1.33 (+0.58)
p=0.001%* p=0.043* p=0.034* p=0.022*
14th Treatment Group 95.05 (+35.88) 1.91 (£0.03) 2 (x1.16) 63.00 (+11.36)
day
Positive Control 76.93 (+17.72) 1.85 (+£0.14) 1(x0.58) 63.00 (+17.32)
Negative Control 63.68 (+17.08) 1.40 (£0.05) 1(20) 57.67 (£5.69)
Normal Control 25.39 (+2.45) 1.96 (£0.22) 4 (+0) 1.33 (+£0.58)
p=0.024* p=0.003* p=0.025* p=0.082
oSt Treatment Group 36.11 (£10.12) 1.65 (+0.20) 4 (£0) 35.33 (6.03)
day
Positive Control 46.58 (+8.20) 1.71 (£0.25) 3 (+0) 30.67 (+14.01)
Negative Control 72.39 (£29.73) 1.40 (+£0.05) 2 (x1.16) 31.33 (+21.08)
Normal Control 25.39 (£2.45) 1.96 (£0.22) 4 (x0) 1.33 (£0.58)
p=0.038* p=0.045* p=0.062 p=10.098

ever, it should be noted that the highest mean fibrob-
last count was found in the treatment group. The fi-
broblast count on day 7 showed significant
difference (p=0.022). The highest mean fibroblast
count was observed in the treatment group.

FGF2 results
At 8 hours following burn induction, the highest

average level of FGF2 was observed in the treatment
group. However, it should be noted that this result
was not found to be statistically significant
(p=0.270).

The average levels of FGF2 on day 4, 7, 14 and
21 differed significantly between groups (p=0.003,
0,001, 0,024, 0,038 respectively). The results of post
hoc test performed can be seen in Fig. 3.
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Fig. 2 - Full-thickness burn injury model with HE staining showed
extensive damage to the subdermal layer.
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Fig. 3 - FGF2 level multiple comparisons

IGFI results

At 8 hours and day 4, IGF1 levels did not differ
significantly between groups (p=0.444, 0.082, re-
spectively). By days 7, 14 and 21 IGF1 levels dif-
fered significantly between groups (p=0.043, 0.003,
0.045 respectively). The results of the post hoc test
performed can be seen in Fig. 4.
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Discussion

Early intervention is essential to prevent the ex-
pansion of destruction from the zone of stasis, and
to accelerate the burn wound healing process. In this
study, we administered therapy as early as possible,
to determine whether it would maximize the final
burn healing outcome.!

The combination of PRP and SVFs provides a cu-
mulative effect that is expected to accelerate the
wound healing process when compared to either of
these therapies alone. This expectation is consistent
with the results of our previous studies. On day 4,
Laidding et al. described 84% wound closure in the
PRP and SVF combination group compared to PRP
or SVFs alone (57% and 66%, respectively). Other
healing markers such as collagen synthesis, capillary
density and fibroblasts also showed superior results
in the SVF and PRP combination group.®!>!13:2021

In addition to the cumulative effect, Copcu et al.
describes that the combination of PRP and SVFs has
the potential to produce mutually beneficial interac-
tions. PRP is thought to be able to increase the number
of SVF cells in the manufacturing process. However,
further research is required to determine the potential
interactions between these two substances.?

Another advantage of SVFs and PRP is that they
are able to function as potent antioxidants. In our
previous study, the combination of these two sub-
stances significantly reduced the levels of malondi-
aldehyde and nitric oxide. Excessive oxidative
reactions are one of the basic components of wide-
spread and prolonged systemic inflammation.*

The ability of the skin to regenerate in the wound
healing process is highly dependent on growth fac-
tors. In this study, FGF2 and IGF1 levels were meas-
ured periodically following burn induction at 8
hours, day 4, day 7, day 14 and day 21, to determine
how growth factor levels vary in relation to the
phases of wound healing, and to investigate their in-
teractions using histopathological examination.'

The effect of treatment with a combination of
SVFs and PRP on the epithelialization process of full
thickness burn healing

Balanced interactions between cells are required
for successful wound closure. Epithelialization can



be a gradual and lengthy process. In this study, no
change was observed in the epithelialization assess-
ment at 8 hours or day 4 following intervention.

The treatment group underwent complete epithe-
lialization faster than the other groups (7able I). IGF1
and FGF2 have synergistic effects on keratinocyte mi-
gration, resulting in cell contraction and proliferation.
They have also been shown to produce a mitogenic
effect on keratinocytes, both in vitro and in vivo.*

In contrast, the negative control group did not un-
dergo complete epithelialization until day 21 (Fig.5).
This may be due to prolongation of the inflamma-
tory phase, which causes disruption of the cellular
function due to high levels of proinflammatory cy-
tokines.>%

Effect of combined SVF's and PRP on fibroblast count
A significant difference did not appear until day 7,
at which point a greater fibroblast count was observed
in the treatment group compared to the other groups
(Fig. I). SVFs and PRP are known to increase fibrob-
last migration through various interactions and mech-
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anisms. These results are consistent with those of our
previous study, where administration of SVFs, PRP,
or a combination of the two was found to increase the
number of fibroblasts.**

Hypertrophic scarring is a consequence of exces-
sive extracellular matrix deposition by fibroblasts. This
excess extracellular matrix occurs as the inflammatory
phase lengthens, and myofibroblasts produce scar tis-
sue to fill the defect. On day 14, the treatment group
was not found to have a significant increase in fibrob-
last count compared to the previous observation day.
This may imply that the combined injection of SVFs
and PRP modulates the balance of fibroblast migration
and proliferation so as to prevent excessive extracel-
lular matrix deposition, therefore making it more likely
to produce a normal scar as the end result. Research
conducted by Domergue et al. found that SVFs were
able to significantly reduce the clinical and histological
parameters of hypertrophic scars. By day 21, the fi-
broblast count in all three treatment groups had entered
a downward trend.’!

Fig. 5 - HE-stained histopathological pictures on full-thickness burn, examining epithelialization. A) Epithelialization in the treatment group
on day 14 showed a score of 4; B) Epithelialization in the positive control group on day 21 showed a score of 4; C) Epithelialization in the neg-
ative control group on day 21 showed a score of 3; D) Epithelialization in the normal control group on day 21 showed a score of 4.
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Effect of combined PRP and SVFs on serum
FGF?2 levels

In both the treatment and positive control groups,
FGF2 levels rose on the first day of therapy and
peaked on day 14, then decreased on day 21. A sim-
ilar pattern was observed in a study by Komi-Kuro-
muchi et al., who found that FGF2 levels reached a
peak on day 14, and subsequently decreased slowly
to reach a low point at day 21.3? These results can be
explained by the theory of burn healing. Burn heal-
ing is a multi-factorial biological process involving
a complex set of cellular and molecular events.
FGF2 levels begin to increase in the first 1-3 days
following burn injury, in addition to other growth
factors. These growth factors can remain elevated
for up to 2 weeks as their role in the proliferation,
migration and differentiation in wound healing
phases.?-’

A transition in the wound healing phase occurred
on day 4, characterized by an increase in growth fac-
tor secretion and by a significant difference in serum
FGF2 levels (p=0.003). On day 4, the treatment
group had the highest levels of FGF2 compared to
the other groups (7able I, Fig. 3), and this early in-
crease may be due to the administration of SVFs and
PRP, which are rich in growth factors. SVFs are also
known to contain mesenchymal stem cells, which
have the ability to secrete paracrine.’®

On day 7, there was a significant difference in
serum FGF?2 levels between the treatment group and
the other three groups (Fig. 3), suggesting that the
group receiving combined PRP and SVF injections
experienced a faster increase in FGF2 levels. This
finding is consistent with the results of our previous
study, which also found that growth factor parame-
ters increase more rapidly in the treatment group.'*"?

The levels of FGF2 peaked on day 14 (p=0.024)
(Table I). However, no significant difference was
found at this point between the treatment, positive
control, and negative control groups (Fig. 3). This
could be because FGF2 levels in the treatment group
had entered a downward trend, while FGF2 was still
being secreted in the other groups due to their pro-
longed inflammatory processes. In a study con-
ducted by Atalay et al., the placebo group showed a
prolonged inflammatory reaction compared to the
group that received an injection of SVFs. This could
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therefore be the cause of the elevated FGF2 levels
in the negative control group on day 21 in this
study.”

The more rapid and elevated increase in FGF2
levels in the treatment group is consistent with im-
proved histopathological results. Epithelialization
and fibroblast count in the treatment group showed
differences from day 7, and had better outcomes at
day 21 (Table I). FGF2 plays a role in the wound
healing process through its interaction with fibrob-
last growth factor receptors (FGFR). Phosphoryla-
tion of these receptors activates intracellular
signaling pathways such as RAS-mitogen-activated
protein kinase (RAS-MAPK), phosphatidylinositol
3-kinase-protein kinase B (PI3K-AKT), phospholi-
pase C gamma, and signal transducer and activator
of transcription.®

By activating several pathways, FGF2 is able to
modulate granulation tissue formation and angio-
genesis. In endothelial cells, binding of FGF2 to
FGFR1 initiates complex angiogenesis, the PI3K-
AKT pathway, and vascular endothelial growth fac-
tor signal transduction. This is consistent with the
results of this study, as the treatment group that ex-
perienced an increase in FGF2 also benefited from
improved epithelialization and a higher fibroblast
count.*

A study by Koike et al. found that wounds treated
with recombinant FGF2 showed accelerated epithe-
lial-mesenchymal transition, which resulted in ac-
celerated wound closure. Similarly, another study
found that full thickness wound healing was slower
in rats deprived of FGF2 expression. These results
are consistent with those of this study, which found
that the treatment group had increased FGF2 levels
and more rapid epithelialization compared to the
other groups.*'?

Effect of combined PRP and SVFs on IGF I levels
At 8 hours, the IGF1 serum levels of the three
burn groups did not differ significantly compared to
the normal control (p=0.444). IGF1 is produced pri-
marily by the liver, as part of a process mediated by
systemic hormones. This could be the reason that
IGF1 secretion was lower at 8 hours in this study.®
On day 4 of observation, IGF1 serum levels in
the treatment group began to exceed the levels in



other groups, but the difference was not found to be
significant (p=0.082). IGF1 levels peaked at day 4
in the treatment, positive control, and negative con-
trol groups. This is consistent with the results of a
study conducted by Todorovi¢ et al., which found
that IGF1 expression in rats treated with incisional
wounds peaks early in the healing phase at day 2.44°

The difference in serum IGF1 levels became sig-
nificant by day 7 (p=0.043), and the increase at this
point in time is consistent with the results of the ep-
ithelialization and fibroblast count assessments,
where the results in the treatment group are superior
to other groups (Zable I). In this study, IGF1 levels
decreased by days 14 and 21, which is earlier than
the decrease in FGF2 levels. This could be related
to hypertrophic tissue formation theory, as overex-
pression of IGF1 inhibits fibroblast apoptosis and
stimulates excessive collagen synthesis.*

IGF1 plays an important role in the wound healing
process. It increases the proliferation and migration
of keratinocytes, and the synthesis of collagen. In
contrast, a lack of IGF1 has been shown to interfere
with the wound healing process. Observations of di-
abetic rats by Blakytny et al. found that reduced ex-
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pression of IGF1 in the basal keratinocyte layer of
the skin resulted in reduced keratinocyte proliferative
activity and a decreased re-epithelialization rate.*’

The binding of IGF1 to IGF1 receptor causes au-
tophosphorylation, followed by phosphorylation of
a number of other proteins, including SHC. This re-
sults in the initiation of signaling cascades, such as
MAPK and PI3K, which increases the proliferative
capacity of fibroblast cells and modulates ker-
atinocytes.*s#

Research conducted by Haase et al. showed that
activation of the PI3K pathway induces keratinocyte
migration, while activation of the MAPK pathway
induces a change in the shape of keratinocytes and
thus increases contact area and allows tissue bridges
to form more quickly.*

The results of this study showed that SVFs and
PRP in combination accelerate wound healing in full
thickness burns. However, the majority of research
on the use of this combination is still restricted to
animal studies. The great potential of combined
SVFs and PRP still requires further study, and it is
hoped that this form of treatment may provide a
breakthrough for the treatment of burns.
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