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Clinical Value of Adipose Tissue-derived Stem Cells Application
in Healing of Experimental diabetic and Nondiabetic Burn

Randa Samir Hana', Heba Atia Yassa?
Departments of 'Biochemistry and ?Toxicology and Forensic Medicine, Faculty of Medicine, Assiut University, Assiut, Egypt

Objectives: The mechanisms underlying delayed healing in diabetes are not completely understood and biomarkers to identify and to treat such
pathways are needed. The aim of the present study is to assess the clinical effect of adipose tissue-derived stem cells in accelerating third-degree
burns healing in diabetic and normal mouse model and to restore skin integrity. Assessment of healing by Serpin B3 and keratinocyte growth
factor-1 (KGF-1) as novel biomarkers and possible molecular targets of impaired diabetic wound healing. Materials and Methods: Forty male
mice were set up as an experimental model for third-degree burn. They were randomly divided into four groups as follows: the control group,
the diabetic (received high-fat diet) burnt group, the diabetic burnt group treated with adipose tissue-derived stem cells, and the nondiabetic
burnt group treated with adipose tissue-derived stem cells. The rate of burn healing, the degree of angiogenesis, and collagen formation were
evaluated by histological examination, Serpin B3 (enzyme-linked immunosorbent assay), and KGF-1 measured by real-time polymerase chain
reaction. They were sacrificed after the 3 week for tissue sampling. Results: Adipose tissue-derived stem cells accelerate the healing of
experimental burns. Serpin B3 was upregulated in adipose tissue-derived stem cells treated burns associated with denser collagen deposition,
angiogenesis, and increased expression of KGF-1. Hair growth occurred in adipose tissue-derived stem cells-treated groups but not in the
untreated groups. Conclusion: Adipose tissue-derived stem cells represent an effective treatment for burn healing especially in resistant diabetic
burns. High Serpin B3 and KGF-1 were found to be valuable biomarkers of successful healing in diabetic burns.
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smooth muscle cells, and endothelial cells.[ It is expressed
in injured skin and extensively produced in the early healing
process of the wound.®! KGF-1 has been shown to induce
migration and multiplication of keratinocytes that produce
various growth factors and cytokines during the healing

INTRODUCTION

Burns occur with high incidence worldwide causing high
mortality and morbidity.["! After skin injury, the skin depends
on stem cells for its renewal involving inflammation,
angiogenesis with cytokines, and growth factors production.™

In pathological conditions as diabetes mellitus, healing is
not completed or delayed. Chronic nonhealing burns have
many precipitating factors as reduced angiogenesis and
impairment in the cytokines production.’! In diabetes, the
adult stem cell cannot function properly resulting in impaired
healing.¥ Adipose-derived stromal cells (ADSCs) treatments
have been associated with promising outcomes in the wound
healing.’! Serpin B3, also known as “squamous cell carcinoma
antigen-1”, is a member of the serpin superfamily of serine
protease inhibitors which are involved in the regulation of
apoptosis, inflammation, and angiogenesis.®

Keratinocyte growth factor-1 (KGF-1) is a member of the
fibroblast growth factor family produced by fibroblasts,
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Therefore, identification of the value and possible adverse
effects of ADSCs for burn healing in normal and diabetic
conditions using an animal model are needed before the human
trials. The assessment of healing by Serpin B3 and KGF-1 as
novel biomarkers and molecular targets of impaired diabetic
wound healing.
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MaTteriALs AND METHODS

Animal work

Young adult male mice (c57BL6 strain, 6-week old) were
purchased and housed in the animal laboratory of Assiut
University after approval of the Ethics Committee. They were
allowed to adapt the new place for a week. Body weights were
measured [Figure 1]. Mice were fed with either a standard
chow (10% fat, the normal healthy group) or a high-fat
diet (60% fat) to induce diabetes.!'"! Blood was collected in the
3 week after 6-h fasting by retro-orbital sinus puncture. Blood
glucose was determined with Beckman Coulter (Fullerton, CA,
USA). Insulin concentrations were determined with the Rat
Insulin ELISA kit (Crystal Chem, Downers Grove, PA, USA).
Both blood glucose and insulin levels were higher in the high
fat fed than in the normal chow group (glucose: 7.0 £ 0.2 vs.
10.2 + 0.4 mM, P <0.01; insulin: 1.4 £ 0.2 vs. 6.2 £ 1.5 ng/
ml), respectively.

Thermal injury and stem cell production

Following general anesthesia, the dorsum was shaved and a
heated metal probe (300 g, 70°C contact temperature) were
placed on the back of mice for 7 s to produce a third-degree
burn where the epidermis and the deep layer of the dermis
were affected. Collagen fibers were abnormally arranged, and
hair follicles were degenerated.!'” They received analgesia
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Figure 1: Body weights of different study groups (mean = standard
deviation, **P < 0.01)

with buprenorphine subcutaneously for pain control, mice
were allowed to recover under heat lamp, early cleaning,
debriding plus antibiotic ointments were used. 1 g of
subcutaneous mice inguinal and epididymal adipose tissue
(68 weeks old) were taken to increase the amount of fat.
Digestion medium-containing collagenase (1800 units of
collagenase/3 ml DMEM/1 g fat) was added and shacked at
37°C for 90 min until complete digestion (no tissue clumps),
centrifuged at 700 rpm for 10 min to collect the pellet
of stromal-vascular cells. The cells were counted with a
hemocytometer then seeded into a dish with culture medium
containing 10% fetal bovine serum, DMEM/F12, and 1%
antibiotics and incubated. ADSCs were induced to differentiate
into adipocytes using cell differentiation kits (RandD Systems
Minneapolis, USA) in accordance with the manufacturer
instruction. Adipocyte differentiation was determined using
flow cytometry and Oil Red O staining [Figure 2].

The mice were randomly divided into two groups as follows:
the ADSCs-treated group (20 mice, ten healthy, and ten
diabetics) and the untreated group (20 mice, ten healthy, and
ten diabetic). One day after burn, mice received 100 uL of
1 x 10° ADSCs in PBS/wound by 1 mL syringe guided to the
base of the wounds at the periphery. Images of the burnt area
were taken by a digital camera (Samsung Galaxy note) on
day 1, 3, 7, 14, and 21 after injury to measure the surface area
as an oval shape = maximum diameter x maximum diameter
perpendicular to the first one.l'¥ Images of the burns were
taken by a digital camera twice a week which were calculated
by a digital camera combined with Image J medical imaging
software with no significant difference found by the two
methods. Hair growth was evaluated. After the 3* week, the
mice were sacrificed to obtain full-thickness tissue samples
to make stained slides, analysis of protein content, RNA
quantification and to measure inflammatory, and angiogenic
biomarkers.

Examination of healing-related factors

After homogenization, total RNA was extracted using
TRIzol (Invitrogen, Carlsbad, CA, USA) and reverse
transcription polymerase chain reaction was performed
using specific primer for KGF-1 (GAPDH for normalization
Forward GGTCACCAGGGCTGCTTT 209 Reverse
ATTTGATGTTGGCGGGATKGF-1, KGF-1: Forward
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Figure 2: Identification of surface markers for adipose-derived stromal cell after reaction with specific antibodies and analysis by flow cytometry. The
y-axis represents the cells. The x-axis represents the relative fluorescence intensity. Numbers indicate the percentage of stained cells (red) compared

with the unstained cells
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5'-CACCATGCACAAATGGATACTGACATG-3’, and
5'-AGTTATTGCCATAGGAAGAAAGT-3"). The PCR
conditions were as follows: 94°C, 30 s for denaturation,
followed by 30 cycles, annealing at 58°C for 30 s, and
extension at 72°C for 30 s. The bands obtained were measured,
and the relative mRNA expression was calculated as the ratio
of the KGF-1 mRNA to the density of GAPDH mRNA.

ELISA

Frozen tissue was minced, RIPA buffer (Sigma-Aldrich,
St Louis, USA) was added then centrifuged at 4°C for 20 min to
separate insoluble proteins and the supernatant was centrifuged
at 15°C for 15 min to avoid crystallization of salt. Protein
content was quantified using the lowery method.l'l ELISA
was used to measure Serpin B3 content in tissue samples
(Catalog No. LS-F17049, Lifespan bioscience, 2401 Fourth
Avenue Suite 900 Seattle, WA 98121, USA). In brief, 100 ul
sample was added and incubated at room temperature for 2.5 h.
100 ul prepared biotin antibody was added and incubated at
room temperature 1 h. Then, 100 ul streptavidin was added
and incubated at room temperature 45 min. Then, 100 ul TMB
substrate was added and incubated at room temperature 30 min.
Finally, 50 ul stop solution was added and read at 450 nm.

Statistical analysis

Data were analyzed using Statistical Package for Social
Sciences (SPSS Inc., version 13, Chicago, IL, USA)
and expressed as mean + standard deviation. Data were
analyzed using unpaired student’s z-tests and one-way
analysis-of-variance with P <0.05 was considered statistically
significant.

ResuLts

All experimental animals maintained a normal appetite
and body temperature. All burns healed and scars formed
at the site of each burn. In the control group, one mouse
died in the 1% week. No other complications were observed.
ADSCs-treated burns showed significantly smaller surface
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Figure 3: Ratio of wound surface area in different groups (mean + standard
deviation)

areas and greater collagen deposition (P < 0.05). Hair growth
occurred in ADSCs-treated groups but not in the untreated
groups. In the 1% week, wound area measured 127.3 +10.0 mm?
in the healthy control group, 129.7 £ 22.0 mm? in the diabetic
group, 121.3 + 13.0 mm? in the ADSCs healthy group, and
125.1 + 11.0 mm? in the ADSCs diabetic group adipose tissue
group [Figures 3 and 4].

There were statistically significant lower epithelial
gap values, higher collagen deposition for the ADSCs groups
[Figure 5, P < 0.05]. The mean difference between burns
on days 1 and14 of all ADSCs-treated burns (2.1 + 0.1 mm
in healthy group, 2.6 + 0.2 in the diabetic group, P < 0.05)
were significantly smaller than those of the untreated
wounds (2.8 £ 0.2 mm in healthy group, 3.0 = 0.1lin the
diabetic group P <0.05). In the sections stained with Masson’s
trichrome, all ADSCs-treated burns showed higher blue
staining densities than the untreated burns [Figures 5 and 6].

The degree of collagen deposition was highest in the
healthy-treated group and tends to decrease in the treated
diabetic, then the untreated nondiabetic and finally the
diabetic untreated group (P < 0.05 for all). Lymphocyte and
polymorphonuclear leukocytes counts were smaller in the
ADSCs group than in the two other groups while macrophage
count was higher in these; however, none were statistically
significant [Table 1]. The ADSCs groups had the highest degree
of neovascularization as detected by KGF-1 and Serpin B3
(significantly higher in the nondiabetic group, P < 0.05)
and then in the untreated nondiabetic and the diabetic
group [Figures 7 and 8].

ELISA was used to measure Serpin B3 concentrations
after normalization to the total protein concentration. The
Serpin B3/protein ratio was significantly two-fold higher in
ADSCs-treated groups (P < 0.01, significantly higher in the
nondiabetic group, P < 0.05) compared with the untreated
groups (significantly higher in the nondiabetic group,
P < 0.05). The mouse model suggests that high serpinB3
level is sufficient to improve diabetic and nondiabetic burn
healing. It represents a nonpathogenic marker of effective
burn healing.

Discussion

Many recent studies have highlighted stem cells role in
wound healing generally and burn healing in specific.['>!¢]
Stem cells are considered highly promising candidate cells
for regenerative applications, especially in chronic nonhealing
wounds, such as diabetic burns that are characterized by
delayed healing, increased oxidative stress, and a heightened
inflammatory state because they possess a high proliferative
capacity, the potential to differentiate into other cell types
without any concerns about rejection, or the need for
immunosuppressive treatment.!”!

Adipose tissue is a multifunctional organ that contains mature
adipocytes, endothelial cells macrophages, smooth muscle
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Table 1: Parameters of inflammatory reactions in different study groups

Inflammatory reaction ADSCs nondiabetic group  ADSCs diabetic group  Untreated nondiabetic group  Untreated diabetic group
Polymorphonuclear 207.3+113.3 217.3+161.1 282.3+112.2 299.3+111.3
leukocyte count

Lymphocyte count 11.5+£8.2 17.3+9.3 10.3+£5.6 13.2+£7.3
Macrophage count 45.2+24.1 39.9£13.6 37.8£18.9 41.3£24.3

ADSCs: Adipose tissue-derived stem cells

Day 3 Dayl4 Day 21

Untreated nondiabetic burn

Untreated diabetic burn

-\DSCs treated diabetic burn ( Showing hair

ADSCs treated nondiabetic burn
(Showing hair growth)

Figure 4: Photos showing the wound surface area in different studied
groups

cells, and preadipocytes. This tissue contains progenitor cells
with a perivascular origin called adipose-derived stem cells
that can differentiate in various cell lineages. The potential
plasticity of these cells offers new approaches in surgery and
regenerative medicine."* In the current study, ADSCs-treated
burns showed more rapid closure associated with hair growth
but not in the untreated groups; this was presumed to be due to
ADSCs promoting reepithelialization. Koenen et al.* isolated
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Figure 5: Comparison of the percentage of collagen fibers (all
adipose-derived stromal cells-treated wounds showed a statistically
significant higher levels, *P < 0.05)

healing and nonhealing wound fluids and compared their effects
on adipose tissue-derived stem cell function. They concluded
that healing wound fluids (unlike chronic ones) stimulate the
proliferation of adipose-derived stem cells.”™ Hence, delayed
healing may be due to ADSCs deficiency that may explain
the current findings. Fibroblasts are responsible for secreting
different growth factors such as KGF-1, which has an important
role in keratinocyte morphogenesis.l*'**! Hence, to detect the
transformation of stem cells into a keratinocyte and keratinocyte
differentiation, the expression of KGF-1 was analyzed.

In the current study, increase in KGF-1 in ADSCs treated was
demonstrated. Alexaki et al.,**! successfully used ADSCs in
wound healing in mice and concluded that ADSCs promoted
reepithelialization by their effect on keratinocytes mediated by
KGF-1 and platelet-derived growth factor-BB similar to the
current findings but in burns. KGF-linduces the proliferation
of epithelial cells, hair follicle development, and keratinocyte
differentiation.*! In the stained slides, increased collagen
deposition in ADSCs-treated burns was detected, which
indicated the promotion of the proliferation of the fibroblast,
the accumulation of collagen fibers that increase the strength
of the wound.® The previous studies have shown that stem
cells promote fibroblast proliferation resulting in increased
granulation tissue formation.?% In a previous study, topical
application of KGF has been successfully tested for treatment
of injuries. It was important to repeatedly administer large
amounts because of its short half-life, and hence, increasing
the costs.?®!
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Figure 6: Collagen deposition in granulation tissue at day 14 and 21. The adipose tissue-derived stem cells-treated
burns showed denser collagen than the untreated burns (magnified x 9200)
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Figure 7: Keratinocyte growth factor-1 expression in different studied
groups (mean =+ standard deviation, *P < 0.05)
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Figure 8: Validation of Serpin B3 (ng/ml/total protein ug/ml) in different
studied groups (*P < 0.05, **P < 0.01)

ADSCs stimulate keratinocyte proliferation and migration
possibly®! through KGF-1 as the mRNA expression of KGF-1
in ADSCs-treated wounds was increased; hence, it represents a
better alternative for recombinant KGF-1 topical application.

SerpinB3 belongs to the serine protease inhibitors family,
involved in wound healing including epithelial-to-mesenchymal

transition.””? The current study showed higher Serpin B3 levels
in ADSCs treated compared with untreated burns. Previous
studies reported higher levels of Serpin B3 in rapidly healing
compared with nonhealing wounds, especially if impaired
by diabetes, as the current work. An imbalance between
metalloproteases and their inhibitors appears to be associated
with features of nonhealing diabetic.?®**! Hence, Serpin B3
levels may serve as a biomarker of burn healing in diabetic
patients based on the ROC curve, Serpin B3 showed the ability
to discriminate between healing wounds and those which
will not improve at follow-up as it can reflect features of the
ongoing systemic inflammatory process.

CoNcLusION

Subcutaneous injection of ADSCs resulted in increased
collagen deposition, angiogenesis, and hair growth
(may become more prominent with higher ADSCs dose)
in a mouse burn model suggesting that ADSCs may be
applied in patients with nonhealing skin defects, KGF-1 and
Serpin B3 are valid biomarkers of successful healing that can
differentiate between pathogenic and nonpathogenic burn
healing in diabetes.
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