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Background: Radiation-induced skin injury remains a serious concern, which may limit the duration
and dose of radiation treatment. The concept that stem cell injection may reduce tissue injury or assist
its recovery after radiation has been recently argued. Herein, we examined the effect of adipose-derived
mesenchymal stem cells (ASCs) on radiation-induced skin damage in rats.

Methods: This study is an experimental case control study. ASCs were isolated from peri uterine fat tissue
of the rats. Then the rats received a 30 Gy single dose radiation to their buttocks skin using gamma radiation.
Next day stem cells were transplanted subcutaneously in 16 rats as the case group. A group of 16 rats was
considered as control group with radiation but no transplantation of stem cells. Then rats were examined and
observed by macroscopic analysis and phenotypic scores during 4 weeks of follow up.

Results: The wound size in control group was significantly higher than case group in the second, third and
fourth weeks of evaluation (P<0.05). There was no significant difference in skin lesion severity, pathological
factors, and the onset of recovery signs between two groups (P>0.05).

Conclusions: It seems that using ASCs alone has not profound effects on reducing radiation-induced
cutaneous complications, while combination of these cells with growth factors may produce more promising

results.
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of the wound bed and would be introduced as an effective
therapeutic method for wound repair (3) and studies have
pronounced that MSCs are important trophic mediators to

Introduction

Mesenchymal stem cells (MSCs) are adult tissue-derived

multipotent stromal cells (1) which were first discovered
in bone marrow (BM) by Friedenstein et /. (2). They were
later detected from various adult tissues, including adipose
tissue, umbilical cord blood, placenta, liver, pancreas, and

amniotic membrane (1). MSCs are one of the basic elements

© Stem Cell Investigation. All rights reserved.

promote tissue regeneration (1,3,4).

Adipose tissue has been known as a greatly encouraging,
easy to access, cost-effective and plentiful source of MSCs as
equal as the BM source (5). Adipose-derived mesenchymal
stem cells (ASCs) are able to differentiate into several cell
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lineages such as osteogenic, chondrogenic, adipogenic, and
neurogenic lineages (1). During wound healing, secreted
cytokines by ASCs may activate fibroblast relocation and
up-regulation of neovascularization in animal models (5,6).
These multipotent cells were determined to display significant
potential for various applications in skin repair (6,7).

Skin is a complex organ that applies essential capacities
far beyond its role as a physical barrier (8). Due to high
radiosensitivity of skin cellular components, exposure to
radiation could lead to extreme damage to the skin barrier
function, regeneration capability, and capillary integrity,
because of modifications to the cellular communications
between dermal fibroblasts, keratinocytes and
immunocompetent cells (9,10).

However, skin radiosensitivity has constrained the
radiotherapy and radio-oncology process (11,12). Several
studies have discussed that almost all patients receiving
radiation demonstrate various severity of skin reactions (9-12).
Erythema, swelling, blisters, ulceration, necrosis and
sclerosis are the manifestations of skin response to ionizing
radiation depending on the radiation dose, quality and the
depth of radiation penetration (9-12).

As recently radiotherapy has turned into a broadly used
valuable alternative method of cancer treatment, different
skin reactions may be seen (12). The damage to the skin
may be significant during this process and its function
notably impaired because of oxidative stress induced by
radiation which has important effects on DNA and other
macromolecules in the skin (13,14). Therefore, radiation-
induced skin injury is still a serious issue limiting the dose
and duration of radiation use (11,12).

On the other hand, clinical trials are raised in MSCs
therapeutic function for accelerating thermal burn wound
closure and for the treatment of serious radiation burns (15).
The idea that stem cell injection could be applied for
reducing normal tissue injury or helping its recovery after
irradiation has been investigated in recent years (15,16).
However, further studies are required before embarking
on general therapeutic recommendation. Accordingly, the
present study investigated the effects of ASCs on radiation-
induced skin damage in rat.

We present the following article in accordance with the
ARRIVE reporting checklist (available at http://dx.doi.
org/10.21037/sci-2019-045).

Methods

In this experimental case-control study, we examined
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two groups of rats (N=32) each containing 16 female rats
(weighing 180-250 gr and 8 weeks of age), 16 rats as cases
and 16 rats in the control group. Every 2 weeks a group
of rats were sacrificed and pathological examinations
were performed. This study is approved by the Research
Ethics Committee of Shiraz University of Medical
Sciences (reference number: IR.SUMS.REC.1394.S871),
in compliance with Shiraz University of Medical Sciences
guidelines for the care and use of animals.

Isolation, purification and expansion of ASCs

Adipose tissue was isolated from peri uterine fat tissue of the
rats and transferred immediately to Stem Cell Laboratory of
Shiraz Institute for Cancer Research (ICR), SUMS. These
tissues were then chopped and fragmented into small pieces
and were incubated in 37 °C with collagenase type I, in order
to be digested completely and unified into a soup. Then
the obtained soup was centrifuged, the processed pellet was
brought on ficoll and the resulting cells were cultured in
DMEM culture media (GIBCO, USA) supplemented with
10% fetal bovine serum (FBS) and penicillin/streptomycin
(Biosurn, UK). In order to ensure the homogeneity of the
cells in the sample, the ASCs were used after 3 passages.

Local radiation

The rats received a 30 Gy single dose to their buttocks
skin at a dose rate of about 0.28 Gy/min using the gamma
radiation from a Cobalt-60 external beam radiotherapy unit.
A 0.5 cm perspex plate was placed adjacent to their skin to
increase the skin dose to the stated value.

ASCs transplantation

Twenty-four hours after irradiation, 1x10° ASCs/300 pL PBS
were transplanted locally in the case group using Myjector
insulin syringe; PBS injected rats were used as the control group.

Sample analysis

The rats were examined and observed by macroscopic
analysis, phenotypic score [0,1,2,3] and histological assay
(Abramov’s histological scoring system) during 4 weeks
of follow up, weekly. Skin samples were collected from
irradiated areas of treated or untreated rats, fixed in 10%
formalin and were analyzed. Histologic analysis was
performed using hematoxylin and eosin (H&E) staining.
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Figure 1 The process of wound healing in the case and control
groups during the time. Data is shown as the mean = SD.

* demonstrates P<0.05.

Phenotypic score

At first, the hairs of the legs were removed straight away
after irradiation to facilitate the observations. A phenotypic
score (LENT/SOMA scale) adapted to the model for
severity of skin lesion evaluation (0= normal, 1= dry
desquamation, 2= moist desquamation and 3= ulceration)
and was weekly checked for 8 weeks. The four selected area
was examined under 400x magnifications. The Abramov’s
histological scoring system (modified Greenhalgh’s scoring
system) was performed for pathologic evaluation and scoring
epithelization, angiogenesis, fibrosis, and collagen level; the
number of macrophages under this system was determined.
The collagen level was graded as follows: 0 (none), 1 (scant),
2 (moderate), and 3 (abundant). Epithelization was graded
as either: 0 (none), 1 (partial), 2 (complete, but immature
or thin) and 3 (complete and mature). Angiogenesis was
graded as either 0 (none), 1 [up to 5 vessels per high power
field (HPF)], 2 (6-10 vessels per HPF), and 3 (more than
10 vessels per HPF). Fibrosis was graded as 0 (none to
minimal fibroblasts), 1 (few fibroblasts), 2 (more fibroblasts)
and 3 (predominantly fibroblasts). The number of
macrophages was scored as 1= 0-25, 2= 26-50, and 3= >51.

Wound assessment

For evaluating the impact of stem cell on the skin damages
during time, wound size, the onset of the lesion, injury severity
(scale), the time of recovery signs begin (resorption) and the
time of maximum size of lesion (peak) were measured and
compared in both groups at the specified time.

Statistical analysis

Statistical Package for Social Science (SPSS) 20 was used for
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data analyses. Descriptive results were reported using mean,
standard deviation, median, minimum and maximum values
in tables or figures. In the analytical part Mann-Whitney
H nonparametric test was used in order to compare a
quantitative variable or an ordinal one between two groups.
A P value <0.05 was considered significant in all statistical
analyses.

Results
Evaluation of wound size in the case and control groups

There was a significant difference in wound size between
cases and controls in the second, third and fourth weeks
of evaluation (P<0.05). The wound size was 4.14+2.59 and
2.07£1.16 in the control and case groups, respectively,
after 2 weeks (P=0.029). It was 5.33+2.29 in the control
group and 1.75+1.04 in the case group after 3 weeks
(P=0.004). After 4 weeks, the wound size was 3.11+2.09 in
the control group and 1.5+0.89 in the case rats (P=0.036).
Therefore, the wound healing process was faster in the case
group Figure 1.

The severity of skin lesion

The results of Mann-Whitney test comparing the severity
of skin lesion showed no significant difference between
the case and control groups in none of the weeks evaluated
(P>0.05). The onset of recovery signs also showed no
statistically significant difference (P=0.97).

Comparison of the pathologic factors between the case and
the control groups

The pathologic factors were compared between case and
control groups. Considering the results in 7able 1 and Figure 2,
no significant difference was found in pathological factors
between two groups (P>0.05).

Comparison of collagen showed that in 14 rats in the
control group and all 16 rats in the case group [except 1
rat (grade 0) which collagen was not seen] the amount of
collagen was high (grade 3).

Epithelization was complete in 14 rats in the control
group and all of the evaluated cells were mature (grade 3).
The epithelization was also complete in 16 rats in the case
group except one rat which epithelization was not seen
(grade 0), and the cells were all mature in the case group
(grade 3).

Angiogenesis had not been occurred in any 14 rats in
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Table 1 Comparison of pathologic factors between case and control groups

Group factor Control group, median [min-max] Case group, median [min-max] P value
Collagen 3 [3-3] 3 [0-3] 0.79
Epithelialization 3[3-3] 3[0-3] 0.79
Angiogenesis 0 [0-0] 0[0-3] 0.154
Fibrosis 1[1-1] 1[1-3] 0.154
Macrophages 1[1-1] 1[1-3] 0.79

Figure 2 Comparison the pathologic factors between the case and the control groups. There was no significant difference in pathological
factors between case and control groups 4 and 6 weeks post transplantation of ASCs and all images show complete reepithelialization and
dermal fibrosis. (A) A sample of case group after 4 weeks; (B) a sample of control group after 4 weeks; (C) a sample of case group after
6 weeks; (D) a sample of control group after 6 weeks; hematoxylin and eosin (H&E) staining, x100.

the control group (grade 0). There was no angiogenesis in case rat had more than 10 new vessels in each microscopic
11 rats of the case group (grade 0), but in 4 rats there was field (grade 3).
5 new vessels in each microscopic field (grade 1). And one Fibroblasts were few in the control rats (grade 1), also
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11 rats in the case group had few fibroblast cells (grade 1).
In 3 case rats more fibroblasts have been observed (grade
2), however, 2 case rats were presented with grade 3
(predominantly fibroblasts).

In the control group as well as the case group the number
of macrophages was between 0-25 (grade 1) but just one
case rat had 51 macrophages (grade 3).

Discussion

MSC therapy proposes an exciting possibility in the treatment
of acute and chronic non healing wounds through various
mechanisms including reepithelialization, differentiation,
immunomodulation and production of distinct types of
cytokines and growth factors. Secretion of proangiogenic
factors by MSCs causes the recruitment of resident stem cells
and endothelial cells and consequently neovascularization (17).
It has been demonstrated that stem cells isolated from adipose
tissue, BM and skin are capable of inducing regenerative
mechanisms in skin and thus healing of wounds (3). Several
studies have reviewed the effect of stem cell on wound
healing especially in radiation-induced skin damage. Francois
et al. showed the potential application of human MSCs to
limit radiation-induced skin damages and suggested MSC
as an alternative for the treatment of the early phase of the
cutaneous radiation syndrome (18).

One of the most important stem cell sources for extracting
MSC:s is fat tissue with several advantageous including
availability and easily isolation with high quantity as well
as high quality in treatment (19). It is demonstrated that
lipoaspirate transplantation is a low-invasive therapeutic
approach resolving the problem of depressed skin, skin lesions,
and wrinkles with decreased cost of skin care. Furthermore, it
facilitates cell-mediated skin repair and regeneration (20). A
smart communication between fibroblasts, mature adipocytes
and immature adipocytes contributes to the proliferative
phase of healing through repopulating of adipocytes in skin
wound. Moreover, the localized loss of fat tissue is assigned
with defects in wound healing; suggesting that adipocytes are
essential for wound repair (21).

The present study assessed the ASCs’ effect on radiation-
induced skin damage in rat. Accordingly, evaluation of
wound size during 8 weeks in case and control groups
showed statistically significant difference between two
groups at second, third and fourth weeks, so that wound size
in the control group was notably higher than the case group
in these 3 weeks. Similarly, Kim and coworkers reported the
positive effects of ASCs on wound-healing via shortening
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reepithelialization time and reducing wound size in diabetic
nude mice (22). BM-MSCs also showed positive effects
for the healing of diabetic ulcers as significant decrease in
wound size was observed after topical use of MSCs (23).

The onset of recovery signs presentation in radiation-
induced skin damage was evaluated, but we did not
find significant difference between the control and case
groups. Likewise, no difference was observed between
case and control groups in the amount of collagen,
epithelization, angiogenesis and the number of fibroblasts
as well as macrophages. Considering these results, we
can conclude that ASCs may play a significant role in
decreasing the wound size, however, the effectiveness
of these cells was not approved for skin lesion severity,
pathological factors or onset of recovery signs. Based on
our results, it can be hypothesized that ASCs’ ability for
differentiation to epithelial cells is probably lower than
BM-MSCs and using ASCs beside growth factors or PRP
will probably demonstrate more impact. Accordingly,
in a study by Hadad er 4/. who developed a delayed full-
thickness wound-healing model, it has been shown that
the healing rates of perfusion-depleted tissues enhances
using ASCs together with PRP, but neither ASCs nor
PRP alone were effective (24). Also, BM-MSCs and
human amniotic epithelial cells (HAECs) are assigned as
effective cells in the healing of irradiated wounds. Based
on this study, BM-MSCs showed a great effect on the
quality of the dermis, while HAECs showed advantage for
the epithelium and its appendages (25). Local injection
of BM-MSCs into an incisional full-thickness wound
induced angiogenesis, reepithelialization, and granulation
and thus considerably accelerate wound healing.
These cells showed direct contribution to cutaneous
regeneration via keratin expression and formation of
glandular structures. Interestingly, the condition media
from BM-MSC contributed to endothelial cell tube
formation (26). Further studies are provided showing the
advantage of using BM-MSCs in the treatment of acute
surgical wounds and chronic non-healing diabetic ulcers
(27,28). Anyway, limitations to this study include short
follow-up periods, small sample size and the use of animal
model.

Altogether, despite the effect of ASCs on wound size,
stem cells extracted from other sources like BM appear to be
more capable of differentiating into epithelial cells and thus
more effective in wound healing. However, combination of
ASCs and growth factors may show satisfactory results for
cutaneous radiation syndrome therapy.
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