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Abstract

Radioactive dermatitis is caused by the exposure of skin and mucous membranes to radiation fields. The pathogenesis of
radioactive dermatitis is complex and difficult to cure. Wharton’s jelly-derived mesenchymal stem cells (WJ-MSCs) may
serve as a promising candidate for the therapy of cutaneous wounds. The aim of this study was to investigate whether a
WJ-MSC-derived conditioned medium (MSC-CM) could be used to treat radiation-induced skin wounds in rats using a
radiation-induced cutaneous injury model. The present study was designed to examine MSC-CM therapy in the recovery of
radiation-induced skin wounds in vitro and in vivo. Firstly, we prepared the MSC-CM and tested the effects of the MSC-CM on
human umbilical vein endothelial cell proliferation in vitro. After that, we used a -ray beam to make skin wounds in rats and
tested the effects of MSC-CM on cutaneous wound healing in vivo. Our results indicated that MSC-CM secreted factors that
promoted HUVEC proliferation, regeneration of sebaceous glands, and angiogenesis. Importantly, MSC-CM promoted wound
healing in excess of the positive control (epidermal growth factor), with no, or smaller, scar formation. In conclusion, MSC-CM
significantly accelerated wound closure and enhanced the wound healing quality. MSC-CM has a beneficial therapeutic effect
on radiation-induced cutaneous injury skin in rats and in this way MSC-CM may serve as a basis of a novel cell-free therapeutic
approach for radiation dermatitis.
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Increasing evidence supports that mesenchymal stem
cells (MSCs) and their secretions provide the therapeutic
potential to restore the functionality of irradiated skin tis-
sue®®. There is a great interest in the therapeutic potential of
MSCs because of their immunosuppressive properties, and
ability to repair and regenerate damaged tissues”'’. It has
been reported that MSCs have an important role in skin

Introduction

Radiation-induced cutaneous injury (radiation dermatitis) is
mainly caused by radiation exposure to the skin’s mucous
membrane'. Radiotherapy is the one of the most common
causes in the clinic, where it is used for anticancer therapy.
Approximately 50% of patients with cancers receive radio-
therapy at some point during the course of their treatment?.
However, the main side effect of radiotherapy is the damage

of normal tissue, especially radiation-induced cutaneous
injury, which is a serious concern during radiotherapy”, and
may limit the duration of radiation and the dose to be deliv-
ered®. Deep radiation ulcers may involve subcutaneous tis-
sue, muscle and even bone and deep organs, accompanied
by chronic infection, tissue necrosis and severe fibrosis>.
This serious injury from such side effects cannot heal
itself and requires surgical intervention'. Unfortunately, cur-
rently used therapeutic strategies are inconsistent and
unsatisfactory.
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Table I. Primers Used for qRT-PCR.

Gene name Primers Sequences Product size (bp)
GAPDH Forward AAGAAGGTGGTGAAGCAGG 151
Reverse CAGCATCAAAGGTGGAAGA
IFN Forward GAGGGTCAACAGAGGAGC 156
Reverse GTGGGAATCAGAGGTAGAAG
TNF Forward ATGGTGGACCGCAACAAC 182
Reverse TGAGCACTGAAGCGAAAGC
IL-1 Forward TGAAGGGCAGGGAACAAC 143
Reverse GGTGAAGCAGGGTGAGAA

IL-6 Forward CAAGTCAACTGTGGAGCAA 193
Reverse TGAGGAGCAGGAAGGGTC

VEGF Forward CCCAGAAGTTGGACGAAAA 180
Reverse TGAGTTGGGAGGAGGATG

EGF Forward ACACGGAGGGAGGCTACA 198
Reverse GTAGCCTCCCTCCGTGTT

bFGF Forward CGCACCCTATCCCTTCACA 114
Reverse CAACGACCAGCCTTCCAC

KDR Forward ACTCCTCCTCATTCAGCG 174
Reverse GGGTCCCACAACTTCTCA

CollA2 Forward AATCCCATCCAGCCAACA 158
Reverse ACAAACGGCAGCGTCAAT

Ki-67 Forward CGCACCCTATCCCTTCACA 189
Reverse CAACGACCAGCCTTCCAC

a-SMA Forward CAGCGGTGAAGAAGGAAAG 183
Reverse CCAGTTGAACCACGATTGC

a-SMA: a-smooth muscle actin; bFGF: b-fibroblast growth factor; bp: base pairs; EGF: epidermal growth factor; GAPDH: glyceraldehyde 3-phosphate
dehydrogenase; IFN: interferon; IL: interleukin; KDR: kinase insert domain receptor; qRT-PCR: quantitative real-time polymerase chain reaction; TNF:

tumor necrosis factor; VEGF: vascular endothelial growth factor.

repair and regeneration, not only to promote cell prolifera-
tion but also for the secretion of soluble factors via the para-
crine system'®'2. Indeed, previous work has shown that
Wharton’s jelly-derived MSCs (WJ-MSCs) have a higher
wound-healing capability in treating skin injuries in
vivo'*'*. Other studies have shown that WI-MSCs can
improve the microcirculation and microenvironment signif-
icantly through therapeutic paracrine effects in a radiation
rat model'*'°.

In this study we investigated whether WJ-MSC-derived
conditioned medium (MSC-CM) can be used to treat
radiation-induced skin in rats using a radiation-induced cuta-
neous injury model. To achieve this aim, we prepared the
MSC-CM, and tested the treatment effects of MSC-CM on
cutaneous wound healing in vitro and in vivo. The results
show that concentrated MSC-CM can modulate wound
repair, with a combination of protective mechanisms that
might jointly promote radiation-induced cutaneous wound
healing. The results of this work may provide a new strategy
to therapy radiation dermatitis.

Materials and Methods
Conditioned Medium Preparation

WIJ-MSCs were generously provided by Professor M. Li
(Jilin University, China). The method of preparing the
MSC-CM was performed as described previously'®. Briefly,

passage 3 cells were cultured to 60% confluence in normal
culture media then replaced with serum-free medium (SFM)
composed of an Ultra Cuture SFM (Lonza, Basel, Switzer-
land) with 2% supplements. The cells were maintained at
37°C with saturated humidity and 5% CO,. After 48 hours,
the conditioned medium was harvested as MSC-CM. The
negative control (NC) and positive control (epidermal
growth factor (EGF) 5 ng/ml; Sigma, San Francisco, CA,
USA) was obtained under the same culture conditions, but
in absence of cells. After that, supernatants were collected,
pooled and centrifuged at 1000 g and filtered with a 0.22-pm
filter. Finally, the CM was lyophilized, stored at —80°C, and
dissolved in SFM when being used.

MSC-CM Coating Plate

The collected MSC-CM (5 ng/ml) was coated in a 96-well
plate with 100 pl/well, then dried in the super-clean bench.
After 2 hours, human umbilical vein endothelial cells
(HUVECs) were plated into the coating plate at a density
of 3000 cells/well, maintained at 37°C with saturated humid-
ity and 5% CO,, and incubated for 48 hours. Then, cell
viability was examined by Cell Counting Kit-8 (CCK-8;
Beyotime, Nantong, China) and corresponding optical den-
sity (OD) value measured at the 490 nm wavelength. The
experiments were repeated three times.
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Fig. 1. Effects of MSC-CM on HUVEC proliferation by CCK-8 assay. (a) The proliferation curves of HUVEC using MSC-CM. **p < 0.01,
*Fkp < 0.001 when compared with NC. (b) MSC-CM coating plates promote HUVEC proliferation. **p < 0.01, **p < 0.00| when compared
with NC; ##p < 0.01 when compared with EGF. Data are reported as mean + SEM. (c—e) Flow cytometry analysis the HUVEC cycle. The
three groups were NC, EGF, and MSC-CM in order. Data are reported as mean + SD, n=3.
CCK-8: Cell Counting Kit-8; EGF: epidermal growth factor; HUVEC: human umbilical vein endothelial cell; MSC-CM: W|-MSC-derived
conditioned medium; NC: negative control; SD: standard deviation; SEM: standard error of the mean; WJ-MSC: Wharton'’s jelly-derived

mesenchymal stem cell.

Immunofluorescence Staining

HUVECs were incubated in 24-well plates at a density of
5000 cells/well. After 24 hours, the medium was replaced
with CM and incubated for 48 hours. Cells were further
incubated with 4% paraformaldehyde for 10 minutes at room
temperature, and 1% bovine serum albumin (Boster, Wuhan,
China) for 30 minutes. After that, cells were incubated with
anti-Ki-67 antibody (Abcam, Cambridge, UK), 1:200 dilu-
tion, and goat anti-rabbit immunoglobulin (Ig)G, (Abcam),
1:1000 dilution. 4°,6-diamidino-2-phenylindole (DAPI) was
used to label the cell nuclei (Thermal Scientific, Waltham,
MA, USA) and finally, fluorescence microscopy was used to
examine positive cells.

Cell Cycle Analysis

The collected MSC-CM was added to the HUVEC cultured
system and incubated for 24 hours. Briefly, CM cultured
cells were collected, washed, and suspended in cold 75%
ethanol overnight at 4°C. Cells were further centrifuged,
washed and stained with 50 pg/ml propidium iodide (PI) and
50 pg/ml RNase-A (Sigma) dissolved in 500 pl phosphate-
buffered saline . The suspension was incubated for another
30 min. and analyzed using flow cytometry. The experi-
ments were repeated three times.

Animals and Treatments

Female Sprague—Dawley (SD) rats of 180-200 g were used
in this study. All the protocols and procedures were
approved by the Animal Experiment Ethics Committee of
the Jilin University, China (approval No. XYSK2017-
0125). The radiation-induced skin injury rat model was
created as described in previously published methods'.
Briefly, the rats were anesthetized with an intraperitoneal
injection of 10% chloral hydrate (500 pl/100 g) and the
buttock hairs were shaved off. Rats were shielded with a
2-cm thick piece for localizing the radiation field. A B-ray
beam was applied to irradiate the skin of the rat’s buttock.
The intensity of radiation used was 40 Gy in an area of 2 cm
x 2 c¢m for 25 min. A recombinant human EGF gel (Pavay,
Guilin, China) was used as a positive control. The rats were
divided into three groups with 12 rats per group: NC, EGF,
MSC-CM. A total of 200 pl of CM-hydrogel or EGF-
hydrogel was pipetted onto the radiation wound every 2
days. The concentrations of EGF and MSC-CM were all
5 ng/ml. The experiment lasted for 8 weeks, and skin dam-
age was photographically recorded every week. The
wounds were traced on clear autoclaved plastic, and the
images were scanned and used to calculate the wound area
(Scion image analysis software, National Institutes of
Health, USA).
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Fig. 2. Effects of MSC-CM on HUVEC proliferation, inflammation and angiogenesis gene expression. (a) Immunofluorescence staining of
HUVEC:s labeled with Ki-67. (b) The percentages of Ki-67-positive cells in HUVECs. Scale bar = 100 um, *p < 0.05 compared with the NC
group. (c) The inflammatory gene of IFN, TNF, IL-1, and IL-6 expressions. (d) The key genes of VEGF, EGF, bFGF, and KDR expressions
involved with angiogenesis. *p < 0.05, *p < 0.01 compared with the control (SFM). Data are reported as mean + SD, n = 3.

bFGF: b-fibroblast growth factor; EGF: epidermal growth factor; HUVEC: human umbilical vein endothelial cell; IFN: interferon; IL: inter-
leukin; KDR: kinase insert domain receptor; MSC-CM: W|-MSC-derived conditioned medium; NC: negative control; SD: standard deviation;
SFM: serum-free medium; TNF: tumor necrosis factor; VEGF: vascular endothelial growth factor; WJ-MSC: Wharton’s jelly-derived

mesenchymal stem cell.

Skin Histological Analysis

The healed tissue was extracted on the eighth week, fixed
in 4% formaldehyde and embedded in paraffin. Tissue
cross-sections were stained with hematoxylin and eosin
following the manufacturer’s (Sigma) standardized pro-
tocols and immunohistochemistry (IHC) was measured
using the kit (Maixin KIT-9710, Fuzhou, China) in
accordance with the manufacturer’s instructions. Briefly,
the sections were deparaffinized, rehydrated, incubated in
a 99°C water bath for 15 min, and then in 3% H,O, for
15 min. Afterwards, sections were blocked with 10%
normal goat serum for 1 h at 37°C and incubated with
anti-Ki-67 antibody (Abcam), 1:500 dilution, and
a-smooth muscle actin (x-SMA; Abcam), 1:500 dilution,
and overnight at 4°C. Next, the sections were incubated
with biotinylated goat-anti-rabbit IgG antibody (Abcam).
Diaminobenzidine solution was used as the chromogenic

agent for 15 min at 37°C and sequentially incubated with
avidin peroxidase reagent. Hematoxylin was used for
counterstaining. Finally, the sections were photographed
using an optical microscope (Olympus, Tokyo Metropol-
itan, Japan).

Western Blot Analysis

Proteins were extracted from the healed skin tissue in a lysis
buffer (Roche, Basel, Switzerland) following the manufac-
turer’s standardized protocols. The primary antibody was
anti-Ki-67 antibody (Abcam), 1:100 dilution, and o-SMA
(Abcam), 1:100 dilution and the secondary antibody was
goat anti-rabbit IgG (Abcam), 1:1000 dilution. The Lab
Works version 4.0 software was used for relative expressions
and calculated according to the reference glyceraldehyde
3-phosphate dehydrogenase (GAPDH).
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Fig. 3. Effects of MSC-CM on cutaneous wound healing. (a) Experimental procedure. (b) Overall observed wound morphological changes
after radiation. (c) The wound area changes during the wound healing course. *p < 0.01, **p < 0.001 when compared with the NC, ##p <

0.001 compared with EGF, data are reported as mean + SD, n = 12.

EGF: epidermal growth factor; MSC-CM: WJ-MSC-derived conditioned medium; NC: negative control; SD: standard deviation; SFM: serum-

free medium.

Quantitative Real-Time Polymerase Chain Analysis

Total RNA was extracted using Trizol (Invitrogen Shanghai,
China) from the HUVECs after culturing in CM for 48 h.
SYBR Green dye (Roche) was used for amplification of
cDNA. The levels of interferon (IFN), tumor necrosis factor
(TNF), interleukin (IL)-1, IL-6, vascular endothelial growth
factor (VEGF), EGF, b-fibroblast growth factor (bFGF),
kinase insert domain receptor (KDR), CollA2, Ki-67, a-
SMA, and the internal standard GAPDH mRNA were mea-
sured by quantitative real-time polymerase chain reaction
(qRT-PCR) in triplicate. The primer sequences are listed in
Table 1. The expression levels of mRNA were quantified by
gRT-PCR according to the manufacturer’s protocols (Gene
Pharma, Shanghai, China). The data were analyzed using the
274ACt methods.

Statistical Analysis

Statistical analysis was performed using Prism 6 (GraphPad
Software, San Diego, CA, USA). Multiple comparisons were
analyzed by one-way analysis of variance. All quantitative
data were given as the mean + standard deviation (SD), and
a p-value < 0.05 was considered statistically significant.

Additional statistical details pertaining to each experiment
are provided within the relevant results and legend sections.

Results
Effects of the MSC-CM on Cell Proliferation

In order to investigate the effect of MSC-CM on cell
proliferation, HUVEC proliferation was measured by
CCK-8 (Beyotime) for 5 days. The results showed that
in the MSC-CM group the growth rate was significantly
increased compared with the NC group (p < 0.001, Fig.
la). Furthermore, the results of the MSC-CM coating
experiment (Fig. 1b), showed that the proliferation rate
of the MSC-CM group was significantly increased com-
pared with the NC group (p < 0.001), as well as the EGF
group (p < 0.01).

The analysis of the cell cycle distribution of HUVECs
treated with MSC-CM (Fig. 1c—e) showed that, in the
MSC-CM group, the percentage of G2/M-phase cells
(26.51% + 0.62) were increased compared with the NC
group (15.41% + 0.83). Accordingly, cells in the GO/G1-
phase decreased in the MSC-CM group (61.34% + 1.47),
compared with the NC group (81.35% +1.57). The G0/G1-
phase and G2/M-phase cells in the EGF group were between
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Fig. 4. Hematoxylin and eosin analysis on healed wound skin. (a) Hematoxylin and eosin staining evaluation of full-thickness skin wounds
(left scale bar = 2.5 mm, right scale bar = | mm). (b) The number of cutaneous appendages/HPF in healed wound tissue. (c) The dermal
thickness in healed wound tissue. ¥p < 0.01, ¥¥p < 0.001 compared with NC, ##p < 0,001 compared with PC, data are reported as mean

+SD,n=12)

HPF: high-power field; NC: negative control; PC: positive control; SD: standard deviation.

the other two groups. The cell cycle results suggested that
MSC-CM effectively enhanced the cell proliferation induced
by a GO/G1-phase cell cycle arrest.

To study the effect of MSC-CM on HUVEC proliferation,
immunofluorescence (IF) staining of Ki-67 was performed.
As shown in Fig. 2, the intensity of Ki-67 in the MSC-CM
group (76% =+ 6.11) was significantly higher than the NC
group (58% =+ 5.24, p < 0.05). Next, we tested the inflam-
matory and angiogenesis gene expression of the HUVECs
after MSC-CM culture for 48 h and we observed that the
inflammatory genes of IFN, TNF, IL-1, and IL-6 expression
were significantly down-regulated (Fig. 2c), while the key
genes involved with angiogenesis of VEGF, EGF, bFGF, and
KDR expressions were up-regulated (Fig. 2d; p < 0.05, p <
0.01).

MSC-CM Promotes the Healing of Radiation-Induced
Cutaneous Injury in Rats

A B-ray beam radiation skin wound in rats was treated with
200 pl of MSC-CM-hydrogel every 2 days after irradiation
(Fig. 3a). Different degrees of injury began to appear on each
group after the same dose of 40 Gy radiation in the first
week. Our results showed that an obvious erosion and ulcer

appeared on the fourth week, followed by dry desquamation,
crusting, superficial minimal scabbing, then healing (Fig.
3b). The great difference between the NC and MSC-CM
group was observed on the sixth week (Fig. 3c), with a
relative wound size of the MSC-CM group 3.38-fold smaller
than the NC group (0.8 + 0.29 mm?t0 2.7 + 0.34 mm? p <
0.001), and 2.63-fold smaller than the EGF group (0.8 +
0.29 mm? to 2.1 + 0.37 mm?, p < 0.001). Our data showed
that the wounds in the MSC-CM group had complete healing
on the eighth week. However, the NC group wounds did not
fully heal during our experimental observations.
Histological analysis was used to evaluate the quality of
the wound healing. Hematoxylin and eosin staining results
indicated that cutaneous appendages in the MSC-CM group
(32.4 £+ 6.2/high-power field (HPF)) were increased signif-
icantly compared with the NC group (3.5 + 3.4/HPF, p <
0.001) and the EGF group (14.7 + 3.6/HPF, p <0.001; Fig.
4a, b). In addition, the MSC-CM group showed a thicker
dermis than the NC or EGF groups (p < 0.001; Fig. 4c).
IHC results showed that a-SMA expression and the
number of vessels/HPF in wound-healed tissue was
increased significantly in the MSC-CM group (34.6 +
5.3/HPF) when compared with the NC group (3.9 + 2.8/
HPF, p < 0.001), as well as the EGF group (8.3 + 4.0, p <
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Fig. 5. IHC analysis on healed wound skin. (a) IHC evaluation of the full-thickness skin wounds (scale bar = | mm). (b) The number of

vessels/HPF in healed wound tissue. (c) The number of Ki-67 brown-positive proliferating cells/HPF in healed wound tissue.
#ep < 001, #p < 0,001 compared with NC, #p < 0.01, ##p < 0.001 compared with EGF, data are reported as mean + SD, n = 12.
a-SMA: o-smooth muscle actin; EGF: epidermal growth factor; HPF: high-power field; IHC: immunohistochemistry; NC: negative control;

SD: standard deviation.

0.001; Fig. 5a, b). The percentage of Ki-67 positivity in the
MSC-CM group (85.2% + 7.1) was higher than the NC
group (64.1% =+ 5.8, p <0.001) and EGF group (32.4% +
4.3, p <0.01; Fig. 5a, c).

The results of protein expression showed that the expres-
sion of Ki-67 and a-SMA in the MSC-CM group was sig-
nificantly increased compared with the NC group (p < 0.01;
Fig. 5a—c). Consistent with the above results, the gene
expression of Ki-67 and a-SMA was also significantly
increased compared with the NC group (p < 0.01; Fig. 5Se,
f). In addition, expression level of CollA2 was significantly
enhanced with a relative gene expression of 20.1-fold higher
than the NC group, and 3.2-fold higher than the EGF group.

Discussion

To the best of our knowledge, this study was the first to use
MSC-CM to treat radiation dermatitis in rats. Overall, our
results demonstrated that MSC-CM significantly increased
the wound-healing rate and quality. MSC-CM not only

stimulated HUVEC proliferation significantly in vitro, but
also effectively promoted tissue repair and regeneration of
radiation-damaged skin in rats. We used B-rays (Sr-90) for
skin injury modeling, which was serious and complicated. If
it has a beneficial therapeutic effect on radioactive skin dam-
age, it may also have a repairing effect on a relatively simple
mechanical damage model. Therefore, CM harvested from
WIJ-MSCs may enhance the beneficial effect of cellular-
based skin wound therapy.

Previously, it has been reported that MSCs secrete vari-
ous growth factors and chemokines for promoting wound
healing'”'®. In in-vivo experiments, Nauta et al. treated a
mouse skin excisional model using adipose-derived MSCs,
which accelerated wound healing by overexpressing
VEGF'. WI-MSCs secrete growth factors, including angio-
genin, monocyte chemotactic protein 1 (MCP-1), and IL-8,
and can stimulate neovascularization and perfusion®’. MSCs
might secrete several factors including insulin-like growth
factors (IGF), transforming growth factor beta 1 (TGF-B1),
and hepatocyte growth factor (HGF) to promote
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angiogenesis and skin wound healing?'. In the present study,
our results demonstrated that MSC-CM promoted HUVEC
proliferation using in-vitro experiments (Figs. 1 and 2).
HUVEC proliferation was beneficial to angiogenesis with
the healing of skin wounds'®?**. In addition, MSC-CM
enhanced a-SMA expression and increased the total number
of vessels significantly on healed wound skin (Figs. 5b and
6¢). Furthermore, we observed that MSC-CM secreted some
factors to reduce inflammation and to promote angiogenesis
in vitro (Fig. 2). Therefore, MSC-CM has a great potential in
promoting wound healing.

It has been reported that MSCs and their secretions could
effectively increase the quality of wound healing®>*®. The
optimal healing of skin injury is by restoring the physiology
and anatomy of the skin®>?’. Sabapathy et al. used human
WIJ-MSCs to prometed scar-free skin wound healing with
hair growth'®. Another study also demonstrated that WJ-
MSCs had more capacity on sweat gland restoration and
cutaneous regeneration after skin injury”®. Our results
showed that the MSC-CM group exhibited the smallest
wound size and highest Coll A2 expression (Fig. 3b and
6d). In addition, MSC-CM had more sebaceous gland cell-
like differentiative capacity in our study (Fig. 5). MSC-CM
had more therapeutic potential in the recovery of skin

function and enhanced the wound-healing quality in com-
parison with the control group.

Increasing evidence supports that MSCs contribute to
skin repair and regeneration through paracrine effects?*°.
Recent studies demonstrated that conditioned medium from
human umbilical-derived MSCs promoted primary wound
healing and regeneration®'. In accordance with the above
studies, Fong et al. used the same conditioned medium con-
taining key molecules to increase cell density and promote
skin regeneration'*. Our results indicated that expression of
Ki-67 significantly increased on healed skin tissue (Figs. Sc,
6b, and 6e). This suggests that MSC-CM may secrete various
factors to stimulate fibroblasts and keratinocyte prolifera-
tion, migration and differentiation, to enhance injured skin
regeneration and functional recovery>>>*.

In summary, MSC-CM secretes factors that have greater
therapeutic potential on radiation-induced cutaneous skin
injury in rats. Our results indicate that MSC-CM promoted
cell proliferation, sebaceous gland cell-like regeneration and
angiogenesis. Furthermore, MSC-CM accelerates wound
closure and enhances the quality of wound healing (Fig. 7).
Using MSC-CM as a novel cell-free therapeutic approach for
cutaneous wound healing avoids the ethical issues of cell
transplantation and the risk of tumor genesis, and it
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Fig. 7. MSCs secrete several factors including IGF, HGF, angiogenin, and MCP-1 to promote the angiogenesis and cutaneous appendages

(hair follicles and sweat glands) regeneration in damaged skin.

HGF: hepatocyte growth factor; IGF: insulin-like growth factor; MCP-1: monocyte chemotactic protein |; MSC: mesenchymal stem cell.

possesses the similar function, and even better therapeutic
effect than their parent cells. In addition, it is convenient for
clinical applications. We will apply it to clinical practice in
our further research. We believe that MSC-CM may serve as
a basis of a novel cell-free therapeutic approach for radiation
dermatitis and propose to use it in the clinic in the future.
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