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Background and Objectives: The objective of this study was to investigate whether conditioned medium from photo-
biomodulation (PBM) irradiated adipose-derived stromal cell (ASC) spheroids prior to implanting could stimulate an-
giogenesis and tissue regeneration to improve functional recovery of skin tissue in an animal skin wound model.
Methods and Results: ASC were split and seeded on chitosan-coated 24 well plate at a density of 7.5×104 cells/cm2, 
and allowed to adhere at 37℃. Within 3 days of culture, ASC formed spheroids by PBM irradiation. Conditioned 
medium (CM) fractions were collected from the PBM-ASC to yield nor adipose-derived stromal cell spheroid (spheroid) 
and PBM-spheroid, respectively, centrifuged at 13,000 g at 4℃ for 10 min, and stored prior to use for ELISA, protein 
assay, or in vivo wound-healing assays. Phosphate-buffered saline, cultured CM from ASCs, PBM irradiation prior to 
implanting conditioned medium from ASC, cultured CM from ASC spheroid, and PBM–spheroid-CM (PSC) were trans-
planted into a wound bed in athymic mice to evaluate therapeutic effects of PSC in vivo. PSC enhanced wound closure 
in a skin injury model compared to PBS, CM, PBM–CM, and spheroid-CM. The density of vascular formations in-
creased as a result of angiogenic factors released by the wound bed and enhanced tissue regeneration at the lesion 
site.
Conclusions: These results indicate that implant of PSC can significantly improve functional recovery compared to 
PBS, CM, PBM–CM, or spheroid-CM treatment. Implant of PSC may be an effective form of paracrine mediated ther-
apy for treating a wound bed.
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Introduction 

  Reconstruction and replacement of skin loss, atrophy, 
and injury often need a certain amount of skin graft sub-
stitutes (1). On the other hand, the use of growth factors 
that can regulate cellular chemoattraction, proliferation, 
and differentiation has begun to be recognized as a new 
method for skin regeneration (2). Recent studies have con-
firmed that several growth factors such as bone morphoge-
netic proteins (BMPs), insulin-like growth factor (IGF)-1 
and -2, transforming growth factor (TGF)-β1, plate-
let-derived growth factor (PDGF), and fibroblast growth 
factor (FGF)-2 could improve cellular ability to undergo 
wound healing by stimulating cellular events (3, 4).
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  In particular, adipose-derived stem cells (ASCs) found 
in adipose tissue provide an attractive source of cell ther-
apy for regeneration of damaged skin because they can 
self-renew and differentiate into various cells (5). 
However, this procedure suffers from some problems such 
as high financial investment due to expensive cell culture 
and complicated safety and quality management issues re-
garding cell handling. Like other cells utilized for 
cell-based therapy, ASCs may function through complex 
interactions with endogenous host cells and tissues via 
multiple mechanisms of action. ASCs can activate signal 
transduction pathways in target cells to encourage tissue 
regeneration (paracrine signaling theory) (6). However, 
only a small percentage of transplanted cells can integrate 
and survive in host tissues (7). 
  It has been reported that paracrine effects of growth fac-
tors and cytokines secreted from implanted ASCs may 
promote vascularization, tissue repair, and regeneration 
(8). A proper vascularization is very important to supply 
nutrients and oxygen to wound area in order to optimize 
wound healing (9). Angiogenesis is initiated by FGF, vas-
cular endothelial growth factor (VEGF), and angiogenin. 
VEGF is a major mediator of angiogenesis to stimulate 
migration and proliferation of endothelial cells (10). 
Epithelialization is a regeneration of epidermis that is 
stimulated by epidermal growth factor (EGF), FGF-2, and 
hepatocyte growth factor (HGF) (11). Migration of epi-
thelial cells will close the wound followed by proliferation 
and differentiation of epithelial cells to form epidermis 
layer (12, 13). Since cells within a spheroid are naturally 
exposed to mild hypoxia, they show enhanced cell viability 
and paracrine effects (14). Hypoxia can stimulate the pro-
duction of growth factors such as VEGF, FGF, and HGF 
(15). Conditioned medium containing cytokine now can 
serve as a new treatment modality in regenerative medi-
cine, showing successful outcome in some diseases (16). 
With the emergence of this approach, I have described the 
possibility of using stem cells conditioned medium as a 
novel and promising alternative to skin wound healing 
treatment (17). The application of stem cell culture de-
rived conditioned medium as a therapy has been studied 
both in vitro and in vivo with excellent results (18). 
Therapy using conditioned medium is more promising 
than using stem cell itself due to the ease of production, 
packaging, and distribution. Conditioned medium frac-
tions collected from photobiomodulation (PBM) cells have 
also been assessed for their contents of potentially benefi-
cial cytokines, growth factors, and chemokines, and ap-
plied to cutaneous wounds in mice. PBM has positive bio-
stimulatory effects on stem cells (19). For example, PBM 

can positively affect ASC by increasing cellular viability, 
proliferation, and migration (20, 21). PBM can also en-
hance secretion of VEGF, FGF, and HGF (19). 
  Paracrine factors secreted by ASC can accumulate in 
the conditioned media during cell culture. Conditioned 
media (CM) of ASC culture can serve multiple positive 
functions in tissue regeneration. CM may induce not only 
stem cell homing or mobilization into the injured tissues, 
but also trans-differentiation into several lineages of mes-
enchymal tissue. If these characteristics of CM can be ex-
ploited for skin regenerative medicine, CM may provide 
a substitute for ex vivo culture and implantation of ASC. 
  Thus, the objective of this study was to investigate 
whether photobiomodulation irradiation of conditioned 
medium from adipose-derived stromal cell spheroids 
(spheroid) prior to implanting could stimulate angio-
genesis and tissue regeneration to improve functional re-
covery of skin tissue in an animal skin wound model. 

Materials and Methods

Culture of ASCs
  The ASC were supplied by Cell Engineering for Origin, 
CEFO (Seoul, Korea) under a material transfer agreement. 
ASC were isolated from the human- adipose tissue and 
were cultured in low-glucose Dulbecco’s modified Eagle’s 
medium F-12 (DMEM/F-12; Welgene, Daegu, Korea) sup-
plemented with 10% fetal bovine serum (FBS, Welgene), 
100 units/ml penicillin, and 100 μg/ml streptomycin at 
37℃ in a 5% CO2 incubator. The ASC between passage 
5 and 8 were used for all experiments (Supplementary Fig. 
S1). ASC were stained with CD29, CD90 and CD105 for 
mesenchymal stem cell identification, with KDR, CD31 
and CD34 for endothelial lineage cell identification 
(Supplementary Fig. S1). 

Spheroid formation by photobiomodulation irradiation
  ASC were split and seeded on chitosan-coated 24 well 
plate at a density of 7.5×104 cells/cm2, and allowed to ad-
here at 37℃. Within 3 days of culture, ASC formed sphe-
roids by photobiomodulation irradiation (L-spheroids). 
The light source used was LED (light emitting diode; 
WON Technology Co., Ltd., korea) designed to fit over 
a standard multi-well plate (12.5×8.5 cm) for cell culture. 
The LED was an emission wavelength peaked at 660 nm. 
The irradiance at the surface of the cell monolayer was 
measured by a power meter (Orion, Ophir Optronics Ltd., 
UT). To obtain the energy dose of 0∼12 J/cm2, exposure 
time for LED array was 10 min under power density of 
0∼20 mW/cm2 (1 milliwatt×second=0.001 joules) (Su-
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pplementary Table S1). L-spheroid sizes were measured 
by counting the area of individual cell clusters by image 
analysis. The diameters of spheroids were presented as 
median±SD (n=8 per group).

Preparation of conditioned medium 
  ASC were cultured under normoxic conditions in se-
rum-containing complete medium for 24 h. The medium 
was then changed to serum-free a-MEM, and the cells 
were cultured under PBM conditions for another 48 h. 
Next, conditioned medium fractions were collected from 
the PBM-ASC to yield nor spheroid and PBM- spheroid, 
respectively, centrifuged at 13,000 g at 4℃ for 10 min, 
and stored prior to use for enzyme linked immune sorbent 
assays (ELISAs), in vitro cell proliferation and migration 
assays, or in vivo wound-healing assays. For the in vivo 
wound-healing analysis, aliquots of conditioned media 
were concentrated by further centrifugation and filtration 
through a centrifugal filter unit (Millipore, Billerica, MA, 
USA). Protein of CM was quantified using the BCA assay, 
equal quantities of protein were experimented.

Human angiogenic protein analysis
  To analyze the expression profiles of angiogenesis-re-
lated proteins, I used a Human Angiogenesis Array Kit 
(R&D Systems, Ltd., Abingdon, UK). Cell samples (5×106 
cells) were harvested, and 150 μg of protein were mixed 
with 15 μl of biotinylated detection antibodies. After 
pre-treatment, the cocktail was incubated with the array 
overnight at 4℃ on a rocking platform. Following wash-
ing to remove unbound material, streptavidin–horseradish 
and chemiluminescent detection reagents are added 
sequentially. The signals on the membrane film were de-
tected by scanning on an image reader LAS-3000 (Kodak, 
Rochester, NY) and were quantified using the MultiGauge 
4.0 software (Kodak). The positive signals seen on devel-
oped film were identified by placing a transparency over-
lay on the array image and aligning it with the two pairs 
of positive control spots in the corners of each array.

ELISA assay for angiogenic growth factor production
  Angiogenic growth factor production in the spheroid 
was assayed with a commercially available ELISA kit 
(R&D Systems) according to the manufacturer’s protocols. 
The concentrations are expressed as the amount of angio-
genic growth factor per 104 cells at a given time.

Immunofluorescence staining
  Indirect immunofluorescence staining was performed 
using a standard procedure. In brief, tissues cryosectioned 

at a 4-μm thickness were fixed with 4% paraformalde-
hyde, blocked with 5% BSA/PBS (1 h, 24℃), washed 
twice with PBS, treated with 0.1% Triton X-100/PBS for 
1 min, and washed extensively in PBS. The sections were 
stained with specific primary antibodies and fluorescent- 
conjugated secondary antibodies (Supplementary Table 
S2) using a M.O.M kit according to the manufacturer’s in-
structions (Vector Laboratories, Burlingame, CA). The 
cells were counterstained with DAPI (4,6-diamino-2-phe-
nylindole dihydrochloride; Vector Laboratories). Mouse 
IgG (Dako, Carpinteria, CA) and rabbit IgG (Dako) anti-
bodies was used as negative controls. To detect trans-
planted human cells, sections were immunofluorescently 
stained with anti-human nuclear antigen (HNA, Millipore). 
The stained sections were viewed with a DXM1200F fluo-
rescence microscope (Nikon, Tokyo, Japan). The processed 
images were analyzed for fluorescence intensity using the 
ImageJ software (NIH). 

Histological staining
  Samples were harvested 14 days after treatment. 
Specimens were fixed in 10% (v/v) buffered formaldehyde, 
dehydrated in a graded ethanol series, and embedded in 
paraffin. Specimens were sliced into 4 μm-thick sections 
and were stained with hematoxylin and eosin (H&E) to 
examine muscle degeneration and tissue inflammation. 
Masson’s trichrome collagen staining was performed to as-
sess tissue fibrosisin ischemic regions. The criteria used 
for the histological scores of wound healing were summar-
ized in Supplementary Table S3. The histological parame-
ters considered were reepithelialization, dermal regenera-
tion, granulation tissue formation, and angiogenesis (15). 
Regeneration of skin appendages was assessed by counting 
the number of hair follicles or sebaceous glands in the 
wound bed.

Western blot analysis
  Samples were solubilized in lysis buffer [20 mM Tris- 
HCl, pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Triton 
X-100, 0.1% sodium dodecyl sulfate (SDS), 1 mM phenyl-
methylsulfonyl fluoride, 1μg/ml leupeptin, and 2 μg/ml 
aprotinin] for 1 h at 4℃. The lysates were then clarified 
by centrifugation at 15,000 g for 30 min at 4℃, were di-
luted in Laemmli sample buffer containing 2% SDS and 
5% (v/v) 2-mercaptoethanol, and were heated for 5 min 
at 90℃. The proteins were separated via SDS polyacry-
lamide gel electrophoresis (PAGE) using 10% or 15% re-
solving gels followed by transfer to nitrocellulose mem-
branes (Bio-Rad, Hercules, CA) and then probed with an-
tibodies against HIF-1a (Novus), CD31 (Abcam), HGF 
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Fig. 1. ASC formed spheroids by 
Low-Level light irradiation. (A) Brief 
overview of our experiment proce-
dure. The light source used was LED 
(660 nm) designed to fit over a mi-
croplate (12.5×8.5 cm) for spheroid 
formation. ASC morphology on 24 
well polystyrene plate at 72 h. Scale 
bar=500 μm. (B) Western blot anal-
ysis and quantification of hypoxia-in-
duced survival factor as hypoxia-in-
ducible factor (HIF)-1α in ASC cul-
tured as spheroids, PBM.AS, and 
monolayers. (C) Enhanced secretion 
of angiogenic growth factors from 
PBM.AS in the wound bed. Angio-
genesis-related protein analysis of 
PBM.AS (*, p＜0.05, compared to 
the CM group, t-test, n=3 in each 
group). (D) ELISA measurement of 
spheroids cultured for 3 days. Con-
centrations of VEGF are presented as 
pg-corrected for 104 cells (*, p＜
0.05, compared with spheroid 6 J/cm2

group, t-test, n=3 in each group).

(Santa cruz), VEGF (Abcam), and FGF2 (Abcam) for 1 h 
at room temperature (Supplementary Table S2). Peroxi-
dase-conjugated anti-mouse IgG or anti-rabbit IgG and en-
hanced chemiluminescence (Amersham Pharmacia Biotech, 
Piscataway, NJ) were used as described by the manu-
facturer for detection. The membranes were scanned to 
create chemiluminescent images that were then quantified 
with an image analyzer (Kodak).

Preparation of the experimental animal model
  The animal studies were approved by the Dankook 
University Animal Use and Care Committee. Five-week-old 
male BALB/c nude mice (20 g body weight; Narabio, Seoul, 
Korea) were anesthetized with ketamine (100 mg/kg). After 
aseptically preparing the surgical site, two full-thickness 
skin wounds were created on the dorsal part using an 
8-mm biopsy punch. To inhibit wound contraction, a 
0.5-mm thickness silicone splint was applied, as has been 
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Fig. 2. Enhanced secretion of angiogenic growth factors in the 
wound bed. (A) Immunostaining was performed with anti-bFGF 
and anti-VEGF or anti-HGF antibody (red) at 14 days. The scale 
bar indicates 100 μm. (B) Western blot indicating the expression 
of bFGF, VEGF, and HGF at 14 days.

previously described (22). The splint was fixed with in-
stant adhesive and six simple, interrupted sutures around 
the wound with Nylon 6-0. The wounds were randomly 
classified into five groups: (1) Phosphate-Buffered Saline 
(PBS group, n=9), (2) conditioned medium from adi-
pose-derived stromal cell (CM group, n=9), (3) con-
ditioned medium from photobiomodulation irradiated adi-
pose-derived stromal cell (PBM–CM group, n=9), (4) con-
ditioned media from adipose-derived stromal cell spheroid 
(spheroid-CM group, n=9), and (5) conditioned medium 
from photobiomodulation irradiated adipose-derived stro-
mal cell spheroids (PSC group, n=9). Each mouse re-
ceived an injection of 0.8 ml of the CM per day for three 
consecutive days. CM were implanted intradermally at 
four injection sites on the border between the wound and 
the normal skin. The control group received an injection 
of PBS. During the treatment period, behavioral changes 
were observed and recorded, and the effect of treatment 
on survival was recorded. The physiological status of the 
wound was followed up for up to 2 weeks after treatment. 
Tegaderm (3M Health Care, MN, USA) was used for 
wound protection, and an equivalent volume of CM were 
injected in both conditions.

Gross evaluation of the wound area
  The wounds were photographed using a digital camera 
at 3, 7, and 14 days after surgery, and the wound area was 
measured by tracing the wound margin and then perform-
ing the calculation using the Image J image analysis pro-
gram (NIH, MD, USA). The wound area was analyzed by 
calculating the percentage of the current wound with re-
spect to the original wound area. The wound was consid-
ered to be completely closed when the wound area was 
grossly equal to zero.

Statistical analyses
  All quantitative results were obtained from triplicate 
samples. Data were expressed as a mean±SD, and the 
statistical analyses were carried out using two-sample t 
tests to compared two groups of samples and a One-way 
Analysis of Variance (ANOVA) for the three groups. A val-
ue of p＜0.05 was considered to be statistically significant.

Results

Production of angiogenic factors 
  ASCs were cultured on non-tissue culture-treated 24-well 
plates in the presence of fital bovine serum (FBS) and 
formed a floating spheroid after irradiation with PBM 
(Fig. 1A) at 3 days after seeding. Diameters of most sphe-

roids ranged from 1.2 to 1.5 mm. Spheroid cultures 
showed significant increase in expression of hypoxia-in-
duced survival factors such as hypoxia-inducible factor 
(HIF)-1α, relative to cells in a monolayer culture (Fig. 
1B). HIF-1α is known to upregulate the expression of an-
giogenic growth factors (23, 24). L-spheroid ASCs showed 
considerable expression of angiogenic growth factors, i.e., 
hepatocyte growth factor (HGF), vascular endothelial 
growth factor (VEGF), and fibroblast growth factor 2 
(FGF2) (Fig. 1C). The expression of angiogenic growth 
factors in PBM-spheroid (energy dose of 9 J/cm2) was 
much greater than that in ASCs cultured in a monolayer 
culture (Fig. 1D).

Enhanced secretion of growth factors from implanted 
CM in wound bed
  Immunofluorescent staining of angiogenic growth fac-
tors bFGF, VEGF, and HGF indicated the presence from 
implanted CM (Fig. 2A). More growth factor were ob-
served in the PSC implanted group compared to CM 
group. Western blot assay showed significantly higher lev-
els of VEGF, bFGF, and HGF in PSC implanted group 
than those in the CM (control group). Greater amounts 
of growth factors were also observed in the PSC group 
than those in the CM group (Fig. 2B). However, no sig-
nificant difference was observed in expression of growth 
factors between CM or PSC treated tissues and sphe-
roid-CM treated tissues. 
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Fig. 3. Angiogenic efficacy in the 
wound bed. (A) Implants were re-
moved on day 14 after implanted 
and stained with anti CD31 and α
SMA antibodies. The scale bar in-
dicates 200 μm. (B) Western blot 
showing the expression of CD31 and 
αSMA at 14 days. Beta-actin, also 
known as a “housekeeping” protein, 
is used as a loading control. (C) 
Immunofluorescence images show-
ing cytokeratin-positive epithelial 
cells (red) at 14 days. The scale bar 
indicates 20 μm.

Fig. 4. Evaluation of wound closure. (A) The prepared excisional wound splinting model. Photographs of wounds. (B) Percentage of wound 
area was calculated using photographs of wounds at 1, 7, and 14 days. *p＜0.05 versus the PSC group. (C) Histological analysis of the 
wound bed. Wounds were stained with H&E and Masson’s trichrome at 14 days. Wound edges are indicated with arrowheads. Closed 
arrows indicate skin appendages (hair follicles). The scale bar indicates 500 μm. (D) Regeneration of skin appendages was investigated 
by counting the number of skin appendages per wound section. (E) Histological scoring was performed using the criteria presented in 
Supplementary Table S3. *p＜0.05 versus the PSC group.

Angiogenic efficacy in the wound bed
  Many CD31＋ cells in the PSC group were double 
stained for smooth muscle actin (SMA). ECs and peri-
vascular cells differentiated from injected human cells 
were detected via αSMA and CD31 antibodies, re-

spectively (Fig. 3A). Western blot assay revealed sig-
nificantly higher levels of CD31 secreted by spheroid and 
PSC groups than those by the control group. Western blot 
also showed greater amounts of growth factors in the PSC 
group than those in the ASC group (Fig. 3B). However, 
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there was no significant difference in levels of growth fac-
tors among PBS, CM, PBM–CM, and spheroid-CM. These 
findings suggest a greater effectiveness of PSC treatment 
for angiogenesis in the wound bed. 

Epithelial cells
  To determine whether PSC could contribute to the epi-
dermal structure, immunohistochemistry for pan-cytoker-
atin was performed at 14 days. Some cytokeratin-positive 
cells were found in the epidermis or sebaceous glands in 
the PSC (Fig. 3C). 

Wound closure and dermal reaction
  An excisional wound splinting model was prepared. 
Silicon splints remained tightly adherent to the skin and 
restricted wound contraction during the experimental pe-
riod (Fig. 4A). At 7 days after surgery, the PSC group ex-
hibited significantly smaller wound areas than other 
groups. At 7 days, the PSC group showed a significantly 
smaller wound area than PBS, CM, PBM–CM, or sphe-
roid-CM group. No significant difference in wound area 
was observed between PBS group at any time (Fig. 4B). 
At 14 days, all wounds of the PSC group achieved com-
plete closure. However, not all wounds of the PBS, CM, 
PBM–CM, or spheroid-CM group had completely closed. 
Histological observation showed that skin regeneration 
was much greater in the PSC group compared to the con-
trol group. Our data indicated that the PSC enhanced 
re-epithelialization and granulation at 14 days (Fig. 4C). 
Furthermore, the PSC group appeared to have an in-
creased number of skin appendages (Fig. 4D). The PSC 
group displayed significantly increased numbers of hair 
follicles and sebaceous glands at 14 days (Fig. 4E). 

Discussion

  Cutaneous wound healing encompasses a highly com-
plex process involving an orderly regulated cascade of 
events, including cells migration and proliferation, ex-
tracellular matrix (ECM) deposition, angiogenesis, and re-
modeling (25). Optimal wound healing requires a well- 
orchestrated integration of numerous molecular and cel-
lular events that are mediated by growth factors, cyto-
kines, and chemokines. FGF, HGF, and VEGF are among 
growth factors and cytokines known to enhance normal 
wound healing (4).
  The formation of spheroids is affected by the cell-matrix 
adhesion strength (26). Moreover, PBM can promote the 
migration of ASC (27). In this study, within 3 days of cul-
ture on 24-well plates, ASC formed spheroids as a result 

of PBM irradiation (Fig. 1A). Notably, an increased HIF-1
α expression and consequent induction of VEGF and 
FGF proteins occurred at a fluence of 660 nm (8, 28). It 
has been previously reported that hypoxia can mediate an-
giogenic switch in agglomerates of tumor cells larger than 
200 μm in diameter (29). In our experimental model, I 
observed that the non-irradiated group expressed HIF-1α 

in response to the hypoxic environment formed in the 
hASC spheroid. In the irradiated group, 660-nm light 
alone was able to increase HIF-1α expression in this 
model regardless of fluence used. Therefore, ASCs in the 
spheroid might have been up-regulated by angiogenic fac-
tors such as VEGF (Fig. 2D). 
  In this study, PSC accelerated wound closure with in-
creased levels of re-epithelialization, neovascularization, 
and regeneration of skin appendages. This is likely to be 
due to increased paracrine secretion (Fig. 2). These results 
indicate that PSC has the ability to promote regeneration 
of skin tissue. Thus, PSC may be more feasible and prac-
tical to use in wound healing than ASC themselves. It is 
possible that PBM can enhance cellular responses in terms 
of gene expression, secretion of growth factors, and cell 
proliferation by increasing mitochondrial membrane po-
tential and levels of ATP and cAMP (28). VEGF is the 
most effective and specific growth factor that regulates an-
giogenesis (3); bFGF is an important growth factor in 
wound healing because it affects migration and pro-
liferation of fibroblasts, angiogenesis, and matrix deposi-
tion (4). HGF is another potent proangiogenic factor that 
can induce migration and proliferation and inhibit apop-
totic cell death (30). 
  PSC appeared to promote vasculogenesis through a syn-
ergistic effect in the wound bed, indicating that the PSC 
was more effective than CM in increasing angiogenic 
growth factor expression (Fig. 3A). Recent cell therapy for 
regeneration of damaged skin aims to increase vasculariza-
tion to a sufficient level for wound perfusion and healing 
(31). Formation of new blood vessels is critical for normal 
wound healing. Angiogenesis aids in the repair of dam-
aged tissue by regenerating blood vessels, thus improving 
blood flow in skin wounds (1). In addition to sebaceous 
glands, some cytokeratin positive cells were observed in 
the regenerated epidermis (Fig. 3C). In this study, the 
PSC group exhibited rapid wound closure and a higher 
histological score relative to the spheroid-CM group (Fig. 
4). In skin bioengineering, the ultimate goal is to rapidly 
produce a construct that offers complete restoration of 
functional skin, ideally involving regeneration of all skin 
appendages and layers (2). Interestingly, our results 
showed that the PSC group presented significantly in-
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creased numbers of sebaceous glands than the sphe-
roid-CM group. PSC implanted accelerated tissue re-
generation through the growth factor secretion. For that 
reason, I emphasize the significance of the application of 
a 3D spheroid culture of stem cells with PBM to enhance 
treatment efficiency of PSC implanted relative to CM im-
planted in the wound bed. 
  Results of this study demonstrate considerable influence 
of PBM on biological properties of ASC, indicating an in-
triguing possibility that ASC-derived products might find 
utility in cell-free therapies to encourage healing of in-
tractable skin wounds. 
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