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ABSTRACT
Introduction: Deer antlers are remarkable organs as they can regenerate seasonally and leave no
scars. Antler-derived stem cell therapy applications are of increasing interest in food, beauty, and
medicine. Method: Antler stem cells (ASCs) were isolated from antlers, and their expression of
markers CD73, CD90, CD105, Nanog, and Oct4 was detected by PCR. Their capacity to differentiate
into osteoblasts, chondrocytes, and adipocytes was assessed through culture in selection media.
In vitro evaluations included wound healing and angiogenic effects using scratch and tube forma-
tion assay, respectively. For in vivo assessment, a rat skin defect model was established surgically,
and ASC mixtures were applied to the defective skin at a dose of 100µg/100µ l. Treatment effects
were also evaluated through histological analysis, immunohistochemical staining, and the expres-
sion of genes involved in wound healing (including TGF-B1, TGF-B3, TIMP1, Col1, Col3, MMP1, and
MMP3) using qRT-PCR method. Results: The results indicated that ASCs exhibited fibroblast-like
cell shapes and positively expressed specific stem cell markers (CD73, CD90, CD105, Nanog, Oct 4).
ASCs demonstrated the capability to differentiate into osteoblasts, chondrocytes, and adipocytes.
The products derived from ASCs significantly enhanced NIH-3T3 cell proliferation and stimulated
angiogenesis in HUVEC on Matrigel compared to the control group. In the rat skin defect model,
wounds treated with the ASC mixture were quicker to heal, starting from day 8, compared to the
sham group (day 16). The wound area treated with the ASC mixture was significantly smaller than
the control group on day 4 (p < 0.05). Furthermore, the gene expression ratio of TGF-β3/TGF-β1,
MMP1/TIMP1, and MMP3/TIMP1 was significantly increased in the ASC group compared to the
sham group (p < 0.05). Conclusion: This study highlights the robust wound-healing efficacy of
ASC-derived products.
Key words: Antler stem cell, Damaged skin, Deer antler, Extraction, Stem cell, Secretions, Mes-
enchymal stem cell

INTRODUCTION
Deer antler velvet is a prized repository of medicinal
herbs, extensively used to produce food, nutraceuti-
cals, and functional foods. In various Asian cultures,
antler velvet holds a significant place in traditional
medicine due to its perceived multitude of beneficial
biological properties, including robust antioxidant ca-
pacity, anti-arthritis and anti-osteoporosis benefits,
and its potential for treating reproductive disorders in
women1,2.
Exclusive to male deer, antlers are regarded as sec-
ondary sexual characteristics that undergo rapid
growth during the summer. In the natural environ-
ment, antler velvet demonstrates a unique capacity to
regenerate without scarring or inducing fibrosis. The
growing tip, a critical region dictating antler growth,
harbors a substantial concentration of stem cells1,3.
Researchers have long been able to isolate stem cells
from antler velvet and culture them in the labora-
tory for extended periods4. Consequently, the char-

acteristics of antler stem cells (ASCs) have been com-
prehensively investigated. ASCs express mesenchy-
mal stem cell markers (including CD73, CD90, and
CD1055) aswell as embryonic stem cells such asOct4,
Sox2, and Nanog6.
In recent years, components derived from antler vel-
vet, notably stem cells and extracts, have garnered sig-
nificant interest in research and application3. Inject-
ing ASCs into the tail veins of mice with damaged
skin demonstrated substantial healing effects with-
out detectable scarring in the lesion area7. Kmiecik
et al. (2021) treated 20 patients with foot venous
ulcers using ASC extract, significantly reducing the
area/circumference of the lesion ? .
Yang et al. showcased the safety and efficacy of ASC
extract in regenerating hair follicles: application to
damaged mouse skin led to a significant increase
in the number of hair follicles8. Notably, even us-
ing conditioned medium from ASCs in treating in-
jured skin displayed positive regeneration outcomes
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in rats1,9. These findings underscore the therapeutic
efficacy of ASCs, demonstrating positive effects across
diverse species. They suggest the potential for uti-
lizing ASCs or ASC-derived secretions in xenotrans-
plantation or other cosmetic applications.
In this study, ASCs were successfully isolated and
characterized. The cells were verified to possess self-
renewing capabilities and the capacity to differenti-
ate into various cell lines. Products formulated with
ASCs were assessed for their wound-healing proper-
ties both in vitro and in mouse models. The efficacy
of these ASC-derived products was compared with a
control group using DMEM/F12 media. The findings
indicate that ASC secretions and extracts effectively
treat lesions without scarring, showcasing significant
potential in cell-free therapy.

MATERIALS ANDMETHODS
Antler stem cell isolation
Fresh velvet from sika deer, Cervus nippon, was ob-
tained from farmers inDongNai, Vietnam. It was col-
lected by cutting and refrigerated during transporta-
tion to the laboratory. Biopsies were performed ap-
proximately 0.5–1.0 cm from the velvet tip to target
the growth zone. The velvet tissue was dissected by
making two perpendicular lines at a quarter of the vel-
vet’s length, intersecting at the apical region. The col-
lected tissue, comprising the velvet skin and dermis,
was promptly placed into a sterile tube containing PBS
supplemented with 5X penicillin/streptomycin. Tis-
sue processing was carried out within 2 hours of the
biopsy. The tissue samples were finely chopped into
pieces measuring 0.5–1 mm3 using a sterile scalpel.
Subsequently, each piece was incubated in an MSC-
Cult Animal medium (Regenmedlab, Ho Chi Minh
City, Viet Nam). The cells were cultured in T25 flasks
at 37◦C with 5% CO2.

Antler stem cell characterization
The expression of specific genes, including CD73,
CD90, CD105, Oct4, and Nanog, was assessed using
PCR after extracting total RNA with an Easy Blue To-
tal RNA Extraction Kit. The PCR was performed us-
ing a Luna Universal One-Step RT-qPCR Kit and a
real-time PCR device. Gel electrophoresis with ethid-
ium bromide staining was utilized to visualize the tar-
get gene bands. The primers used for these evalua-
tions are detailed in Table 1.
To assess the in vitro differentiation capability of
ASCs, the researchers employed differentiation kits
for osteogenesis, chondrogenesis, and adipogenesis.
Specifically, the StemPro® Osteogenesis Differentia-
tion Kit, StemPro® Chondrogenesis Differentiation

Kit, and StemPro® Adipogenesis Differentiation Kit
from Thermo Fisher Scientific were used. The dif-
ferentiation induction was evaluated after 14–21 days
using specific dyes: Alizarin Red S for osteoblasts,
Alcian Blue for chondroblasts, and Oil Red O for
adipocytes. These dyes help visualize and confirm the
successful differentiation of ASCs into the respective
cell lineages.
Since there were no specific evaluation criteria for
ASCs, the study adopted criteria commonly used for
human mesenchymal stem cells (hMSCs). This ap-
proach allows for a standardized assessment of ASCs
based on widely accepted criteria for mesenchymal
stem cells.

ASCmixture formulation

Secretions collection
From passage 3, 105 cells were cultured in a T25
flask with MSCCult Animal medium (Regenmedlab,
Ho Chi Minh City, VN) until 80% confluence was
reached. After washing with PBS, 2ml of DMEM/F12
medium (Gibco, USA) was added. ASCs were in-
cubated for 48 hours, after which the conditioned
medium (CM) was collected. The CM was cen-
trifuged at 4000 g for 5 minutes to remove debris and
other cells. The clarifiedCMwas stored at –86◦Cuntil
use.

Extraction collection
Cells from passage 3 were separated using Deat-
tachment (Regenmedlab, Ho Chi Minh City, Viet
Nam). After centrifugation to remove the super-
natant, the cell fraction was reconstituted with 100 µ l
of DMEM/F12. ASCs were placed in a freezer at –86
◦C for 30 minutes, and this procedure was repeated
three times. The mixture was centrifuged at 4000g
for 5 minutes, and the supernatant was collected and
stored at –86◦C.

Formulation of ASCmixture
The ASC mixture was formulated by combining 2ml
of secretions with 100 µ l extractions. Themixture un-
derwent filtration using a 0.22 µm filter.

Protein Quantification
The total protein content of the mixture was quanti-
fied using the Bradford assay. Briefly, bovine serum
albumin (BSA) (Sigma-Aldrich, USA) standards were
prepared at concentrations of 0, 62.5, 125, 250, 500,
and 1000 ug/mL in PBS (Regenmedlab, Ho Chi Minh
City, Viet Nam). The ASC mixture sample (10 µ l)
and BSA standard were loaded into wells, and 200 µ l
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Table 1: Primer sequences for ASCs evaluation

No Name Primer Sequence (5’-3’) Size (bp) Accession Number

1 GAPDH F GGCGTGAACCACGAGAAGTATAA 119 XM_020902047.1

R CCCTCCACGATGCCAAACT

2 Nanog F CACCCTCGACACGGACACT 283 XM_043882000.1

R CTGCTTGTAGCTGAGGTTCAA

3 Oct4a F GTGGAGGAAGCTGACAACAA 352 XM_043907988.1

R AGCCTGGGGTACCAAAATG

4 CD73 F GGTCAAAGGTGCCTCCAATG 353 XM_043901016.1

R CAATCCCATTCTTCTCAACAGC

5 CD90 F TCAGCCTGACAGCCTGCCTG 334 XM_043901026.1

R CTTATGCCCCCACACCTGAC

6 CD105 F CTCTACCTCAGCCCGCACTTC 105 XM_020874951.1

R GATCTTGAGCTCAGGGATGGAT

of Coomassie Blue G-250 dye (Sigma-Aldrich, USA)
was added to each well. After removing air bubbles,
the absorbance was measured at 595 nm using a DTX
880 machine (Beckman Coulter 880, USA).

Cell migration assay
The in vitro wound healing effect of the ASC mixture
was evaluated using the Scratch test.
Human fibroblasts were provided by the Laboratory
of Stem Cell Research and Application, University of
Science, Viet Nam. We plated 105 fibroblasts into
the well plate using a cell culture medium contain-
ing DMEM F12 + 10% FBS (Gibco, USA) (n = 3).
Then, a 1ml pipette tip was used to create a wound
along the well. Floating cells and cell debris were re-
moved with PBS (Regenmedlab, Viet Nam). The ex-
periment was randomly divided into two groups. In
group 1, the ASC mixture was supplied at a concen-
tration of 100ug/ml. In group 2 (the control group),
DMEM/F12 supplied with 10% FBS was refreshed.
Then, 2 ml of the media was added to the well (n =
3). Images were recorded for the first time and after
72 hours. The covered area was processed by ImageJ
software.

Endothelial Cell Tube Formation Assay
Corning Matrigel Matrix (Corning, USA) was em-
ployed for in vitro angiogenesis, following the man-
ufacturer’s guidelines. GibcoTM Human Umbilical
Vein Endothelial Cells (HUVEC) (Thermo Fisher,
USA) were cultured using EGMmedium (Cell Appli-
cations, Inc, CA, USA) for proliferation. Matrigel (50

µ l) was added to each well of a 96-well plate and al-
lowed to polymerize for 30 minutes. Subsequently,
104 HUVEC cells were seeded into each well. The
ASC mixture, containing 100 µg/ml of total protein,
was added to three wells, while EGMmedium served
as a positive control and DMEM/F12 medium as a
negative control. Images were captured after 6 hours
using an inverted microscope (Zeiss, Germany).

Mousemodel of skin damage

Six- to eight-week-old rats were procured from the
Stem Cell Institute in Viet Nam, and all experimen-
tal procedures adhered to the guidelines and pro-
tocol of the Animal Experimental Ethics Commit-
tee of the Stem Cell Institute, University of Sciences,
Viet Nam National University, Ho Chi Minh City
(Number 230106/SCI-AEC). The dorsal region of the
rats was shaved, and anesthesia was induced using 5
mg/kg Zoletil (Virbac, France) and 4 mg/kg xylazine
(Vemedim, Viet Nam). A circular wound (8 mm di-
ameter) was created on the back by marking and in-
cising the skin in this designated area.
Subsequently, the rats were randomly assigned to
three groups (n = 3 each). In the ASC mixture
group, rats received a single injection of ASC mix-
ture at a dose of 100 µg/100µ l DMEM/F12. In the
sham group, rats were injected with DMEM/F12 at
an equivalent volume. The normal group consisted of
mice that were not injured and were kept in identical
conditions. Wound healing progress in each area was
monitored over time, and all rats received consistent
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acre conditions. After 16 days, the rats were eutha-
nized, and the healed wound tissue area was collected
using a scalpel.

Hematoxylin/Eosin (H&E) staining
The histological structures of each group were as-
sessed on day 16 by collecting skin samples from
the injured sites. These samples were fixed in 10%
formaldehyde and subsequently embedded in paraf-
fin. The paraffin-embedded sections were cut into
slices of 3–5um thickness. The H&E staining proto-
col involved the following steps: the slices were im-
mersed in a xylene solution for 5 minutes, followed
by a xylene: alcohol solution (1:1 ratio) for another
5 minutes, 100% alcohol for 5 minutes, 90% alcohol
for 5 minutes, 70% alcohol for 5 minutes, 50% alcohol
for 5 minutes, and finally, double-distilled water for 2
minutes. Afterward, the slices were carefully blotted
dry.
The staining process continued by adding a drop of
hematoxylin to the slice. After 15 minutes, the slices
were rinsed with double-distilled water to remove ex-
cess hematoxylin. Eosin was then applied to the slices
for 30 seconds. Following this step, the slices were re-
washed with double-distilled water. Finally, immer-
sion oil was added to the slices and sealed with cover
slips. Tissue histology was observed using a micro-
scope (Zeiss, Germany).

qRT-PCR
The expression of specific genes associated with
wound healing, includingCol1, Col3,MMP1,MMP3,
TIMP1, TGF-B1, and TGF-B3, was assessed on day
16. The housekeeping gene GADPH was utilized for
normalizing these gene expressions. The Easy Blue
Total RNA Extraction Kit (iNtRON Biotechnology,
Korea) was employed to extract the total RNA from
the skin samples according to the manufacturer’s in-
structions. Quantitative RT-PCR was conducted us-
ing the Luna® Universal One-Step RT-qPCR Kit (Bio
Labs, New England), following the manufacturer’s
protocol and utilizing a real-time PCR device (Eppen-
dorf, Hamburg, Germany). The gene-specific primers
are presented in Table 2. The expression levels of the
target genes in the samples were compared to the non-
treating group using the ratio calculated by the Livak
method: R = 2−∆∆Ct .

Statistical Analysis
The experimental data are presented as means + SD
based on three independent treatments. Statistical
analyses were conducted using two-tailed Student’s t-
tests and multiple T-tests using GraphPad Prism 8.0

software (Sorrento Valley, CA, USA). A statistically
significant difference was considered when p < 0.05.

RESULTS

ASC isolation

After 4 days of primary culture, single cells were pre-
sented (Figure 1 A) and exhibited adhesion to the
flask surface (Figure 1 B). The cellular morphology
was fibroblast-like (Figure 1 C).
Following a 14-day culture in an osteogenic medium,
cells displayed a red coloration upon staining with
Alizarin Red dye (Figure 1 D). When subjected to a
chondrogenic medium, the cells adopted a rounder
shape. On day 14, the cells exhibited a blue coloration
upon Alcian Blue staining, signifying the accumula-
tion of peptidoglycan, a marker of successful chon-
drogenesis (Figure 1 E). In the adipogenesis medium,
the presence of fat droplets was observed. Staining
with Oil Red revealed red-colored fat droplets, indi-
cating successful adipose differentiation (Figure 1 F).
Immunophenotypic expression assessment demon-
strated positive results for CD73, CD90, and CD105
markers of mesenchymal stem cells, as well as for
Oct4a and Nanog, markers of pluripotent stem cells
(Figure 1 G). These outcomes confirm that the iso-
lated alter cells exhibit typical characteristics of mes-
enchymal stem cells.

Cell migration in vitro assay

The initial wound area measured 0.458± 0.008 mm2

in the control group (Figure 2 A) and 0.489 ± 0.030
mm2 in the ASC mixture group (Figure 2 B). After
72 hours of culture, the wound area in the ASC group
showed a statistically significant reduction compared
to the pre-treatment measurement (p < 0.05). The
wound area in the ASC mixture group (Figure 2 D)
reached 0.063 ± 0.021 mm2, whereas in the control
group (Figure 2 C), it measured 0.306 ± 0.041 mm2

(Figure 2 E).

Angiogenesis in vitro
In the EGMmedium, HUVEC exhibited notable tube
formation (Figure 3 A). Conversely, the DMEM/F12
treatment group displayed a lack of HUVEC adhesion
to the Matrigel, resulting in distorted cell shapes. The
cell appeared rounded, indicative of poor adhesion
(Figure 3 B). However, the treatment group did not
show the characteristic tubular connection observed
in the EGMmedium.
Tube formation was observed in the case of the
DMEM/F12 treatment combined with 100 µg/ml
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Table 2: Primers were used to evaluate gene expression in rats

No Gene name Primers Sequences (5’-3’) Product
size
(bp)

AccessionNum-
ber

1 Col1A2 Forward GGTGCCCCTGGAGAGAAT 158 NM_053356.2

Reverse GGACCAGCAGACCCAATG

2 Col3A1 Forward GTCCACGAGGTGACAAAGGT 189 NM_032085.1

Reverse CATCTTTTCCAGGAGGTCCA

3 TGF-β1 Forward ATACGCCTGAGTGGCTGTCT 153 NM_021578.2

Reverse TGGGACTGATCCCATTGATT

4 TGF-β3 Forward CTCTCTGTCCACTTGCACCA 185 XM_039111816.1

Reverse TGCATCTCTTCCAGCAACTCC

5 MMP1 Forward GCTTTGGCTTCCCTAGCAGTG 201 NM_001134530.1

Reverse TCGCCTTTTTGGAAAACATC

6 MMP3 Forward CCACCGAGCTATCCACTCAT 159 NM_031055.2

Reverse GTCCGGTTTCAGCATGTTTT

7 TMIP1 Forward CATGGAGAGCCTCTGTGGAT 210 XM_039099407.1

Reverse ATGGCTGAACAGGGAAACAC

8 GapDH Forward CAACTCCCTCAAGATTGTCAGCAA 118 NM_001394060.2

Reverse GGCATGGACTGTGGTCATGA

Figure 1: ASC characterization. Primary alter cell culture (A); secondary cell culture at 5X (B) and 20X (C);
osteoblast differentiation-induced cells stained with Alizarin Red (D); chondroblast differentiation-induced cells
stainedwithAlcianblue (E); adipogenesis differentiation-induced cells stainedwithOil Red (F); PCR results showed
that ASCs express genes CD73, CD90, CD105, Nanog, and Oct4a (G).
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Figure 2: ASCmigration in vitro. In vitrowound shape of the control group (A, C) and ASC mixture group (B, D)
at 0h (A, B) and 72h (C, D); comparison of the wound area before and after treatment (E).

Figure 3: Angiogenesis stimulation ability of ASC mixture in vitro. Tube formation of HUVECs when cultured
in ECMmedium (A), DMEM/F12 (B), and ASC mixture (C).

ASC mixture (Figure 3 C). Nevertheless, this angio-
genic response was less pronounced than the one ob-
served with commercial media (Figure 3 A).

Skin-injured rat treatment
On day 4 post-treatment, the wound area in the ASC
mixture group exhibited accelerated healing com-
pared to the sham group. Between days 8 and 12, the
damaged area in the ASC mixture group rapidly di-
minished, while it took 16 days for the sham group
to show a comparable reduction in the damaged area.
However, noticeable scarring was observed in both
groups until day 16 (Figure 4 A).
ImageJ analysis showed that the wound area in
the ASC mixture group was statistically significantly
smaller (7.802 ± 3.120 mm2) compared to the sham
group (33.806± 6.689 mm2) (p < 0.05) (Figure 4 B).
The ASCmixture group also showed positive and dif-
ferent effects than the sham group (Figure 4 A).

H&E Staining
The normal skin tissue structure of the rat (Figure 5
A, D, G) exhibits well-defined substructures (22.33±

5.033), including evenly distributed hair follicles (red
arrows) and sebaceous glands (blue arrows) within
the epidermis and mesoderm. Following a 16-day
application of the ASC mixture, the rat skin struc-
ture was fully restored with a complete epidermal and
mesodermal structure. Substructures such as hair fol-
licles and sebaceous glands were present (15.67 ±
1.53), mirroring the tissue structure observed in the
normal group (Figure 5 B, E, G).
Conversely, in the DMEM/F12 group, the presence of
substructures was significantly less (1.33 ± 1.53). Se-
baceous glands and hair follicles were notably lacking
(Figure 5 C, F, G). These results indicate that treat-
ment with the ASCs mixture enhances skin tissue re-
covery.

Gene expression
The gene expression ratio of MMP1/TIMP1 (0.009±
0.001; Fig. 6A), TGF3/TGF1 (1.580 ± 0.843; Fig-
ure 6 B), andMMP3/TIMP1 (3.969± 0.924; Figure 6
D) in the ASC mixture treatment group were all sig-
nificantly higher than those in the DMEM/F12 con-
trol group (0.0002 ± 0.0001, 0.374 ± 0.220, 1.449 ±
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Figure 4: The recovery of injured skin. Morphology of skin at the damaged position from immediately after
injury to 16 days post-treatment (A); the damaged area of the rat (B) (n = 3)

1.474, respectively) (p < 0.05). Meanwhile, the ratio
of Col3/Col1 in the ASC treatment group tended to
increase, although it did not reach statistical signifi-
cance compared to the sham group (Figure 6 C).

DISCUSSION
The complete regeneration of an organ is rare in
higher animals, but antlers are an exception. Al-
though ASCs have only been known for a decade,
their potential is immense10. Attention toward prod-
ucts from mesenchymal stem cells, such as vesicles,
exosomes, and growth factors, has increased expo-
nentially in recent times11.
The wound-healing effect of mesenchymal stem cells
(MSCs) is established by proteins, lipids, growth fac-
tors, or nucleic acids that they secrete. These factors
can act individually or in combination. Growth fac-
tors are of particular interest due to their clear mode
of action on target cells. Many of the growth factors
detected inMSCs are also present in ASCs. These fac-

tors play a crucial role in directing cell migration, pro-
liferation, and angiogenesis11.
In this study, the ASC product mixture was shown
to stimulate wound healing and angiogenesis in vitro.
In a rat skin injury model, the ASC product acceler-
ated wound healing, and the healed wound structure
closely resembled normal skin.
The impact on scar formation in vivo was assessed
through gene expression analysis, including MMP1,
TIMP1, MMP3, Col3, Col1, TGF3, and TGF1.
The results indicated that the gene expression ratio
of MMP1/TIMP1, MMP3/TIMP1, Col3/Col1, and
TGF3/TGF1 was highest in the ASC mixture group.
The collaboration between matrix metalloproteinases
(MMPs) and tissue inhibitors of metalloproteinases
(TIMP) has been shown to synergize in fetal wound
healing12. Studies by Dang et al. and Rong et al. also
support the finding that higher expression ratios be-
tween MMO and TIMP reduce wound scarring1,13.
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Figure 5: H&E staining results of normal skin (A, D); wound areas of the group treatedwith theASCmixture
(B, E); and DMEM/F12 (sham) (C, F); G. Number of cutaneous appendages (20x); (red arrows: hair follicles; blue
arrows: sebaceous glands). (*p < 0.01) (A, B, C bar = 50 µm; D, E, F bar = 20 µm).
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Figure 6: Gene expression ratio of MMP1/TIMP1 (A), MMP3/TIMP1 (B), Col3/Col1 (C), and TGF3/TGF1 (D) of
themouse skin treated with various factors. (P < 0.05)

Open wounds treated with the ASC mixture healed
faster in this study, and the high MMP/TIMP ratio
in this group resembled that of fetal wounds, leaving
no scars. The active MMP group’s activity facilitates
the removal of the original bonds accumulated dur-
ing wound repair, forming new structures that better
mimic function. This study specifically focused on
evaluating TIMP1, known for inhibiting the activity
of most MMP families14. Another study also demon-
strated that an increased ratio ofMMP8/TIMP1 led to
faster wound contraction and improved extracellular
matrix layer reconstruction in open wounds, aligning
with the results of this study 15.
The ratio of Col3/Col1 showed an increasing trend in
both the DMEM/F12 (8.34± 6.48) and ASC (12.31±
2.7) groups, aligning with findings by Rong et al.1 .
Col3 is the initial and crucial collagen formed during
wound healing, later replaced by Col1 during the re-
pair process16. Col1 typically constitutes 85% of adult
scarred areas, with the remaining 15% being Col3.
Notably, our study observed a tendency towards an
increased Col3/Col1 ratio in the ASC-treated group,
resembling the expression pattern in fetal wounds that
heal without scarring (reconstruction and rehabili-
tation)1. However, this difference was not statisti-
cally significant between the groups, which might be
attributed to the young age of the mice (6–8 weeks
old) since young animals are characterized by inher-
ent resilience, which can influence collagen expres-
sion rates.
The ratio of TGF-β3/TGF-β1 in the ASCs mixture
treatment group was higher than in the DMEM/F12
groups. The TGF-β family comprises proteins with
diverse roles in various pathways. Specifically, TGF-
β3 is more expressed in fetal wounds associated
with good regeneration and no scarring, while TGF-
β1 exhibits reduced expression in such wounds17.

Krummel’s study found that high levels of TGF-
β1 supplementation induced fibrosis even in fetal
wounds18. Our results underscore the positive im-
pact of ASC mixture treatment on wounds compared
to the DMEM/F12 group.
This study contributes valuable evidence to the unex-
pected effects of products derived from ASCs. While
using hMSCs is common in treating various diseases,
with mostly positive outcomes (https://clinicaltrials.g
ov/, keyword: mesenchymal stem cell), the continu-
ous search for new therapies with enhanced efficacy,
safety, and cost-effectiveness remains crucial. ASCs
and their products demonstrate promising features
in various applications, offering potential in medical
therapies.

CONCLUSION
This study demonstrated the proliferative, migratory,
and angiogenic effects of ASCs in vitro. In the mouse
model of skin lesions, ASC extract and secretions ex-
hibited superior results compared to the DMEM/F12
group. Notably, the healing trend associated with
ASC-derived products suggests the potential to min-
imize scarring and maximize the restoration of the
damaged area to resemble undamaged skin.
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