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Unlocking the Regenerative Potential of Antler Stem Cells: A
Promising Frontier inWound Healing and Tissue Repair

Phat Duc Huynh1,2,*

ABSTRACT
Stem cells play an important role in regenerative medicine. Recently, deer antler stem cells have
received increasing attention because of their unique regenerative abilities. The deer velvet is re-
generated completely every year, and the leaves have no scars. It is a rare phenomenon among
mammals. Thus, deer antler stem cells may be potential agents of biomolecular, metabolic, and
regenerative pathways. This review evaluated the wound healing and regenerative potential of
deer antler stem cells. Although mesenchymal stem cells have been studied extensively, research
on antler stem cells (ASCs) is still in its infancy. Owing to ethical barriers, few clinical applications of
ASCs exist. A more comprehensive understanding of deer antler stem cells will lay the groundwork
for further studies on their application in the future.
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INTRODUCTION
Current regenerative medicine advances have made
much sense, as they are able to address most patients’
needs. However, regenerativemedicine has always fo-
cused on ”immortality”, which includes the complete
regeneration of lost tissues and organs, which is some-
thing that the current human race has not achieved.
The regeneration mechanism, especially in higher an-
imals, still needs to be fully understood. This requires
additional financial investment and resources to ex-
plore. In the contemporary regenerative medicine
landscape, researchers and clinicians are grappling
with the complexity of orchestrating tissue regener-
ation across various biological systems. From skin
wounds to intricate organ structures, the demand for
effective regenerative solutions has never been more
pressing. The limitations of current regenerative ap-
proaches, which are often hindered by scarring, fi-
brosis, and incomplete restoration of function, under-
score the need for innovative avenues.
The four levels of regeneration in animals are clas-
sified as follows: 1) regeneration at homeostasis, re-
plenishing and resisting daily wear, such as the ep-
ithelial layer or blood; and 2) self-healing or tissue re-
generation, which occurs when the tissue is damaged
to restore continuity. 3) Compensatory growth, in-
creased cell size, increased cell division, or both to ac-
commodate the functional load, which is commonly
observed in the kidney. 4) Epigenetic remodeling,
which is observed in H. frenatus. Mammals rarely

have a fourth ability, but a unique case of deer antlers
(Figure 1) can regenerate epigenetics.
In most mammals (including humans), fibrosis and
scarring during wound regeneration are unavoid-
able1. However, observations of deer have shown that
their pedicle wounds heal rapidly and do not leave
any scars regardless of the wound area 2. Deer velvet
has an annual growth cycle with a maximum growth
rate of more than 2 cm per day3. This development
lasts approximately three months, with parts of this
organ growing similarly, such as blood vessels, nerves,
bones, and cartilage. Over time, the antler grows and
becomes ossified to form deer antlers. The antler vel-
vet is rich in macromolecules such as proteins and
antioxidants, has very high concentrations of growth
factors and is reduced by ossification4.
These features have attracted much attention from
researchers worldwide, and Poland became the first
country to generate a stable ASC line called MIC-15.
Some studies have shown that ASCs can initiate the
complete regeneration of antler velvet and promote
perfect skin wound healing very quickly6,7. ASCs are
unique because they can renew the entiremammalian
appendage (deer antler velvet). They are able to com-
pletely heal wounds without fibrosis andwithout scar-
ring at the early stages of the velvet regeneration pro-
cess each year. In addition, a number of studies have
demonstrated that by transplanting ASCs into differ-
ent models, wound regeneration also occurs. For ex-
ample, research has shown that they have a very posi-
tive effect on amousemodel of injury 6. In some other
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Figure 1: Structure of deer antlers 2 . In many studies, ASCs are usually obtained from the mesenchyme. (drawn
with Biorender)

studies, the activity of ASCs was shown to be superior
to that of human mesenchymal stem cells (MSCs) in
preclinical trials6,8. These findings demonstrate that
small molecules such as miRNAs, polypeptides, and
growth factors in ASCs have interspecies effects 6.
ASCs exhibit unique properties, including nontu-
mourigenicity, immunosuppression, scarless healing,
antiaging attributes, and easy accessibility. Unlike
MSCs, which have safety concerns related to tumori-
genicity, ASCs lack tumor formation when implanted
and exhibit controlled tumor growth in the context of
rapid antler development. The immunomodulatory
capabilities of MSCs, which are influenced by inflam-
matory cytokines, are paralleled by those of ASCs,
which, despite being allogeneic, display low immuno-
genicity. Furthermore, ASCs exhibit immunosup-
pressive effects, making them promising options for
stem cell therapy.9

Currently, there are no specific criteria for evaluating
ASCs. Studies often rely on minimal criteria for eval-
uating human mesenchymal stem cells to confirm the
ancestry of ASCs. ASCs have been shown to over-
express the markers CD73, CD90, CD105, NPM1,
VIM, and Stro-1. In addition, ASCs also express sev-
eral markers of embryonic stem cells, such as Oct4,
SOX2, and Nanog; TERT CD9 and C-myc and Sox2,
SSEA4, and Scripto-110,11. Notably, there is an MSC

population called multilineage-differentiating stress-
enduring (Muse) (CD105+, SSEA3+) cells that also
exhibit similar expression. This small subpopulation
of mesenchymal stem cells has great potential and has
only recently been of interest. Both of these genes are
expressed at the same level as those in mesenchymal
stem cells and are expressed at the same level as those
in embryonic stem cells12.

WOUNDHEALING AND TISSUE
REGENERATIONOF ASCS
Wound healing and tissue regeneration
The process of wound healing intricately involves a
myriad of diverse factors working in tandem, includ-
ing cytokines, chemokines, cells, and conditions of
the body. Typically, the wound healing process in-
volves four (possibly overlapping) stages, as shown
in Figure 2. When trauma occurs, the hemostasis
phase is activated immediately. Its primary goal is
to stop bleeding due to vascular disruption and fib-
rin clot formation. Moreover, 5–10 min of vasocon-
striction is activated in the injured area 13. This quick
response helps prevent further bleeding and protects
the wound. When bleeding is controlled within the
first 24 hours, neutrophils are delivered to the in-
jured area and remain there for 2 to 5 days. These
cell types, especially phagocytes, release mediators,
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such as reactive oxygen species (ROS), cytokines, and
proteases 14. These factors activate many pathways,
and different types of cells are involved in this pro-
cess. The removal of bacteria, cellular debris or for-
eign agents is themain goal in the inflammatory phase
and helps to clean the wound. This activity is associ-
ated with the significant contribution of ROS overex-
pression. In addition, this phase creates the basis for
the proliferation phase by releasing factors involved
in cell growth pathways. For example, platelets typ-
ically release growth factors that stimulate the self-
proliferation and migration of fibroblasts. Fibroblasts
then synthesize extracellular factors, such as collagen,
in the ECM to continue the process. This combina-
tion is simultaneous and continuous.
The proliferative phase occurs later, 5–7 days after
the wound appears. At this stage, epithelialization
and extracellular matrix remodeling help stabilize the
wound. From the wound base, endothelial cells, fi-
broblasts, and other cell types are involved in this
process—specifically, new blood vessel growth to de-
liver nutrients and oxygen to new tissue. The for-
mation of substrates such as collagen, proteoglycans,
and fibronectin14,15 is temporary but essential for fill-
ing the wound, helping the wound shrink. In the fi-
nal stage of this process, epithelial cells (fibroblasts,
keratinocytes, etc.) regenerate on the wound surface.
The regeneration of granulomatous tissue, including
macrophages, fibroblasts, epithelial cells, and granu-
locytes, interweavedwith capillaries andwas based on
temporary and loose collagen bundles. Many factors
affect the rate of this process, such as wound mois-
ture, collagen regeneration or intrinsic factors from
the initial inflammatory process.14,15 The remodel-
ing phase lasts up to one year or more. During this
phase, synthesis and degradation take place simulta-
neously. In adult wounds, Collagen 3 is replaced by
Collagen 1, resulting in a more organized, fixed ECM
of the wound with superior tensile strength compared
with the original ECM. The peculiarity of this process
is the appearance of myofibroblasts. ECM-degrading
enzymes, especially those in the MMP family, con-
tribute significantly to this process. Any disruption
can lead to chronic wound formation14,15. This pro-
cess is summarized in Figure 2.

ASC secretory mechanism
Biomolecules of stem cells, such as cytokines, growth
factors, or extracellular vesicles, play essential roles in
tissue regeneration since they take part in the com-
ponents of the tissue microenvironment. Similarly,
ASCs also secrete factors that support the growth of

cell populations and neighboring cells. Recently, ac-
tive molecules secreted from ASCs have been con-
firmed (Table 1). To the best of our knowledge, ASC
secretomes participate in all major phases of wound
healing, including inflammation, proliferation (mi-
gration and/or tissue formation), and remodeling.
Cegielski et al. (2013) first described the expression
of many growth factors, such as IGF-1/2, TGF- 1,
KGF, NGF, and BMP-2, in the ASC cell line MIC-
138. High expression of VEGF in implanted ASCs
supported blood vessel formation during hair growth
in rabbits38. Later, via ELISA, Seo et al. (2018) con-
firmed the presence of 26 secreted growth factors in
ASC culture medium. PDGFs, VEGFs and TGF- 2
have been shown to be released mainly by ASCs39.
The EGF level in ASC culture medium is significantly
greater than that in MSC culture medium after 48
hours40. In mesenchymal stem cells (MSCs), PDGFs,
VEGFs, TGF- , and EGF were shown to contribute
to cell migration and support MSC tissue regenera-
tion41,42. Therefore, these secretomes fromASCsmay
play essential roles in better outcomes than those from
human MSCs.
Effectively managing inflammation is crucial for
promoting optimal wound healing. ASC-CM has
the unique ability to augment anti-inflammatory
macrophages, characterized by increased interleukin
(IL)-10 andCD206 levels, while concurrently repress-
ing proinflammatory macrophages (M1), which are
responsible for TNF-α and nitric oxide synthase in-
duction33. In vitro, ASC-CM significantly enhances
LPS-stimulated RAW264.7 cell migration and modu-
lates the expression of TNFα , IL-6, and IL-1β while
coordinating the regulation of IL-10 and arginase 1 33.
This study also demonstrated that nitric oxide (NO)
from ASC-CM inhibited the pernicious effect of lym-
phocytes dispatched to the site of inflammation33.
Research by Chun et al. revealed a substantial surge in
plasma IL-1β , IL-6, and TNFα levels in the untreated
group, a surge effectively thwarted by the introduction
of exosomes from ASCs. The treatment group dis-
played a notable increase in the level of IL-10, a pivotal
player in suppressing proinflammatory cytokine pro-
duction. This investigation underscores the efficacy
of ASC-derived exosomes in alleviating postoperative
cognitive dysfunction induced by cardiopulmonary
bypass in mice, with the TLR2/TLR4 signaling path-
way being implicated in this process43. The growth
factor IGF-1 was proven to stimulate keratinocyte and
fibroblast proliferation and to inhibit apoptosis dur-
ing the wound healing process23. Thus, it may play a
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Figure 2: Wound healing involves four sequential but overlapping stages. These processes are interrelated, and
the boundaries are not clear. (drawn with Biorender)

role in reducing the production of inflammatory cy-
tokines and promoting extracellular matrix produc-
tion. This can be considered an indirect effect of ASCs
related to wound immune regulation.
During the proliferation phase, the transformation
of the transient wound substrate established dur-
ing hemostasis into granuloma tissue is orchestrated.
This burgeoning ensemble comprises an intricate
interplay of fibroblasts, granulocytes, macrophages,
blood vessels, and collagen bundles. Their collabo-
rative efforts unfold like a biological symphony, not
only restoring compromised structural integrity but
also resuscitating the functional essence of the injured
skin. This intricate process of cellular and molecular
players serves as a regenerative overture, orchestrat-
ing the partial rejuvenation of the wounded terrain.
Although preliminary, many studies have demon-
strated that FGF-2, IGF-1, TGF-β , PDGF, HGF and
VEGF (Table 1) are secreted fromASCs. These are es-
sential factors involved in the proliferation (migration
or tissue formation) of wounds. Wound closure, pro-
liferation and themigration of local cells to thewound
are also necessary. Fibroblast growth factor-2 (FGF-
2) can accelerate wound closure by activating vascu-
lar endothelial cells and fibroblasts. It impacts the de-
velopment of granulation tissue, epithelialization, and
tissue remodeling, resulting in diverse results in ran-
domized controlled clinical trials. Positive outcomes
have been specifically noted in the realm of burn and

wound healing. 44,45. IGF-1 stimulates these fibrob-
lasts to proliferate and provide loose connective tis-
sue23. TGF-β plays crucial roles in various stages of
wound healing, including inflammation, stimulation
of angiogenesis, proliferation of fibroblasts, synthesis
and deposition of collagen, and regeneration of new
extracellular matrix. Notably, impaired signaling by
TGF-β1 is frequently observed in chronic and non-
healing wounds46. PDGF is a vital growth factor re-
leased by cells at the wound site. It has multiple ef-
fects on wound healing, including promoting angio-
genesis, modulating inflammatory responses, stimu-
lating both cell proliferation and migration, and fa-
cilitating collagen deposition47. VEGF plays a piv-
otal role in promotingwound healing through various
mechanisms, including collagen deposition, angio-
genesis, and epithelialization. Its multifaceted action
suggests that VEGF could be instrumental in facili-
tating the recovery of nonhealing wounds associated
with conditions such as arterial occlusive disease and
diabetes48. The acceleration of re-epithelialization
during skin wound healing is facilitated by hepato-
cyte growth factor (HGF), which triggers the dediffer-
entiation of epidermal cells. This intricate process is
closely connected to the β1-integrin/ILK pathway35.
S100A4 is a member of the S100 protein family whose
main function is as an intracellular calcium sensor,
stimulator of immune cells and an essential factor in
nervous system physiology and pathology49. Li et al.
(2012) reported that S100A4 is specifically secreted
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Table 1: Studies have demonstrated that deer antler cell factors are involved in wound healing.

Reference Growth factor Target cell Function

Minkoo Seo et al 16

Lai AK et al 17

Jinghui Lei et al 18

Cegielski et al[ 19

FGF-2 Keratinocytes, Fi-
broblasts

Re-epithelialization, stimulates angiogenesis
and stroma, granulation tissue 20,21

Nicole AM 22

Minkoo Seo et al 16

Cegielski et al 19

IGF-1 Keratinocytes Stimulates proliferation and migration of ker-
atinocytes 23

Minkoo Seo et al 16

Jinghui Lei et al 18

Cegielski et al 19

TGF-β Keratinocytes,
Macrophages,
Lymphocytes,
Fibroblasts

Re-epithelialization, stimulates angiogenesis
and stroma, granulation tissue, keratinocytes
migration and proliferation, inflammation 20

Minkoo Seo et al 16

Guo Q et al 24

Kmiecik et al 25

PDGF Keratinocytes, En-
dothelial cells, Fi-
broblasts

Stimulates fibroblast proliferation, promotes
matrix repair, granulation tissue, angiogenesis
and wound contraction 26–29

Minkoo Seo et al 16

Lai AK et al 17

Jinghui Lei et al 18

Cegielski et al 19

VEGF Keratinocytes, En-
dothelial cells, Fi-
broblasts

Re-epithelialization, stimulates angiogenesis
and stroma, granulation tissue, keratinocytes
migration and proliferation, inflammation 30,31

Minkoo Seo et al 16 GM-CSF Epithelial Cells,
Granulocyte,
Macrophage

Anti-inflammatory/regulatory cytokine 32

Lin H et al 33 NO lymphocytes Anti-inflammatory/regulatory cytokine 33

Zhen et al 34 HGF Epidermal cells Reepithelialization 35

Cegielski et al 19 NGF Keratinocytes, Fi-
broblasts andMast
cells

Maintaining skin homeostasis 36

Cegielski et al 19 KGF Keratinocytes Stimulates collagen synthesis 37

from ASCs in culture medium50. S100A4 was sub-
sequently shown to play important roles in ASCs, as it
promoted cell proliferation and angiogenesis51.
The final phase of wound healing extends over a du-
ration ranging from 21 days to 2 years (Figure 2)14.
During this last and longest stage, collagen synthe-
sis continuously strengthens the tissue. The process
of regeneration unfolds as the wound undergoes on-
going contraction, leading to the reorganization of
fibers14. The appearance of the growth factors in
Table 1 is important for recovering tissue structure
and function. Regeneration is regulated by multi-
ple growth factors, mainly TGF-β , PDGF and FGF,
which are stimulated during tissue damage and re-
pair. The collagen fibers must also be reorganized
appropriately for strength and flexibility. Fibroblasts
and myofibroblasts, specialized cells involved in tis-
sue repair, actively secrete matrix metalloproteinases
(MMPs). These enzymes play crucial roles in the
remodeling of the extracellular matrix by breaking

down and modifying various structural components.
The secretion of MMPs by these cells contributes to
the dynamic and intricate process of tissue repair and
remodeling. These enzymes play pivotal roles in the
transformation of type III collagen into type I colla-
gen, facilitating the closure of wounds. This process
contributes significantly to altering the strength and
integrity of the healed tissue. Scar formation is as-
sociated with low matrix metalloproteinase (MMP)
activity and increased activity of tissue inhibitors
of metalloproteinases (TIMPs). A previous study
demonstrated that following treatment with ASC-CM
(adipose-derived stem cell-conditionedmedium), the
ratios ofMMP1/TIMP1 andMMP2/TIMP1 in healed
tissue increased. Notably, the concentration of type
III collagen (Col3) was much greater than that of
type I collagen (Col1). Compared with that of Col1,
the heightened presence of Col3 results in the for-
mation of smaller reticular structures with increased
crosslinking, thereby contributing to scar-free wound
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Figure 3: ASC secretions can promotewound healing, immunemodulation and tissue repair. (drawnwith Bioren-
der)

healing52. Wounds that healed during fetal develop-
ment consistently presented a Col3/Col1 ratio of 3:1,
in contrast with the 1:3 ratio typically observed in
wounds that healed during adulthood6. The results
also revealed that TGF-β3 (anti-fibrosis) was more
abundant than was TGF-β1 (fibrosis)52. This is also
a feature that confers resistance to fibrosis and scar-
ring in ASC-CM. Moreover, ASCs secrete numerous
cytokines and growth factors with antifibrotic prop-
erties, including hepatocyte growth factor (HGF) and
IL-10. These signals activate neighboring cells to pro-
duce the correct ECM, promoting vascular stability
and healing, similar to healthy tissue. HIF-1, VEGF,
and EGF can promote angiogenesis, which needs im-
provement at the time of wound repair. Without an-
giogenesis, acute wounds become chronic wounds.
The interaction effects of factors fromASCs onwound
healing are summarized in Figure 3.

EFFICACY OF ASCS AND ASC-CM IN
ANIMAL EXPERIMENTS AND
CLINICAL IMPLICATIONS
Numerous studies have provided evidence supporting
the safety and beneficial outcomes associated with the
utilization of ASCs or ASC-CM. In a study conducted
by Rong et al., the therapeutic effects and underly-
ing mechanisms of ASC-CM on skin wound healing

in mice were investigated. The findings revealed that
ASC-CM notably promoted the proliferation of hu-
man umbilical vein endothelial cells and NIH-3T3
cells in in vitro experiments. Compared with that in
the two control groups, the wound area in the group
treated with ASC-CM was smaller. ASC-CM effec-
tively accelerated wound healing and improved heal-
ing quality, possibly by converting wound skin fibrob-
lasts into their fetal counterparts 6. The authors also
demonstrated that the use of ASCs had a better ther-
apeutic effect on radiation-induced skin damage than
did the use of existing stem cells53. Qianqian G and
colleagues demonstrated that regenerative healing is
not limited to a specific species and can be extended to
other mammals. In their study, injections of ASCs fa-
cilitated the process of skin wound healing in mice 24.
In a murine model of skin damage, treatment with
ASCs resulted in faster wound healing and better re-
generation. Owing to the presence of ASCs, mouse
skin has the same structure of collagen fibers as non-
damaged tissue. Conversely, the control group did
not exhibit a comparable result, as collagen fibers
were organized in parallel bundles characteristic of
conventional scar tissue54. Another study by Lei
et al.18 demonstrated that exosomes from ASCs al-
leviate mesenchymal stem cell senescence and os-
teoarthritis. After treatment with exosomes from
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ASCs, the senescence phenotypes of human mes-
enchymal stem cells at late passages were significantly
reduced, as demonstrated by improved proliferative
capacity, an increased percentage of cells in S phase
(synthetic phase) and an aging-related decrease in β -
galactosidase activity. Minkoo Seo et al reported sim-
ilar results16. Truc LBP et al.55 demonstrated that the
inclusion of ASC extract in the foundation resulted in
a notably stable serum product. Moreover, this serum
significantly enhanced skin aging after only twoweeks
of consistent usage. ASCs can significantly reduce
inflammation in gingival tissue by reducing osteo-
clast activation and inducing macrophage polariza-
tion toward the M2 phenotype.33 Guokun Zhang et
al.56 demonstrated that antler peptides significantly
reduced scar formation, accelerated wound healing,
and improved wound quality. This involves stimulat-
ing the formation of new blood vessels (angiogene-
sis), increasing the quantity of skin appendages such
as hair follicles and sebaceous glands, and enhancing
the arrangement of collagen fibers in healthy tissue.
Guokun Zhang et al[57 provided significant insights
into the potential of ASC-exos in the process of regen-
erative wound healing, offering a promising method
to reduce scarring and enhance wound healing qual-
ity. These findings illustrate that the effectiveness of
ASC-exos not only matches that of ASCs but also sur-
passes that of exosomes derived from bone marrow
mesenchymal stem cells in terms of potency. Partic-
ularly noteworthy is the positive impact of ASC-exos
on the speed and quality of cutaneous tissue regen-
eration, including the restoration of hair follicles and
sebaceous glands. These findings also indicate that
ASC-exos have the ability to regulate the fibroblast-to-
myofibroblast transition (FMT), a process often asso-
ciated with scar formation. The ability of AnSC-exos
to control FMT is crucial for maintaining the natural
elasticity and quality of wound healing. These find-
ings open up prospects for the use of AnSC-exos as
a potential method to stimulate regenerative wound
healing in a clinical setting, with the aim of reducing
scarring and improving treatment outcomes 57.
These effects are likely attributed to peptides derived
from ASCs, as they demonstrated a notable ability to
downregulate the expression of genes associated with
pro-scar formation while concurrently upregulating
the expression of genes related to anti-scar formation.
Additionally, velvet antler peptides inhibit the TGF-
β signaling pathway, resulting in a reduction in my-
ofibroblast transdifferentiation and the formation of
collagen I both in vitro and in vivo58. In general, the
ability of ASCs to induce scarless wound healing pro-
cesses in pathological animalmodels has led to the de-
velopment of new therapies for clinical use.

A recent study demonstrated that ASC-conditioned
medium exerted significant therapeutic effects in a
streptozotocin (STZ)-induced model of type 1 di-
abetes (T1D) in mice. The results revealed that
ASC-CM improved hyperglycemia, repaired pan-
creatic islet damage, and reduced liver dysfunction
well beyond the effects of bone marrow stem cell-
conditioned medium therapy. The main mechanism
involved the extreme inhibition of the NF-κB path-
way in the liver and pancreas. These findings suggest
that AnSC-CM is a viable candidate for T1D treat-
ment and associated liver complications59.
The incorporation of ASCs in therapeutic applica-
tions is impeded by significant ethical debates. Eth-
ical considerations surround the potential side effects
and risks inherent in the use of stem cells, andmany of
these risks remain inadequately addressed even when
secretomes are employed as alternatives. Although
the effects of ASCs on rabbit or mouse pathologi-
cal models have been demonstrated to be better than
those of human MSCs, there are still risks of infec-
tion and immune rejection, which are the greatest
challenges in heterologous transplantation. To date,
Marek Cegielski’s study is the first study on the med-
ical application of ASCS in humans60. This study in-
vestigated the efficacy of ASC extract in a cohort of 20
dermatological patients with leg vein ulcers compared
with a control group. Throughout the follow-up visits,
measurements of the wound area and circumference
were meticulously recorded. The findings indicated
that, in addition to Ki-67 expression, all the examined
parameters related to wound healing exhibited statis-
tically more favorable outcomes in the experimental
group. Despite the modest sample size, these promis-
ing results pave the way for the potential application
of ASC therapies in diverse human diseases in the fu-
ture.

DISCUSSION
The utilization of animal-derived substances such as
sheep placenta, honey, and deer antlers holds a sig-
nificant position in traditional medicine, a practice
rooted in healing methods that have spanned millen-
nia. With their historical importance, natural prod-
ucts have been integral to therapeutic approaches for
thousands of years. Deer antler velvet, in particular,
has garnered interest because of its remarkable capac-
ity for regeneration and swift growth (Figure 4). As a
result, it has been found to have applications inmedic-
inal and health food contexts.
In the current context, employing ASCs as cosmeceu-
ticals has emerged as a fitting approach. The con-
siderable potential of ASC secretomes in tissue en-
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gineering and regenerative medicine has been high-
lighted. These secretomes can instigate tissue repair,
particularly in conditions involving skin defects. Re-
cent research has underscored the therapeutic poten-
tial of EVs derived from stem cells. This avenue repre-
sents a strategic and promising application of ASCs in
addressing various skin-related concerns61–63. There
are three subtypes of extracellular vesicles distin-
guished by their biogenesis, release pathways, and
functions: microvesicles, apoptotic bodies, and exo-
somes64. Exosomes excreted from ASCs contain 438
proteins that stimulate cell proliferation and migra-
tion or inhibit inflammation18. These exosomes re-
duce aging in human stem cells and attenuate cartilage
degeneration18. By inhibiting the TLR2/TLR4 signal-
ing pathway, ASC-derived exosomes enhance cogni-
tive function in cardiopulmonary bypass rats65. Nev-
ertheless, the production of secretions still lacks stan-
dardization despite extensive research on the path-
ways involved in their transportation. This finding
indicates that while the transport mechanisms have
been thoroughly investigated, achieving a standard-
ized approach to secretion production remains an on-
going challenge in the field.

Figure4: Numberof studies onhydrogels subjected
to burn treatment over time (Search ncbi, keyword:
Antler stem cell).

In addition to their ability to promote skin wound
healing, ASCs possess regenerative potential via other
pathological mechanisms to restore tissue. They are
capable of inducing bone regeneration and promoting
the healing of critical-sized defects through osteogen-
esis and the modulation of local inflammation5,52,66.
In cartilage repair, ASCs support remodeling of the
matrix and chondrogenic differentiation, suggest-
ing prospects in osteoarthritis and joint trauma67,68.
ASCs have also been shown to be efficacious in my-
ocardial repair through paracrine-mediated angio-
genesis and antiapoptotic effects. Liver injury mod-
els have shown improved hepatic function following

ASC transplantation, which is attributed to their an-
tifibrotic and immunosuppressive effects69. These
findings affirm the multimodal mechanism by which
ASCs can adapt to different types of tissue, highlight-
ing their importance as therapeutic agents in situa-
tions other than cutaneous cases. Follow-up studies
must aim at delineating the best deliverymodality and
long-term safety profiles with the goal of driving clin-
ical translation.
The potential applications of ASCs are enormous. In
the case of skin wounds, especially in elderly patients
or diabetic open wounds59, some challenges require
careful consideration when designing therapies. Ab-
normalities in tissues pose particular obstacles to ade-
quate wound healing. The potential of ASCs presents
a promising avenue for addressing wounds. The tran-
sition from foundational research to clinical studies
is imperative, building upon recent advancements in
understanding ASCs, which are continuously under-
going refinement for practical applications in the field
of wound healing. However, there are still some re-
strictions on ASC utilization, such as variability in
expansion and isolation processes, animal-to-human,
and strict regulation of differentiation pathways to
prevent unwanted lineage commitment. Addition-
ally, tumorigenicity and immunogenicity issues, al-
though negligible, have to be appropriately resolved
by way of preclinical analysis to be able to provide
biosafety for widespread clinical use.

CONCLUSION
The horizon for ASC products appears promising
and has potential for effective applications in vari-
ous realms, including tissue regenerative medicine,
wound closure, tissue-engineered products, and the
treatment of burn victims. As research and develop-
ment progress, these ASC products are anticipated to
play a pivotal role in advancing therapeutic interven-
tions for a range of medical conditions, contributing
to innovative and impactful approaches in healthcare.

ABBREVIATIONS
ASC: Antler stem cell, MSC, Mesenchymal stem cell,
ROS, Reactive oxygen species, ECM, Extracellular
matrix, PDGF: Platelet-derived growth factor,VEGF:
vascular endothelial growth factor, MMPs: Matrix
metalloproteinase, TIMP: Tissue inhibitors of metal-
loproteinases, HGF: hepatocyte growth factor, TGF-
β : Transforming growth factor beta,TLR:Toll-like re-
ceptor
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