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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, regenerative medicine 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-
able!. However, observations of deer have shown that
their pedicle wounds heal rapidly and do not leave
any scars regardless of the wound area?. Deer velvet
has an annual growth cycle with a maximum growth
rate of more than 2 cm per day>. 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 ossification *.

These features have attracted much attention from
researchers worldwide, and Poland became the first
country to generate a stable ASC line called MIC-1°.
Some studies have shown that ASCs can initiate the
complete regeneration of antler velvet and promote
perfect skin wound healing very quickly®”. ASCs are
unique because they can renew the entire mammalian
appendage (deer antler velvet). They are able to com-
pletely heal wounds without fibrosis and without 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 a mouse model of injury®. In some other
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Figure 1: Structure of deer antlers2. 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 trials®3. These findings demonstrate that
small molecules such as miRNAs, polypeptides, and
growth factors in ASCs have interspecies effects®.
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.®

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-1 10,11 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 cells 2.

WOUND HEALING AND TISSUE
REGENERATION OF 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 >, 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 . 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 the main 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,

1415 i temporary but essential for fill-

and fibronectin
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, interweaved with capillaries and was 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.!*!> 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 formation !>, 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,
KGE NGE 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 ASCs>°.
The EGF level in ASC culture medium is significantly
greater than that in MSC culture medium after 48
hours?°. In mesenchymal stem cells (MSCs), PDGFs,
VEGFs, TGEF- , and EGF were shown to contribute
to cell migration and support MSC tissue regenera-
tion #142, Therefore, these secretomes from ASCs may
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 and CD206 levels, while concurrently repress-
ing proinflammatory macrophages (M1), which are
responsible for TNF-¢r and nitric oxide synthase in-
duction3?. In vitro, ASC-CM significantly enhances
LPS-stimulated RAW264.7 cell migration and modu-
lates the expression of TNF, IL-6, and IL-13 while
coordinating the regulation of IL-10 and arginase 133
This study also demonstrated that nitric oxide (NO)
from ASC-CM inhibited the pernicious effect of lym-
phocytes dispatched to the site of inflammation*.
Research by Chun et al. revealed a substantial surge in
plasma IL-1f3, IL-6, and TNFa 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 process*3. The growth
factor IGF-1 was proven to stimulate keratinocyte and
fibroblast proliferation and to inhibit apoptosis dur-
ing the wound healing process?>. 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-f8, PDGE, HGF and
VEGEF (Table 1) are secreted from ASCs. These are es-
sential factors involved in the proliferation (migration
or tissue formation) of wounds. Wound closure, pro-
liferation and the migration of local cells to the wound
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

4445 IGF-1 stimulates these fibrob-

lasts to proliferate and provide loose connective tis-

wound healing.

sue23. TGF-f 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-B1 is frequently observed in chronic and non-
healing wounds*®. 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 deposition*”

. VEGF plays a piv-
otal role in promoting wound 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
diabetes*3. 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 f1-integrin/ILK pathway>>.
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 pathology*’. 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 1 FGEF-2 Keratinocytes, Fi-  Re-epithelialization, stimulates angiogenesis
Lai AK etal '’ broblasts and stroma, granulation tissue 2!
Jinghui Lei et al 18
Cegielski et al[ ¥
Nicole AM IGF-1 Keratinocytes Stimulates proliferation and migration of ker-
Minkoo Seo et al 1 atinocytes 2>
Cegielski et al ¥
Minkoo Seo et al '¢ TGF-8 Keratinocytes, Re-epithelialization, stimulates angiogenesis
Jinghui Lei et al '8 Macrophages, and stroma, granulation tissue, keratinocytes
Cegielski et al 1 Lymphocytes, migration and proliferation, inflammation 2
Fibroblasts
Minkoo Seo et al '¢ PDGF Keratinocytes, En-  Stimulates fibroblast proliferation, promotes
Guo Qetal?* dothelial cells, Fi-  matrix repair, granulation tissue, angiogenesis
Kmiecik et al?® broblasts and wound contraction 26-%°
Minkoo Seo et al '¢ VEGF Keratinocytes, En-  Re-epithelialization, stimulates angiogenesis
Lai AK et al!” dothelial cells, Fi- and stroma, granulation tissue, keratinocytes
Jinghui Lei et al '8 broblasts migration and proliferation, inflammation 3*-3!
Cegielski et al 1
Minkoo Seo et al 1 GM-CSF Epithelial ~ Cells,  Anti-inflammatory/regulatory cytokine 32
Granulocyte,
Macrophage
Lin H et al* NO lymphocytes Anti-inflammatory/regulatory cytokine 3
Zhen et al 3 HGF Epidermal cells Reepithelialization 3
Cegielski et al 1° NGF Keratinocytes, Fi-  Maintaining skin homeostasis >
broblasts and Mast
cells
Cegielski et al ¥ KGF Keratinocytes Stimulates collagen synthesis

from ASCs in culture medium®. S100A4 was sub-
sequently shown to play important roles in ASCs, as it
promoted cell proliferation and angiogenesis>!.

The final phase of wound healing extends over a du-
ration ranging from 21 days to 2 years (Figure 2) 4.
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
fibers!4. 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-f, PDGF and FGE,
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-conditioned medium), the
ratios of MMP1/TIMP1 and MMP2/TIMP1 in healed
tissue increased. Notably, the concentration of type
III collagen (Col3) was much greater than that of
type I collagen (Coll). Compared with that of Coll,
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 promote wound healing, immune modulation and tissue repair. (drawn with Bioren-

der)

healing>2. Wounds that healed during fetal develop-
ment consistently presented a Col3/Coll ratio of 3:1,
in contrast with the 1:3 ratio typically observed in
wounds that healed during adulthood®. The results
also revealed that TGF-3 (anti-fibrosis) was more
abundant than was TGF-B1 (fibrosis) >2. 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, VEGE,
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 from ASCs on wound
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®. 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 cells®>. Qiangian 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 2.
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
>, Another study by Lei
et al. 8 demonstrated that exosomes from ASCs al-

conventional scar tissue

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 f3-
galactosidase activity. Minkoo Seo et al reported sim-
ilar results 1°. Truc LBP et al. >> 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 two weeks
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.** Guokun Zhang et
al. 5 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[*’ 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-
B signaling pathway, resulting in a reduction in my-
ofibroblast transdifferentiation and the formation of
collagen I both in vitro and in vivo>®. In general, the
ability of ASCs to induce scarless wound healing pro-
cesses in pathological animal models 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.
ASC-CM improved hyperglycemia, repaired pan-

The results revealed that

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-xB path-
way in the liver and pancreas. These findings suggest
that AnSC-CM is a viable candidate for T1D treat-
ment and associated liver complications>°.

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, and many 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 humans®, 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 in medic-
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 concerns®!~%3, There
are three subtypes of extracellular vesicles distin-
guished by their biogenesis, release pathways, and
functions: microvesicles, apoptotic bodies, and exo-
somes®%. Exosomes excreted from ASCs contain 438
proteins that stimulate cell proliferation and migra-
tion or inhibit inflammation !8. These exosomes re-
duce aging in human stem cells and attenuate cartilage
degeneration '8, By inhibiting the TLR2/TLR4 signal-
ing pathway, ASC-derived exosomes enhance cogni-
tive function in cardiopulmonary bypass rats®>. 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.

20+
15

10+

5

Number of papers

0 T T T T T 1
2000 2005 2010 2015 2020 2025 2030

Years

Figure 4: Number of studies on hydrogels 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 inflammation >°%66
In cartilage repair, ASCs support remodeling of the
matrix and chondrogenic differentiation, suggest-
ing prospects in osteoarthritis and joint trauma %7:8,
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 effects®. 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 delivery modality 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 wounds®’, 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-
B: Transforming growth factor beta, TLR:Toll-like re-

ceptor

3766



Science & Technology Development Journal 2025, 28(1):3759-3769

ACKNOWLEDGMENTS

The authors sincerely thank Anh Le Tram Cao and

An Phuc Huynh for their invaluable encouragement

and unwavering support throughout the completion

of this article.

AUTHOR CONTRIBUTIONS
Phat Duc Huynh developed the idea, painted and

wrote the first draft, and collected the documents and
data.

FUNDING

None.

AVAILABILITY OF DATA AND
MATERIALS

Not applicable.

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE

Not applicable.

CONSENT FOR PUBLICATION
Not applicable.

COMPETING INTERESTS

The authors declare that they have no competing in-

terests.

REFERENCES

1.

Gurtner GC, Werner S, Barrandon Y, Longaker MT. Wound

repair and regeneration. Nature. 2008;453(7193):314-
21;Available  from: https://pubmed.ncbi.nlm.nih.gov/
18480812/.

. Zhang W, Ke C-H, Guo H-H, Xiao L. Antler stem cells and their

potential in wound healing and bone regeneration. World
Journal of Stem Cells. 2021;13(8):1049;.

. Li C, Yang F, Sheppard A. Adult stem cells and mammalian

epimorphic regeneration-insights from studying annual re-
newal of deer antlers. Current stem cell research & therapy.
2009;4(3):237-51;.

. Xia P, Liu D, Jiao Y, Wang Z, Chen X, Zheng S, et al.

Health Effects of Peptides Extracted from Deer Antler. Nu-
trients. 2022;14(19);Available from: https://pmc.ncbi.nlm.nih.
gov/articles/PMC9572057/.

. Cegielski M, Dziewiszek W, Zabel M, Dziegiel P, Kuryszko J,

Izykowska I, et al. Experimental xenoimplantation of antlero-
genic cells into mandibular bone lesions in rabbits: two-year
follow-up. In vivo (Athens, Greece). 2010;24(2):165-72;.

. Rong X, Chu W, Zhang H, Wang Y, Qi X, Zhang G, et al.

Antler stem cell-conditioned medium stimulates regenera-
tive wound healing in rats. Stem cell research & therapy.
2019;10(1):326;.

. Li G, Yang F, Haines S, Zhao H, Wang W, Xing X, et al. Stem

cells responsible for deer antler regeneration are unable to
recapitulate the process of first antler development-revealed
through intradermal and subcutaneous tissue transplanta-
tion. Journal of experimental zoology Part B, Molecular and
developmental evolution. 2010;314(7):552-70;Available from:
https://pubmed.ncbi.nlm.nih.gov/20549758/.

20.

21.

22.

23.

24.

25.

26.

. Rong X, Yang Y, Zhang G, Zhang H, Li C, Wang Y. Antler stem

cells as a novel stem cell source for reducing liver fibrosis. Cell
and Tissue Research. 2020;379(1):195-206;.

. Wang Y, Zhang C. Genetic basis of ruminant headgear and

rapid antler regeneration. 2019;364(6446);.

. Wang D, Berg D, Ba H, Sun H, Wang Z, Li C. Deer antler

stem cells are a novel type of cells that sustain full regen-
eration of a mammalian organ-deer antler. Cell death & dis-
ease. 2019;10(6):443;Available from: https://www.nature.com/
articles/s41419-019-1686-y.

. BaH,Wang D, WuW, Sun H, Li C. Single-cell transcriptome pro-

vides novel insights into antler stem cells, a cell type capable
of mammalian organ regeneration. Functional & integrative
genomics. 2019;19(4):555-64;.

. LiH, Wei J, Liu X, Zhang P, Lin J. Muse cells: ushering in a new

era of stem cell-based therapy for stroke. Stem cell research &
therapy. 2022;13(1):421;.

. Reinke JM, Sorg H. Wound repair and regeneration. Euro-

pean surgical research Europaische chirurgische Forschung

Recherches chirurgicales europeennes. 2012;49(1):35-
43;Available  from: https://pubmed.ncbi.nlm.nih.gov/
22797712/.

. Ozgok Kangal MK RJ. Wound Healing [Updated 2022 May 8].

In: StatPearls [Internet] Treasure Island (FL): StatPearls Pub-
lishing. 2022;.

. Guo S, Dipietro LA. Factors affecting wound healing. Journal

of dental research. 2010;89(3):219-29;Available from: https://
pubmed.ncbi.nlm.nih.gov/20139336/.

. Seo M, Kim J-C, Kim H-K, Choi Ew, Jeong S, Nam KC, et al. A

Novel Secretory Vesicle from Deer Antlerogenic Mesenchymal
Stem Cell-Conditioned Media (DaMSC-CM) Promotes Tissue
Regeneration. Stem Cells International. 2018;2018:3891404;.

. Lai AK, Hou WL, Verdon DJ, Nicholson LF, Barling PM. The

distribution of the growth factors FGF-2 and VEGF, and
their receptors, in growing red deer antler. Tissue & cell.
2007;39(1):35-46;.

. Lei J, Jiang X, Li W, Ren J, Wang D, Ji Z, et al. Exosomes from

antler stem cells alleviate mesenchymal stem cell senescence
and osteoarthritis. Protein & Cell. 2022;13(3):220-6;Available
from: https://pmc.ncbi.nlm.nih.gov/articles/PMC8901817/.

. Cegielski M, lIzykowska |, Chmielewska M, Dziewiszek W,

Bochnia M, Calkosinski, et al. Characteristics of MIC-1 antlero-
genic stem cells and their effect on hair growth in rabbits. In
vivo (Athens, Greece). 2013;27(1):97-106;.

Tsugeno Y, Furuhashi M, Sato T, Watanabe M, Umetsu A,
Suzuki S, et al. FGF-2 enhances fibrogenetic changes in TGF-
B2 treated human conjunctival fibroblasts. Scientific reports.
2022;12(1):16006;.

Basu P, Martins-Green M. Signaling Pathways Associated
with Chronic Wound Progression: A Systems Biology Ap-
proach. 2022;11(8);Available from: https://pmc.ncbi.nlm.nih.
gov/articles/PMC9404828/.

Marmillo NA.Changes in IGF-1 Le Changes in IGF-1 Levels Post
Deer Antler V ost Deer Antler Velvet Supplementation et Sup-
plementation 2018;.

Garoufalia Z, Papadopetraki A, Karatza E, Vardakostas D,
Philippou A, Kouraklis G, et al. Insulin-like growth factor-l and
wound healing, a potential answer to nonhealing wounds:
A systematic review of the literature and future perspec-
tives. Biomedical reports. 2021;15(2):66;Available from: https:
//pubmed.ncbi.nlm.nih.gov/34155450/.

Guo Q Liu Z, Zheng J, Zhao H, Li C. Substances for regenera-
tive wound healing during antler renewal stimulated scar-less
restoration of rat cutaneous wounds. 2021;386(1):99-116;.
Kmiecik J, Kulus MJ, Popiel J, Cekiera A, Cegielski M. Antlero-
genic stem cells extract accelerate chronic wound healing: a
preliminary study. BMC Complementary Medicine and Thera-
pies. 2021;21(1):158;Available from: https://pubmed.ncbi.nlm.
nih.gov/34051777/.

Yao L, Rathnakar BH, Kwon HR, Sakashita H, Kim JH, Rackley
A, et al. Temporal control of PDGFRa regulates the fibroblast-
to-myofibroblast transition in wound healing. Cell reports.
2022;40(7):111192;.

3767


https://pubmed.ncbi.nlm.nih.gov/18480812/
https://pubmed.ncbi.nlm.nih.gov/18480812/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9572057/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9572057/
https://pubmed.ncbi.nlm.nih.gov/20549758/
https://www.nature.com/articles/s41419-019-1686-y
https://www.nature.com/articles/s41419-019-1686-y
https://pubmed.ncbi.nlm.nih.gov/22797712/
https://pubmed.ncbi.nlm.nih.gov/22797712/
https://pubmed.ncbi.nlm.nih.gov/20139336/
https://pubmed.ncbi.nlm.nih.gov/20139336/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8901817/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9404828/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9404828/
https://pubmed.ncbi.nlm.nih.gov/34155450/
https://pubmed.ncbi.nlm.nih.gov/34155450/
https://pubmed.ncbi.nlm.nih.gov/34051777/
https://pubmed.ncbi.nlm.nih.gov/34051777/

Science & Technology Development Journal 2025, 28(1):3759-3769

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Wong AYW, Ong BSY, Lee A, Mai AS, Selvarajan S, Lakshmi-
narasappa SR, et al. Topical Biological Agents as Adjuncts to
Improve Wound Healing in Chronic Diabetic Wounds: A Sys-
tematic Review of Clinical Evidence and Future Directions.
Cureus. 2022;14(7):e27180;Available from: https://pubmed.
ncbi.nlm.nih.gov/36035037/.

Gan MS, Yang B, Fang DL, Wu BL. IL-1B can serve as a healing
process and is a critical regulator of diabetic foot ulcer. Annals
of translational medicine. 2022;10(4):179;.

Freitas MO, Fonseca APR, de Aguiar MT, Dias CC, Avelar RL,
Sousa FB, et al. Tumor necrosis factor alpha (TNF-o) block-
age reduces acute inflammation and delayed wound healing
in oral ulcer of rats. 2022;30(5):1781-98;.

Shams F, Moravvej H, Hosseinzadeh S, Mostafavi E, Bayat
H, Kazemi B, et al. Overexpression of VEGF in dermal fi-
broblasts accelerates the angiogenesis and wound heal-
ing function: in vitro and in vivo studies. Scientific re-
ports. 2022;12(1):18529;Available from: https://www.nature.
com/articles/s41598-022-23304-8.

Belvedere R, Novizio N, Morello S, Petrella A. The combination
of mesoglycan and VEGF promotes skin wound repair by en-
hancing the activation of endothelial cells and fibroblasts and
their cross-talk. Scientific reports. 2022;12(1):11041;.

Fang Y, Gong SJ, Xu YH, Hambly BD, Bao S. Impaired cu-
taneous wound healing in granulocyte/macrophage colony-
stimulating factor knockout mice. The British journal of der-
matology. 2007;157(3):458-65;.

LinH,ChenZ, Guo Q, Zhang P, Tian Y, Chen H, et al. Deer Antler
Reserve Mesenchyme Cell-Conditioned Medium Reduces the
Destruction of Periodontitis in Mice. Stem cells and develop-
ment. 2022;Available from: https://pubmed.ncbi.nlm.nih.gov/
36114617/.

Dong Z, Haines S, Coates D. Proteomic Profiling of Stem Cell
Tissues during Regeneration of Deer Antler: A Model of Mam-
malian Organ Regeneration. Journal of proteome research.
2020;19(4):1760-75;Available from: https://pubmed.ncbi.nlm.
nih.gov/32155067/.

Li JF, Duan HF, Wu CT, Zhang DJ, Deng Y, Yin HL, et al. HGF ac-
celerates wound healing by promoting the dedifferentiation
of epidermal cells through f1-integrin/ILK pathway. BioMed
research international. 2013;2013:470418;.

Liu Z, Wu H, Huang S. Role of NGF and its receptors in wound
healing (Review). Experimental and therapeutic medicine.
2021;21(6):599;Available from: https://pubmed.ncbi.nlm.nih.
gov/33884037/.

Jimenez PA, Rampy MA. Keratinocyte growth factor-2 acceler-
ates wound healing in incisional wounds. The Journal of sur-
gical research. 1999;81(2):238-42;.

Cegielski M, Izykowska I, Chmielewska M, Dziewiszek W,
Bochnia M, CALKOSINSKI |, et al. Characteristics of MIC-1
antlerogenic stem cells and their effect on hair growth in
rabbits. in vivo. 2013;27(1):97-106;Available from: https://
pubmed.ncbi.nlm.nih.gov/23239857/.

Seo M, Kim J-C, Kim H-K, Jeong S, Nam KC, Jang M. A novel
secretory vesicle from deer antlerogenic mesenchymal stem
cell-conditioned media (DaMSC-CM) promotes tissue regen-
eration. Stem cells international. 2018;2018;Available from:
https://pubmed.ncbi.nlm.nih.gov/29765409/.

Rong X, Chu W, Zhang H, Wang Y, Qi X, Zhang G, et al.
Antler stem cell-conditioned medium stimulates regenera-
tive wound healing in rats. Stem cell research & therapy.
2019;10(1):1-14;.

Fu X, Liu G, Halim A, Ju Y, Luo Q, Song G. Mesenchymal stem
cell migration and tissue repair. Cells. 2019;8(8):784;Available
from: https://pubmed.ncbi.nlm.nih.gov/31357692/.

Ahangar P, Mills SJ, Cowin AJ. Mesenchymal stem cell se-
cretome as an emerging cell-free alternative for improv-
ing wound repair. International Journal of Molecular Sci-
ences. 2020;21(19):7038;Available from: https://pubmed.ncbi.
nlm.nih.gov/32987830/.

Yang C, Sun S, Zhang Q, Guo J, Wu T, Liu Y, et al. Exo-
somes of Antler Mesenchymal Stem Cells Improve Postop-

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

erative Cognitive Dysfunction in Cardiopulmonary Bypass
Rats through Inhibiting the TLR2/TLR4 Signaling Pathway.
2020;2020:2134565;Available from: https://pubmed.ncbi.nlm.
nih.gov/32300366/.

Mastronikolis S, Tsiambas E, Kagkelaris K. Fibroblast Growth
Factor-2 (FGF-2) Expression in Pterygia Using Cell Spot Arrays.
2022;6(4);.

Morimoto N, Yoshimura K, Niimi M, Ito T, Tada H, Teramukai S,
etal. An exploratory clinical trial for combination wound ther-
apy with a novel medical matrix and fibroblast growth factor
in patients with chronic skin ulcers: a study protocol. Ameri-
can journal of translational research. 2012;4(1):52-9;Available
from: https://pmc.ncbi.nlm.nih.gov/articles/PMC3276377/.
Penn JW, Grobbelaar AQ, Rolfe KJ. The role of the TGF-f3 family
in wound healing, burns and scarring: a review. International
journal of burns and trauma. 2012;2(1):18-28;Available from:
https://pubmed.ncbi.nlm.nih.gov/22928164/.

Jian K, Yang C, Li T, Wu X, Shen J, Wei J, et al. PDGF-BB-derived
supramolecular hydrogel for promoting skin wound healing.
Journal of nanobiotechnology. 2022;20(1):201;.

Shimizu Y, Arima K, Noguchi Y, Yamanashi H, Kawashiri SY,
Nobusue K, et al. Vascular endothelial growth factor (VEGF)
polymorphism rs3025039 and atherosclerosis among older
with hypertension. Scientific reports. 2022;12(1):5564;Avail-
able from: https://pubmed.ncbi.nlm.nih.gov/35365727/.
D’Ambrosi N, Milani M, Apolloni S. ST00A4 in the Physiology
and Pathology of the Central and Peripheral Nervous System.
Cells. 2021;10(4):798;.

Li C, Harper A, Puddick J, Wang W, McMahon C. Pro-
teomes and signaling pathways of antler stem cells. PloS
one. 2012;7(1):e30026;Available from: https://journals.plos.
org/plosone/article?id=10.1371/journal.pone.0030026.

Wang D-t, Chu W-h, Sun H-m, Ba H-x, Li C-y. Expression
and functional analysis of tumor-related factor S100A4 in
antler stem cells. Journal of Histochemistry & Cytochemistry.
2017;65(10):579-91;Available from: https://pubmed.ncbi.nlm.
nih.gov/28832242/.

Chen L, Xu Y, Zhao J, Zhang Z, Yang R, Xie J, et al. Cor-
rection: Conditioned Medium from Hypoxic Bone Marrow-
Derived Mesenchymal Stem Cells Enhances Wound Healing
in Mice. PloS one. 2015;10(12):e0145565;.

Rong X, Zhang G, Yang Y, Gao C, Chu W, Sun H, et
al. Transplanted Antler Stem Cells Stimulated Regenerative
Healing of Radiation-induced Cutaneous Wounds in Rats.
2020;29:963689720951549;Available from: https://pmc.ncbi.
nlm.nih.gov/articles/PMC7784515/.

Guo Q Liu Z, Zheng J, Zhao H, Li C. Substances for regenera-
tive wound healing during antler renewal stimulated scar-less
restoration of rat cutaneous wounds. Cell and Tissue Research.
2021;386(1):99-116;.

Pham TL, Thi TT, Nguyen HT, Lao TD, Binh NT, Nguyen QD.
Anti-Aging Effects of a Serum Based on Coconut Oil Com-
bined with Deer Antler Stem Cell Extract on a Mouse Model
of Skin Aging. 2022;11(4);Available from: https://pubmed.ncbi.
nlm.nih.gov/35203249/.

Zhang G, Wang D, Ren J, Sun H, Li J, Wang S, et al. Velvet
Antler Peptides Reduce Scarring via Inhibiting the TGF-f3 Sig-
naling Pathway During Wound Healing. Frontiers in medicine.
2021;8:7997809;.

Zhang G, Wang D, Ren J, Li J, Guo Q, Shi L, et al. Antler stem
cell-derived exosomes promote regenerative wound healing
via fibroblast-to-myofibroblast transition inhibition. Journal
of biological engineering. 2023;17(1):67;Available from:
https://jbioleng.biomedcentral.com/articles/10.1186/s13036-
023-00386-0.

Zhang G, Wang D, Ren J, Sun H, Li J, Wang S, et al. Velvet
Antler Peptides Reduce Scarring via Inhibiting the TGF-f3 Sig-
naling Pathway During Wound Healing. Frontiers in medicine.
2021;8;.

Wang D, Ren J, Li J, Li X, Ying J, Jiang T, et al. Condi-
tioned Media from Deer Antler Stem Cells Effectively Allevi-

3768


https://pubmed.ncbi.nlm.nih.gov/36035037/
https://pubmed.ncbi.nlm.nih.gov/36035037/
https://www.nature.com/articles/s41598-022-23304-8
https://www.nature.com/articles/s41598-022-23304-8
https://pubmed.ncbi.nlm.nih.gov/36114617/
https://pubmed.ncbi.nlm.nih.gov/36114617/
https://pubmed.ncbi.nlm.nih.gov/32155067/
https://pubmed.ncbi.nlm.nih.gov/32155067/
https://pubmed.ncbi.nlm.nih.gov/33884037/
https://pubmed.ncbi.nlm.nih.gov/33884037/
https://pubmed.ncbi.nlm.nih.gov/23239857/
https://pubmed.ncbi.nlm.nih.gov/23239857/
https://pubmed.ncbi.nlm.nih.gov/29765409/
https://pubmed.ncbi.nlm.nih.gov/31357692/
https://pubmed.ncbi.nlm.nih.gov/32987830/
https://pubmed.ncbi.nlm.nih.gov/32987830/
https://pubmed.ncbi.nlm.nih.gov/32300366/
https://pubmed.ncbi.nlm.nih.gov/32300366/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3276377/
https://pubmed.ncbi.nlm.nih.gov/22928164/
https://pubmed.ncbi.nlm.nih.gov/35365727/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0030026
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0030026
https://pubmed.ncbi.nlm.nih.gov/28832242/
https://pubmed.ncbi.nlm.nih.gov/28832242/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7784515/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7784515/
https://pubmed.ncbi.nlm.nih.gov/35203249/
https://pubmed.ncbi.nlm.nih.gov/35203249/
https://jbioleng.biomedcentral.com/articles/10.1186/s13036-023-00386-0
https://jbioleng.biomedcentral.com/articles/10.1186/s13036-023-00386-0

Science & Technology Development Journal 2025, 28(1):3759-3769

60.

61.

62.

63.

ate Type 1 Diabetes Mellitus Possibly via Inhibiting the NF-
kB Signaling Pathway. Frontiers in bioscience (Landmark edi-
tion). 2024;29(3):96;Available from: https://pubmed.ncbi.nlm.
nih.gov/38538257/.

Cegielski M, Kmiecik J, Kulus MJ. Antlerogenic stem cells ex-
tract accelerate chronic wound healing: a preliminary study.
2021;21(1):158;.

Casado-Diaz A, Quesada-Gomez JM, Dorado G. Ex-
tracellular vesicles derived from mesenchymal stem
cells (MSC) in regenerative medicine: applications
in skin wound healing. Frontiers in Bioengineer-
ing and Biotechnology. 2020;8:146;Available  from:
https://pmc.ncbi.nlm.nih.gov/articles/PMC7062641/.
Laso-Garcia F, Ramos-Cejudo J, Carrillo-Salinas FJ, Otero-
Ortega L, Felit A, Gomez-de Frutos M, et al. Therapeutic
potential of extracellular vesicles derived from human mes-
enchymal stem cells in a model of progressive multiple scle-
rosis. PloS one. 2018;13(9):e0202590;.

Yao J, Zheng J, Cai J, Zeng K, Zhou C, Zhang J, et al. Extracellu-
lar vesicles derived from human umbilical cord mesenchymal
stem cells alleviate rat hepatic ischemia-reperfusion injury
by suppressing oxidative stress and neutrophil inflammatory
response. The FASEB Journal. 2019;33(2):1695-710;Available
from: https://pubmed.ncbi.nlm.nih.gov/30226809/.

64.

65.

66.

67.

68.

69.

Doyle LM, Wang MZ. Overview of extracellular vesicles, their
origin, composition, purpose, and methods for exosome iso-
lation and analysis. Cells. 2019;8(7):727;.

Yang C, Sun S, Zhang Q, Guo J, Wu T, Liu Y, et al. Exosomes of
antler mesenchymal stem cells improve postoperative cogni-
tive dysfunction in cardiopulmonary bypass rats through in-
hibiting the TLR2/TLR4 signaling pathway. Stem Cells Inter-
national. 2020;2020;Available from: https://pubmed.ncbi.nlm.
nih.gov/32300366/.

Guo Q, Zheng J, Lin H, Han Z, Wang Z, Ren J, et al. Condi-
tioned media of deer antler stem cells accelerate regeneration
of alveolar bone defects in rats. 2023;56(5):e13454;Available
from: https://pubmed.ncbi.nlm.nih.gov/36929672/.

Li X, Shi W, Wei G, Lv J, Wang D, Xing B, et al. Galectin-1 pro-
motes angiogenesis and chondrogenesis during antler regen-
eration. 2023;28(1):40;.

Zhou J, Zhao J, Wang Y, Jiang Y, Li X, Wang D, et al. Repair
of Mechanical Cartilage Damage Using Exosomes Derived
from Deer Antler Stem Cells. Frontiers in bioscience (Land-
mark edition). 2024;29(8):309;Available from: https://pubmed.
ncbi.nlm.nih.gov/39206920/.

Rong X, Yang Y, Zhang G, Zhang H, Li C, Wang Y. Antler stem
cells as a novel stem cell source for reducing liver fibrosis. Cell
and tissue research. 2020;379(1):195-206;.

3769


https://pubmed.ncbi.nlm.nih.gov/38538257/
https://pubmed.ncbi.nlm.nih.gov/38538257/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7062641/
https://pubmed.ncbi.nlm.nih.gov/30226809/
https://pubmed.ncbi.nlm.nih.gov/32300366/
https://pubmed.ncbi.nlm.nih.gov/32300366/
https://pubmed.ncbi.nlm.nih.gov/36929672/
https://pubmed.ncbi.nlm.nih.gov/39206920/
https://pubmed.ncbi.nlm.nih.gov/39206920/



