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Abstract: Exosomes are small extracellular nanovesicles that are released by cells, and their potential
has been explored for use in cosmetics, skin care, tissue regeneration, and dermatological diseases.
The therapeutic value of exosomes lies in their ability to modulate the microenvironment of cells,
regulate gene expression, and induce cell differentiation, which can have a positive impact on skin
health. In terms of cosmetics, exosomes have been used to reduce wrinkles, improve skin texture and
hydration, and enhance skin elasticity, as well as to reduce inflammation and damage caused by UV
radiation. Furthermore, exosomes have been used to promote tissue regeneration in skin wounds and
to treat dermatological diseases such as systemic lupus erythematosus, psoriasis, atopic dermatitis,
systemic sclerosis, pigment regulation, vitiligo, and hair growth. In this review, the therapeutic value
of exosomes in the field of cosmetics, skin care, tissue regeneration, and dermatological diseases,
has been elaborated. The existing literature demonstrated that with further research, exosomes may
become a viable therapeutic option for many skin conditions.
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1. Introduction

Exosomes are nano-sized vesicles that are typically 30-200 nanometers in diameter,
and they contain a variety of proteins, lipids, and genetic material such as mRNA and
miRNA [1-4]. Exosomes are released from many different types of cells, including stem
cells, and they can circulate in the bloodstream. Exosomes originate from the inward
budding of multivesicular bodies (MVBs) containing intraluminal vesicles (ILVs) and they
are released via the endosomal-lysosomal pathway. They are thought to play a role in
intercellular communication. They engage in many biological processes including cell-to-
cell communication, tissue repair, and immune system modulation. They contain a variety
of molecules, including proteins and nucleic acids [5,6], and exhibit a variety of functions,
including immune modulation and the delivery of messages between cells. Exosomes
are also known to possess anti-inflammatory and immunomodulatory properties, which
make them attractive for use in skin flap reconstruction. The cosmetics industry has seen a
surge in demand for skin care products in recent years. This is driven by several factors
including an increased focus on self-care, the rising popularity of social media, and the
growing awareness of the dangers of sun exposure. The self-care trend is partly driven by
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the idea that people should take care of their skin since it’s the largest organ in the body [7].
Consumers are increasingly looking for natural, organic, and cruelty-free products that
are formulated with ingredients that are safe and beneficial for their skin. Products like
facial moisturizers, serums, and masks are becoming more popular, as they provide a way
to nourish and protect the skin from environmental damage. Social media has also had
a major impact on the cosmetics industry [8]. From influencers showcasing their beauty
routines to popular makeup tutorials, people now have easy access to information about
skin care products and trends. This has helped to create a demand for products that can
help individuals achieve a certain look or level of beauty. Finally, the growing awareness of
the dangers of sun exposure has led to an increased demand for sun protection products.
Consumers are looking for sunscreen, moisturizers, and other products that are specifically
designed to protect their skin from the sun’s harmful rays [8,9]. Overall, the cosmetics
industry has seen a steady increase in demand for skin care products. This is driven by a
combination of factors, including self-care, social media, and the need for sun protection.
As consumers become more conscious of the importance of taking care of their skin, this
trend is likely to continue. Though we have seen and read multiple literature reviews on
the broad topic covering one area or another, in this review, we focused on all the possible
areas where exosomes have been used and cited in the last decade.

2. Exosomes in Cosmetics Industry

Exosomes have recently been gaining attention in the cosmetic world [10]. Used
in topical creams, serums, and masks, exosomes have been found to have a number of
therapeutic and anti-aging benefits [11]. Exosomes have been found to be beneficial for
skin care, as they are filled with proteins, lipids, and other molecules that can help to
promote healing, hydration, and the protection of the skin. These molecules can help to
boost collagen production, reduce inflammation, and protect the skin from environmental
stressors. Additionally, exosomes can help to increase the efficacy of other active ingredients,
such as hyaluronic acid, peptides, and antioxidants [11]. Figure 1 depicts Adipose stem cell
derived-condition media (ASC-CM), Bone marrow stem cell derived (BMSC)-exosomes,
decreased reactive oxygen species (ROS), as well as TNF-« and increased TGF-§3, resulting
in higher MMP-1 and pro-collagen type L. This led to the increase of collagen synthesis, the
improvement of elasticity, and the reduction of wrinkles, an effective anti-aging therapy [12].
Filled with molecules that help stimulate collagen production, exosomes can help to reduce
wrinkles and fine lines [13]. Additionally, exosomes can help to repair skin damage such as
sun damage and acne scars. Exosomal proteins and lipids can help to plump and hydrate
the skin, which can help to improve skin texture. Ingredients of exosomes such as cytokines,
nucleic acids, proteins, and other bioactive compounds can also help to protect the skin from
environmental stressors and reduce the appearance of dark spots and other discoloration.
With their ability to help improve skin tone, texture, and appearance, exosomes provide
several promising therapeutic and anti-aging benefits.
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Figure 1. Role of exosomes for anti-aging treatment. The administration of ASC-CM and BMSC-exos
had the effect of decreasing the production of reactive oxygen species (ROS) to a low level, decreasing
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the expression of tumor necrosis factor-alpha (TNF-«) but increasing the expression of transforming
growth factor-beta (TGF-), leading to an increase in the production of matrix metalloproteinase-1
(MMP-1) and pro-collagen type I, which ultimately enhanced the synthesis of collagen in the skin,
improving its elasticity and reducing the appearance of wrinkles, making it an effective anti-aging
therapy. Figure was created using Biorender.

3. Role of Exosomes in Wound Healing

Exosomes have been studied extensively in the context of wound healing, particularly
in the context of burn wounds [14]. During injury, the cells release exosomes to help
the wound heal. These immune cells help to clean the wound and reduce the risk of
infection. Exosomes also contain pro-inflammatory proteins that stimulate the release of
cytokines and chemokines. These cytokines and chemokines initiate the recruitment of
immune cells to the wound site and activate wound healing. In addition, exosomes contain
growth factors that stimulate the growth of fibroblasts, which helps to close the wound [15].
Exosomes also promote cell-to-cell communication. They contain miRNAs that are proven
to regulate gene expression in the cells around the wound [16]. This promotes the formation
of new blood vessels, increasing the blood flow to the wound site. This increased blood
flow then delivers oxygen and nutrients to the wound, which further speeds up the healing
process [17]. Adipose-derived stem cells (ASCs) and their exosomes have been shown to
have a therapeutic role in treating aberrant skin conditions, including wound healing, acne,
and alopecia. ASC-exosomes have been shown to reduce inflammation and increase the
production of extracellular matrix and growth factors, resulting in improved skin quality
and healing (Figure 2). Overall, exosomes play an important role in wound healing.
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Figure 2. Therapeutic role of adipose-derived stem cells (ASC-exosomes) in aberrant skin conditions.
Exosomes released from ASC-exosomes have been found to have regenerative and anti-inflammatory
effects on the skin, helping to improve its appearance and texture. These exosomes are thought
to reduce wrinkles and pigmentation, as well as promote collagen production. Figure was created
using Biorender.

4. Role of Exosomes in the Reconstruction of Skin Flaps

The potential use of exosomes in skin flap reconstruction has been studied in recent
years, with promising results in studies conducted on rats [17]. The use of exosomes in skin
flap reconstruction involves the injection of exosomes directly into the skin flap in order to
promote angiogenesis and wound healing. Studies have shown that the injection of adipose
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mesenchymal stem cell (MSC)-derived exosomes into a skin flap can significantly improve
the survival rate of the flap, as well as reduce the amount of scarring that occurs [18,19]. In
addition to their potential use in skin flap reconstruction, exosomes have also been studied
for their potential to promote skin regeneration. Studies have shown that the injection of
exosomes into the skin can stimulate the production of collagen and elastin, two substances
that are essential for skin regeneration [20]. This is important for skin flap reconstruction,
as these substances are necessary for the formation of the new skin that will form during
the reconstruction process. Overall, the unique properties of exosomes, including their anti-
inflammatory and immunomodulatory properties, their ability to promote angiogenesis
and wound healing, and their potential to promote skin regeneration, make them an
attractive option for reconstructive surgery. Further research is needed to fully understand
their role in skin flap reconstruction and to determine the most effective ways to use them.

5. Role of Exosomes in Systemic Lupus Erythematosus

Systemic lupus erythematosus (SLE) is an autoimmune disorder that affects multi-
ple organs, including the skin, muscles, and joints. The cause of SLE is unknown, but
it is believed to be the result of an environmental trigger, combined with genetic and
immunological factors [21]. In recent years, researchers have begun to focus on the role
of exosomes in SLE. In SLE, exosomes have been found to play an important role in the
development and progression of the disease. Exosomes from SLE patients have been found
to contain higher levels of cytokines, chemokines, and other molecules that can promote
inflammation [22]. These molecules can also activate other cells of the immune system,
leading to increased production of antibodies that can attack the body’s tissues. Exosomes
can also be used as biomarkers to diagnose and monitor SLE [23]. Serum exosomes have
been found to contain a variety of molecules that can be used to distinguish SLE from other
autoimmune disorders [24-26]. SLE patients-derived exosomes have also been found to
contain higher levels of certain molecules, such as interferon-gamma and interleukin-17,
which can be used to monitor the progress of the disease. In addition, exosomes can be
used to deliver therapeutic molecules to SLE patients. For example, exosomes loaded
with anti-inflammatory molecules can be used to reduce inflammation in SLE patients.
Similarly, exosomes loaded with immunosuppressive molecules can be used to reduce
the production of antibodies that can attack the body’s tissues. Evidently, exosomes can
be used to diagnose and monitor SLE, as well as to deliver therapeutic molecules to SLE
patients. As researchers continue to explore the role of exosomes in SLE, they may be able
to develop new treatments that can improve the lives of SLE patients [24-26].

6. Role of Exosomes in Psoriasis

Psoriasis is a chronic inflammatory skin disease that affects over 125 million people
worldwide [27]. It is characterized by patches of red, scaly skin and is caused by an
overactive immune system. While there is no cure for psoriasis, recent research has shown
that exosomes may play a role in its treatment. In the case of psoriasis, exosomes are
believed to play a role in the overactive immune response that leads to psoriasis. The
exact mechanism by which exosomes contribute to psoriasis is still not fully understood.
However, some studies have suggested that exosomes could be used to modulate the
immune system to reduce inflammation and improve skin health. For example, exosomes
derived from a certain type of immune cell (regulatory T cells) have been shown to suppress
inflammation in mice with psoriasis-like skin conditions. Exosomes could also be used to
deliver therapeutic agents directly to the affected areas. For example, exosomes loaded
with anti-inflammatory drugs have been shown to reduce psoriasis-like skin lesions in
mice [28]. In addition, exosomes loaded with small interfering RNAs (siRNAs) have been
shown to reduce skin inflammation in a mouse model of psoriasis [29]. Overall, exosomes
appear to be promising candidates for the treatment of psoriasis. While further research is
needed to identify their role in psoriasis, exosomes could provide a novel way to target
and modulate the immune system to reduce inflammation and improve skin health.
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7. Role of Exosomes in Atopic Dermatitis

Atopic dermatitis (AD), also known as eczema, is a chronic skin inflammation caused
by an underlying immune system disorder. It is characterized by red, itchy, and scaly
rashes [27,30]. The exact cause of AD is not known, but it is believed to be caused by a
combination of genetic and environmental factors [31]. Exosomes released from T cells,
mast cells, and keratinocytes have been found to contain inflammatory mediators that can
induce or aggravate AD [32]. For example, exosomes released from T cells can activate
mast cells in the skin, leading to the release of inflammatory mediators such as histamine,
which can induce itching and inflammation. Exosomes released from keratinocytes can
also contain inflammatory mediators such as IL-4 and IL-13, which can promote the re-
cruitment of inflammatory cells and exacerbate atopic dermatitis. Exosomes can also play
a role in modulating the immune system in atopic dermatitis. For instance, exosomes
released from keratinocytes have been found to contain anti-inflammatory mediators such
as transforming growth factor beta (TGF-{3), which can suppress the activation of T cells
and reduce inflammation. Exosomes released from mast cells can also contain regulatory
cytokines such as IL-10 and TGF-f3, which can suppress the activation of T cells and reduce
inflammation. In addition, exosomes have been found to contain immunomodulatory
molecules such as microRNAs, that are shown to regulate the expression of genes involved
in immune responses. For example, exosomes released from mast cells have been found
to contain microRNAs that stimulate the downregulation of pro-inflammatory cytokines
expressions such as IL-4 and IL-13 which have been shown to reduce inflammation. Overall,
exosomes play a key role in the development and progression of atopic dermatitis. Shin
et al. showed that ASC-exosomes have been found to reduce symptoms of AD. Studies
have demonstrated that these exosomes can reduce inflammation and promote skin bar-
rier restoration by increasing ceramide and dihydroceramide production. This suggests
ASC-exosomes could be a viable treatment option for AD, as there are limited available
treatments. Therefore, this cell-free therapy could provide much-needed relief for those
suffering from this condition (Figure 3) [33]. Further research is needed to better understand
the role of exosomes in AD and to develop potential therapeutic strategies to target these
exosomes [33,34].
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Figure 3. Role of exosomes in ameliorating atopic dermatitis (AD). ASC-exosomes improved hy-
dration, lowered cytokines IL-4, IL-5, IL-13, IFN-y, and TNF-«, reduced mast cells and DECs in
lesions, and made ceramides to repair the epidermis, thereby alleviating AD. Figure was created
using Biorender.

8. Role of Exosomes in Systemic Sclerosis

Systemic sclerosis (SSc) is a chronic autoimmune disorder characterized by progressive
fibrosis of the skin and internal organs. Patients with SSc suffer from a variety of symptoms,
including Raynaud’s phenomenon, skin thickening, and organ fibrosis [34,35]. While the
etiology of SSc is still unknown, recent evidence has suggested that exosomes may play
an important role in the progression of this disease. Exosomes are small vesicles released
by cells that contain a variety of molecules, including proteins, lipids, and RNA. In SSc,
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exosomes are thought to contribute to the development of fibrosis by releasing pro-fibrotic
molecules, such as transforming growth factor-beta (TGF-f3). In addition, exosomes from
SSc patients have been found to contain increased levels of pro-inflammatory cytokines,
such as interleukin-6 (IL-6), which can promote the development of sclerosis [36]. Exosomes
from SSc patients have also been found to contain specific microRNAs (miRNAs) that are
associated with the development of fibrosis. These miRNAs are thought to be involved
in the regulation of gene expression and can thus contribute to the progression of fibrosis.
In addition, exosomes from SSc patients have been found to contain increased levels of
matrix metalloproteinases (MMPs), which are enzymes involved in the breakdown of an
extracellular matrix [25]. The increased levels of these enzymes are thought to contribute to
the development of skin and organ fibrosis. In summary, exosomes have been implicated
in the progression of SSc. They are thought to be involved in the release of pro-fibrotic
molecules as well as increased levels of pro-inflammatory cytokines and MMPs. In addition,
they contain specific miRNAs that can regulate gene expression and thus contribute to the
progression of the disease [34]. Further research is needed to better understand the role of
exosomes in SSc and to develop potential therapies targeting these exosomes.

9. Role of Exosomes in Scar Removal

In recent years, researchers have been exploring the potential of exosome therapy for
scar removal. Exosome-based scar removal works by delivering therapeutic agents directly
to the affected area. Exosomes can deliver cytokines and growth factors that stimulate
the production of new collagen and elastin, which is shown to simulate the reduction of
scars [11]. Exosome therapy can be applied topically or injected directly into the scar tissue.
Injections are often used to treat deeper scars, as they can effectively penetrate the dermis
where the scar tissue is located. Topical applications may be more suitable for superficial
scars, as they can provide a more even distribution of the therapeutic agents. In clinical
studies, exosome therapy has been found to be safe and effective for scar removal [37].
It can reduce the appearance of scars, improve skin hydration and elasticity, and reduce
inflammation. It can also help to strengthen the skin’s natural defenses against infection.
Exosomes derived from umbilical cord-derived MSCs (uMSCs) are enriched in specific
miR-21, miR-23a, miR-125b, and miR-145 [38]. A skin-defect mouse model showed that
these exosomes could suppress fibrosis and scar formation by interfering with the TGF-
2/SMAD2 pathway. Additionally, exosomes high in miR-21-3p were shown to accelerate
re-epithelialization, reduce scar widths, and promote angiogenesis via inhibition of PTEN
and SPRY1 [39]. These findings suggest that MSC-derived exosomes, including ADSC-exos,
may regulate fibroblast function and collagen deposition to promote scarless healing. Thus,
ADSC-exos represent a potential therapeutic approach for improving wound healing and
scar prevention (Figure 4). Evidently, exosome therapy is a promising treatment for scar
removal, but further research is needed to understand its full potential. If proven effective,
it could provide an alternative to more invasive treatments, such as laser resurfacing and
chemical peels. As the technology continues to evolve, it may become a viable option for
those looking to reduce the appearance of their scars [39].
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Figure 4. Role of exosomes in the treatment of scars. MSC-derived exosomes from umbilical cords
showed enrichment in specific miRNAs, including miR-21, -23a, -125b, and -145. Their application
to a mouse skin-defect model reduced fibrosis, resulting in less scarring. Additionally, human
umbilical cord-derived exosomes containing miR-21-3p accelerated re-epithelialization, reduced scar
widths, and boosted angiogenesis. Thus, MSC-derived exosomes could regulate fibroblasts, collagen
deposition, and promote scarless wound healing. Figure was created using Biorender.

10. Role of Exosomes in the Rejuvenation of the Face

The field of facial rejuvenation has seen a wide variety of treatments, from laser
resurfacing to chemical peels. In the midst of this, a new technique is gaining traction:
exosome facial rejuvenation. This innovative procedure uses stem cells and the body’s
natural healing powers to produce long-lasting, natural-looking results. Exosomes are
thought to help with tissue regeneration and cell rejuvenation and are being used as a
way to promote facial rejuvenation [40]. The process begins with a biopsy of fat from the
patient, which is then processed to extract the stem cells and exosomes. The stem cells
and their exosomes are then injected into the facial skin, which is shown to stimulate the
body’s natural healing process. The exosome facial rejuvenation process can help to reduce
wrinkles, dark circles, and age spots. The process also helps to improve skin tone and
texture, as well as increase collagen production. Exosome injections have been part of
clinical studies but have yet to be granted FDA approval for use as injections [41].

11. Role of Exosomes in the Regulation of Pigmentation

Recent studies have identified that exosomes may play an important role in the regu-
lation of pigmentation in multiple organisms, including humans, through several different
mechanisms. Exosomes have been shown to regulate the expression of genes involved in
pigmentation and provide an efficient way for cells to transfer melanin-producing enzymes
to other cells, enabling them to synthesize and produce melanin [42]. Studies have shown
that exosomes can stimulate the activity of tyrosinase, leading to an increase in melanin
production [43]. Additionally, exosomes can regulate the expression of tyrosinase, which is
important for modulating the production of melanin. Keratinocytes-derived exosomes have
been shown to activate melanocyte precursors and induce their differentiation into mature
melanocytes. Furthermore, exosomes can help to stimulate the migration of melanocytes
to areas of the skin where pigment production is needed. In conclusion, exosomes can
help to regulate the expression of genes involved in pigmentation, provide a way for
cells to transfer melanin-producing enzymes, and regulate the activity and expression of
tyrosinase. Additionally, exosomes can help to regulate the development and migration of
melanocytes. Therefore, a better understanding of the role of exosomes in pigmentation
could be beneficial for the development of therapeutic agents to treat skin disorders.
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12. Role of Stem Cell-Derived Exosomes in Cosmetic Dermatology

Stem cell-derived exosomes are from pluripotent stem cells, mesenchymal stem cells,
and adipose stem cells [44]. The stem-cell-derived exosomes are like the other exosomes
derived from other cells, morphologically and structurally, and their difference is between
their surface proteins and the information transmitted within the membrane [44,45]. Stem
cell exosomes possess unique abilities for cell proliferation, regeneration, and wound
healing [45]. One such example is an alteration of extracellular matrix compositions and
fibroblast proliferation [45]. Thus, because of these properties, stem cell-derived exosomes
can play a vital role in skin rejuvenation, skin microenvironment, and wound repair during
acne healing [44,45]. As we know, skin aging results from both internal and external factors.
Internally it is based on gene dependence for aging and skin texture [44,45]. However,
externally, multiple factors are responsible for this, such as ultraviolet B (280-320 nm) (UV-
B) light, which induces DNA mutations and increases oxidative stress on the cells which
leads to skin aging [46]. Apart from this, UV-B can also simulate MAPK signaling pathways,
further enhancing the expression of MMPs and leading to downregulating collagen type I
by activator protein-1 [47,48]. Through other research, we know that collagen type I and
III syntheses are essential aspects of ECM, as they eventually make skin look younger
and fuller, leading to skin aging [45,49]. Apart from this, as the dermis fibroblast ages,
it will ultimately lead to reduced collagen [12] and, along with the expression of MMPs,
it will lead to cleavage of existing collagen which leads to skin aging symptoms such as
wrinkles and pigmentation [50-52]. Senescence studies on the skin have proven that stem
cell-derived exosomes are vital in reducing skin aging (Figure 5). Exosomes derived from
human induced pluripotent stem cells (iPSCs) can reduce the aging of human dermal
fibroblasts. It has been shown that iPSCs expression can regulate the expression level of
MMP-1/3 and thus, in turn, increase the expression of type 1 collagen and reduced skin
aging [50-52]. Furthermore, this will reduce the expression of senescence-associated-f3-
gaalctosidase (SA-f3-Gal) [45]. Apart from a reduction in senescence, stem cell-derived
exosomes play an essential role in wound healing [53,54]. As wound healing involves
inflammation, hyperplasia, and remodeling, inflammation is regulated by the polarization
of macrophages into an M2 phenotype [53]. It has been observed that exosomes secreted by
human mesenchymal stem cells (hMSCs) can decrease the number of neutrophils and, in
turn, decrease the macrophage population during the inflammatory response [54]. Another
study observed conveys that exosomes impact various pathways to wound repairs, such
as the Wnt4/3-catenin signaling pathway [55], Erk1/2 signaling pathway [56], NF-«B
signaling pathway [55], and Notch signaling pathway [57]. Similarly, stem cells derived
exosomes play a vital role in scarless healing [57]. The presence of fine reticular collagen,
lesser inflammation at the recovery site, fewer myofibroblasts, and fewer cross-linking
define scarless healing [58]. Apart from the presence of higher type 1 collagen, TGF 1,
and matrix metalloproteinase tissue inhibitors compared to type III collagen, TGF 33 and
MMPs expression is required for scarless healing [58,59]. Studies have shown that exosomes
derived from human adipose mesenchymal stem cells can regulate the latter expression
and thus help in scarless recovery [59].
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Figure 5. Stem cell derived exosomes enhance the proliferation and migration of skin fibroblast.
Exosomes from stem cells are shown to enhance proliferation and increase migration ability by
increasing MAPK and AKT etc. in the case of normal fibroblast cells. However, in the case of
senescence fibroblast (induced due to exposure to UVB), the same exosomes are found to decrease
senescence. Stem cell exosomes are found to have an impact on angiogenic ability, collagen synthesis,
and regulation of inflammation in skin disorders. The green up-arrow depicts increased expression,
and the red colored down-arrow depicts decreased expression.

13. Role of Exosomes in Vitiligo

Vitiligo is a skin condition that causes the loss of skin pigment, resulting in white
patches on the skin. It affects both men and women of all ages and is more common in
people with dark skin [60]. While the cause of vitiligo is still unknown, there is evidence
that suggests it is an autoimmune disorder [60]. Exosomes are thought to be involved
in the development of vitiligo by regulating the activity of genes involved in melanin
production [43]. Exosomes also contain antioxidants, which may help to protect against
oxidative damage to the skin. While it is not clear how these molecules may play a role
in vitiligo, some studies have suggested that they may help to protect the skin from UV
radiation, which is thought to be a factor in the development of vitiligo. In addition to
their role in the regulation of the immune system and in protecting the skin from oxidative
damage, exosomes may also be involved in the repair of damaged skin cells [61]. By
delivering the necessary molecules to damaged cells, exosomes may help to stimulate the
reparative process and promote the formation of new skin cells. Mesenchymal stem cells
(MSCs) are capable of immunomodulatory and regenerative properties, which make them
a potential treatment option for vitiligo. By secreting immunosuppressive cytokines and
growth factors, MSCs can modulate the immune response and increase the re-pigmentation
of vitiligo lesions. Clinical and pre-clinical studies have already demonstrated promising
results of MSC-based therapies for vitiligo treatment (Figure 6). Overall, exosomes appear
to play a role in the development and progression of vitiligo. While more research is needed
to understand their exact role, they may be a potential target for therapies that could help
to improve this condition [61].
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Figure 6. Inmunomodulation by mesenchymal stem cells (MSCs) in vitiligo. MSCs have been shown
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to have immunomodulatory effects in vitiligo. The mechanisms of MSC-mediated immunomod-
ulation are complex and involve both cell-cell contact-dependent mechanisms and the secretion
of various soluble mediators. These mediators can affect the activity of regulatory T cells (Tregs),
T helper 1 (Th1) cells, T helper 2 (Th2) cells, T helper 17 (Th17) cells, dendritic cells (DCs), and
natural killer (NK) cells. The mediators include interleukins (ILs), interferon-gamma (IFN-y), tumor
necrosis factor-alpha (TNF-«) and transforming growth factor-beta (TGF-3). Figure was created
using Biorender.

14. Role of Exosomes in Hair Growth

Hair growth is a complex biological process regulated by numerous mechanisms, in-
cluding genetics, hormones, and other external factors [62]. Recent studies have discovered
that exosomes, small vesicles released by cells, may play an important role in this pro-
cess [63]. Li et al. showed that ADSC-exosomes had a positive effect on DPC proliferation,
migration, and hair growth. It decreased apoptosis and increased HFs and dermis thickness.
RNA-seq showed that miR-22 and TNF-a were inhibited. qRT-PCR and western blotting
showed the Wnt/ 3-catenin pathway was activated in the skin of ADSC-exosomes-treated
mice. Overall, ADSC-exosomes had positive effects on DPCs and hair growth in mice.
This suggests that ADSC-exosome therapy improved hair regrowth by controlling miR-22,
Wnt/ -catenin, and TNF-« pathways, suggesting it could be an effective cell-free treatment
for alopecia caused by the immune system [64]. Kwack et al. showed that exosomes
from 3D DP (3D DP-Exos) enhanced the proliferation of dermal papilla (DP) and outer
root sheath (ORS) cells and increased the expression of growth factors (IGF-1, KGF, and
HGEF) in DP cells. When used to treat cultured human hair follicles, 3D DP-Exo treatment
increased hair shaft elongation. Local injections of 3D DP-Exos also triggered anagen from
telogen and prolonged anagen in mice. Moreover, when DP spheres treated with Exo were
implanted with mouse epidermal cells, hair follicle neogenesis was enhanced. Similar
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outcomes were observed when Exos derived from 2D-cultured DP cells (2D DP-Exo) were
used. Their findings suggest that Exos derived from DP cells can promote hair growth
and regeneration by regulating the activity of follicular dermal and epidermal cells. These
results have implications for the development of therapeutic strategies for hair loss [65].
Wau et al. also showed that exosomes from adipose-derived stem cells could promote hair
regeneration [66]. As such, exosomes may play an important role in hair growth and hair
follicle regeneration. Further research is needed to better understand the role of exosomes
in this process.

15. Conclusions and Outlook

The cosmetics industry is constantly evolving as it is driven by consumer demand for
new and innovative products. Exosomes have been identified as potential new ingredients
in cosmetics, with the potential to provide significant cosmetic benefits. Exosomes have
been found to have a therapeutic role in wound healing, skin flap reconstruction, systemic
lupus erythematosus, psoriasis, atopic dermatitis, systemic sclerosis, scar removal, facial
rejuvenation, pigmentation regulation, vitiligo, and hair growth. Exosomes have tremen-
dous potential to revolutionize the cosmetics industry and provide more effective skin
care products. The unique properties of exosomes, such as their ability to penetrate the
skin, their high concentration of bioactive molecules, and their ability to interact with and
modulate the skin’s cells, make them desirable ingredients for cosmetic products.

The future of exosomes in the cosmetics industry appears to be very promising. As
research continues to uncover the potential of exosomes, more and more products will be
developed to take advantage of their unique properties. In addition, the use of exosomes in
combination with traditional cosmetic ingredients is likely to lead to more effective skin
care products. Finally, as technology advances, exosomes may be modified to provide
even more specific benefits, such as targeted delivery of active ingredients. In conclusion,
exosomes have the potential to revolutionize the cosmetics industry. With the help of
exosomes, the cosmetics industry is sure to continue to develop innovative and effective
skin care products in the future.

Despite the tremendous benefits of exosomes, their regulatory aspects have been a
topic of debate. The US Food and Drug Administration (FDA) has yet to officially classify
exosomes for cosmetics; therefore, it is not yet known what type of regulation should
be imposed. In the EU, exosomes for cosmetic use may be subject to regulation by the
European Commission, which could include restrictions on manufacturing, labeling, and
advertising. As exosomes are a relatively new technology, further research and discussion
are needed to understand the regulatory implications of their use.
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