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Abstract Senescence is an inevitable natural life process that involves structural and functional degeneration of tissues and
organs. Recently, the process of skin aging has attracted much attention. Determining a means to delay or even reverse skin
aging has become a research hotspot in medical cosmetology and anti-aging. Dysfunction in the epidermis and fibroblasts
and changes in the composition and content of the extracellular matrix are common pathophysiological manifestations of
skin aging. Reactive oxygen species and matrix metalloproteinases play essential roles in this process. Stem cells are
pluripotent cells that possess self-replication abilities and can differentiate into multiple functional cells under certain
conditions. These cells also possess a strong ability to facilitate tissue repair and regeneration. Stem cell transplantation has
the potential for application in anti-aging therapy. Increasing studies have demonstrated that stem cells perform functions
through paracrine processes, particularly those involving exosomes. Exosomes are nano-vesicular substances secreted by
stem cells that participate in cell-to-cell communication by transporting their contents into target cells. In this chapter, the
biological characteristics of exosomes were reviewed, including their effects on extracellular matrix formation, epidermal
cell function, fibroblast function and antioxidation. Exosomes derived from stem cells may provide a new means to reverse
skin aging.
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1 Background

Senescence is an unavoidable natural process of life that
causes structural and functional degeneration of tissues and
organs. As the largest organ of the human body, skin
inevitably faces problems associated with aging [1].
Recently, skin aging has attracted a great deal of attention.
Establishing a strategy to delay or even reverse skin aging
has become a research hotspot in medical cosmetology and
anti-aging. Stem cells are pluripotent cells that possess the
ability to self-renew and can differentiate into various types
of functional cells under certain conditions; these cells
possess a strong ability to facilitate tissue repair and
regeneration [2]. There is potential for the application of
stem cell transplantation in the field of anti-aging treatment
[3]. The implantation of stem cells in vivo significantly
delayed senescence, but surprisingly, the implanted stem
cells were not detected within the tissues; these findings
suggest that their anti-senile effect may be achieved
through paracrine activities [4]. Based on this, much
attention has been focused on the study of exosomes, as
they are the most important structure involved in paracel-
lular secretion. As an alternative to cell-free therapy,
exosomes avoid the risks of immune rejection, stemness
maintenance, cell senescence and tumorigenesis in stem
cell transplantation [3]. These advantages make exosomes
ideal for use in novel anti-aging strategies. The role of stem
cell-derived exosomes in reversing skin aging was
reviewed in this chapter.

2 Biological characteristics of exosomes

In the 1980s, Canadian scientists discovered a nanoscale
vesicle-like structure, which they termed exosomes while
examining the process of reticulocytes maturing into red
blood cells [5]. The diameter of exosomes is approximately
40-100 nm. Under an electron microscope, they are double
concave dish-shaped or cup-shaped. Exosomal vesicles are
formed by inward budding of the limiting membrane of
early endosomes and mature into multivesicular bodies
(MVBs) during the process [6—8]. Almost all human cells
can secrete exosomes, which are widely distributed in
various body fluids and carry a variety of proteins, mRNAs,
miRNAs, lipids, etc. So exosomes form a brand new cell-
cell information transfer system, which can participate in
cell communication, cell migration, angiogenesis and
tumour cell growth [9]. Exosomes can be preserved for
long periods at —20°C. These structures can also undergo
multiple freeze—thaw cycles without any alteration in their
volume [10]. There are many separation methods specific
for exosomes; among these methods, density gradient
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centrifugation is the most common. The isolated particles
can be identified by transmission electron microscopy,
nanoparticle tracing or flow cytometry [10]. Since the first
detection of mesenchymal stem cell (MSC) exosomes in
2010, a variety of stem cell-derived exosomes have been
isolated [11]. The umbilical cord MSC exosomes, first
reported in 2013, contain more growth factors than exo-
somes derived from other sources [12, 13]. The main
contents of exosomes are proteins, RNA and lipid com-
ponents [14]. Exosomal RNA cannot completely represent
the total RNA of origin cells but only selectively contains
part of the total cellular RNA [15]. Moreover, the RNA
contained within serum exosomes is not the same as that in
tissues [16]. Exosomes typically express CD9, CDG63,
CD81 and CD8&2, as well as adhesion molecules that are
similar to those of their source cells. For example, CD29,
CD44 and CD73 were also detected in mesenchymal stem
cell-derived exosomes [10]. Exosomes influence a series of
pathophysiological processes by participating in cell—cell
communication [10]. Mushrooming basic research exam-
ining stem cell exosomes found that these structures
function in tissue damage repair, chronic wound healing,
inhibition of wound scar formation and anti-aging [17-19].

3 Physiological and pathological mechanisms
underlying skin aging

The skin consists of the dermis and the epidermis, which is
separated by a basement membrane (BM), a specialized
extracellular matrix (ECM) structure consisting primarily
of laminins, collagens and nidogens [20]. The composition
of the ECM determines not only its adhesive and
mechanical properties (stiffness, elasticity, topology) but
also serves as a reservoir for cytokines [21, 22]. Skin aging
is divided into intrinsic and extrinsic aging [23]. The for-
mer is primarily characterised by dry skin, fine wrinkles,
reduced collagen and elastic fibres, and thinner subcuta-
neous fat. Intrinsic aging is normal skin aging that gradu-
ally occurs with increasing age. Extrinsic aging is caused
by environmental factors, particularly ultraviolet rays, and
may present as dry skin, large and deep furrows, loss of
skin elasticity, coarse skin and uneven pigmentation [23].
Skin aging can reflect the degree of aging experienced by a
given living organism [24]. The decreased proliferation and
division ability of keratinocytes, abnormal function of
fibroblasts, flattening of the papillary layer and changes in
the ECM composition and content are common patho-
physiological changes that occur during endogenous and
exogenous skin aging [23]. The researchers revealed pro-
gressive accumulation of photoaging-related changes and
increased chronic inflammation with age by performing
single-cell RNA sequencing of human eyelid skin. At the
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same time, they found that genetic activation of HES1 or
pharmacological treatment with quercetin alleviated cel-
lular senescence of dermal fibroblasts [25]. Declined stem
cell (SC) function is a hallmark of aging and is linked to
impaired regeneration and damage-induced repair. Aged
epidermal SCs show a reduced proliferation rate, lowered
fitness and regenerative potential [26-28]. Riibe et al.
found that human skin aging is associated with increased
expression of the histone variant H2A.J in the epidermis
[29]. Cellular senescence, chronic inflammation, matrix
metalloproteinases (MMPs), reactive oxygen species
(ROS) and hormones (sex, growth, insulin-like growth
factors and other synthetic and metabolic hormones) are
involved in this process [23, 30]. Therefore, possible ways
to prevent skin aging include the use of antioxidants and
the regulation of epidermal SCs, ECM and fibroblast
function.

4 Mechanism of stem cell exosome activity against
skin aging

4.1 Effect and molecular mechanism of exosomes
on epidermal cells function

The epidermis is the outermost layer of mammalian skin
and comprises a multi-layered epithelium, the interfollic-
ular epidermis, with associated hair follicles, sebaceous
and eccrine sweat glands. The epidermis is mainly made of
keratinocytes (95%) [31]. The differentiated cells of the
epidermis are dead, frequently anucleate cells. Epidermal
maintenance depends on the proliferation of epidermal
SCs, which are cells with an extensive self-renewal
capacity and the ability to produce daughter cells that
undergo further differentiation [31]. The thickness of the
epidermis is reduced by about 6.4% during each decade of
aging and by the reduction of the glycoprotein levels [32].
The thinning may also be caused by the decrease in the
keratinocyte proliferation rate. Zhou et al. found that
aquaporin (AQP)5 significantly decreased in the epidermal
SCs with age by transcriptome sequencing and could pro-
mote the proliferation and dedifferentiation of HaCaT, but
did not influence cell apoptosis [33]. Induced pluripotent
SC (iPSC)-derived MSCs (iMSCs) serve as a unique source
for cell therapy. Kim et al. found that iMSC-Exo promotes
the proliferation of HaCaTs and human dermal fibroblasts
(HDFs) by stimulating ERK1/2 and highlighting the
application of iMSCs to produce exosomes [34]. Ma et al.
found that ADSC-Exos could prompt cell proliferation and
migration of HaCaT cells and repress their cell apoptosis,
possibly via Wnt/B-catenin signalling [35]. Zhang et al.
confirmed that ADSC-Exos promote the proliferation and
migration of HaCaT cells by regulating the activation of

the Akt/HIF-1a signalling pathway, thus promoting wound
healing [36]. Wu Peipei et al. found that hucMSC-Ex
protects skin keratinocytes from oxidative stress and
delivers 14-3-3( protein, which promotes SIRT1 expres-
sion in HaCaT cells under oxidative stress conditions [37].
In addition, Duan et al. found that epidermal SC-derived
exosomes promote skin regeneration by downregulating
transforming growth factor-B1 in wound healing [38]. The
activities and mechanisms of SC exosomes against epi-
dermal SCs have been poorly studied, so more research is
needed.

4.2 Effect and molecular mechanism of exosomes
on fibroblast function

Fibroblasts are the main cellular components of the dermis,
and they produce collagen and other ECM components
[39, 40]. Typically, fibroblasts proliferate at a low rate
in vivo, and their impaired function and resultant changes
in the ECM are closely related to exogenous skin aging
[24]. The effects of exosomes on fibroblast function have
been widely reported. However, the exact mechanisms are
unclear. MSC exosomes primarily gather around the
nucleus after entering the fibroblasts [17]. Exosomes
derived from human umbilical cord blood plasma can
transport miR21-3p into cells to downregulate the expres-
sion of phosphatase and tensin homolog (PTEN) and
sprouty homolog 1 (SPRY1), thereby activating the PI3K/
Akt and ERK1/2 signalling pathways and regulating cell
function. Interestingly, the intensity of the effects exerted
by exosomes gradually decreases with time [18]. Besides
mRNA, the cytokines in exosomes also play roles in
modulating fibroblasts’ function. For example, platelet-
derived growth factor (PDGF) involved in exosomes can be
delivered to fibroblasts and binds to the corresponding
receptor, then the mitogen-activated protein kinase
(MAPK) signalling pathway is activated to promote cell
proliferation [39]. The reactivity of senescent fibroblasts to
PDGF is decreased significantly, and upregulation of Akt-1
kinase can restore the sensitivity of senescent cells to
PDGF [41]. Exosomes from iPSCs can enhance the pro-
liferation of fibroblasts in a concentration-dependent
manner and reverse UVB-induced fibroblast senescence
through reducing expression of SA-B-Gal [42]. However,
the effect of exosomes on endogenous aging factor-induced
cell senescence was not obvious [43]. Other studies have
found that MSC exosomes exert a stronger effect on the
proliferation and migration of HDFs derived from normal
tissue sources than they do on fibroblasts derived from
diabetic wound sources. However, the latter was found to
be more sensitive to exosomes according to cell migration
tests [17]. Studies have shown that 3D culture of HDF
globular cells is a key step in restoring the functional
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characteristics of passage fibroblasts, and globular exo-
somes derived from dermal fibroblasts help mediate this
process [44]. However, the effect of exosomes on cell
proliferation and migration is related to the origin of exo-
somes. The exosomes secreted by bone marrow and
umbilical cord MSCs have strong induction ability [45].
These results suggest that the effect of exosomes on
fibroblasts is selective. The proliferation of fibroblasts,
together with the decrease in the ECM regeneration, results
in accelerated tissue collapse to produce exogenous aging
features, such as wrinkles [46]. In the presence of exo-
somes, western blotting results revealed a significant
increase in the expression of Akt, signal transducers and
activators of transcription (STAT) and ERK1/2 in normal
fibroblasts. This increase was particularly high regarding
STAT3, which activates the expression of a range of genes
such as cyclins and growth factors (such as hepatocyte
growth factor [HGF], insulin-like growth factor-1 [IGF1],
nerve growth factor [NGF] and stromal-derived growth
factor-1 [SDF1]) [17]. The STAT3, PI3K/Akt, ERK1/2 and
MAPK signalling pathways are all essential pathways that
regulate cell growth, proliferation and differentiation
in vivo. Among these, ERK is a member of the MAPK
family, and cross-linking exists among these signalling
pathways to form a signal network where MAPK plays a
key role. In vivo and in vitro experiments have shown that
exosome mMRNAs promote wound healing; however, exo-
some proteins do not promote this process [47]. Umbilical
cord blood MSCs (UCB-MSCs) can improve wound
healing, which can be, in part, through miR-21-5p- and
miR-125b-5p-mediated TGF-B receptor inhibition [48].
Kim et al. found that USC-CM has various growth factors
associated with skin rejuvenation, and in vitro results
showed that USC-CM-Exos integrate with HDFs and
consequently promote cell migration and collagen synthe-
sis of HDFs [13]. Li et al. found that hMSC cells secreting
miR-26a exosomes inhibited the proliferation, migration
and transdifferentiation of high glucose-induced BJ cells
and promoted cell apoptosis, which may be related to the
TLR4/NF-kB signalling pathway [49].

4.3 Effect and molecular mechanism of exosomes
on matrix metalloproteinase (MMP)

MMPs are ubiquitous peptide-chain enzymes found within
living organisms. They are named due to their ability to
bind metal ions at their active sites. The most important
MMPs in the skin are MMP1, MMP3 and MMP9, and
these enzymes can degrade almost all the molecules in the
ECM of the dermis, particularly the collagen and elastin
fibres that make up the dermal structure [50]. Based on this,
MMP activities may represent the primary mechanism that
regulates the photoaging of the skin [50-52]. In 1996,
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Fisher first observed in vivo that exposure of human skin to
UVB irradiation induces the expression and activation of
MMP by upregulating the transcription factors AP-1 and
NF-B in keratinocytes and fibroblasts in a dose-dependent
manner [53]. MMP expression and activity have been
shown to be increased during both endogenous and
exogenous skin aging. In unexposed skin, older patients
possess more MMP than younger patients [54], and aging
skin contains relatively few tissue inhibitors of metallo-
proteinases (TIMPs) [55]. TIMPs selectively inhibit MMP
activity through non-covalent binding-based interactions. It
was found that the conditioned medium from human der-
mal SCs could reduce the expression of MMPI1 in senes-
cent fibroblasts and could upregulate TIMP1 in these cells
[56]. Further in vitro experiments revealed that SC exo-
somes not only downregulated the expression of MMP in
natural senescent fibroblasts, but they also significantly
inhibited the overexpression of MMP1 and MMP3 in
UVB-induced fibroblasts [13, 42]. Exosomes from adipose-
derived SCs (ADSC) can significantly reduce the secretion
of MMP1, MMP2, MMP3 and MMP9 in corneal stromal
cells, and these exosomes can upregulate extracellular
matrix-related proteins, including four types of collagen
and fibrin [57]. Exosomes carry MMP1, MMP2, MMP3,
MMP9 and MMPI13 on their surfaces. By regulating the
structure of the ECM, they create space for newly formed
blood vessels and vascular-related migratory cells and
promote new angiogenesis and wound repair [58]. How-
ever, another study found that ADSC-derived exosomes
increased MMP3 levels by activating the ERK/MAPK
signalling pathway, and MMP3 increased proportionally
with an increase in exosome concentration, ultimately
resulting in the degradation of over-proliferating fibres to
facilitate wound healing without scarring [59]. These
interesting results indicate that the regulation of MMP by
exosomes is bidirectional. Based on the imperfect repair
mechanism and chronic imbalance in the ECM synthesis
and degradation, the damage of elastic and collagen fibres
accelerates the breakdown of the dermal structure. This
breakdown is the main molecular feature of dermal aging
[13].

4.4 Effect and molecular mechanism of exosomes
on reactive oxygen species

ROS are by-products of cellular metabolism, and examples
include hydrogen peroxide, superoxide anions, hydroxyl
radicals and others. Low concentrations of ROS are
involved in cell proliferation, differentiation and signal
transduction, processes that are beneficial to the organism.
High concentrations of ROS cause oxidative stress damage
to DNA, proteins and lipids [60-62]. Ultraviolet radiation
can produce a large number of ROS that can affect the
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function of dermal fibroblasts, induce MMP synthesis and
damage the ECM components such as collagen and elastin
[30]. Abnormal regulation of the redox response pathways
involved in ROS metabolism is also associated with
senescence [30, 61]. Senescent fibroblasts produce more
ROS than normal cells [30, 60, 62]. The expression of
AQP-1 and AQP-3 in fibroblasts and the secretion of
hyaluronic acid make AQP-1 have a good moisturizing
effect on the skin. However, oxidative stress decreased
AQP-1 and AQP-3 mRNA expression and hyaluronic acid
secretion, which was reversed by exosomes [63]. Condi-
tioned medium (CM) from human dermal stem/progenitor
cells (HDSPCs) reduced ROS levels by upregulating
superoxide dismutases-2 (SOD2) [56]. Malondialdehyde
(MDA) is a marker of lipid peroxidation, and it can reflect
the degree of cytotoxic damage. Through its paracrine
mechanism, ADSC upregulates SOD and downregulates
MDA levels to reverse galactose-induced skin oxidative
stress [64]. Glutathione peroxidase 1 (GPX1) is the primary
ROS scavenging enzyme system, and nicotinamide adenine
dinucleotide phosphate oxidase (NOX) is the key ROS
production enzyme system in vivo. Studies have found that
exosomes derived from ADSCs can inhibit the expression
of NOXI1 and NOX2, thus reducing ROS production [65].
Studies examining exosomes that promote the healing of
diabetic foot ulcers have found that NOX1 and NOX4
expressions and ROS production are decreased [66]. Exo-
somes derived from umbilical cord MSCs can reduce ROS
in liver cells through GPX1 transport [67]. Exosomes target
and silence CaMKII expression through their rich miR-214
content, thereby inhibiting ROS and preventing oxidative
stress injury in cardiomyocytes [68]. A recent study found
that exosomes promote axonal regeneration by regulating
ROS production through NOX2 transport to nerve axons
[69]. In conclusion, SC exosomes possess certain functions
in ROS production and clearance, and the specific mech-
anism is worthy of further study. The downregulation of
SIRT1 led to increased acetylated p53 expression over time
induced by H202 in fibroblasts, which induced the
expression of p21, a downstream molecule of p53, and
arrested the cell cycle leading to cell senescence. MSC-Exo
enhanced these signal transduction systems. MSC-Exo was
also effective at blocking the increase of SA-B-Gal activity
and accumulation of ROS in cells [63].

5 Conclusion and prospect

Stem cell derived exosomes enhance the proliferation and
migration of skin fibroblast (FB) and inhibit the production
of ROS and MMP. UVB can induce fibroblast senescence,
which can be reversed by exosomes; exosomes can
enhance proliferation and migration ability of FB through
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Fig. 1 Stem cell derived exosomes enhance the proliferation and
migration of skin fibroblast (FB) and inhibit the production of ROS
and MMP. UVB can induce fibroblast senescence, which can be
reversed by exosomes; exosomes can enhance proliferation and
migration ability of FB through activating MAPK, AKT, STAT3 and
ERK1/2 signaling pathways. Senescent FB produce more ROS and
MMP, exosomes can inhibit this process and thus alleviate senescence

activating MAPK, AKT, STAT3 and ERK1/2 signaling
pathways. Senescent FB produce more ROS and MMP,
exosomes can inhibit this process and thus alleviate
senescence.

In summary, by activating multiple signalling pathways,
SC exosomes are involved in regulating the proliferation of
epidermal cells, fibroblasts, restoring the ECM compo-
nents, lowering ROS levels and ultimately reversing skin
aging (Fig. 1). Compared with cell-based therapy in
regenerative medicine, MSC exosome therapy is more
attractive for clinical development. Firstly, MSC exosome
has a low amount of major histocompatibility complex[70],
and its immunogenicity is lower than that of its parent
cells, which may make MSC exosome not easy to cause
immune response in foreign hosts. Secondly, many security
issues and ethical constraints associated with stem cell
transplantation can be mitigated by replacing live cells with
exosomes secreted by them; third, new evidence suggests
that exosomes are atomizable and can be cryopreservation
at a temperature of 20 °C for 6 months without losing their
biochemical activity. More importantly, unlabelled exo-
somes did not induce significant alterations in cellular and
biochemical blood parameters, or any morphological
changes in the heart, kidney, lung, spleen or liver tissue. In
sum, UCB-MNC-Exo has no significant toxicity in vitro or
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in vivo, even when administered repeatedly at high con-
centrations [71].

Based on this, exosomes are providing new hope for
anti-aging treatment. However, it is still uncertain if exo-
somes can completely replace and simulate the function of
SCs, and the long-term risk of exosome treatment remains
unknown [3]. The separation and purification of exosomes
must be further improved [10]. Ultimately, exosomes
containing specific contents may be produced in the future
for precise treatment. All of these are worthy of further
exploration.
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