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Exosomes in dermatology: A review of their 
role in skin diseases and rejuvenation
Exossomos na Dermatologia: revisão de sua ação em doenças 
cutâneas e rejuvenescimento

ABSTRACT
Exosomes are small extracellular vesicles, released by different types of cells, that play roles in intercellular 

communication. In the skin, exosome-mediated information transfer and intercellular communication 

are necessary for the maintenance of cellular function and tissue homeostasis. Recently, several studies 

have demonstrated the involvement of exosomes in skin diseases and rejuvenation, including potential 

therapeutic uses. In this context, we address recent research on exosomes in dermatology by reviewing 

the role of exosomes in skin diseases and rejuvenation.
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RESUMO
Os exossomos são pequenas vesículas extracelulares, liberadas por diversos tipos de células, que atuam na comunicação 

intercelular. Na pele, a transferência de informação mediada por exossomos e a comunicação intercelular são necessárias 

para a manutenção das funções celulares e homeostase tecidual. Recentemente, diversos estudos têm demonstrado o 

envolvimento dos exossomos nas doenças dermatológicas e no rejuvenescimento, incluindo possibilidades terapêuticas. 

Dessa forma, iremos abordar, a seguir, pesquisas recentes sobre exossomos na Dermatologia, por meio de trabalho de 

revisão sobre a ação dos exossomos em doenças cutâneas e rejuvenescimento.
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INTRODUCTION
The skin is the physical, chemical, and immune barrier 

of the human body, preventing loss of substances to the envi-

ronment. However, it has several other functions, such as tissue 

repair, perspiration, and temperature and pressure detection, in 

addition to promoting structural support. The performance of 

these multiple functions is affected by several factors, ranging 

from environmental to hormonal. Recent studies have indicated 

a role of exosomes in physiological and pathological process-

es of the skin. Their findings have brought a new perspective 

to understanding the molecular mechanisms involved in these 

processes.
1

Exosomes are small extracellular vesicles, released by 

different types of cells, that effect intercellular communication 

through the delivery of bioactive proteins, lipids, RNAs, and 

DNA from donor cells to recipient cells, being able to both reg-

ulate cellular physiological events and participate in pathologi-

cal processes.
2
 The recognition of exosomes by cellular targets is 

specific and involves the following events: recognition between 

receptor surfaces, direct fusion of the exosome with its target 

on the cell membrane, and absorption into the target cell by 

endocytosis. Given their abilities, exosomes are important me-

diators of intercellular communication and are involved in mul-

tiple processes, including immune response, angiogenesis, and 

inflammation. Cells secrete exosomes as a means of presenting 

signaling molecules to tissues or to other cells with regulatory 

functions.
3

In the skin, exosome-mediated information transfer and 

intercellular communication are necessary for the maintenance 

of cell functions and tissue homeostasis. Studies have shown that 

transport of endogenous exosomes occurs in multiple types of 

skin cells and is implicated in the molecular mechanisms of cuta-

neous diseases.
4
 Furthermore, the content of exosomes (known 

as cargo) can be a potent biomarker for the diagnosis and treat-

ment of cutaneous disorders and diseases. Exosomes secreted by 

stem cells can be used for therapeutic purposes in regenerative 

and aesthetic medicine.
5
 Within this context, in the following 

sections, we will address recent research on exosomes and the 

skin by reviewing the literature on the interactions of skin exo-

somes and their roles in skin diseases and rejuvenation.

Exosomes: definition and biological characteristics

The first evidence of the existence of extracellular ves-

icles was recorded in the early 1960s, but little was known on 

the subject.
6
 Major discoveries occurred in the late 1980s, when 

a study on the maturation of sheep reticulocytes revealed the 

mechanism of exosome formation. These investigators demon-

strated that small vesicles were formed within endosomes and 

then released into the extracellular environment by exocytosis 

(hence exosomes).
7
 Years later, a study proposed that exosomes 

were small transporters carrying mRNA and microRNA that 

enabled remote genetic communication.
8
 Developments in exo-

some research since then have led to a new paradigm in several 

fields of medicine. Because they are derived from different cells 

or tissues, exosomes exert multiple actions and may be associ-

ated both with physiological cellular functions and with disease 

states.
9

Extracellular vesicles (EVs) play an important role in 

intercellular communication. They are stratified by size into 

exosomes (60 to 180  nm in diameter), microvesicles (50 to 

1000 nm), or apoptosomes (50 to 5000 nm). Exosomes are se-

creted by most cells and contain a variety of proteins and nucle-

otides.
10

 Damaged organs secrete signals that induce stem cells to 

produce RNA and protein-containing exosomes, in order to fa-

cilitate the maintenance of tissue homeostasis. The composition 

of exosomes is influenced by inflammatory signals such as lipo-

polysaccharides, tumor necrosis factor-alpha, interferon gamma, 

and hypoxia. In addition, other physiological factors and cellu-

lar conditions also affect exosome release, such as intracellular 

calcium levels, cellular energy, membrane phospholipids, mem-

brane-associated enzymes, cytoskeleton-membrane interactions, 

and other effects of exocytosis, hypoxia, and oxidative stress.
11

 

Exosomes are loaded with bioactive components for intercellu-

lar communication and gradually mature as they are delivered to 

multivesicular bodies by internal budding. This process prevents 

the cytoplasmic degradation of exosomes by lysosomes. Mul-

tivesicular bodies then fuse with the plasma membrane and are 

secreted into the microenvironment (extracellular space or bodi-

ly fluids), carrying RNAs and proteins depending on the type 

of cell which secreted them.
13

 The cargo of exosomes consists of 

biologically active substances, including proteins, mRNA, mi-

croRNA, cytokines, and transcription factors. Circulating exo-

somes are recognized by multiple receptors on cells, which then 

Figure 1: Cellular mechanisms of exosome formation, secre-
tion, and reception
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receive their cargo (Figure 1). Exosome uptake occurs by three 

mechanisms: endocytosis, ligand-receptor uptake, and fusion.
14

Exosomes and skin physiology

The skin, known for being the largest organ in the body, 

is composed of the epidermis, the dermis, and the subcutaneous 

tissue. The outermost layer of the skin, the stratum corneum, 

is 10 to 20  µm thick and consists of 10 to 15 layers of dead 

cells. The second layer, the viable epidermis, is 100 to 150 µm 

thick and is composed predominantly of keratinocytes at various 

stages of differentiation, in addition to melanocytes, Langerhans 

cells, and several other types of cells.
14

 The third layer, the dermis, 

is rich in extracellular matrix (ECM) proteins and growth fac-

tors, due to the presence of several fibroblast lineages. The deep-

est layer, the hypodermis or subcutaneous tissue, is composed 

of adipocytes, mesenchymal stem cells (MSCs), and connective 

tissue.
15

 The different cell types present in the skin layers, includ-

ing keratinocytes, fibroblasts, and macrophages, have the ability 

to communicate with the environment and mount complex re-

sponses to internal and external stimuli.
16

 Thus, different types of 

skin cells secrete exosomes to other cells or bodily fluids in order 

to participate in biological activities.
4

The development of the skin, especially the epidermis, 

is essential for survival. The balance between cell renewal and 

differentiation must be regulated by stem and progenitor cells.
17

 

Exosomes are abundantly loaded with epidermal progenitor 

cells and are essential to preventing premature differentiation of 

progenitor cells. Wnt signaling pathways play an important role 

in skin development and renewal processes. In a prior study, Wnt 

protein transport was found to be mediated by exosomes.
18

Skin pigmentation is also regulated by keratinocyte-de-

rived exosomes that carry specific mRNA and bind to melano-

cytes. In addition, exosomes are capable of affecting angiogenesis, 

cell proliferation and differentiation, apoptosis, and inflamma-

tion.
5
 Fibroblast-derived exosomes have been shown to increase 

collagen and elastin synthesis, and may act in rejuvenation and 

wound-healing processes.
19

 They have also been implicated in 

the regulation of skin inflammation, since exosomes from ad-

ipose tissue-derived mesenchymal stem cells downregulate the 

expression of inflammatory cytokines such as IL-4, IL-23, IL-31, 

and TNF-α. It has also been suggested that exosomes secreted by 

mesenchymal stem cells can balance the Th1 and Th2 immune 

responsess.
20

Exosomes and mesenchymal stem cells

Mesenchymal stem cells (MSCs) are multipotent stem 

cells defined by their ability for self-renewal, multilineage differ-

entiation potential, and paracrine regulation. Due to their ease of 

isolation, in vitro expansion, and multipotent origin, MSCs have 

become established as a particularly important stem cell type 

in the field of regenerative medicine, including tissue repair.
21

 

In addition to their classic origin in the bone marrow, MSCs 

are also present in adipose tissue, muscle, umbilical cord blood, 

and various other organs and tissues. Stem cells have excellent 

therapeutic effects in promoting tissue remodeling, neovascu-

larization, soft-tissue regeneration, bone and cartilage repair, 

rejuvenation of various tissues, and hair-follicle regeneration. 

Currently, stem cells are mainly used to facilitate the healing of 

skin wounds via their multifactorial paracrine effects. However, 

therapeutic use of stem cells in wound healing is limited by dif-

ficulties in storage, potentially tumorigenic mutations, immune 

rejection, and ethical issues.
22

Since exosomes are the products of their parent cells, 

MSC-derived exosomes (MSC-exos) have unique biological 

functions similar to those of MSCs. Indeed, stem cell-derived 

exosomes are essential mediators of the paracrine effects of stem 

cells.
23

 MSC-exos also contain cytokines such as vascular en-

dothelial growth factor (VEGF), transforming growth factor 

β1 (TGF-β1), interleukin-6 (IL-6), interleukin-10 (IL-10), and 

hepatocyte growth factor (HGF), which facilitate angiogenesis 

and immunomodulation.
24

 The main packaging components of 

MSC-exos, including metabolites, proteins, DNA, and non-cod-

ing RNAs (ncRNAs), can be internalized by recipient cells such 

as fibroblasts, keratin-forming cells, immune cells, and endothe-

lial cells (ECs) and further promote improved tissue repair. Fur-

thermore, the efficacy of repair mediated by MSC-exos can be 

improved by targeted editing of exosome content, pretreatment 

of MSCs, or artificial modification of exosome surface recep-

tors.
25

In summary, MSC-exos may have specific advantages 

over MSCs for dermatological applications. Adipose-derived 

stem cells (AD-MSCs), bone marrow-derived MSCs (BD-

MSCs), and human umbilical cord MSCs (hUC-MSCs) are the 

most frequently used exosome-producing cells. However, MSC-

exos have specific mechanisms which make their use a promis-

ing cell-free therapeutic strategy for skin regeneration.
26

Given the various effects of exosomes in skin cells, we 

will now address its action on cutaneous diseases and rejuvena-

tion.

Exosomes and cutaneous diseases

Scarring

Several studies have demonstrated the therapeutic role 

of exosomes at various stages of wound healing. During the 

inflammatory phase, exosomes have been shown to modulate 

immune cells and local tissue cells, helping prevent an uncon-

trolled inflammatory response. During the proliferation phase, 

exosomes act to close up the scar by activating endothelial cells 

and fibroblasts. This activation promotes a proangiogenic milieu 

and initiates extracellular matrix deposition. Finally, during the 

remodeling phase, exosomes influence the balance between ma-

trix metalloproteinases and tissue inhibitors of matrix metallo-

proteinases, which facilitates the achievement of excellent tissue 

healing. Exosome therapy also increases tissue healing by stabi-

lizing and stimulating a wide variety of mediators involved in 
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each of these phases.
27

In a systematic review, Sousa et al. (2023) highlighted the 

great potential of exosomes as therapeutic options for chronic 

nonhealing wounds. In summary, exosome therapy has shown 

consistent positive results, including increased wound closure 

rates, stimulation of local angiogenesis and re-epithelialization, 

and increased collagen deposition. Furthermore, exosomes have 

demonstrated the ability to reduce scar formation, alleviate lo-

cal inflammation, promote increased formation of granulation 

tissue, and increase the proliferation and migration of dermal 

fibroblasts. These findings highlight the therapeutic efficacy of 

exosomes in promoting wound healing. In the last 5 years, there 

have also been significant advances in combining exosomes with 

innovative engineering strategies. Exosome-based therapies have 

emerged as promising tools for wound healing, with advantages 

such as abundant sources; ease of preparation, storage and trans-

portation; and minimal immunogenicity.
28

Healing is a process that at least partially comes down 

to an exosome-mediated interaction between various skin cells, 

including keratinocytes, fibroblasts, endothelial cells, adipocytes, 

macrophages, and other immune cells. Li et al. suggested that 

macrophage-derived exosomes are capable of promoting the 

healing of diabetic wounds, with marked pro-angiogenesis and 

proliferative effects and attenuating the secretion of cytokines 

and pro-inflammatory enzymes.
29

 Kim et al. found that subcu-

taneous administration of M2 macrophage-derived exosomes 

(M2-exos) in a mouse wound model markedly decreases and 

increased the local populations of M1 and M2 macrophages, re-

spectively, thus contributing to a successful conversion of M1 

to M2 macrophages.
30

 Finally, exosome-guided reprogrammed 

M2 macrophages improved fibroblast migration, collagen depo-

sition, and endothelial cell tube formation in wound healing. 

Interestingly, exosomes derived from mesoglycan-treated, exo-

some-containing keratinocytes were able to induce increased 

expression of vascular endothelial growth factor (VEGF) and 

fibroblast growth factor (FGF) in human fibroblasts and en-

dothelial cells, thereby increasing angiogenesis and stress fiber 

formation, in vitro.
31

 This finding revealed an autocrine loop 

with a positive impact on re-epithelialization which is implicat-

ed in wound healing. Furthermore, Zhao et al. discovered that 

exosomes derived from human umbilical vein endothelial cells 

(HUVECs) could accelerate wound healing, both in vitro and 

in vivo, and promote the proliferation and migration of kerati-

nocytes and fibroblasts, two important types of effector cells for 

skin regeneration.
32

Atopic dermatitis 

Exosomes play a critical role in the pathogenesis of in-

flammatory and autoimmune cutaneous diseases. AD-MSCs can 

exert an important paracrine effect by secreting active soluble 

factors and exosomes that modulate inflammation and may thus 

be an option for treating atopic dermatitis. Cho et al. found 

that injection of ADSC-exos was able to improve atopic der-

matitis in mice treated with house dust mite antigens by re-

ducing serum levels of IgE, eosinophils, and pro-inflammatory 

cytokines such as IL-4, IL-23, IL-31 and TNF-α, thus improve 

pathological symptoms in AD skin lesions.
33

 Shin et al. found 

that, in an oxazolone-induced dermatitis model, subcutaneous 

injection of ADSC-exos markedly reduced transepidermal water 

loss, while also improving stratum corneum moisture and mark-

edly decreasing levels of inflammatory cytokines such as IL-4, 

IL- 5, IL-13, TNF-α, IFN-γ, IL-17 and thymic stromal lymph-

opoietin (TSLP), indicating that ASC-exos effectively restored 

the epidermal barrier functions in AD by promoting ceramide 

synthesis.
34

 

Psoriasis 

Psoriasis is at least partly attributable to immune system 

dysfunction; therefore, exosomes can act by modulating the pro-

duction of pro-psoriatic cytokines. Phospholipase A2 is highly 

overexpressed in psoriasis. It was recently discovered that mast 

cells produce exosomes containing phospholipase A2, generat-

ing neolipid antigens and leading to recognition by active CD1 

cells, which results in the production of interleukins IL-22 and 

IL-17, involved in the pathogenesis of psoriasis. Cutaneous T 

cells from patients with psoriasis were found to exhibit increased 

sensitivity to phospholipase A2 versus control T cells, suggesting 

that mast cell exosomes are important mediators in the patho-

genesis of psoriasis and that inhibition of phospholipase A and 

CD1 exosomes may be therapeutic strategies in psoriasis.
35

As targeted anti-IL-17 and anti-IL-23 therapies have 

proven effective in psoriasis, it can be assumed that manipulating 

the function of the exosomes of dendritic cells (which release 

IL-23, which in turn controls the release of IL-17 and IL-23) 17) 

may be a promising avenue to treat this common chronic disease. 

Along these lines, Jiang et al. demonstrated that exosomes isolat-

ed from psoriasis-like keratinocytes and treated with a “psoriatic 

cytokine cocktail” (IL-17A, IL-22 and TNF-α) are critical actors 

in the induction of psoriatic inflammation, through activation 

and infiltration of T cells and neutrophils. Increased expression 

of inflammatory cytokines (IL-6, IL-8 and TNF-α) has been 

reported after stimulation with keratinocyte-derived exosomes, 

suggesting that control of these Evs may have therapeutic poten-

tial to treat psoriasis.
36

Indeed, epidermal keratinocyte-derived exosomes have 

been found to exacerbate skin lesions in a psoriasis-like mouse 

model. Keratinocytes interact with infiltrating immune cells 

(such as neutrophils and mast cells) via exosomes, positively af-

fecting the epidermal microenvironment in psoriasis. Shao et 

al. found that exosomes secreted by neutrophils harvested from 

patients with generalized pustular psoriasis could be internalized 

by keratinocytes and increase the expression of inflammatory 

molecules in these keratinocytes via activation of signaling path-

ways, such as IL-1β, IL-36 G, IL-18, and TNF-α.
37

It has been demonstrated that IFN-γ can mediate exo-

some secretion in cells that play a critical role in the patho-
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genesis of psoriasis, activating innate and adoptive immune cells, 

such as dendritic cells, lymphocytes, neutrophils, NK cells and 

macrophages.
38

 Evidence further suggests that RNAs transport-

ed by exosomes play a critical role in regulating inflammatory 

responses against endotoxin and in several diseases, including 

psoriatic arthritis. A recent study showed that plasma exosomal 

microRNAs play a critical role in the pathogenesis of autoim-

mune diseases, including psoriasis, and can be used as biomarkers 

of disease or prognosis.
39

Nonmelanoma skin cancer

Exosomes play an important role in anti-skin can-

cer therapy. Zhao et al. reported that exosomes are critical to 

5-aminolevulinic acid photodynamic therapy (ALA-PDT) of 

cutaneous squamous cell carcinoma (SCC), as they mediate its 

antitumor action via induction of dendritic cell maturation and 

TGF-β1 fibroblast secretion, providing a new strategy for an-

titumor immune response.
40

 Chang et al. identified clustered 

exosomes from fibroblasts and keratinocytes in patients with 

basal cell carcinoma (BCC), demonstrating an increase in pro-

liferation, metabolic activity, migration, and invasion capacity of 

exosomes in patients with BCC compared to a control group 

without BCC.
41

Merkel cell carcinoma (MCC) is an aggressive cancer, 

with a poor prognosis, for which biomarkers to allow early de-

tection and assessment of treatment response are lacking. Kon-

stantinell et al. investigated exosomes from four different MCC 

cell lines and identified 164 common proteins, many of which 

were involved in tumor progression and metastasis, demonstrat-

ing the importance of obtaining information on the protein car-

go of exosomes and laying the foundation for identification of 

exosome proteins that might measured in biopsy specimens as 

prognostic and diagnostic biomarkers to assess the progression 

of MCC.
42

Melanoma 

Recently, the importance of melanoma-derived exo-

somes in the progression of this cancer has become more ev-

ident due to their role in various stages of metastasis, including 

induction of migration, invasion, primary niche manipulation, 

immune modulation, and pre-metastatic niche formation. In a 

review on the role of exosomes in melanoma progression, Isola 

et al. concluded that tumor-derived exosomes participate as cel-

lular messengers and are involved in several steps that are essen-

tial for successful metastasis. Some melanoma exosome-specific 

proteins found in patients’ circulating exosomes are now known 

to correlate with prognosis; this evidence shows the great poten-

tial of using exosomes to detect cancer and estimate prognosis. 

The field of research into the role of exosomes in cancer pro-

gression is expanding and being increasingly explored, as exo-

somes emerge both as a druggable target and as a tool to deliver 

anticancer drugs directly to tumors.
43

Disorders of pigmentation

Human keratinocytes release exosomes that modulate 

pigmentation. Exosomes transport specific RNAs to melano-

cytes and modulate pigmentation status by altering gene expres-

sion and tyrosinase activity. Thus, they can act both to inhibit 

and to stimulate melanogenesis. Kim et al. showed that kerati-

nocyte exosomes can inhibit melanogenesis by decreasing levels 

of microphthalmia-associated transcription factor – the main 

transcriptional regulator of melanogenesis – in melanocytes.
44

 

Lo Cicero et al. found that exosomes from UVB-stimulated 

keratinocytes increased tyrosinase activity in melanocytes. Fur-

thermore, transfection of melanocytes with keratinocyte-spe-

cific pre-mRNAs increases melanin production and microph-

thalmia-associated transcription factor gene expression. Thus, 

keratinocyte exosomes have roles in delivering RNA cargo to 

alter melanocyte pigment production in microphthalmia-associ-

ated transcription factor-dependent and microphthalmia-associ-

ated transcription factor-independent pathways.
5

Takano et al. found that exosomes from UVB-irradiat-

ed keratinocytes significantly activated melanocytes, suggesting 

quantitative changes in exosomes secreted by keratinocytes ho-

meostatically regulate human skin color development.
45

 Liu et 

al. also suggested that crosstalk between keratinocytes and me-

lanocytes in the epidermal melanin unit occurs via exosomal 

mRNAs, reporting that keratinocyte exosomes induced a signif-

icant decrease in melanin production and tyrosinase expression 

in melanocytes.
46

 Despite this evidence, additional studies of this 

nature are needed to gain insight into how exosomes can be 

used to manipulate pigmentation in hypo- and hyperpigmen-

tation disorders.

Systemic lupus erythematosus (SLE)

Circulating exosomes have been shown to be immuno-

logically active and their levels to correlate with disease activity 

in SLE patients. SLE exosomes mediate increased production 

of TNF-α, IL-1β, and IL-6, all of which may play a role in the 

inflammatory process of SLE.
47

 In a review on the role of exo-

somes in SLE, Fei et al. reported that exosomes play important 

roles in the occurrence and development of lupus via several 

molecular mechanisms that significantly mediate its progression. 

They further concluded that exosomes have attracted increasing 

attention from pharmacologists and drug developers as potential 

drug carriers, as it has been demonstrated that exosomes provide 

substantial benefits in the targeted delivery of drugs and biomol-

ecules, making them excellent candidates for the treatment of 

SLE and other autoimmune diseases.
48

Systemic sclerosis

Exosomes from patients with systemic sclerosis contain 

mRNAs with a profibrotic profile and induce a profibrotic phe-

notype in normal fibroblasts in vitro. Wermuth et al. discovered 

that serum exosomes from systemic sclerosis had profibrotic 

mRNAs. Exosomes isolated from patients with systemic sclero-

sis stimulated profibrotic gene expression (type 1 collagen and 
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fibronectin) in human dermal fibroblasts. Thus, exosomes are 

involved in the pathogenesis of systemic sclerosis and may be a 

promising therapeutic target.
49

Hair growth

Dermal papilla cells (DPCs) play an important role in 

hair follicle stem cell (HFSC) differentiation. In the resting phase, 

HFSCs are located in the bulge region of the follicles. During 

apoptosis of matrix cells, the dermal papilla (DP) migrates up-

ward and, upon reaching the bulge, releases signals that stimulate 

the differentiation of HFSCs and trigger follicle regeneration.
50

 

Exosomes play an important role in cell-to-cell communication. 

Research in mice has shown that DPC exosomes (DPC-exos) 

induce the anagen phase while delaying the catagen phase of hair 

follicle growth, producing longer hair strands and larger bulges, as 

well as improve outer root sheath cell proliferation and migration 

in vitro. These effects were found to be mediated by β-catenin 

and hedgehog signaling. These findings highlight a novel role for 

exosomes in regulating hair follicle growth and development and 

provide a potential avenue for treating hair loss.
52

Yan et al. showed that HFSC differentiation could be 

induced by culturing DPCs with DPC-exos coupled to the 

surface of the HFSCs. Using high-throughput micro RNA 

(miRNA) sequencing, 111 miRNAs were identified that were 

significantly differentially expressed between DPC-exos and 

DPCs, and the predicted target genes of the top 34 differen-

tially expressed miRNAs suggested that DPC-exos regulate the 

proliferation and differentiation of HFSCs via genes involved in 

cellular signal transduction, regulation of fatty acid expression, 

and cell-to-cell communication.
53

A recent study by Wang et al. evaluated the use of DPC-

exos in the treatment of male pattern baldness in an animal mod-

el. The results showed significant hair regeneration in the group 

treated with DPC-exos, which probably activated VEGF and 

AKT1 expression, protecting DPCs and restoring hair growth.
54

Exosomes and rejuvenation

Skin aging is a complex mechanism that involves intrin-

sic and extrinsic processes, which manifest clinically as loss of 

epidermal and dermal thickness, deepening of rhytids, enlarge-

ment of pores, depigmentation, and decreased soft-tissue elastic-

ity. This is a multifactorial process, but one key component – the 

senescence of vitally important cells such as keratinocytes, fibro-

blasts, and melanocytes – is believed to be mediated by miRNA 

dysregulation. Consequently, structural and functional changes 

occur in the extracellular matrix, such as a decrease in the orga-

nization and production of collagen, elastin, and proteoglycans, 

all of which are necessary for the tensile strength, elasticity, and 

moisture of young skin. Many factors are known to exacerbate 

aging, including oxidative stress, DNA damage, telomere short-

ening, miRNA regulation, accumulation of advanced glycation 

end products, genetic mutations, and inflammation. Exosomes 

are believed to act mainly on oxidative stress and inflammatory 

pathways, impacting both the extracellular matrix and collagen.
55

The potential therapeutic utility of exosomes has in-

creased interest in the proliferation of fibroblasts and stimulation 

of their migration. In vitro and in vivo studies with UVB pho-

toaging models showed that exosome treatment protects cells 

from UVB damage by decreasing proinflammatory mediators 

such as tumor necrosis factor alpha (TNF-α), while upregulating 

TGF-β and tissue inhibitor MMP (TIMP).
56

 These mechanisms 

lead to the reversal of senescence in fibroblasts, upregulating 

the production of type I collagen, elastin, and fibronectin, and 

downregulating expression of type III collagen.
57

Guo et al. successfully isolated ADSC-exos and found 

they were able to attenuate the senescence of human dermal 

fibroblasts (HDFs) and stimulate HDF migration. In addition, 

the ADSC-exos increased expression of type I collagen and re-

duced reactive oxygen species (ROS) and senescence-associat-

ed β-galactosidase (SA-β-Gal) activity in HDFs. They further 

demonstrated that ADSC-exos inhibited expression of senes-

cence-related proteins (p53, p21, and p16). These broad anti-se-

nescence effects of ADSC-exos in HDFs may herald a new cell-

free antiaging strategy.
58

Oh et al. showed that exosomes derived from human 

pluripotent stem cells inhibit UVB damage to dermal fibroblasts 

and overexpression of matrix-degrading enzymes, in addition to 

restoring the expression of type I collagen in senescent dermal 

fibroblasts, suggesting therapeutic potential in rejuvenation.
56

Recent studies evaluating topical exosomes in conjunc-

tion with nonsurgical facial treatments have demonstrated syn-

ergistic effects.
59,60

 Chernoff found that combining topical exo-

somes with facial microneedling produced greater skin quality, 

tone, texture, vascularity, clarity, and overall patient satisfaction 

compared to microneedling alone.
59

 Duncan added topical exo-

somes after facial rejuvenation procedures such as laser resurfac-

ing and found faster recovery and fewer side effects compared to 

resurfacing alone.
60

CONCLUSION
Exosomes play a key role in skin physiology, skin diseases, 

and rejuvenation. Although research and scientific evidence are 

still recent, their importance in Dermatology has been consol-

idated. In this sense, exosomes represent a new perspective that 

encompasses cellular and molecular mechanisms involved in skin 

processes and provides the possibility of revolutionary therapies 

in the near future. l
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