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Abstract

Scar formation remains a significant limitation in conventional wound care, often leading to functional impairment and aesthetic
concerns. In recent years, exosome-based therapies have emerged as a novel regenerative strategy capable of accelerating wound
healing while reducing fibrosis. Nanosized extracellular vesicles derived from sources such as mesenchymal stem cells, adipose
tissue, and platelets, carry bioactive molecules that regulate inflammation, stimulate angiogenesis, and remodel the extracellular
matrix. Preclinical and clinical evidence increasingly supports their potential to facilitate scar-free skin regeneration. This review
highlights the therapeutic applications, clinical advancements, and emerging trends in exosome-based wound healing strategies.
It also examines current challenges — including scalability, regulatory approval, and delivery methods — and proposes future directions
to enhance clinical translation.
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Pezrome

O0pasoBanue pyOIOBOIl TKAHH OCTAETCS CYIIECTBCHHBIM OIPAHUUCHUEM TPAAMIMOHHBIX METOJIOB JICUCHHUS PaH, HEPEIKO MPUBOAS-
UM K (DYHKIHOHAIBHBIM HAPYIICHHSAM M 3CTETHICCKUM JedekTaMm. B mocnemanue roasl 9k30coMaibHas Tepanusi pacCMaTpHBACTCSI
KaK HOBasi pereHepaTUBHasl CTPATErusl, CIIOCOOHAs YCKOPSATh 3aKUBJICHHE PaH M CHW)KATh YPOBeHb GopMupoBanus ¢pudposa. HaHo-
JaCTHUIIBI BHEKJIETOUHBIX BE3HKYJI, HOIYYCHHBIE 3 ME3EHXHMAaJIbHBIX CTBOJIOBBIX KIIETOK, JKHPOBOW TKaHU U TPOMOOIIMTOB COIEpIKAT
OHMOJIOrMYECKH AKTHBHBIC MOJICKYIIbI, PErYJIUPYIOIIME BOCTAIUTEIbHBIC MPOLECCHl, CTUMYIUPYIOIINE aHTHOTEHE3 M CIIOCOOCTBY-
IOLINE PEMOACIUPOBAHHIO BHEKICTOYHOIO MarpuKkca. Pe3ynbTaThl JOKIMHHYECKUX W KIIMHUYECKUX HMCCIICIOBAaHUI BCE yalle Moj-
TBEPIKIAIOT MOTESHIINAIT YK30COMABHOM Tepanuy B CTUMYIMPOBAHNH 0e3pyOII0BOi pereHeparin KOxXH.

Hacrosiiuii 0030p HampaslieH Ha U3ydeHHE TePaeBTHYSCKUX IPUMEHEHHH, KITMHUYECKUX JOCTH)KEHUH ¥ HOBBIX TEHICHIMI B 00-
JIACTH 9K30COMAIIBHBIX TEXHOJIOTHH KOXKHOM pereHepanuu. Taxike paccMaTpUBaIOTCS TEKYIIUE TPYIHOCTH — BKIIFOYAsi MacIITadupye-
MOCTb IPOU3BOJICTBA, BOIIPOCH HOPMATHBHOTO PErYJIMPOBAHUS M CIIOCOOBI IOCTABKH — MPEAIAraloTCst BOSMOKHBIC TTYTH LISl yCKOpe-
HUS BHEPCHUSI B KIIMHHIECKYIO PAKTHKY.

Knrouesvie cnosa: 3K30COMBI, pereHepaliyis KOXH, 0e3pyOI0BOe 3a)KHUBICHHE, OSCKICTOUHAsI Teparusi, KIHHUYECKOe MPUMEHEHHUE,
pereHepaTUBHas MEAULITHA

Humuposams: Jcxannap K. Dx3ocomanbHas Tepanus 1uist 0e3pyOII0BOT0 BOCCTAHOBICHHUS KOKU: KIMHUYIECKOE MPUMEHEHNE U HO-
BbIC TeHJICHUUH. MHHOBayuoHHas meouyuna Kyoanu. 2025;10(4):121-128. https://doi.org/10.35401/2541-9897-2025-10-4-121-128
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Introduction

Wound healing is a complex biological process in-
volving coordinated phases: hemostasis, inflammation,
proliferation, and remodeling. Although these phases
typically restore skin integrity, they often result in fibrotic
scar formation that can impair both tissue function and
cosmetic appearance.'? Despite advancements in surgical
techniques and regenerative biomaterials, current wound
care approaches primarily focus on symptom manage-
ment rather than true tissue regeneration.

One of the most promising frontiers in regenerative
medicine is harnessing the therapeutic potential of exo-
somes—nanosized extracellular vesicles secreted by vari-
ous cell types. Exosomes carry a diverse cargo of signa-
ling molecules, including microRNAs, growth factors, and
proteins, which can modulate cellular communication
and reprogram the wound microenvironment.® As part of
the broader stem cell secretome, exosomes are believed
to mediate many of the paracrine regenerative effects pre-
viously attributed to stem cells .*

Unlike cell-based therapies, exosome-based treatments
offer unique advantages: lower immunogenicity, enhanced
biocompatibility, and scalability as off-the-shelf products.
Preclinical models have demonstrated that exosomes
can accelerate wound closure, improve vascularization,
reduce inflammation, and significantly minimize scar
formation.’ These findings have fueled growing interest
in their clinical application across diverse wound types,
including chronic diabetic ulcers, burns, and post-surgical
wounds.

This review provides a comprehensive overview of
exosome-based therapeutic strategies for scar-free skin
regeneration. We examine key sources of exosomes,
highlight preclinical and clinical evidence of efficacy,
compare their advantages over traditional treatments, and
discuss ongoing challenges in clinical translation and
regulation.

Methods

Search Strategy

This review was conducted in accordance with PRIS-
MA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines to ensure transparency
and methodological rigor. A comprehensive literature
search was performed across four major databases—
PubMed, Scopus, Web of Science, and Google Scholar—
to identify recent studies on the clinical and translational
application of exosomes in wound healing and scar-free
skin regeneration. The search included articles published
between January 2021 and March 2025.

Keywords and Medical Subject Headings (MeSH)
terms included: “Exosomes”, “Wound Healing”, “Skin
Regeneration”, “Extracellular Vesicles”, “Therapeutic
Application”, “Stem Cell-Derived Exosomes”, “Platelet-
Derived Exosomes”, “Clinical Trials”, and “Scar-Free
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Healing”. Boolean operators (AND, OR) were applied to
ensure comprehensive coverage. Only peer-reviewed ar-
ticles published in English were included.

Study Selection

Inclusion criteria:

 Peer-reviewed studies published in English

* Focus on therapeutic use of exosomes for wound
healing and scar-free skin regeneration

* Clinical trials, preclinical studies, translational re-
search, and systematic reviews with therapeutic relevance

* Published between 2021 and 2025

Exclusion criteria:

1. Non-peer-reviewed or opinion-based articles (e.g.,
editorials, letters, abstracts)

2. Studies focused exclusively on exosome biology
without therapeutic application

3. Articles lacking clear methodological details or
with unresolved quality concerns

4. Reviews not focused on regenerative skin therapies

Screening Process

From the initial 124 records identified, 94 unique articles
remained after duplicates were removed using EndNote and
Mendeley. Screening was conducted in two phases:

1. Title and Abstract Screening for therapeutic rel-
evance and quality

2. Full-Text Review against inclusion and exclusion
criteria

Following this, 67 studies were included in the final
review.

Data Extraction

A standardized data extraction form was used to collect:

» Study characteristics: authorship, publication year,
design, and geographic origin

» Exosome sources: cell types (e.g., MSCs, ASCs,
platelets), and isolation techniques

* Application type: wound models (e.g., diabetic
wounds, burns), delivery methods (topical, injectable, scaf-
fold-based)

* Therapeutic outcomes: healing rate, angiogenesis,
collagen remodeling scar reduction

» Challenges and limitations: immunogenicity, dos-
age control, scalability, regulatory status

Two independent reviewers extracted and verified the
data. Discrepancies were resolved by consensus.

Quality Assessment

The Joanna Briggs Institute (JBI) Critical Appraisal
Tools were used to assess study quality. Criteria included
methodological clarity, data robustness, risk of bias, and
reproducibility. All included studies met high standards
of scientific validity.

Data Synthesis

Due to variation in models, exosome types, and deliv-
ery methods, a narrative synthesis approach was adopted.
Findings were thematically categorized into:

* Sources of therapeutic exosomes
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* Preclinical and clinical evidence

» Advantages over traditional wound therapies

* Challenges in translation to clinical use

A PRISMA flowchart (Figure 1) visually outlines the
article selection process.

Sources of Exosomes for Wound Healing Therapies

Exosomes are nanoscale extracellular vesicles secret-
ed by various cell types that have attracted significant at-
tention for their potential applications in wound healing
therapies. Their ability to transfer bioactive molecules
such as proteins, lipids, and nucleic acids to recipient cells
positions them as pivotal mediators in tissue regeneration
processes.’ Identifying optimal cellular sources for exo-
some production is crucial for developing effective thera-
peutic approaches.

Mesenchymal stem cells (MSCs) are among the most
extensively studied sources of exosomes for regenerative
medicine. MSCs can be isolated from various tissues, in-
cluding bone marrow, adipose tissue, and umbilical cord
blood.® Exosomes derived from MSCs have demonstrated
remarkable potential in modulating inflammation, pro-
moting angiogenesis, and enhancing tissue repair. For
instance, MSC-derived exosomes contain growth factors
such as vascular endothelial growth factor (VEGF) and
transforming growth factor-beta (TGF-f), which are in-
strumental in wound healing processes.”® Moreover, these
exosomes carry microRNAs that regulate gene expression
in recipient cells, thereby influencing cellular behaviors
essential for tissue regeneration. The therapeutic efficacy
of MSC-derived exosomes has been validated in various

Records identified through

|dentification database searching: 124

preclinical models, highlighting their promise for clinical
applications.*!?

Adipose-derived stem cells (ADSCs) represent another
valuable source of exosomes for wound healing therapies.
ADSCs are abundant and easily accessible, making them
an attractive option for autologous treatments.!! Exo-
somes derived from ADSCs have been shown to enhance
collagen synthesis, accelerate re-epithelialization, and
improve wound closure rates. The cargo of ASC-derived
exosomes contains cytokines and growth factors that syn-
ergistically promote tissue repair .'>!* Additionally, their
anti-inflammatory properties contribute to establishing
a favorable healing environment, thereby reducing the
risk of chronic wound development.'*

Platelet-derived exosomes have emerged as a prom-
ising therapeutic approach in wound management.
Platelets are traditionally known for their role in hemo-
stasis, they also secrete exosomes enriched with growth
factors like platelet-derived growth factor (PDGF) and
insulin-like growth factor-1 (IGF-1).!" These exosomes
promote cellular proliferation, migration, and angiogen-
esis, all critical components of effective wound heal-
ing. Clinical studies have investigated the application
of platelet-derived exosomes in treatment of various
conditions, including skin rejuvenation and chronic
wounds, with promising outcomes.'® For instance, Rion
Aesthetics has developed a platelet-derived exosome
serum that has demonstrated improvements in skin tex-
ture and redness, suggesting potential applications in
wound healing ."”

Records after duplicates
removed: 94

Records screened: 94

Records excluded: 17

Eligibility

Full-text articles assessed
for eligibility: 77

Full-text articles excluded: 10
(reasons: not meeting inclusion

criteria, insufficient data,
not relevant to the Exosume-
Based Therapies and their

Studies included
in qualitative synthesis: 67

clinical applications)

Figure. PRISMA flow diagram
Pucynox. brox-cxema PRISMA
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Skin fibroblasts, the primary cells responsible for ex-
tracellular matrix production, also serve as a source of
exosomes with regenerative potential. Fibroblast-derived
exosomes contain matrix metalloproteinases (MMPs) and
their inhibitors, which are crucial for balanced matrix re-
modeling during wound healing.'®" By modulating the
activity of these enzymes, fibroblast-derived exosomes
can influence scar formation and tissue elasticity, contrib-
uting to improved healing outcomes.?® Their role in in-
tercellular communication within the dermal layer high-
lights their significance in maintaining skin integrity and
facilitating repair mechanisms.*!

Beyond these primary sources, other cell types have
been investigated for their exosome production capabili-
ties and therapeutic potential. For instance, exosomes de-
rived from oral keratinocytes have been demonstrated to
accelerate wound healing, even when applied across spe-
cies barriers, such as human exosomes promoting healing
in rat models.?* This finding suggests a conserved mecha-
nism of action and broad applicability in regenerative
medicine. Additionally, exosomes from endothelial cells
and immune cells, including dendritic cells are being ex-
plored for their roles in angiogenesis and immune modu-
lation, respectively, increasing the diversity of exosome
sources for therapeutic applications.?

The selection of an appropriate exosome source for
wound healing therapies depends on various factors,
including specific wound characteristics, patient condi-
tion, and scalability of exosome production.” Autologous
sources, such as patient-derived MSCs or ASDCs, offer
the advantages including reduced immunogenicity and
potential for personalized treatment approaches. Howev-
er, allogeneic sources are also under considered, especial-
ly when rapid treatment initiation is required and donor
cells are readily available.?*** Standardization of isolation
and purification methods is essential to ensure the consis-
tency, safety, and efficacy of exosome-based therapies.*

Preclinical and Clinical Evidence on Exosome-
Based Wound Healing

Exosome-based therapies have garnered considerable
attention in recent years due to their potential to enhance
wound healing process. Extensive preclinical studies have
demonstrated that exosomes can positively influence vari-
ous phases of wound healing by modulating inflammation,
promoting angiogenesis, and facilitating tissue regenera-
tion.”” For instance, exosomes derived from MSCs have
been shown to stimulate fibroblast proliferation, migration,
and collagen synthesis, which are essential for effective
wound repair.® Similarly, exosomes from ADSCs have
demonstrated pro-angiogenic properties by delivering reg-
ulatory factors to endothelial cells.’ These findings high-
light the therapeutic potential of exosomes to modulate key
cellular processes involved in tissue regeneration.

In diabetic wound models, which present particular
challenges due to impaired healing processes, exosome-
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based therapies have demonstrated promising results.
For example, exosomes derived from induced pluripotent
stem cells (iPSCs) have been shown to enhance wound
closure by stimulating dermal fibroblast proliferation and
migration.®?® Similarly, exosomes containing microR-
NA-221-3p from endothelial progenitor cells promoted
skin wound healing in diabetic mice by modulating the
AGE-RAGE signaling pathway, regulating the cell cycle,
and influencing the p53 pathway.’!

The application of bioengineered MSC-derived exo-
somes has also been investigated to enhance therapeutic
efficacy. By modifying exosomes or combining them with
biomaterials, researchers aim to increase dosage, achieve
sustained release, and target specific stages of the healing
process.*> These bioengineering strategies have demon-
strated improved regenerative efficiency in skin wound
repair and tissue regeneration.

Despite promising preclinical data, translating exo-
some-based therapies into clinical practice remains chal-
lenging. A significant hurdle is the lack of standardized
methods for exosome isolation and purification .** Vari-
ability in these protocols can lead to inconsistencies in
exosome preparations, impacting their therapeutic effi-
cacy and safety. Furthermore, the scalability of exosome
production remains a concern, as large quantities are re-
quired for clinical applications.**

Another critical issue is the potential immunogenic-
ity of exosome-based therapies. While autologous exo-
somes are less likely to trigger immune responses, allo-
geneic exosomes may carry risks of immunogenicity and
pathogen transmission. Therefore, rigorous screening and
characterization of exosome preparations are essential to
mitigate these risks.>>*

The route of administration and delivery methods also
influence the therapeutic outcomes of exosome-based
treatments. Topical application, subcutaneous injection,
and incorporation into biomaterial-based dressings are
among the strategies explored.’” Each method presents its
advantages and limitations, and optimizing these deliv-
ery systems is crucial to maximize therapeutic efficacy.
Regulatory considerations further complicate the clini-
cal translation of exosome therapies.*® As relatively new
therapeutic agents, exosomes face an evolving regulatory
landscape. Establishing clear guidelines for their classifi-
cation, manufacturing, quality control, and clinical appli-
cation is imperative to ensure patient safety and treatment
efficacy.”

Advantages of Exosome Therapy Over Conventional
Treatments

Exosome therapy has emerged as a cutting-edge ap-
proach in regenerative medicine, offering distinct advan-
tages over traditional wound healing treatments such as
growth factor therapies and skin grafts.?* One of the most
significant benefits of exosome therapy is its inherent
biocompatibility and reduced risk of immune rejection.
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Exosomes are naturally occurring extracellular vesicles
secreted by various cell types, including MSCs, and play
a pivotal role in intercellular communication by trans-
porting bioactive molecules such as proteins, lipids, and
nucleic acids.**#! Their endogenous origin contributes to
high biocompatibility, minimizing the likelihood of elicit-
ing adverse immune responses upon administration. This
characteristic is particularly advantageous compared to
traditional treatments like allogeneic skin grafts, which
often face challenges related to immune compatibility
and potential rejection, necessitating immunosuppressive
therapy that carries its own risks and complications.*>*

Another notable advantage of exosome therapy is its po-
tential for off-the-shelf, personalized treatments. Exosomes
can be isolated from various cell sources, including MSCs,
and stored for extended periods without significant loss of
therapeutic efficacy.* This facilitates the development of
readily available therapeutic products that can be tailored
to individual patient needs, enhancing the precision and ef-
fectiveness of wound healing interventions.* In contrast,
growth factor therapies typically involve the administration
of single or limited growth factors, which may not fully
replicate the complex signaling required for optimal wound
healing.* Furthermore, the use of recombinant growth fac-
tors is associated with high costs and limited shelf life, pos-
ing practical challenges in clinical application.?’

Furthermore, exosomes have demonstrated superior
therapeutic properties compared to traditional methods.
They facilitate angiogenesis, enhance cell proliferation,
and modulate inflammatory responses, all of which are
essential processes for effective wound healing.*® These
multifaceted capabilities enable exosomes to address var-
ious phases of the healing process simultaneously, poten-
tially resulting in faster and more complete recovery.” In
contrast, skin grafts, while effective in providing coverage
for extensive wounds, present certain limitations. Autolo-
gous grafts require the harvesting skin from the patient,
which can lead to additional wounds and potential donor
site morbidity.*® Allogeneic grafts carry risks of immune
rejection and disease transmission. Exosome therapy
eliminates these concerns by offering a cell-free alterna-
tive that harnesses the regenerative potential of stem cells
without necessitating direct cell transplantation.”!

Moreover, exosome therapy has demonstrated prom-
ise in enhancing the healing of chronic wounds, which
are often refractory to conventional treatments. By modu-
lating the wound microenvironment and promoting tissue
regeneration, exosomes offer a novel approach to manag-
ing these challenging cases.*? The versatility of exosomes
is additionally demonstrated by their exploration as vac-
cine platforms, particularly for infectious diseases such
as COVID-19.

Challenges and future directions

The therapeutic potential of exosomes in regenera-
tive medicine and targeted drug delivery has garnered

significant attention in recent years. However, several
challenges must be addressed to fully realize their clini-
cal applications.™ One primary concern is the standard-
ization of exosome production and purification methods.
Exosomes are small extracellular vesicles secreted by
various cell types that play crucial roles in intercellular
communication by transporting biomolecules such as
proteins, lipids, and nucleic acids.>* Their inherent prop-
erties, including biocompatibility and the ability to cross
biological barriers, make them attractive candidates for
therapeutic applications.”® However, due to their small
size (30-150 nm) and presence in various biological flu-
ids, challenges related to isolation, purification, and drug
loading efficiency persist.® To overcome these chal-
lenges, researchers are exploring the development of
exosome-like nanovesicles (ELNs) or artificial exosomes,
which can be engineered to enhance stability, targeting
ability, and therapeutic payload capacity.’’

Scalability and cost-effectiveness are additional con-
siderations in the development of exosome-based treat-
ments. The complexity of exosome isolation and puri-
fication processes can impede large-scale production,
limiting the feasibility of widespread clinical applica-
tion.® Advancements in bioengineering have facilitated
the development of synthetic exosomes or exosome-
mimetic nanovesicles, which can be tailored to possess
specific properties and functionalities.” These engineered
vesicles offer advantages, including enhanced stability,
targeted delivery, and the ability to carry a higher thera-
peutic payload. By customizing the content and surface
characteristics of these vesicles, researchers aim to en-
hance the precision and efficacy of treatments for range
of medical conditions, including cancer and neurodegen-
erative diseases.®¢!

Regulatory and safety considerations are paramount
when translating exosome-based therapies into clinical
settings. The inherent biocompatibility of exosomes, at-
tributed to their natural occurrence in the human body,
suggests a lower risk of eliciting adverse immune re-
sponses.®? Nonetheless, comprehensive evaluations of
their safety are essential to identify potential risks asso-
ciated with their clinical use. Clinical trials investigating
exosome-based therapies for conditions such as low back
pain have demonstrated promising results, but further
studies are required to validate their efficacy and safe-
ty, 6364

Looking ahead, the development of bioengineered or
synthetic exosomes holds promise for enhancing thera-
peutic efficacy. By manipulating the structure and con-
tent of exosomes, researchers can design vesicles with
improved targeting capabilities and therapeutic poten-
tial.® For instance, exosomes can be engineered to ex-
press specific proteins or peptides on their surface, facili-
tating targeted delivery to particular cell types or tissues.
Moreover, loading exosomes with therapeutic agents such
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as drugs, RNA, or proteins can enhance their ability to
modulate disease processes.®®” These advancements may
pave the way for more effective treatments across the
range of diseases, including cancer, where targeted deliv-
ery of chemotherapeutic agents remains a crucial thera-
peutic objective.

Conclusions

Exosome-based therapies represent a promising
frontier in regenerative medicine, offering a cell-free ap-
proach to enhance wound healing and achieve scar-free
skin regeneration. Through their ability to modulate in-
flammation, stimulate angiogenesis, and remodel tissue
by means of targeted delivery of bioactive molecules,
exosomes have demonstrated superior efficacy compared
to conventional treatments in both preclinical and early
clinical studies. Nonetheless, the successful translation
of these findings into widespread clinical application re-
quires overcoming challenges related to standardization,
scalability, delivery strategies, and regulatory approval.
A combination of ongoing bioengineering progress, cross-
disciplinary collaboration, and rigorous clinical valida-
tion will be crucial to realize the full therapeutic potential
of exosomes in modern wound healing.
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