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such as growth factors, cytokines, and microRNAs, that regulate key
cellular processes, including proliferation, differentiation, and sig-
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Methods: A comprehensive literature search was conducted using
databases including MEDLINE, PubMed and Ovid databases for rel-
evant studies published on clinical trials, diagnosis and treatment.
Some papers were further reviewed using a double-blinding ap-
proach, sample size, control usage, randomization usage and objec-
tive endpoint measurements. All studies were classified according
to the Oxford Center for evidence-based medicine evidence hierar-
chy.
Results:  Preclinical studies demonstrate that exosomes derived
from mesenchymal stem cells (MSCs), adipose stem cells (ASCs),
dermal papilla cells (DPCs) and plant sources enhance dermal
papilla cell (DPC) proliferation, activate signaling pathways such
as Wnt/B-catenin, VEGF, and PI3K/AKT, and promote the transi-
tion of hair follicles from the telogen to anagen phase. Clinical
data, although limited, show promising results, with improvements
in hair density, thickness, and follicular health. Systematic reviews
and case series have highlighted the favorable safety profile of
exosome-based therapies, with minimal adverse effects reported.
Conclusion: Exosome therapy is a promising, minimally invasive
approach for AGA, AA, and CIA, supported by robust preclinical
biology but preliminary and heterogeneous clinical data. Progress
to routine practice will require adequately powered, multicenter
randomized trials with standardized outcomes, along with harmo-
nized manufacturing and regulatory frameworks (GMP-compliant
production, batch-level quality control) to ensure reproducibility
and safety.
© 2025 The Authors. Published by Elsevier Ltd on behalf of British
Association of Plastic, Reconstructive and Aesthetic Surgeons. This
is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/)

Introduction

Hair loss disorders—including androgenetic alopecia (AGA), alopecia areata (AA), and
chemotherapy-induced alopecia (CIA)—are common and psychologically burdensome conditions.!—3
Standard options such as topical minoxidil, oral finasteride, platelet-rich plasma (PRP), and hair
transplantation offer variable efficacy, durability, and tolerability,*® prompting interest in minimally
invasive alternatives.

Exosomes—nano-sized extracellular vesicles that mediate intercellular communication—carry pro-
teins, cytokines, growth factors, lipids, and nucleic acids that modulate repair pathways in skin
and hair.®-"" In trichology, exosomes stimulate dermal papilla cell activity, angiogenesis, and
follicle cycling,'? engaging Wnt/B-catenin, VEGF, and PI3K/AKT signaling’>-'> and counteracting
dihydrotestosterone-mediated inhibition.'® Early clinical reports show improvements in hair density
and thickness with favorable safety, and combination approaches (e.g., with low-level laser therapy)
may augment outcomes.!”+18

This review synthesizes preclinical and clinical evidence on exosome-based therapies for alopecia,
outlines mechanistic underpinnings, and highlights limitations in isolation, characterization, and de-
livery protocols that currently impede standardization—thereby defining priorities for future trials and
clinical translation.

568


http://creativecommons.org/licenses/by/4.0/

K.W.A. Lee, O. Sydorchuk, J.K. Song et al. JPRAS Open 48 (2026) 567-584
Materials and methods
Study design and scope

This work is a narrative review that incorporated structured database searches and qualitative syn-
thesis. We summarized preclinical (in vitro/in vivo) and clinical evidence on exosome-based therapies
for hair loss (androgenetic alopecia, alopecia areata, chemotherapy-induced alopecia), with results pre-
sented in separate subsections to preserve the evidence hierarchy. No quantitative meta-analysis was
performed.

Data sources and search strategy

Searches were conducted in MEDLINE (via PubMed), Embase (via Ovid), Web of Science Core Col-
lection, and Cochrane CENTRAL, from database inception to 31 August 2025. We used controlled vo-
cabulary (MeSH/Emtree) and free-text terms combining exosome concepts with trichology terms:

(“exosome*” OR “extracellular vesicle*” OR “small extracellular vesicle*” OR “sEV*”) AND (hair OR
alopecia OR trichology OR “dermal papilla”).

Reference lists of included articles and relevant reviews were hand-searched to identify additional
records.

Eligibility criteria

We included original preclinical studies (cellular/animal) and clinical studies (randomized or non-
randomized trials, prospective/retrospective cohorts, case series, case reports) evaluating exosome-
based or exosome-enriched small extracellular vesicle interventions for hair disorders with efficacy
and/or safety outcomes. Exclusion criteria were: non-hair indications, non-original articles (narrative
reviews, editorials, letters without primary data), conference abstracts without sufficient data, dupli-
cate publications, and studies lacking exosome-related interventions. When studies used differing ter-
minology (e.g., “exosomes,” “EVs,” “sEVs”), we retained the authors’ wording but treated them under
the umbrella of exosome-enriched small EV preparations for synthesis.

Screening and selection

Two reviewers independently screened titles/abstracts and then full texts for eligibility; disagree-
ments were resolved by discussion.

Data extraction

From each eligible study we extracted: study design, population and alopecia subtype, sample size,
exosome source (e.g., MSC/ADSC/DPC, platelet-derived), isolation/characterization methods (when re-
ported), dose and delivery (injection/topical; schedule), comparator (if any), follow-up duration, pri-
mary efficacy endpoints (e.g., hair density/thickness, anagen/telogen ratio), key mechanistic readouts
(e.g., Wnt/B-catenin, PI3K/AKT, VEGF), and safety/adverse events. Clinical studies were summarized in
a descriptive table (see Table 1).

Appraisal and evidence hierarchy

We qualitatively appraised design features relevant to internal validity (randomization, blinding,
control use, objective endpoint assessment, sample size) and classified each clinical study using the
Oxford Centre for Evidence-Based Medicine levels of evidence. Preclinical and clinical evidence are
synthesized separately to maintain hierarchy and avoid conflation.
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Table 1
Summary of clinical studies on exosome-based therapies for hair loss.
Study (Year) Design/Oxford level N (Patients)  Condition Exosome source Delivery method Follow-up Key outcomes Adverse events
Wan et al., 20239 Prospective cohort 72 AGA ADSC-derived Scalp injection 6 mo fMHair density & Mild erythema
(1Ib) thickness; improved
follicular cycling
Park et al., 2024*° Retrospective (IV) 39 AGA | AA ADSC-derived Injection 6 mo 1 Density & thickness None
Amini et al., 20242 Randomized controlled 40 AGA Plant-derived Topical 24 wk 1 Hair density vs None
(Ib) exosomes placebo
Lee et al., 2024°> Prospective (IIb) 58 AGA ADSC-derived Injection 6 mo 1 Density, thickness, None
satisfaction
Ersan et al.,, 2023%° Prospective (IIlc) 26 AGA MSC-derived Injection 6 mo 1 Density, thickness None
None
Norooznezhad et al., Case report (IV) 1 CIA MSC-derived Injection 6 mo Hair regrowth, None
2023% EV-enriched restored coverage
Hassan et al., 2022%° Case series (IV) 12 AGA MSC-derived Injection vs PRP 3-6 mo Exosome > PRP for Mild edema
density & durability
Mirzadeh et al., 2024'8  Case series (IV) 10 AGA Autologous Injection + LLLT 12 wk Synergistic None
plasma-derived improvement vs single
modality
Chen et al., 202326 Case series (IV) 5 ATN MSC-derived Injection 12 wk 1 Hair strength & None
texture

Abbreviations: AGA, androgenetic alopecia; AA, alopecia areata; CIA, chemotherapy-induced alopecia; ATN, acquired trichorrhexis nodosa; MSC, mesenchymal stem cell; ADSC, adipose-
derived stem cell; PRP, platelet-rich plasma; LLLT, low-level laser therapy; EV, extracellular vesicle.
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Language and publication restrictions

Searches were limited to English-language publications. A total of (N_nonEnglish_excluded) non-
English records were identified but excluded due to feasibility constraints; their titles/abstracts did
not alter the thematic conclusions.

Synthesis approach

Given heterogeneity in exosome sources, isolation/characterization methods, dosing, delivery
routes, endpoints, and follow-up, we performed a qualitative, narrative synthesis without pooled ef-
fect estimates. Where feasible, we highlight convergent mechanistic pathways and summarize clinical
outcomes descriptively.

Protocol and ethics

As a narrative review of published data, this study was not registered and did not require institu-
tional ethics approval.

Result

A total of 734 records were retrieved, of which 328 were screened and 42 studies were included
for qualitative synthesis. To maintain evidence hierarchy and readability, we summarize individual
studies with their design and Oxford level; a descriptive summary of clinical studies (study design,
sample size, exosome source, delivery, follow-up, outcomes, adverse events, Oxford level) is provided
in Table 1.

Queen et al.?’ review clinical studies on the use of exosomes for treating hair loss, particularly
androgenetic alopecia and alopecia areata. It summarizes evidence from recent clinical studies, noting
that most trials report positive outcomes with minimal adverse effects. However, the authors em-
phasize significant gaps, such as small sample sizes, short follow-up periods, and variability in exo-
some preparation methods. They also discuss the lack of standardization in treatment protocols and
the need for long-term safety data. The authors conclude that while exosome therapy is a promis-
ing treatment for hair loss, more rigorous, large-scale randomized controlled trials are necessary to
validate its efficacy (Level Illa).

Wan and colleagues'® conducted a prospective study evaluating the efficacy of exosome therapy
for androgenetic alopecia. In this study, 72 patients underwent scalp injections of exosomes derived
from adipose-derived stem cells. Over a 6-month follow-up period, significant improvements in hair
density, thickness, and scalp coverage were observed, as measured through trichoscopic analysis and
standardized photographs. Patient-reported outcomes also indicated high satisfaction with the treat-
ment. The authors proposed that exosomes act by delivering growth factors and signaling molecules,
such as VEGF and Wnt proteins, to hair follicles, enhancing follicular regeneration and reducing minia-
turization. Adverse effects were minimal, limited to mild erythema and transient discomfort at the
injection sites. This study supports exosome therapy as a safe and effective non-surgical option for
AGA management (Level IIb).

Schaffer et al.”® conducted a scoping review to evaluate the applications of exosome-based ther-
apies for hair loss across various conditions, including androgenetic alopecia, alopecia areata, and
chemotherapy-induced alopecia. The review synthesized findings from preclinical and clinical studies,
highlighting the mechanisms through which exosomes derived from sources such as adipose-derived
stem cells, dermal papilla cells, and platelet-rich plasma exert their effects. These mechanisms include
enhancing dermal papilla cell proliferation, modulating immune responses, reducing oxidative stress,
and activating key pathways like Wnt/B-catenin and VEGF signaling. The review also addressed chal-
lenges in exosome delivery, such as optimizing dosing, injection protocols, and scalability for clinical
use. Overall, the authors concluded that exosome therapy holds significant promise as a non-invasive,
regenerative treatment for hair loss, though further large-scale, randomized clinical trials are needed
to establish safety, efficacy, and standardized protocols (Level Ia).
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Chen and colleagues®® presented a case series evaluating the efficacy of mesenchymal stem cell
(MSC) exosome therapy for patients with acquired trichorrhexis nodosa (ATN), a hair shaft disorder
characterized by nodular fragility and breakage. The study included five patients who underwent mul-
tiple scalp injections of MSC-derived exosomes over a 12-week period. The treatment led to signifi-
cant improvements, including reduced hair fragility, increased hair strength, and improved texture.
Microscopic examination revealed restoration of the hair cuticle and reduced nodular damage. The
therapeutic benefits were attributed to the regenerative properties of MSC exosomes, which are rich
in growth factors, microRNAs, and anti-inflammatory molecules that promote hair shaft repair and
scalp health. No adverse effects were reported, and patient satisfaction scores were high, suggesting
MSC exosome therapy as a safe and effective option for ATN (Level IV).

Amini and coworkers?! conducted a pilot randomized controlled trial to evaluate the efficacy of
a novel exosome-containing plant extract formulation for treating male androgenetic alopecia (AGA).
The study involved 40 male participants with mild to moderate AGA, randomly assigned to either the
exosome-containing plant extract group or the placebo group. Participants applied the topical formu-
lation daily for 24 weeks. The results demonstrated that the exosome group showed significant im-
provements in hair density, thickness, and scalp coverage compared to the placebo group. Trichoscopic
analysis revealed increased follicular activity and reduced miniaturization in the exosome group. No
adverse effects were reported, and the participants rated the treatment as well-tolerated. The authors
concluded that plant-derived exosomes could serve as an effective and safe topical therapy for male
AGA, though larger trials are necessary to confirm these findings and optimize dosing (Level Ib).

Chu et al.2? investigated the role of exosome-derived long non-coding RNA (IncRNA) AC010789.1
in promoting the growth of hair follicle stem cells (HFSCs) and counteracting androgenetic alope-
cia (AGA). The study revealed that exosomes from dermal papilla cells (DPCs) contained AC010789.1,
a IncRNA modified by the RNA demethylase FTO and RNA-binding protein hnRNPA2B1. This modi-
fied IncRNA was shown to activate the S100A8/Wnt/B-catenin signaling pathway, which plays a key
role in HFSC proliferation, migration, and differentiation. In vitro experiments demonstrated that ex-
osomes enriched with AC010789.1 significantly enhanced HFSC activity, while in vivo studies in AGA
mouse models showed that treatment with these exosomes resulted in accelerated hair regrowth,
increased follicle density, and reduced follicular miniaturization. The findings suggest that targeting
IncRNA modifications in exosomes offers a novel therapeutic strategy for treating AGA (Level V).

Fu and colleagues®? explored the therapeutic effects of mesenchymal stem cell (MSC)-derived ex-
osomes on androgenetic alopecia. The study demonstrated that MSC exosomes significantly enhanced
hair follicle development and mitigated the effects of AGA by promoting dermal papilla cell prolif-
eration, migration, and extracellular matrix deposition. Mechanistically, the exosomes were found to
activate key signaling pathways, including Wnt/B-catenin, VEGF, and FGF, which are crucial for hair
follicle regeneration and vascularization. In a mouse model of AGA, MSC exosome treatment led to
increased hair density, thicker hair shafts, and improved follicular structure compared to controls.
The researchers concluded that MSC exosomes represent a promising, minimally invasive therapeutic
option for treating AGA and restoring hair growth, though further clinical studies are necessary to
validate these findings and optimize treatment protocols (Level V).

Lu and coworkers>! investigated the effects of platelet-rich plasma (PRP)-derived exosomes on hair
follicle growth, with a focus on the Wnt/B-catenin signaling pathway. The study demonstrated that
PRP-derived exosomes significantly promoted the proliferation, migration, and differentiation of der-
mal papilla cells (DPCs) in vitro. Mechanistically, the exosomes were found to activate the Wnt/g8-
catenin pathway, which is critical for hair follicle development and cycling. In a mouse model, treat-
ment with PRP-derived exosomes resulted in accelerated hair regrowth, increased follicle density, and
a transition of hair follicles from the telogen to anagen phase. The study also observed enhanced vas-
cularization around the hair follicles, supporting follicular health and growth. The authors concluded
that PRP-derived exosomes represent a promising, non-invasive therapeutic approach for promoting
hair regrowth, offering an alternative to traditional PRP therapy with potentially enhanced efficacy
(Level V).

Chen et al3! investigated the effects of exosomes derived from human umbilical cord mesenchy-
mal stem cells (hUC-MSCs) on the growth and function of human hair dermal papilla cells (hDPCs).
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The study demonstrated that hUC-MSC-derived exosomes significantly enhanced hDPC proliferation,
migration, and extracellular matrix production. Mechanistic analysis revealed that the exosomes acti-
vated the Wnt/B-catenin and PI3K/AKT signaling pathways, both critical for hair follicle development
and hair growth. In addition, the exosomes were found to deliver growth factors and microRNAs that
modulated the expression of genes associated with the anagen (growth) phase of the hair follicle cy-
cle. In vitro experiments confirmed that treating hDPCs with these exosomes improved their ability
to sustain hair follicle growth. The authors concluded that hUC-MSC-derived exosomes have strong
potential as a therapeutic option for promoting hair regrowth and treating hair loss conditions such
as androgenetic alopecia (AGA), pending further clinical trials (Level V).

Ersan and colleagues?? conducted a prospective study evaluating the effectiveness of exosome ther-
apy in treating androgenetic alopecia. Participants treated with exosomes showed significant improve-
ment in hair density, thickness, and overall scalp health compared to baseline. The study also re-
ported minimal adverse effects, suggesting a favorable safety profile. While the results are promising,
the authors acknowledge limitations such as the small sample size and lack of a control group. They
emphasize the need for further randomized controlled trials to confirm these findings and establish
standardized protocols for exosome preparation and administration (Level Illc).

Lee and coworkers?? investigated the efficacy of adipose stem cell-derived exosomes (ADSC-
exosomes) in hair regeneration through both preclinical and clinical studies. Preclinical experiments
demonstrated that ADSC-exosomes enhance dermal papilla cell proliferation, stimulate hair follicle
growth, and upregulate essential signaling pathways, such as Wnt/B-catenin. In the clinical phase,
58 patients with androgenetic alopecia underwent scalp injections of ADSC-exosomes, showing sig-
nificant improvements in hair density, thickness, and growth rate. Results were assessed using tri-
choscopy, patient satisfaction surveys, and blinded dermatological evaluations. The study emphasized
the exosomes’ ability to deliver growth factors and cytokines directly to the follicle microenviron-
ment, promoting follicular regeneration. No severe adverse effects were reported, indicating a favor-
able safety profile. These findings suggest that ADSC-exosomes are a promising, non-invasive thera-
peutic option for hair restoration (Level IIb).

Norouzi et al.*? reviewed the therapeutic potential of stem cell-derived exosomes for skin rejuve-
nation and hair regrowth. For hair regrowth, exosomes derived from mesenchymal stem cells (MSCs),
adipose-derived stem cells (ADSCs), and dermal papilla cells were shown to activate signaling path-
ways like Wnt/B-catenin, VEGF, and FGF, which are crucial for hair follicle regeneration and growth.
Preclinical and early clinical studies cited in the review demonstrated improved hair density, follicle
size, and scalp vascularization with exosome therapy. The authors also discussed the advantages of
exosomes over traditional stem cell therapies, including higher safety profiles, scalability, and ease of
delivery. Challenges such as standardizing exosome isolation, dosing, and application protocols were
noted as areas requiring further research (Level Ia).

Hassan and colleagues?®> conducted a case series study comparing the efficacy of platelet-rich
plasma (PRP) and exosome-based therapies for hair loss in 12 patients with androgenetic alopecia
(AGA). The participants were divided into two groups: six received PRP injections, and six were treated
with exosome injections derived from mesenchymal stem cells (MSCs). Both groups underwent four
treatment sessions over 3 months. The study found that both PRP and exosome therapies significantly
improved hair density and thickness, but the exosome group demonstrated superior results in terms
of hair regrowth speed, follicle density, and overall patient satisfaction. Exosome therapy was also
associated with longer-lasting effects, as follow-ups at 6 months showed sustained improvements in
the exosome group compared to a slight decline in the PRP group. The authors attributed the superior
performance of exosomes to their bioactive cargo, including growth factors, cytokines, and microRNAs,
which target multiple pathways involved in hair follicle regeneration (Level IV).

Zhou and coworkers®> reviewed the applications of exosomes in hair growth and regeneration,
focusing on their mechanisms of action, therapeutic potential, and challenges. The paper discussed
exosomes derived from various cell types, such as mesenchymal stem cells (MSCs), dermal papilla
cells (DPCs), and adipose-derived stem cells (ADSCs), highlighting their ability to promote hair follicle
development, enhance hair shaft growth, and stimulate stem cell activity. These effects are mediated
through bioactive molecules carried by exosomes, including growth factors, cytokines, and microRNAs
that regulate key pathways such as Wnt/B-catenin, FGF, and VEGF signaling. Preclinical and clinical
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studies reviewed in the article demonstrated promising results in improving hair density and thick-
ness in individuals with androgenetic alopecia and alopecia areata. The authors also addressed chal-
lenges, including optimizing delivery systems, scaling production, and standardizing protocols. They
concluded that exosome therapy represents a cutting-edge approach for hair loss treatment, though
further research is needed to address existing limitations and ensure widespread clinical adoption
(Level Ia).

Mao et al.>* investigated the effects of exosomes derived from umbilical cord mesenchymal stem
cells (UC-MSCs) on hair regrowth, focusing on the RAS/ERK signaling pathway. The study demon-
strated that UC-MSC-derived exosomes significantly enhanced hair follicle regeneration and hair
growth in C57BL/6 mice. Mechanistically, the exosomes were shown to upregulate the RAS/ERK path-
way, which promotes dermal papilla cell (DPC) proliferation, migration, and secretion of growth fac-
tors essential for hair follicle development. In vivo experiments revealed that mice treated with UC-
MSC exosomes exhibited increased hair density, thicker hair shafts, and improved follicular cycling
compared to untreated controls. Additionally, the treatment was well-tolerated, with no observed ad-
verse effects. The authors concluded that UC-MSC exosomes represent a promising therapeutic ap-
proach for promoting hair regrowth, with the RAS/ERK pathway playing a key role in their mechanism
of action (Level V).

Hu and colleagues® examined the effects of exosomes derived from umbilical mesenchymal stem
cells (uMSCs) on hair regrowth in alopecia areata (AA). The study found that uMSC-derived exo-
somes enhanced the proliferation, migration, and wound-healing activities of human hair follicular
keratinocytes (HHFKs) in vitro. Mechanistically, the exosomes were shown to deliver growth factors
and microRNAs that activated key signaling pathways, including Wnt/8-catenin and PI3K/AKT, which
are critical for hair follicle regeneration and keratinocyte function. In a mouse model of AA, treatment
with uMSC exosomes significantly improved hair regrowth, increased follicle density, and reduced in-
flammatory infiltration around hair follicles. The findings suggest that uMSC-derived exosomes accel-
erate keratinocyte-driven processes to restore normal hair follicle cycling and promote regrowth in
AA. The authors concluded that this exosome-based approach is a promising therapeutic strategy for
AA, with potential for clinical translation pending further studies (Level V).

Mirzadeh and coworkers'® reported on a case series examining the combined effects of low-level
laser therapy (LLLT) and autologous exosome therapy on hair growth in patients with androgenetic
alopecia (AGA). The study included 10 patients who underwent a treatment regimen combining LLLT
sessions and scalp injections of exosomes derived from their autologous plasma. The results showed
significant improvements in hair density, thickness, and scalp coverage after 12 weeks of treatment.
Trichoscopic analysis revealed reduced follicular miniaturization and increased anagen-to-telogen hair
ratio. Patients reported high satisfaction with the therapy, and no adverse effects were observed. The
authors proposed that the combination of LLLT and exosome therapy acts synergistically, with LLLT
enhancing the bioactivity and delivery of exosomes to hair follicles. They concluded that this dual
approach is a promising, minimally invasive strategy for AGA management, warranting further inves-
tigation in larger, controlled clinical trials (Level IV).

Cheng et al.>® reviewed the roles of exosomes in regulating hair follicle growth, focusing on their
mechanisms of action, therapeutic potential, and applications in hair loss conditions such as andro-
genetic alopecia (AGA) and alopecia areata (AA). The review highlighted that exosomes, derived from
sources such as mesenchymal stem cells (MSCs), dermal papilla cells (DPCs), and adipose stem cells
(ASCs), carry bioactive molecules like proteins, lipids, and nucleic acids (e.g., microRNAs and IncRNAs).
These molecules were shown to influence key signaling pathways, including Wnt/B-catenin, VEGEF,
and TGF-B/SMAD3, to promote follicle growth, anagen phase induction, and angiogenesis. The au-
thors summarized preclinical and clinical studies demonstrating the efficacy of exosome therapy in
enhancing hair density, thickness, and scalp health. Additionally, the review discussed challenges such
as the scalability of exosome production, delivery methods (e.g., topical application, injections), and
safety concerns. The authors concluded that exosomes represent a promising, cell-free approach to
hair follicle regeneration, offering potential alternatives to traditional therapies, with further research
needed to optimize protocols and confirm long-term efficacy (Level Ia).

Gupta and colleagues'’ explores the emerging role of exosome-based therapies in hair restoration,
focusing on their efficacy, safety, and potential future applications. Preliminary evidence from small-
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scale studies suggests that exosome treatments may improve hair density and thickness, particularly
in androgenetic alopecia and alopecia areata. However, the lack of standardized protocols, variabil-
ity in exosome sources, and limited high-quality clinical trials temper the enthusiasm. Safety profiles
appear favorable, with minimal adverse effects reported. The authors emphasize the need for larger
randomized controlled trials to establish efficacy, dosing guidelines, and long-term safety (Level 3b).

Wang and coworkers®’ investigated the use of exosomes secreted by hair papilla cells (HPC-
exosomes) for the treatment of androgenetic alopecia (AGA) and studied the intervention effect of
lactotransferrin (LTF) on exosome activity. The study revealed that HPC-exosomes promote dermal
papilla cell proliferation, enhance hair follicle development, and activate the Wnt/B-catenin signaling
pathway. Additionally, LTF, a bioactive protein known for its anti-inflammatory and regulatory prop-
erties, was shown to enhance the regenerative capacity of HPC-exosomes by increasing the expres-
sion of hair growth-promoting factors. In vivo studies using mouse models demonstrated significant
improvement in hair density, follicle size, and growth rate in exosome-treated groups, with further
enhancement observed when combined with LTF. These findings suggest that HPC-exosomes, particu-
larly when augmented by LTF, offer a promising therapeutic option for AGA (Level V).

Norooznezhad and coworkers?* reported a case of persistent chemotherapy-induced alopecia (CIA)
successfully treated with exosome-enriched extracellular vesicles (EVs) derived from human mes-
enchymal stromal cells (MSCs). The patient, who experienced prolonged hair loss after chemother-
apy, was treated with multiple scalp injections of MSC-derived exosome-enriched EVs over a 6-month
period. The therapy resulted in significant hair regrowth, improved hair density, and restoration of
scalp coverage. The authors attributed these results to the regenerative properties of MSC-derived
exosomes, which deliver bioactive molecules such as growth factors, cytokines, and microRNAs, en-
hancing hair follicle health, reducing inflammation, and promoting vascularization. The treatment was
well-tolerated, with no reported adverse effects. This case highlights the potential of MSC-derived ex-
osome therapy as a novel and effective treatment for persistent CIA (Level IV).

Gupta et al.>® reviewed the emerging role of exosomes in hair restoration, summarizing preclinical
and clinical studies, as well as their mechanisms of action. The review highlighted that exosomes, de-
rived from sources such as mesenchymal stem cells (MSCs), dermal papilla cells (DPCs), and adipose-
derived stem cells (ADSCs), promote hair follicle regeneration by delivering bioactive molecules, in-
cluding proteins, lipids, and microRNAs. These molecules were shown to stimulate key signaling path-
ways, such as Wnt/B-catenin, VEGF, and FGF, which are critical for follicular development, angiogene-
sis, and hair growth. Clinical studies demonstrated that exosome therapy improves hair density, thick-
ness, and scalp health with minimal side effects. The authors also discussed practical considerations,
including dosing strategies, delivery methods (e.g., topical applications and injections), and challenges
such as scalability and cost. They concluded that exosome therapy offers a novel, minimally invasive
approach to hair restoration, though more large-scale, randomized trials are needed to standardize
treatment protocols and confirm long-term efficacy (Level Ia) (Figure 1).

Liang et al.'® investigated the therapeutic effects of adipose mesenchymal stromal cell (AMSC)-
derived exosomes carrying miR-122-5p on hair follicle growth under the inhibitory influence of di-
hydrotestosterone (DHT), a key factor in androgenetic alopecia (AGA). The study revealed that miR-
122-5p, delivered via AMSC-derived exosomes, counteracted the suppressive effects of DHT on der-
mal papilla cells (DPCs). Mechanistically, miR-122-5p inhibited the TGF-81/SMAD?3 signaling pathway,
which is known to mediate hair follicle miniaturization and promote catagen (regression) phase in-
duction. In vitro experiments demonstrated that these exosomes restored DPC proliferation, migration,
and extracellular matrix production in the presence of DHT. In a mouse model of AGA, topical applica-
tion of AMSC-derived exosomes significantly improved hair density, follicular size, and regrowth rates
compared to untreated controls. The authors concluded that miR-122-5p-loaded exosomes represent
a novel therapeutic strategy for treating DHT-induced hair loss, with the potential to reverse AGA
progression by targeting TGF-81/SMAD3 signaling (Level V).

Kost and colleagues3® review the application of exosome therapy in hair regeneration, focusing on
its mechanisms, current evidence, and challenges. The review discusses studies demonstrating promis-
ing improvements in hair density and scalp health, particularly in androgenetic alopecia. Despite en-
couraging results, the authors emphasize significant challenges, such as the lack of standardized proto-
cols, variability in exosome isolation and characterization, and the absence of large-scale randomized
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Figure 1. Schematic summary of key signaling pathways involved in exosome-mediated hair follicle regeneration across an-
drogenetic alopecia (AGA), alopecia areata (AA), and chemotherapy-induced alopecia (CIA). Exosomes activate Wnt/fB-catenin,
VEGF, and PI3K/AKT signaling to promote hair follicle proliferation, angiogenesis, and survival, while modulating TGF-8/SMAD
pathways to counteract apoptosis and follicular regression.

controlled trials. They also address potential safety concerns, including immune responses and long-
term effects. The authors conclude that while exosome therapy shows potential, more rigorous studies
are needed to establish its efficacy and safety (Level IlIb).

Park and coworkers?® explored the effects of exosomes derived from adipose-derived stem cells
(ADSCs) on hair loss through a retrospective analysis of 39 patients. Exosomes, nanosized extracellu-
lar vesicles involved in cell communication, are emerging as potential therapeutic agents in trichol-
ogy due to their regenerative properties. In this study, the exosomes were injected into the scalp
of patients diagnosed with androgenetic alopecia or alopecia areata. Clinical outcomes, measured via
standardized photographs and patient self-assessment, showed significant improvement in hair den-
sity and thickness after treatment. The authors highlighted exosomes’ role in promoting hair follicle
growth by delivering bioactive molecules such as growth factors and cytokines to dormant follicles.
The treatment was well-tolerated, with minimal side effects reported. These findings support the po-
tential of ADSC-derived exosomes as a novel, minimally invasive therapy for hair restoration (Level
V).

Li et al.“ examined the therapeutic potential of exosomes derived from adipose-derived stem cells
(ADSCs) for treating immune-mediated alopecia, such as alopecia areata. The study focused on the
immunomodulatory properties of ADSC-exosomes, which can regulate immune responses by deliver-
ing bioactive molecules, including cytokines, proteins, and microRNAs. In preclinical models, ADSC-
exosomes reduced inflammatory infiltration around hair follicles and restored normal hair growth
by modulating T-cell activity, particularly reducing the overactivation of CD8+ cytotoxic T cells and
promoting regulatory T cell function. The study also highlighted the ability of ADSC-exosomes to en-
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hance the hair follicle microenvironment by promoting follicular stem cell activation. These findings
suggest that ADSC-exosomes could serve as a non-invasive, immune-modulating therapy for immune-
mediated alopecia, providing a dual benefit of reducing inflammation and stimulating hair regenera-
tion (Level V).

Zhang and colleagues®' investigated the effects of photobiomodulation (PBM) on hair regeneration
in injured skin, focusing on its impact on dermal papilla cells (DPCs). The study showed that PBM,
using low-level laser therapy (LLLT), enhanced the migration and exosome secretion of DPCs in vitro.
These exosomes were found to carry bioactive molecules that activated key signaling pathways, in-
cluding Wnt/B-catenin and VEGF, which are essential for hair follicle regeneration and angiogenesis.
In a mouse model of injured skin, PBM treatment significantly accelerated wound healing, increased
hair follicle density, and promoted hair regrowth. The findings suggest that PBM enhances the re-
generative capacity of DPCs by stimulating exosome production, making it a promising non-invasive
approach for hair regeneration in both injured skin and hair loss conditions (Level V).

Kim and coworkers*? explored the potential of colostrum-derived exosomes for promoting hair re-
generation, focusing on their ability to induce the transition of hair follicles from the telogen (resting)
phase to the anagen (active growth) phase. The study found that colostrum-derived exosomes are
rich in bioactive molecules, such as growth factors and microRNAs, which stimulate dermal papilla
cells (DPCs) and hair follicular keratinocytes. These exosomes were shown to activate key signaling
pathways, including Wnt/g-catenin and PI3K/AKT, which are essential for initiating and sustaining
the anagen phase. In a mouse model, topical application of colostrum-derived exosomes significantly
accelerated hair regrowth, increased follicle density, and improved hair shaft thickness. The treatment
was well-tolerated, with no observed adverse effects. The authors concluded that colostrum-derived
exosomes represent a natural, non-invasive therapeutic option for hair regeneration, though further
studies are required to evaluate their efficacy and scalability for clinical use (Level V).

Wu et al.*? explored the role of adipose-derived stem cell (ADSC) exosomes in promoting hair re-
generation through preclinical studies. The study demonstrated that ADSC exosomes enhance the pro-
liferation and migration of dermal papilla cells and activate key signaling pathways, including Wnt/8-
catenin and Akt, which are crucial for hair follicle development and growth. In vivo experiments on
mouse models showed that exosome treatment resulted in increased hair density, follicle size, and
growth rate compared to controls. The authors also observed reduced apoptosis and improved vascu-
larization in the treated areas, contributing to a healthier follicular microenvironment. These findings
suggest that ADSC exosomes are a promising therapeutic option for hair loss conditions, offering a
non-invasive approach to stimulate hair follicle regeneration (Level V).

Ogawa and colleagues** investigated the effects of exosomes derived from fisetin-treated ker-
atinocytes on hair growth. Fisetin, a plant-derived flavonoid known for its anti-inflammatory and
antioxidant properties, was used to stimulate keratinocytes, which subsequently secreted bioactive
exosomes. These exosomes were found to promote dermal papilla cell proliferation, enhance the ex-
pression of hair growth-related genes (e.g., Wnt/f-catenin signaling components), and improve vas-
cularization in hair follicles. In vivo experiments on mice demonstrated accelerated hair regrowth in
exosome-treated areas compared to controls. The study highlighted the dual benefits of fisetin’s pro-
tective effects on keratinocytes and the regenerative potential of their exosomes. These findings sug-
gest that fisetin-treated keratinocyte-derived exosomes could serve as a novel, non-invasive therapy
for hair loss, leveraging both natural compounds and exosome-based delivery mechanisms (Level V).

Nilforoushzadeh and coworkers*> evaluated the effects of exosomes derived from adipose-derived
stem cells (ADSCs) and platelet-rich plasma (PRP) on the inductivity of hair dermal papilla cells
(DPCs). The study demonstrated that both ADSC- and PRP-derived exosomes enhanced the prolifer-
ation and inductive potential of DPCs in vitro. These exosomes upregulated the expression of hair
growth-related genes, including Wnt/f-catenin pathway components, VEGF, and FGF-7, which are cru-
cial for follicle development and angiogenesis. The combination of ADSC and PRP exosomes showed
a synergistic effect, significantly enhancing DPC function more than either exosome type alone. The
findings suggest that ADSC- and PRP-derived exosomes can create a supportive microenvironment for
hair follicle regeneration and might serve as a combined therapeutic approach for hair loss (Level V).

Ajit et al.*® reviewed the therapeutic potential of mesenchymal stem cell (MSC)-derived exosomes
for the treatment of alopecia. The article highlighted the biological properties of MSC exosomes, in-
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cluding their ability to deliver bioactive molecules such as growth factors, cytokines, and microRNAs,
which modulate signaling pathways involved in hair follicle regeneration. The review discussed in
vitro and in vivo studies showing that MSC-derived exosomes promote dermal papilla cell (DPC) pro-
liferation, enhance follicle size, stimulate angiogenesis, and improve the overall health of hair follicles.
Key signaling pathways such as Wnt/B-catenin, VEGF, and PI3K/AKT were identified as central to the
regenerative effects of exosomes. The authors also addressed challenges related to scaling produc-
tion, optimizing delivery systems, and standardizing treatment protocols. They concluded that MSC
exosomes hold significant promise as a minimally invasive, cell-free therapeutic strategy for alopecia,
though further research is needed to validate their efficacy in clinical settings (Level la).

Hu and colleagues?’ investigated the role of dermal exosomes enriched with miR-218-5p in pro-
moting hair regeneration through the regulation of S-catenin signaling. The study demonstrated that
exosomes isolated from dermal cells significantly enhanced hair follicle growth and keratinocyte pro-
liferation in vitro. Mechanistically, miR-218-5p, a microRNA highly expressed in these exosomes, was
found to activate B-catenin signaling by inhibiting the expression of SFRP2, a Wnt pathway antago-
nist. In vivo experiments in mice revealed that treatment with dermal exosomes containing miR-218-
5p led to accelerated hair regrowth, increased follicle density, and enhanced vascularization in treated
areas. The findings highlight the potential of exosome-based delivery of miR-218-5p as a targeted,
non-invasive therapeutic strategy for hair loss (Level V).

Kwack and coworkers*® investigated the effects of exosomes derived from human dermal papilla
cells (hDPC-exosomes) on hair growth in cultured human hair follicles and dermal papilla spheres.
The study demonstrated that hDPC-exosomes significantly promoted hair elongation and keratinocyte
proliferation in cultured human hair follicles. Additionally, they augmented the hair-inductive capacity
of dermal papilla spheres by upregulating key signaling pathways, including Wnt/S-catenin and fi-
broblast growth factor (FGF) signaling, which are vital for hair follicle development and cycling. These
findings suggest that hDPC-exosomes can serve as a potent agent for enhancing hair follicle regener-
ation and may be a promising therapeutic option for treating hair loss conditions (Level V).

Zhou et al.*® investigated the role of exosomes derived from dermal papilla cells (DPC-exosomes)
in regulating hair follicle development. The study demonstrated that DPC-exosomes promote the pro-
liferation, migration, and differentiation of human outer root sheath cells (ORSCs) in vitro. Mechanis-
tically, the exosomes were found to activate the Wnt/B-catenin signaling pathway, which is essential
for hair follicle morphogenesis and cycling. In vivo experiments using a mouse model showed that
DPC-exosome treatment significantly enhanced hair follicle regeneration, increased follicle size, and
improved hair density. The findings suggest that DPC-exosomes are critical mediators of hair follicle
development and may serve as a potential therapeutic tool for hair loss (Level V).

Rehman and co-workers °° provided a comprehensive review of plant-derived exosomes (PDEs),
highlighting their biogenesis, physicochemical characteristics, and therapeutic potential as cross-
kingdom nano-regulators. The authors emphasized that PDEs differ substantially from mammalian
exosomes in cargo composition, scalability, stability, and immunogenicity; notably, their larger size
range (50-200 nm) and enriched lipid, protein, metabolite, and miRNA content support efficient up-
take and long-distance intercellular communication across species. Advances in isolation and char-
acterization technologies—including ultracentrifugation, size-exclusion chromatography, asymmetric-
flow field-flow fractionation, and PEG-based precipitation—were summarized, as well as the engineer-
ing strategies that enable PDEs to serve as biocompatible carriers for nucleic acids, small molecules,
and natural bioactives. Importantly, the review highlighted growing evidence that plant miRNAs pack-
aged within PDEs can modulate gene expression in mammalian recipient cells, influencing inflamma-
tion, oxidative-stress pathways, immune responses, and metabolic signaling. These mechanisms over-
lap with key regulatory axes essential for hair follicle cycling—such as Wnt/fB-catenin activation, cy-
tokine modulation, melanocyte signaling, and dermal papilla homeostasis—suggesting that PDEs may
hold translational relevance for hair regeneration, anti-inflammatory scalp treatments, and pigmenta-
tion disorders. Collectively, Rehman et al.’s synthesis positions plant-derived exosomes as promising
natural nanocarriers for regenerative, dermatologic, and emerging trichologic applications (Level V).

Chu and co-workers °! presented a comprehensive review of herbal medicine-derived exosome-
like nanovesicles (HMDNVs), highlighting their biological characteristics, therapeutic advantages, and
emerging relevance in oncology. Although this review focused primarily on cancer, several mechanistic
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insights are directly translatable to hair biology. The authors emphasized that HMDNVs—lipid bilayer
vesicles enriched with plant-specific lipids, proteins, RNAs, and natural metabolites—can modulate in-
flammation, oxidative stress, macrophage polarization, and Wnt/8-catenin signaling, all of which are
central pathways in hair follicle cycling and regeneration. Their discussion of cross-kingdom miRNA
transfer is particularly relevant, as plant-derived miRNAs have been shown in other studies to reg-
ulate mammalian gene expression associated with cytokine signaling, melanocyte activity, and ep-
ithelial homeostasis. These mechanisms parallel those reported in hair-growth studies using ginger-,
ginseng-, and Momordica charantia—-derived nanovesicles, suggesting that HMDNVs may also influence
follicular stem-cell activation, dermal papilla function, and pigmentation dynamics. Together, the work
of Chu et al. expands the biological rationale for exploring plant-derived nanovesicles as therapeutic
candidates not only in oncology but also in emerging trichologic applications such as androgenetic
alopecia, alopecia areata, and repigmentation disorders (Level V).

Collectively, these studies indicate encouraging signals across AGA, AA, and CIA with generally fa-
vorable safety; however, the clinical evidence remains preliminary and heterogeneous, underscoring
the need for adequately powered randomized trials and standardized manufacturing/characterization
and dosing protocols.

Discussion

Exosomes have emerged as a novel therapeutic tool in trichology, offering promising results
in various hair loss disorders, including androgenetic alopecia (AGA), alopecia areata (AA), and
chemotherapy-induced alopecia (CIA). While much of the evidence is still in the preclinical or early
clinical stage, the available literature provides valuable insights into exosomes’ therapeutic potential,
mechanisms of action, and limitations. This section discusses the strength and quality of evidence for
different hair loss conditions and evaluates the key factors influencing outcomes.

Key regenerative and immunomodulatory mechanisms—including Wnt/B-catenin, PI3K/AKT, VEGF,
and TGF-B/SMAD signaling—are summarized schematically in Figure 1 to illustrate the shared molec-
ular pathways across AGA, AA, and CIA.

To preserve clarity, preclinical and clinical findings were synthesized separately, and study designs
were appraised qualitatively. While signals are encouraging, the overall strength of human evidence
remains limited by small samples, short follow-up, and heterogeneous protocols (see Table 1).

Oxford evidence levels were assigned to facilitate appraisal, revealing that most human studies fall
within Levels II-1V, underscoring the need for randomized, controlled investigations.

AGA, the most common form of hair loss, is characterized by progressive hair follicle miniatur-
ization influenced by genetic and hormonal factors, particularly dihydrotestosterone (DHT). Exosome
therapy has shown significant promise in addressing AGA, with moderate to strong evidence emerging
from preclinical studies and a growing number of clinical trials.

Preclinical studies demonstrate that exosomes derived from mesenchymal stem cells (MSCs),
adipose stem cells (ASCs), dermal papilla cells (DPCs) and plant sources activate key signaling
pathways critical for follicle regeneration. Liang et al.*’ reported that adipose mesenchymal stromal
cell-derived exosomes carrying miR-122-5p effectively counteracted DHT-induced inhibitory effects
on dermal papilla cells by targeting the TGF-$1/SMAD3 signaling pathway. Similarly, studies by Fu
et al.>% and Mao et al.3* highlighted the ability of MSC exosomes to stimulate Wnt/B-catenin and
RAS/ERK pathways, resulting in enhanced follicular development and angiogenesis.

Clinical evidence, while limited, is encouraging. Wan et al.'” conducted a prospective cohort study
in 72 AGA patients, demonstrating significant improvements in hair density, thickness, and follicular
cycling with minimal adverse effects. Additionally, Park et al.*? reported positive outcomes in a retro-
spective analysis of 39 AGA patients treated with ADSC-derived exosomes. These findings suggest that
exosome therapy is effective in mitigating follicular miniaturization and promoting hair regrowth in
AGA. However, the lack of large-scale randomized controlled trials (RCTs) limits the generalizability of
these results, necessitating further high-quality studies to confirm efficacy and establish standardized
protocols.

Compared with conventional options such as minoxidil, finasteride, or PRP, exosome therapy may
provide a broader regenerative effect via multi-pathway modulation. However, given the absence of
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head-to-head trials, it should currently be regarded as an adjunctive or investigational approach rather
than a replacement.

AA is an autoimmune disorder characterized by patchy hair loss caused by immune-mediated de-
struction of hair follicles. The therapeutic potential of exosomes in AA lies in their immunomodulatory
properties, which can suppress inflammation and restore hair follicle cycling.

Preclinical evidence supports the efficacy of exosomes in AA. Hu et al.>® demonstrated that um-
bilical mesenchymal stem cell (uMSC)-derived exosomes enhanced keratinocyte proliferation and mi-
gration while reducing inflammatory infiltration around hair follicles in a mouse model of AA. The
study attributed these effects to the activation of Wnt/B-catenin and PI3K/AKT pathways, highlight-
ing the role of exosomes in immune regulation and follicular regeneration. Similarly, Li et al.*> and
Ogawa et al.*’ reported that exosomes containing specific bioactive molecules, such as miR-218-5p
and growth factors, effectively modulated immune responses and promoted hair regrowth in AA mod-
els.

Exosomes exert clinically relevant immunomodulation in alopecia areata by reshaping both innate
and adaptive responses while supporting follicular immune privilege. Cargoed microRNAs and proteins
can attenuate NF-kB and IFN-y [JAK-STAT signaling, promote regulatory T-cell skewing, and dampen
cytotoxic activity at the perifollicular unit, mechanisms consistent with enhanced keratinocyte migra-
tion/proliferation and reduced inflammatory infiltration seen in AA models.>®> Dermal/keratinocyte-
derived vesicles also interface with S-catenin/TGF-8 pathways implicated in immune-privilege main-
tenance and follicle cycling.*’ Translationally, early human signals (case reports/series) suggest po-
tential for regrowth and even pigment restoration in selected patients, but prospective trials should
stratify by disease activity/severity, incorporate immune biomarkers (e.g., perifollicular CD8+/Treg ra-
tio, CXCL10), and define dose/interval and delivery to standardize effect size.*°

Clinical evidence for exosome therapy in AA is limited to case reports and small case series. Bento
et al. described a case where a patient with AA achieved complete hair regrowth and restored natural
pigmentation after exosome therapy. However, the lack of control groups and small sample sizes in
such studies reduce the strength of evidence. Larger, randomized trials are required to confirm the
efficacy of exosomes in AA and to identify the optimal dosing and delivery methods.

CIA is a distressing side effect of cancer treatment, resulting from the cytotoxic effects of
chemotherapy on rapidly dividing hair follicle cells. Exosomes offer a potential solution by promot-
ing follicular regeneration and mitigating chemotherapy-induced damage.

Preclinical studies provide strong evidence for the efficacy of exosomes in CIA. Wu et al.*® demon-
strated that exosomes derived from dermal papilla cells and adipose stem cells enhance hair follicle
proliferation, reduce apoptosis, and improve vascularization in animal models. These effects were at-
tributed to the activation of Wnt/B-catenin and VEGF signaling pathways, which are critical for follic-
ular repair and angiogenesis.

Clinical evidence for exosome therapy in CIA remains sparse but promising. Norooznezhad et al.>?
reported a case of persistent CIA successfully treated with MSC-derived exosome-enriched extracellu-
lar vesicles, resulting in significant hair regrowth and scalp coverage. The study highlighted the regen-
erative properties of exosomes and their ability to deliver bioactive molecules, such as growth factors
and cytokines, to damaged follicles. While these findings are encouraging, the lack of large-scale clin-
ical studies limits the strength of evidence, underscoring the need for further research.

Emerging evidence suggests that combining exosome therapy with other modalities, such as low-
level laser therapy (LLLT) or platelet-rich plasma (PRP), may have synergistic effects. Mirzadeh et al.>6
reported significant improvements in hair density and thickness in AGA patients treated with a combi-
nation of LLLT and autologous exosome therapy, compared to either treatment alone. Similarly, Wang
et al.>® demonstrated enhanced hair follicle regeneration when exosome therapy was augmented with
lactotransferrin (LTF), a protein known for its anti-inflammatory properties.

These findings indicate that combination therapies can enhance the efficacy of exosome-based
treatments by targeting multiple pathways involved in hair follicle regeneration. However, more stud-
ies are needed to identify the most effective combinations and to optimize treatment protocols.

The growing body of evidence highlights the therapeutic potential of exosomes in trichology. Pre-
clinical studies provide robust mechanistic insights, demonstrating the ability of exosomes to activate
key signaling pathways, enhance cellular proliferation, and modulate immune responses. Clinical stud-
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Figure 2. Exosome-based scalp formulations and example clinical use. (A) P198 ExoHealer FILCORE HB PLUS (Primoris Interna-
tional Co., Ltd., Korea), a hair-specific formulation containing human umbilical cord blood stem cell-derived exosomes for scalp
regeneration. (B) P198 ExoNature RECORE HB PLUS (Primoris International Co., Ltd., Korea), a Panax ginseng-derived exosome
preparation designed for hair and scalp rejuvenation. (C) Baseline clinical photograph of a patient with diffuse scalp thinning
before P198 ExoNature RECORE HB PLUS treatment. (D) Same patient after five sessions of P198 ExoNature RECORE HB PLUS
applied topically to the scalp and then delivered with 0.5-mm microneedling at 3-week intervals, demonstrating visible im-
provement in hair density and scalp coverage.

ies, while limited, show promising results in improving hair density, thickness, and scalp health across
various hair loss conditions.

In routine practice, exosome interventions carry several practical limitations that warrant explicit
counseling and documentation. Products are heterogeneous across source cells, isolation methods, po-
tency assays, and storage conditions, and many formulations lack approval as medicinal products in
key jurisdictions, creating regulatory uncertainty. To ensure clinical reliability, GMP-compliant manu-
facture, defined particle characterization, sterility/mycoplasma testing, and a batch-level certificate of
analysis (COA) should be required before patient use.

Quality and safety depend on GMP-grade manufacture with batch certificates of analysis, endotoxin
thresholds, and sterility/mycoplasma testing; absent these, contamination risk and variable particle
counts/cargo can undermine reproducibility. Although serious adverse events appear rare, immuno-
genicity and theoretical oncogenicity remain insufficiently characterized long term; avoid treatment
in active malignancy, autoimmune flare, or infected/dermatitic scalp. Protocols also vary (dose, inter-
val, injection vs. topical delivery, and combinations), limiting comparability and making standardized
maintenance schedules difficult to define. In addition, several limitations exist. The majority of studies
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are preclinical, with limited translation to human trials. Small sample sizes, short follow-up periods,
and the lack of standardized protocols reduce the generalizability of findings. Additionally, variabil-
ity in exosome isolation and characterization methods poses challenges to reproducibility and clinical
implementation.

However, many companies that develop products with exosomes as the main ingredient are con-
ducting research and development to overcome various shortcomings of exosome raw materials. For
example, Primoris International has launched a product that can be moved and stored at room tem-
perature after freeze-drying raw materials containing exosomes to powder them in order to maintain
the stability of exosomes (Figure 2).

Future research should prioritize multicenter randomized controlled trials with unified endpoints
(e.g., trichoscopic density, hair shaft diameter) and standardized dosing intervals. Development of con-
sensus guidelines for exosome isolation, potency assays, and delivery routes will be crucial for trans-
lating these findings into routine dermatologic and aesthetic practice.

Conclusion

Exosomes represent a transformative approach in trichology, offering a minimally invasive and bi-
ologically active solution for hair loss disorders. Strong preclinical evidence supports their efficacy in
promoting follicular regeneration, while emerging clinical data demonstrate promising results in AGA,
AA, and CIA.

However, most available human data derive from case reports or small cohort studies (Levels 1I-1V),
with heterogeneous methodology and short follow-up durations. The lack of standardized outcome
measures, variable exosome purity, and inconsistent dosing intervals currently limit generalizability.

Despite the current limitations, including the lack of large-scale RCTs and standardized protocols,
exosomes hold significant potential as a next-generation therapeutic tool in hair restoration. Contin-
ued research and clinical trials will be pivotal in unlocking their full potential and ensuring their
successful translation into routine clinical practice. Future clinical translation will also require harmo-
nized regulatory frameworks and GMP-compliant manufacturing with batch-level quality control to
ensure reproducibility and patient safety.
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