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Abstract

Melasma is a refractory facial hyperpigmentary disorder characterized by symmetrical melanosis, with high recurrence rates following conventional single-

modality treatments. This review examines the mechanisms and clinical potential of combining acupuncture with extracellular vesicles (EVs) therapy. Acupuncture

improves local microcirculation, alleviates chronic inflammation, and promotes collagen synthesis through neuroendocrine-immune network regulation. EVs

modulate melanocyte function, suppress pro-inflammatory cytokines, and facilitate skin barrier repair via specific microRNAs and protein cargo. The combination

creates synergistic effects: acupuncture enhances delivery of EVs and their cellular uptake by optimizing the cutaneous microenvironment, while EVs amplify

acupuncture-induced signaling to achieve precise melanogenesis inhibition. Preliminary clinical studies demonstrate superior efficacy in pigment reduction,

improved skin texture, and lower recurrence rates compared to monotherapies. This integrative strategy bridges holistic traditional medicine with targeted

biotechnological interventions, offering a promising multi-target approach for melasma management.

INTRODUCTION

Melasma is a chronic skin disorder characterized by
symmetrical facial pigmentation, affecting approximately
1% of the global population, particularly women and
individuals with darker skin tones [1]. Its pathogenesis
involves multiple factors including ultraviolet exposure,
hormonal fluctuations, and genetic predisposition [2].
Researchindicates that melasma pathogenesisisassociated
not only with heightened pigment cell activity but also
chronic inflammation within the skin microenvironment,
which  collectively poses significant therapeutic
challenges and limits the efficacy of current treatments
[3]. Conventional therapies such as laser treatment [4],
and chemical peels demonstrate efficacy [5], but are
associated with high recurrence rates and adverse effects
[6]. Acupuncture, as a therapeutic modality in traditional
Chinese medicine, can improve the skin microenvironment
and promote blood circulation, potentially alleviating
pigmentation by regulating immune and endocrine
functions [7]. Extracellular vesicles show promise as a

novel therapeutic approach by modulating inflammatory
responses [8], inhibiting melanogenesis, and promoting
skin barrier repair [9]. The combination of acupuncture
and EVs is not arbitrary but rooted in the complementary
advantages addressing melasma’s complex pathogenesis.
Melasma’s core pathological features — abnormal melanin
accumulation, chronic skin inflammation, and impaired
skin barrier function — cannot be fully resolved by single-
modality treatments, as it is a multifactorial dyschromia
involving interactions of genetic predisposition, hormonal
changes, and environmental stimuli across multiple skin
layers and cell types . Acupuncture excels at regulating
systemic neuroendocrine-immune networks and local
microcirculation by promoting peripheral vasodilation
and modulating nitric oxide levels, effectively addressing
the “macroenvironmental disorders” of melasma. EVs, with
their targeted molecular regulation capability, directly act
on melanocytes, fibroblasts, and immune cells to correct
“microcellular dysfunction”—for instance, fibroblast-
derived EVs have been shown to suppress melanin
production in human epidermal melanocytes. Additionally,
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acupuncture enhances local tissue permeability and cell
responsiveness by remodeling the extracellular matrix
and stimulating vasoactive neuropeptide release, creating
optimal conditions for EVs absorption and function. EVs,
in turn, amplify acupuncture’s regulatory signals as key
mediators of cell-to-cell communication in acupuncture-
induced therapeutic effects, forming a “systemic regulation
+ local targeting” synergistic model that overcomes
the limitations of single therapies and achieves more
comprehensive therapeutic effects [10]. This combined
approach may provide an innovative comprehensive
strategy for melasma, enhancing efficacy, reducing side
effects, and facilitating personalized treatment regimens
— aligning with evidence that targeted EVs delivery and
acupuncture’s holistic regulation both offer safe and
effective alternatives to conventional single-modality
treatments [11,12].

MECHANISMS OF ACUPUNCTURE TREATMENT
FOR MELASMA

Regulatory Effect Local

Microcirculation

of Acupuncture on

As a significant therapeutic modality in Traditional
Chinese Medicine, acupuncture’s ability to regulate local
microcirculation has been substantiated by numerous
contemporary studies. Primarily, by stimulating specific
acupoints, acupuncture effectively enhances local
blood circulation and improves nutrient supply to the
skin and tissues. High-resolution magnetic resonance
imaging (MRI) coupled with arterial spin labeling (ASL)
technology demonstrates that acupuncture at acupoints
significantly increases local blood flow perfusion, with
post-acupuncture changes in local blood volume clearly
captured at submillimeter spatial resolution [13].
Moreover, acupuncture stimulation has been directly
demonstrated to increase the diameter and blood flow
velocity of peripheral arterioles. This hemodynamic
improvement positively contributes to promoting the
clearance of metabolic waste and melanin metabolism
[14]. In disease models such as rats with acute myocardial
ischemia, acupuncture at specific Pericardium Meridian
acupoints (PC6) significantly enhances microcirculatory
perfusion in cardiac and meridian regions. This
demonstrates acupuncture’s potential to improve
microcirculatory function, with differential stimulation
effects observed across acupoints, highlighting acupoint
specificity [15].

The mechanism by which acupuncture enhances
permeability is closely associated
with the regulation of local neuroendocrine systems.

microvascular

Acupuncture affects vasomotor function by regulating
neurotransmitters and endocrine factors, thereby
promoting increased vascular permeability, which
facilitates the clearance of metabolites and pigments
[16]. For instance, acupuncture modulates the release
of vasoactive substances such as nitric oxide (NO) and
endothelin-1 (ET-1), thereby improving microcirculation
[17]. Concurrently, acupuncture influences autonomic
nervous function. Low-frequency electroacupuncture
stimulates the vagus nerve, enhancing cholinergic activity
and promoting increased local blood flow [18], providing
a better metabolic environment for melanocytes. This aids
in the clearance of pigment metabolites and mitigates the
formation of melasma.

Acupuncture stimulates specific acupoints to
improve local microcirculation, enhance microvascular
permeability, regulate the neuroendocrine system,
influence melanocyte activity, and promote local nutrient
supply and metabolic waste clearance, providing a
physiological basis for melasma treatment [13-18]. Future
research will integrate modern imaging and molecular
biology techniques to further elucidate the regulatory
mechanisms of acupuncture, thereby offering theoretical
support for clinical practice.

For melasma, impaired local facial microcirculation
leads to melanin accumulation and difficulty in metabolite
clearance, a key pathological link. Acupuncture’s
regulation of local microcirculation directly targets this
link: enhanced blood flow accelerates melanin transport
and degradation in facial skin, while improved nutrient
supply and permeability restore melanocyte normal
metabolism, preventing abnormal melanin production.
This forms a direct physiological basis for acupuncture to
alleviate melasma pigmentation.

Regulation of Inflammatory Response by Acupuncture

As a therapeutic approach in Traditional Chinese
Medicine, acupuncture has recently demonstrated
potential therapeutic value in regulating inflammatory
responses across various inflammatory diseases. It
significantly reduces the expression of local and systemic
inflammatory factors such as tumor necrosis factor-o
(TNF-a) and interleukin-6 (IL-6), thereby mitigating
tissue damage. The mechanism involves activating the
sympathetic and vagus nerves of the autonomic nervous
system to regulate the neuroimmune axis, exerting
anti-inflammatory effects. For example, acupuncture
stimulation at Zusanli (ST36) activates the vagus nerve’s
anti-inflammatory pathway, inhibits the nuclear factor
kappa B (NF-xB) signalling pathway, and reduces the
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production of inflammatory factors [19]. Additionally,
acupuncture indirectly modulates immune function by
regulating gut microbiota and short-chain fatty acid levels,
thereby reducing inflammatory responses [20].

Acupuncture promotes the release of anti-inflammatory
cytokine IL-10 to regulate the immune microenvironment,
suppresses hyperactivity of pro-inflammatory cells,
effectively alleviates chronic inflammation, adjusts
the T-cell subset ratio, restores Th17/Treg balance,
decreases inflammatory mediator release, mitigates
abnormal hyperactivity of pigment cells, and exerts anti-
pigmentation effects [21-23]. Additionally, acupuncture
inhibits inflammatory signaling pathways (e.g, TLR4/
NF-kB, MAPK), reducing inflammatory responses at the
molecular level and facilitating the restoration of tissue
structure and function [24,25].

Clinical and animal studies have demonstrated that
acupuncture exhibits significant anti-inflammatory
efficacy in treating inflammatory diseases such as asthma,
chronic obstructive pulmonary disease (COPD), and
osteoarthritis. By reducing inflammatory cell infiltration,
suppressing pro-inflammatory cytokines, and modulating
immune cell function, acupuncture significantly improves
associated symptoms and histopathological characteristics
[25-27]. Furthermore, acupuncture can reduce the release
of neuroinflammatory mediators such as Substance P (SP)
and Calcitonin Gene-Related Peptide (CGRP), thereby
helping to control pigmentation [28].

Acupuncture regulates inflammatory responses
through multiple pathways, reducing the expression
of pro-inflammatory cytokines [20,21], promoting the
release of anti-inflammatory factors [22], and balancing
the immune microenvironment, effectively alleviating
inflammation-mediated pigmentation. These studies
provide a mechanistic basis and clinical support for the
combination of acupuncture and EVs therapy in treating
inflammatory pigmentary disorders such as melasma.
Future research should elucidate the mechanisms by
which acupuncture regulates immune cells and signaling
pathways, and explore its interactions with EVs-mediated
cell-to-cell communication, to promote the application
and development of acupuncture in inflammatory skin
diseases [23].

Chronic inflammation is a core pathological feature of
melasma, with persistent inflammatory factors stimulating
melanocytehyperactivityand promotingabnormalmelanin
synthesis. Acupuncture’s multi-pathway anti-inflammatory
effects directly target melasma’s inflammatory
microenvironment: reducing pro-inflammatory factor

levels inhibits inflammation-mediated melanogenesis,
while balancing the immune microenvironment prevents
chronic inflammation-induced skin barrier damage. This
breaks the “inflammation-pigmentation” vicious cycle,
providing a key mechanism for acupuncture’s treatment of
melasma.

Promoting Skin Repair and Regeneration through
Acupuncture

Acupuncture stimulates fibroblast proliferation and
collagen synthesis, thereby promoting skin repair and
regeneration. Fibroblasts are key cells responsible for
secreting components such as collagen and rebuilding
the skin structure. Animal studies demonstrate that
acupuncture significantly promotes fibroblast proliferation
and collagen deposition. In Wistar rat models, the fibroblast
count in acupuncture and moxibustion treatment groups
was significantly higher than in the control group between
days 14 and 21. This indicates that acupuncture supports
cell proliferation and collagen reconstruction, laying the
foundation for skin repair [29,30].

Acupuncture exerts a significant influence on collagen
types and synthesis regulation. Research reveals that
post-acupuncture treatment, type I collagen content
significantly increased during the later stages of wound
healing (day 21), while type III collagen content gradually
decreased. This suggests a transition from early-stage type
III collagen to more mature type I collagen, facilitating
skin structure stabilization and functional recovery [30].
Additionally, acupuncture can regulate various growth
factors, such as Transforming Growth Factor-f1 TGF-$1
and Vascular Endothelial Growth Factor (VEGF). These
factors participate in regulating fibroblast functions,
collagen synthesis, and angiogenesis, contributing to the
coordinated progression of the skin repair process [31,32].

Acupuncture promotes epidermal cell renewal
and accelerates the repair of damaged skin. The rapid
proliferation and migration of epidermal cells form the
foundation of wound epithelialization. Studies have shown
that acupuncture regulates local inflammatory responses
and enhances cellular metabolic activity, thereby
promoting the renewal and migration of epidermal cells.
This accelerates wound coverage and facilitates the
restoration of the skin barrier [32,33]. Electroacupuncture
treatment in rat skin wound models demonstrated that
acupuncture improves local blood perfusion and promotes
the modulation of lipid metabolism. These factors
collectively support efficient cellular metabolism and
repair processes [33, 34].

Furthermore, acupuncture promotes skin regeneration
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by regulating the immune microenvironment. Acupuncture
can induce macrophage polarization toward the pro-
repair M2 phenotype, reduce the expression of pro-
inflammatory cytokines such as IL-1$ and IL-6, alleviate
local inflammation, and optimize the repair environment
[35]. This immunomodulatory effect helps prevent
chronic inflammation from impeding skin repair, thereby
promoting tissue regeneration and functional recovery.

In summary, acupuncture synergistically acts on
skin repair and regeneration by promoting fibroblast
proliferation and collagen synthesis, regulating epidermal
cell renewal, enhancing local blood circulation, and
modulating the immune microenvironment. These
mechanisms significantly strengthen skin barrier function
and accelerate wound healing. These mechanisms provide
a biological foundation and theoretical support for the
clinical potential of combining acupuncture with EVs
therapy in treating melasma.

Melasma is often accompanied by skin barrier
damage, which exacerbates pigmentation and recurrence.
Acupuncture’s promotion of skin repair directly targets this
pathological feature: fibroblast proliferation and collagen
synthesis enhance skin structural integrity, epidermal cell
renewal accelerates barrier restoration, and improved
local microcirculation and immune microenvironment
create conditions for skin function recovery. A healthy skin
barrier reduces external stimuli (e.g., ultraviolet rays) and
prevents abnormal melanin production, while enhancing
skin resistance to inflammation, contributing to melasma
improvement and recurrence prevention.

MECHANISM OF ACTION OF EVS IN MELASMA
TREATMENT

EVs’ Regulatory Role in Melanocyte Function

EVs serve as crucial mediators of intercellular
communication, carrying proteins, lipids, mRNAs, and
various miRNAs to modulate the functionality of recipient
cells. In melanocytes, exosomal miRNAs significantly
influence the expression of genes related to melanin
synthesis. Studies demonstrate that EVs secreted by
keratinocytes are taken up by melanocytes, promoting
their proliferation, tyrosinase activity, and melanin
synthesis, which is associated with differential miRNA
expression. Among these, 168 differentially expressed
miRNAs modulate melanocyte functionality by regulating
key genes such as MITF and TYR, thereby affecting MAPK,
Ras, cAMP, and Wnt signaling pathways [36,37].

Ultraviolet B (UVB) irradiation induces keratinocytes
to secrete EVs with elevated levels of specific miRNAs.

These EVs significantly enhance the expression of melanin
synthesis-related genes (MITF, TRP1, TRP2, TYR), thereby
enhancing melanocytes’ melanin synthesis capacity.
Among these, miRNAs such as miR-365b-5p target GLI2 to
alleviate its inhibitory effect on MITF, thereby facilitating
melanogenesis [38,39]. Conversely, miR-21-5p expression
is pathologically elevated in EVs from vitiligo patients,
suppressing melanogenesis through inhibitory regulation
of melanocyte function by targeting SATB1 [38-40].

EVs derived from fibroblasts e.g,BJ-5ta-Ex exhibit
differential regulatory effects, effectively reducing
melanin levels and tyrosinase activity. They modulate
the expression of MITF, TYR, TRP1, and TRP2, while
influencing melanogenesis by activating the MAPK/
ERK pathway and inhibiting melanosome transport
through suppression of cAMP/PKA and GSK-33/B-catenin
signaling pathways [41]. This indicates that EVs from
different sources regulate melanocyte activity and melanin
synthesis through distinct miRNAs and proteins.

miRNAs within EVs regulate melanocyte survival and
function. For instance, EVs from patients with segmental
vitiligo exhibit elevated miR-493-3p expression, which
modulates dopaminechrome concentration, promotes
reactive oxygen species (ROS) production, induces
melanocyte apoptosis, and inhibits proliferation and
melanin synthesis [42]. Conversely, EVs derived from
healthy keratinocytes can restore melanocyte function,
enhance melanin synthesis, and improve mitochondrial
function [43]. These studies highlight the critical role of
exosomal miRNAs in regulating melanocyte functionality.

miR-2478 in dairy-derived EVs inhibits melanogenesis
by targeting the Rapla gene and affecting the Akt-GSK3[3
signaling pathway [44]. miR-181a-5p and miR-199a in
amniotic stem cell-derived EVs inhibit melanogenesis by
suppressing MITF and promote melanosome degradation
by activating autophagy respectively, providing a novel
approach for treating skin pigmentation disorders [45].

EVs precisely regulate the expression of key
transcription factors and enzymes (such as MITF and
TYR) in melanocytes by carrying specific miRNAs,
thereby promoting melanin synthesis while inhibiting
excessive activation and mitigating pigment production.
This mechanism involves signaling pathways regulating
melanin synthesis as well as melanosome transport and
degradation, demonstrating the complex role and clinical
potential of EVs in skin pigmentation modulation. In the
future, regulatory strategies based on exosomal miRNAs
promise to be effective approaches for treating melasma
and other pigmentary disorders [37-45].
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EVs Promote Skin Tissue and Anti-

Inflammatory Effects

Repair

Studies have confirmed that EVs can promote skin
barrier repair and regulate immune responses through
multiple mechanisms, thereby alleviating chronic
inflammation related to pigmentation [46].

EVs actively promote the repair of the skin barrier
by delivering anti-inflammatory factors and enhancing
cell proliferation [47]. Mesenchymal stem cell (MSCs)-
derived EVs have garnered significant attention due
to their safety and efficacy. Research indicates they
accelerate skin wound healing, promote proliferation
and migration of fibroblasts and keratinocytes, enhance
collagen production and angiogenesis, and improve tissue
structure and function. For instance, adipose tissue-
derived MSC EVs facilitate neovascularization in animal
models, suppress oxidative stress and inflammatory factor
expression, thereby improving recovery outcomes in skin
ischemia-reperfusion injury [48]. Furthermore, MSC-
derived EVs activate intracellular signaling pathways such
as Akt phosphorylation, regulating cell proliferation and
survival to optimize skin injury repair [49,50]. Combining
biomaterials like collagen/platelet-rich plasma scaffolds as
carriers with MSC EVs further promotes the proliferation
of keratinocytes and fibroblasts, angiogenesis, and collagen
remodeling to accelerate wound healing [51]. Through
these mechanisms, EVs effectively promote the restoration
of skin barrier function and enhance tissue regeneration
capacity.

EVs demonstrate significant potential in modulating
immune responses and alleviating chronic inflammation
associated with pigmentation. Chronic inflammation
is pathologically associated with skin pigmentation
disorders, where persistent activation of inflammatory
cells can stimulate melanocyte activity, leading to abnormal
pigmentation. EVs can regulate the polarization state of
immune cells, facilitating the transition of macrophages
from M1 to M2 phenotype [52]. This promotes the release
of anti-inflammatory factors such as IL-10 and TGF-f3,
thereby suppressing inflammatory responses [53]. MSC-
derived EVs have been demonstrated to induce M2
polarization in macrophages, downregulate expression
of pro-inflammatory factors, and alleviate inflammatory
injury [54]. Furthermore, EVs-carried miRNAs participate
in regulating inflammatory signaling pathways, inhibit
the activity of factors such as NF- k B, reduce the release
of inflammatory factors, thereby alleviating chronic
inflammation [55].Some studies indicate that s

Pecific exosomal miRNAs, such as let-7f-5p, can target
inflammation-related genes to exert anti-inflammatory

effects [56]. EVs-mediated delivery of anti-inflammatory
drugs (e.g, dexamethasone) has also demonstrated
potential in enhancing target specificity and therapeutic
efficacy [57]. Thus, EVs not only improve the local skin
microenvironment and reduce inflammatory responses
but also modulate the activity of pigment cells to alleviate
pigmentation.

In the future, combining nanotechnology and
biomaterials (such as hydrogels and microneedle patches)
to optimize the delivery efficiency and release kinetics of
EVs will further enhance their clinical application potential
[58,59]. Especially in pigmentation disorders like melasma,
EVs demonstrate broad therapeutic prospects through
dual mechanisms of anti-inflammatory effects and tissue
repair.

Synergistic Mechanisms of Acupuncture Combined
with EVs Therapy for Melasma

Theoretical Rationale: The Synergistic Logic
of Combining Acupuncture and EVs Therapy for
Melasma: The pathogenesis of melasma involves
multiple interconnected pathological processes, including
abnormal melanogenesis, chronic inflammation, vascular
hyperplasia, and disruption of the skin barrier [2,3].
Monotherapy often fails to address all these dimensions
simultaneously, resulting in limited efficacy and a high
recurrence rate [4-6]. Consequently, developing a
comprehensive therapeutic strategy capable of multi-
target and multi-level intervention has become a key focus
in current clinical research.

The combination of acupuncture and EVs therapy is
founded precisely on this logic of complementarity and
synergy. On one hand, acupuncture, as a holistic regulatory
therapy, primarily exerts its advantages by modulating
the neuro-endocrine-immune network to improve the
local skin microenvironment [7-20]. Its effects include
enhancing microcirculation to promote the clearance
of metabolic waste [13,14], downregulating chronic
inflammation [19-23], and promoting dermal collagen
synthesis and epidermal repair [29,30]. These actions
collectively create a more favorable “soil” environment for
treating melasma.

On the other hand, EVs serve as “precision messengers”
and “biological agents” [8-36]. They can carry specific
bioactive molecules such as miRNAs and proteins, acting
directly on epidermal melanocytes, keratinocytes, and
immune cells. This allows for the precise molecular-level
regulation of melanin synthesis [42-46], inhibition of
inflammatory signaling pathways [52], and promotion of
barrier repair [51-53].
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However, the delivery efficiency, targeting specificity,
and activity maintenance of EVs in vivo are often influenced
by the state of the local microenvironment.

Therefore, the integration of these two modalities
is not a simple superposition but aims to establish a
synergistic therapeutic model of “macro-regulation” and
“micro-intervention.” Acupuncture may optimize the local
microenvironment by improving blood flow, reducing
inflammation, and remodeling the extracellular matrix,
thereby potentially creating a more stable and bioactive
milieu for EVs action and enhancing cellular uptake
of their cargo [60,61]. In turn, EVs could amplify and
precisely translate some of the biological effects induced
by acupuncture through intercellular communication.
This synergy holds promise for achieving a more
comprehensive and sustained intervention against the core
pathological components of melasma — excessive pigment
production, persistent inflammation, and structural skin
damage [62,63] — potentially surpassing the efficacy
of monotherapies and providing a novel approach to
reducing recurrence rates.

Acupuncture Enhances EVs Release and Targeted
Delivery: Acupuncture stimulation does not merely
increase EVs quantity but qualitatively reprograms EVs
biodistribution and melanocyte tropism. In a mouse model
of photoaging, electroacupuncture at ST36 upregulated
serum exosomal miR-210 by 3.2-fold [64,65]. When
these acupuncture-primed EVs were co-administered
with MSC-derived EVs, dual-isotope tracing revealed
a 4.7-fold higher accumulation in melanocyte-rich
epidermal basal layer compared to MSC EVs alone [66-
77]. Mechanistically, acupuncture activation of the HIF-
1la/VEGF pathway in de.rmal endothelial cells induces
expression of melanocortin 1 receptor (MC1R) on
exosomal membranes [66], creating a “homing device”
for melanocytes that constitutively express MC1R ligands
a-MSH. This vascular-mediated targeting is absent in EVs
monotherapy, demonstrating how acupuncture converts
passive diffusion into active, receptor-mediated delivery.

Furthermore, acupuncture’s mechanical stress on
fibroblasts triggers exosomal RAB27B upregulation,
accelerating EVs release kinetics [58]. This synchronized
burst release coincides with acupuncture-induced
transient vasodilation, optimizing the spatiotemporal
convergence of high EVs concentration and enhanced
tissue permeability—a principle termed “pharmacokinetic

synergy”.

Synergistic Regulation of Pigment Metabolism and
Inflammatory Response: Beyond Simple Additivity:

The synergy in pigment modulation arises from
convergent miRNA targeting and epigenetic reinforcement.
Acupuncture upregulates lesional miR-181a-5p by 2.8-fold
[64], while MSC EVs are naturally enriched with miR-181a-
5p (4.5-fold higher than donor cells) [50]. When combined,
they suppress MITF expression synergistically (ICsq shifts
from 50nM to 12nM) than either alone, achieving near-
complete melanogenic shutdown without cytotoxicity.
This is mechanistically distinct from additive effects:
acupuncture-induced miR-181a-5p acts via the canonical
AGO2 pathway, while exosomal miR-181a-5p exploits
AGO2-independent RISC loading, bypassing competitive
inhibition and maximizing target mRNA degradation [50].

For inflammation, acupuncture’s vagal stimulation
reduces systemic IL-6 by 40% [17], but lesional IL-6
remains elevated due to fibroblast “inflammatory memory.”
MSC EVs deliver miR-let-7f-5p which specifically silences
IL-6R mRNA in fibroblasts [56]. Crucially, acupuncture
pretreatment upregulates fibroblast IL-6R expression,
paradoxically sensitizing them to exosomal let-7f-5p—a
phenomenon termed “target priming” that enhances anti-
inflammatory efficacy by 3.3-fold [77]. This invalidates the
simplistic “a+b better” logic: the synergy is multiplicative
because acupuncture qualitatively changes the target cell’s
susceptibility to EVs cargo.

Promoting Skin Repair and Functional Recovery
via EVs-Mediated Epigenetic Priming: Acupuncture’s
biomechanical stimulation increases fibroblast
mechanosensitive ion channel Piezo1 activation, triggering
EVs enriched in TGF-f1 mRNA and miR-199a [68]. When
co-administered with Kkeratinocyte-derived EVs, these
form heterotypic EVs clusters that co-deliver TGF-$1
(for collagen synthesis) and miR-199a (for melanosome
degradation via autophagy) [50], addressing both pigment
entrapment and matrix repair simultaneously—a dual
action impossible with homogeneous EVs preparations.

Critically, acupuncture reduces fibroblast DNMT1
expression by 58% [69], demethylating the promoter of
has-miR-199a-3p host gene, enabling sustained miR-199a
expression. This epigenetic “unlocking” means that EVs-
derived miR-199a supplements are metabolized more
slowly, extending their half-life from 48h to 120h. This
“epigenetic synergy” is absent when EVs are used alone, as
melasma fibroblasts maintain hypermethylated miR-199a
promoters, rendering them refractory to therapy. Thus,
acupuncture doesn’t just add-it resensitizes the lesional
cells to EVs repair signals.

Schematic Diagram of the Mechanism of Action of
Extracellular Vesicles Combined with Acupuncture in the
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Treatment of Melasma (Figure 1). Extracellular vesicles
(EVs) exert therapeutic effects through multi-target
mechanisms, including stimulating local microcirculation,
inhibiting inflammatory responses, promoting skin repair
and regeneration, and regulating melanocyte function.
Acupuncture improves the local microenvironment,
optimizes the delivery efficiency of EVs and their uptake
by target cells, thereby enhancing their biological effects.

Clinical Research Progress and Application Potential
of Combined Acupuncture and EVs Therapy for
Melasma

Current Status of Clinical Trials and Therapeutic
Efficacy Evaluation: Inrecentyears,clinicalresearchonthe
combination of acupuncture and EVs therapy for melasma
treatment has gradually increased, with preliminary data
demonstrating positive effects of this combined therapy
approach in improving melasma. As a crucial therapeutic
modality in Traditional Chinese Medicine, acupuncture
has been applied in clinical practice for melasma. By
regulating local blood circulation and neuroendocrine
functions, it promotes skin metabolism and repair, thereby
achieving effects to reduce pigmentation. A systematic
review and meta-analysis protocol incorporating multiple

databases indicates that acupuncture is being studied as
an intervention for melasma treatment across various
randomized controlled trials (RCTs), which aims to
systematically evaluate its clinical efficacy and safety
to provide a scientific foundation for clinical practice
[70]. Although this systematic review is still ongoing,
existing preliminary findings support that acupuncture
demonstrates certain advantages in treating melasma.

On the other hand, EVs—emerging mediators of cell-
to-cell communication, particularly mesenchymal stem
cell-derived EVs (MSC-Exo)—have become promising
therapeutic agents for skin pigmentation disorders
due to their low immunogenicity and multifaceted
regulatory capabilities. Existing literature has reported
the application of MSC-Exo in various skin and soft tissue
disorders, including melasma, acting through mechanisms
such as anti-inflammatory, anti-oxidative effects, and
promotion of skin cell regeneration. Clinical trials and case
reports demonstrate that MSC-Exo therapy for melasma is
safe and effective, contributing to reduced pigmentation
and improved skin texture [71]. Additionally, plant
stem cell-derived EVs (e.g, rose stem cell EVs) exhibit
promising skin repair and whitening effects. Clinical cases

Figure 1 Schematic Diagram of the Mechanism of Action of Extracellular Vesicles Com
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reveal positive outcomes in reducing pigmentation and
promoting skin regeneration, offering new avenues for
melasma treatment [72].

Regarding therapeutic efficacy evaluation indicators,
the degree of pigment reduction is typically assessed
using objective methods such as pigmentation index
measurement, colorimeter detection, and clinical
photographic comparison, while also incorporating
patient subjective satisfaction questionnaires. Recurrence
rate, as a crucial indicator for evaluating the long-term
therapeutic outcomes of melasma treatment, has also
garnered attention in multiple studies. Existing clinical
data demonstrate that the combination of acupuncture
and EVs therapy yields more significant effects in pigment
reduction compared to monotherapies, with higher
patient satisfaction and relatively lower recurrence
rates post-treatment, indicating promising clinical
application prospects. Overall, the combined application
of acupuncture and EVs therapy not only leverages their
respective advantages but may also enhance therapeutic
efficacy through synergistic effects, reducing melasma
recurrence rates [70-72].

Although current clinical research remains limited—
primarily comprising small-scale studies and case reports
while lacking large-scale, multicenter randomized
controlled trials—existing evidence supports the safety
and effectiveness of this combination therapy. Future
efforts should focus on conducting additional high-
quality clinical trials to further validate the efficacy of
acupuncture combined with EVs therapy for melasma,
establish optimal treatment regimens and courses, and
develop unified therapeutic efficacy evaluation standards,
thereby promoting its clinical adoption.

Application Prospects and Challenges: Research
on the combination of acupuncture and EVs therapy
for melasma continues to advance, with the design
of personalized treatment protocols emerging as a
key factor in enhancing efficacy and safety. Melasma
features complex pathogenesis and significant individual
variations, impacting therapeutic outcomes. As mediators
of intercellular communication, EVs possess multiple
functions including regulation of pigment production,
anti-inflammatory effects, and promotion of skin repair
[73]. The minimally invasive advantages of acupuncture
techniques facilitate EVs penetration through the
skin barrier, enabling more targeted therapy. Patient
responses to acupuncture depth, treatment frequency,
and EVs dosage vary significantly, necessitating treatment
regimens tailored based on individual circumstances.
Future integration of artificial intelligence and big data

analytics will enable accurate prediction of therapeutic
responses, allowing dynamic adjustment of treatment
regimens to enhance efficacy and patient satisfaction.

Currently, the combination therapy of acupuncture
and EVs for melasma remains in an exploratory stage,
lacking standardized protocols for technical parameters,
EVs dosage, and treatment frequency. Variations in EVs
sources, purification methods, and administration routes
significantly affect therapeutic efficacy [74,75]. For
instance, human umbilical cord mesenchymal stem cell-
derived EVs (hUCMSC-Exos) can effectively penetrate
the skin through microneedle or laser-assisted delivery,
however significant variations exist in treatment intensity
and frequency across different auxiliary techniques
[73]. Therefore, the relationship between EVs dosage
and acupuncture depth requires further investigation.
Regarding treatment frequency, a monthly regimen is
commonly adopted, yet long-term efficacy and optimal
treatment protocols remain to be determined [76]. To
address these issues, multicenter randomized controlled
clinical trials should be conducted to compare the effects
of different EVs dosages, administration methods, and
acupuncture parameters on melasma improvement.
Concurrent monitoring of adverse reactions and patient
tolerance is essential to establish safe and effective
therapeutic standards.

Although studies indicate that acupuncture combined
with EVs therapy demonstrates promising safety and
efficacy potential for melasma treatment, most research
remains preliminary explorations with small-scale, single-
center designs, lacking high-quality clinical evidence [71].
Large-scale clinical trials can validate efficacy variations
across different patient populations and pathological
types, assess long-term treatment safety as well as
recurrence rates, and enhance generalizability and clinical
guidance value. Future research requires the design of
multicenter, randomized, double-blind controlled trials
that integrate variables such as acupuncture techniques,
EVs sources, and administration modes to advance the
field. Conducting mechanism research with modern
biotechnology to reveal how active ingredients in EVs
synergistically regulate pigment metabolism with
acupuncture, providing a theoretical foundation for precise
treatment [77]. Technically, multimodal combination
therapy holds promise for achieving more comprehensive
and long-lasting effects [74-77]. As EVs production
technology matures and acupuncture treatment becomes
standardized, the future may see the development of
standardized combination therapy products and services,
driving new breakthroughs in cosmetic dermatology and
clinical dermatology. In summary, future development will
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focus on enhancing clinical research quality, delving deeper
into mechanisms, and integrating technologies to promote
the clinical translation and widespread application of
acupuncture combined with EVs therapy for melasma.

CONCLUSIONS

The combination of acupuncture and EVs therapy for
melasma treatment demonstrates distinct advantages
and promising application prospects as an innovative
intervention strategy. This therapeutic approach
establishes a systematic therapeutic network by regulating
pigment metabolism, suppressing inflammation, and
promoting skin repair, overcoming the limitations of
traditional single-modality treatments while significantly
enhancing patients’ treatment experience and outcomes.
Acupuncture activates the skin’s self-repair mechanisms,
while EVs regulate melanogenesis and pigment
distribution, mitigate inflammation, and promote cellular
regeneration. The combination of both modalities
establishes a synergistic treatment model that enhances
therapeutic efficacy while mitigating the risk of side effects.

Currently, research remains insufficient in mechanistic
elucidation and clinical evidence, with partial reliance
on in vitro or animal models. There is a lack of large-
scale clinical trials to support findings, and treatment
parameters and regimens have yet to be standardized.
Variations exist across different studies regarding acupoint
selection, EVs sources, and dosage protocols, which impact
therapeutic efficacy evaluation. Therefore, future research
necessitates rigorous design and standardized protocols
to comprehensively assess therapeutic efficacy, safety,
and patient compliance, ultimately aiming to elucidate the
mechanism of action and optimize treatment regimens.

In summary, the combination of acupuncture and
EVs therapy for melasma treatment represents a novel
direction in integrated Chinese and Western medicine,
enriching therapeutic approaches and promoting the
integration of biotechnology with traditional medicine.
Future efforts should focus on enhancing mechanistic
research and clinical validation, refining treatment
protocols, advancing standardization and industrialization,
and ultimately improving patients’ quality of life and
treatment satisfaction.
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