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Abstract

Extracellular vesicles (EVs) have gained attention in the cosmetics industry for their role in
intercellular communication and tissue regeneration. They transfer bioactive molecules
such as proteins, lipids, and nucleic acids, promoting skin repair, rejuvenation, and anti-
aging effects. Human mesenchymal stem cell-derived EVs are particularly valued for their
ability to enhance collagen production, reduce inflammation, and improve skin texture and
hydration. However, their use is prohibited by regulatory agencies. Plant- and bacterial-
derived EVs are being explored to meet the demand for innovative cosmetics. Despite
their potential, challenges such as regulatory approval, high production costs, and product
stability need to be addressed to fully realize the benefits of EV-based cosmetics. This paper
examines the mechanisms, benefits, market trends, and prospects of EV-based skincare
products, highlighting their transformative impact on the cosmetic industry.

Keywords: exosomes; cosmetics; dermatology; plant-derived exosomes; bacterial-derived
exosomes

1. Extracellular Vesicles in Cosmetology: The New Global Market Trend

Cosmetics have evolved significantly, transforming from simple beauty enhancers to
sophisticated formulations with multiple purposes. Changes in cosmetology are driven
by consumer demand for new products, particularly those free from harmful chemicals
and synthetic ingredients. The search for these new products based on natural and organic
ingredients for skin and hair care is responsible for the expected 6.1% compound annual
growth rate (CAGR) from 2025 to 2030 in cosmetic market, which showed a global market
size estimated at USD 295.95 billion in 2023 [1].

In an attempt to meet this demand, the global cosmetic global market has sought for
innovative trends, including formulations based on (i) probiotics and postbiotics, which
can enhance skin health and balance the microbiome [2—4], (ii) extracellular vesicles (EVs)
from human cells (particularly derived from mesenchymal stromal cells (MSCs)), bacteria
and plants, which can serve as vehicle for delivering functional bioactive molecules [5-7];
and (iii) devices that enhance product application [8-10]. Among these trends, the cosmetic
exploration of EV-based formulations stands out, with a projected compound annual
growth rate (GAGR) of 28.73% from 2025 to 2030 and showing a global market valued at
USD 117.4 million in 2024 [11].
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Despite the numerous new products based on exosomes proposed in the last decade
(Table 1), few have properly characterized exosomes according to the recommendations
of the Minimal Information for Studies of Extracellular Vesicles (MISEVs) guidelines [12].
Moreover, many of these products lack adequate safety and/or efficacy testing [12]. There-
fore, this review aims to provide a concise overview of the research, development, and
innovation (RDI) of cosmetic formulations based on EVs, focusing on the technical aspects
and potential applications of the human-, bacterial-, and plant-derived EVs for skin and
hair care.

Table 1. Number of articles published regarding exosomes and exosome-based cosmetic applications
from 2014 to 2024.

Exosomes-Based Skin Cosmetics Applications

Wound Nanodelivery

Year Exosomes Regeneration Antiaging  Hydration Pigmentation Healing of Molecules Total
2024 4982 26 25 2 7 309 31 5382
2023 5099 17 11 2 4 282 28 5443
2022 5226 15 11 1 2 258 30 5543
2021 5075 11 4 1 1 190 27 5309
2020 4299 5 4 1 4 145 22 4480
2019 3281 4 4 0 2 92 15 3398
2018 2573 1 3 0 1 61 10 2649
2017 2040 0 0 0 1 41 13 2095
2016 1560 1 0 0 1 36 4 1602
2015 1126 1 0 0 1 20 5 1153
2014 912 0 0 0 0 4 2 912
Total 36,173 81 62 7 24 1438 187 37,972

Data obtained from Villarreal-Gomez et al. [12].

2. A Brief History of the Extracellular Vesicles

Extracellular vesicles (EVs) are a heterogeneous group of small, lipid bilayer-enclosed
particles ranging in diameter from 10 to 10,000 nm. They are produced and secreted by
nearly all cell types, including prokaryotes [13-17].

These particles were first reported in 1945 by the biochemist Erwin Chargaff. While
studying coagulation, Chargaff observed the presence of “membrane debris” sediments in
platelet-free plasma supernatant subjected to high-speed centrifugation [18].

One year later, working together with Rudolph West, Chargaff demonstrated that “the
addition of the high-speed sediment to the supernatant plasma brought about a very considerable
shortening of the clotting time” [19]. This observation led to the conclusion that “the particulate
fraction probably includes, in addition to the thromboplastic agent, a variety of minute breakdown
products of blood corpuscles” with high clotting potential [19].

However, the first EV images were recorded in 1967 by Peter Wolf [20]. Using trans-
mission electron microscopy (TEM), Wolf described a “material in minute particulate form,
sedimentable by high-speed centrifugation and originating from platelets, but distinguishable from
intact platelets”, which he named “platelet dust” [20].

Novel EV images were obtained in 1971 by Neville Crawford, who introduced the
term “microparticles” to refer to these particles isolated from platelet-free plasma [21]. Craw-
ford also demonstrated that these microparticles contained lipids and carried adenosine
triphosphate (ATP) and contractile proteins, pioneering the description of the presence and
coarse structure of such cell-free components [21].

Between the mid-1960s and early 1980s, several studies using TEM described struc-
tures consistent with EVs [22]. Among these, Nunez et al. [23] reported the presence of
multivesicular bodies (MVBs) close to the apical membrane within the cytoplasm. The
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authors proposed that “fusion of the outer or limiting membrane of the multivesicular body
with the apical plasma membrane might lead to the release of the vesicles contained within the
structure into the luminal space”. This finding contributed to the identification of a subtype
of nanosized EVs (30-150 nm) known as exosomes.

The discovery of EVs is closely linked to virology. In the 1960s and 1970s, scientists
examined biofluids for virus-like particles (VLPs) with the aim of associating viruses not
only with infections but also with other diseases such as cancer [24,25]. However, particles
identified in patient biofluids from various diseases, including cancer, exhibited unique
characteristics that differed from typical VLPs [24,26-28]. This observation led to the
consensus that these particles were artifacts resulting from the separation process [28].

This consensus changed in 1975, when Dalton studied fractions of filtered and unfil-
tered fetal bovine serum (FBS) and demonstrated that the sera contained particles similar
to those found in epithelial cell lines [29]. Dalton stated that “to call structures with the
morphology of normally occurring vesicles of multivesicular bodies and of microvesicles associated
with epithelial cells "virus-like’ is unwarranted”, effectively ending the era of VLPs [29].

The early 1980s saw significant advances in extracellular vesicle (EV) biology. Us-
ing reticulocyte maturation to study membrane trafficking, research groups led by Stahl
and Johnstone demonstrated that the transferrin receptor is lost through vesicle release.
Stahl’s group published a paper providing transmission electron microscopy (TEM) images
showing that these EVs are released from the multivesicular body (MVB) lumen upon
fusion with the plasma membrane [30]. In contrast, Johnstone’s group described a novel
intracellular sorting and trafficking pathway [31]. These EVs were named exosomes by
Rose Johnstone in 1987 [22].

In 1991, Johnstone et al. demonstrated the presence of transferrin and nucleoside
transporters on exosomes. They also reported that various cellular stresses induced both the
release and internalization of exosomes [32]. From these historical papers, it was observed
that there was a massive interest in EV research. This interest was driven from around
1993 with a paper demonstrating an elevated number of microparticles (a subtype of EV) in
transient brain ischemia and other infarctions [33] and later confirmed in Crohn’s [34]. At
the same time, studies described the physical and biochemical characteristics of EVs [35]
and the immunomodulatory properties of EVs [36].

Although previously called “membrane debris”, “platelet dust”, “small particles”, and
even “virus-like particles”, and later classified into different subtypes according to their size,
marker expression, and biogenesis (Table 2), the MISEV2023 discourages the EV nomen-
clature for terms related to the biogenesis, like exosomes, microvesicles, and apoptotic
bodies [17,37].

Table 2. Extracellular vesicle classification based on biogenesis, cell surface expression, and size.

EV Category Name Size (nm) Markers Biogenesis
Exosomes Classical 30-200 CD63*/CD9* /CD81* MVE
Non-classical 30-200 CD63*/CD9*/CD81~ MVE
Microvesicle Classical 150-1000 Annexin A1, ARF6 PMS
Oncosomes 1000-10,000 Annexin A1, ARF6 PMS
ARMN 40-100 ARRDCI, TSG101 PMS
Apoptotic Apoptotic body 1000-5000 Annexin V, PS Apoptosis
Apoptotic vesicle 100-1000 Annexin V, P5 Apoptosis
Autophagic Autophagic EV 40-1000 LC3B-PE, p62, dsDNA /histones Amphisome
Stressome Stressed EV 40-1000 HSP90, HSPs PMS
Damaged EV 40-1000 CD63*/CD9* /CD81* PMS
Matrix vesicles Matrix vesicles 40-1000 Fibronectin, Proteoglycan Matrix binding release

MVE—multivesicular endosome; ARMM—arrestin-domain-containing protein 1 (ARRDC1)-mediated microvesi-
cle; PMS—plasma membrane shedding; Amphisome—Autophagosome—endosome fusion.
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3. Exosomes to Extracellular Vesicles: A Nomenclature Change Proposed
by MISEV2023 That Directly Impact the EV-Based Cosmetic Market

Hypothetically, exosomes are the most explored subtype of EVs [38], including in
cosmetic formulations [12] (Figure 1). But without an orthogonal characterization test
to prove the exosomal nature of these vesicles, most formulations may contain other

EV subtypes.
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Figure 1. Number of publications about extracellular vesicles available on the PubMed database.
Graphics clearly show an increased interest in EVs, particularly from 2010 (gray bars). Despite the
reduced number of publications about EVs in cosmetology, it is possible to verify an increasing interest
in these vesicles since 2020 (blue bars). Graphs obtained using the total number of publications
available on the PubMed database until 17 March 2025.

Since MISEV2018, the International Society for Extracellular Vesicle (ISEV) has encour-
aged the use of the generic term EV to avoid the misuse of the term “exosome” (Table 3).
Despite this recommendation, which was endorsed in MISEV2023 [17], and the lack of
regulatory guidance, the term “exosome” has been strategically coined, especially by the
cosmetic industry to refer to EVs.

Considering exosomes are a subtype of EVs, what drives the specific focus on exosomes
rather than EVs in cosmetology?

This focus can be justified by the small diameter of the particles (30-200 nm), which
confers the capability to cross different tissue barriers, including the skin [5,7]. This is a
desired characteristic, since it enables exosomes to be used in topical formulations, serving
as nanocarriers for natural active biomolecules and synthetic compounds.

Another reason that justifies the interest in exosomes is their biogenesis. Exosomes
are generated from the endosomal compartment and contain phosphatidylserine, phos-
phatidylcholine, sphingomyelin, ceramides, and cholesterol in their lipid bilayer, ensuring
structural integrity [39,40]. The combination of these characteristics with the nanosized di-
ameter ensures the stability of these vesicles for up to 20 months at 4 °C or up to four years
at —20 °C [17,41].
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Table 3. Changes in EV nomenclature in MISEV in ten years (2014-2024).

Definition: EVs are secreted membrane-enclosed vesicles
Nomenclature: No recommendation

MISEV2014

Definition: EVs are particles naturally secreted from cells, defined by a lipid bilayer, and cannot replicate
Nomenclature: Unless the authors do not establish specific markers of subcellular origins, they urged to consider

MISEV2018  operational terms for EVs subtypes based on their physical characteristics and biological constituents. The authors
also suggest the replacement of terms such as “exosomes” and “microvesicles” with descriptions of the conditions
or cellular origins

Definition: EV are particles released from cells, delimited by a lipid bilayer, and cannot replicate on their own
MISEV2023  Nomenclature: Authors recommended the use of generic term “EV” (as previously suggested in MISEV2018)
rather than inconsistently defined and sometimes misleading terms such as exosomes

Table adapted from Zhang et al. [37].

In addition, initially it was proposed that exosomes contain evolutionarily conserved
surface proteins, such as tetraspanins (CD9, CD63, and CD81), heat shock proteins (HSP60,
HSP70, and HSP90), major histocompatibility complex (MHC) class I and II, Alix, and
TSG101 that could serve as putative exosomal markers [38]. This led to the idea that,
through the immunodetection of these proteins (particularly CD63), it should be possible
to distinguish exosomes from other EVs [13,42]. However, MISEV2023 recognized that
immunodetection of tetraspanins CD9, CD63, and CD81 does not allow us to ensure
exosomal nature of EVs, since other EV subtypes can also express these surface proteins [17].

Furthermore, exosomes count on exclusive sorting mechanisms during their biogenesis
that cargo selective biomolecules such as nucleic acids (coding and non-coding RNAs,
double- or single-strand DNA), proteins, metabolites, and lipids that make these nanosized
vesicles more homogeneous in terms of content than other EVs [38]. This characteristic is
particularly beneficial for the RDI of cosmetic products, as formulation homogeneity is a
required feature in any product.

The sorting mechanism is part of several coordinated processes involved in exosome
biogenesis [38]. This process begins with the formation of multiple intraluminal vesicles
(ILVs) within the MVBs. ILVs form by inward budding of the endosome’s limiting mem-
brane, involving sorting-related proteins like the endosomal sorting complex required for
transport (ESCRT). During ILV formation, cytosolic components are also captured within
these structures [38].

Upon maturation, MVBs are transported to the plasma membrane via the cytoskeleton
and microtubules. After fusion with the cell membrane, ILVs are released as exosomes into
the extracellular space (secretory pathway). Alternatively, MVBs can fuse with lysosomes
or autophagosomes for degradation (degradation pathway). The mechanisms governing
these pathways are not fully understood but coexist [14,42].

Upon release into the extracellular space, EVs interact with recipient cells through
different mechanisms, such as adhesion to cellular surface receptors (receptor-mediated
uptake), endocytosis (phagocytosis), and fusion with the plasma membrane [43]. Trans-
membrane ligands on the extracellular vesicle (EV) surface can directly bind with receptors
in recipient cells through direct interaction [44]. This binding initiates a downstream signal-
ing cascade, resulting in the activation of the target cell [44]. This interaction mainly occurs
in immunomodulation and apoptosis [44].

Altogether, these characteristics suggest that exosomes can be additional advantages
to other subtypes of EVs. However, obtaining pure exosomal suspensions at a large
scale imposes some technical limitations ranging from isolation to characterization. In
this context, the central question is the following: Do we need to focus our attention on
exosomes, or should we look for formulations based on EV?
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Given the lack of regulatory guidelines for EV-based products and the importance
of MISEV to provide technical recommendations and guidance on EV-related studies, the
answer to this question is clear on MISEV2023, which discouraged the use of “exosome”
and strongly suggested the use of the generic term EV.

Moreover, most EVs isolated from cells under physiological conditions have an average
diameter of 100 nm [17], which is within the desired size to ensure these vesicles can cross
epithelial layers, serving as a vehicle for the delivery of molecules of cosmetic interest.

In this sense, although the sorting mechanism can address specific nucleic acids to the
exosomes, in cosmetology, the main purpose of the use of these nanosized vesicles is to
explore their potential as a vehicle for the delivery of natural and/or synthetic compounds
that are combined with these vesicles in multiple formulations.

In addition, the appropriate replacement of the term “exosome” by EV can be inter-
esting from a manufacturing point of view of these vesicles. This is because, although it
is strongly recommended that all EVs be characterized by orthogonal methods [17], the
adoption of EV term does not limit the quality control process to the immunodetection of
surface markers that, as previously mentioned, are not specific for exosome characterization
and can negatively impact batch release, causing significant economic losses.

4. Exploring the EV Biotechnological Applications in Cosmetic Products

Since the first studies showed that EVs facilitate cell-to-cell communication by trans-
ferring bioactive molecules [45-51], these vesicles have been explored as potential carriers
of molecules [52-55]. This is because EVs have all the features sought in a delivery vehicle,
which include stability, little or no immunogenicity, biodegradability, low production cost,
easy of fabrication, and tolerability [14].

However, EVs are biotechnological products isolated from human cells, bacteria, and
plants, each one possessing unique benefits and limitations, as summarized in Table 4.
Considering that the EV cargo (nucleic acids, proteins, metabolites, and even lipids) reflects
the transcriptomic nature of the origin cells, it is not surprising that human-, plant-, and
bacteria-derived EVs can offer different therapeutic and cosmetic opportunities. For this
reason, this review provides a concise summary about the cosmetic applications of human-,
plant-, and bacteria-derived EVs.

Table 4. Benefits and limitations offered by human-, plant-, and bacterium-derived EVs.

EV Source

Benefits Limitations

Human-derived

-Can be isolated from plasma and MSCs
-High potential for therapeutic and cosmetic
applications due to their similarity to
human cells

-Regulatory restrictions in many regions due
to potential disease transmission

-High production costs and complex quality
control processes

Plant-derived

-Can be isolated from various plants, each
offering unique bioactive functions

-Rich in secondary metabolites with proven
skin benefits (anti-aging, moisturizing, etc.)
-Generally considered safe and
non-immunogenic

-Limited comprehensive (pre)clinical studies
-Variability in bioactive functions depending
on the plant source

-Less transcriptional similarity to human cells,
potentially affecting efficacy

Bacterium-derived

-Specific strains like Lactiplantibacillus
plantarum show anti-inflammatory and
anti-aging benefits

-Potential for drug delivery and
immunomodulatory properties

-Can be produced on a large scale

-Presence of lipopolysaccharides (LPS) or
lipoteichoic acids (LTA) may cause
immune reactions

-Limited clinical evidence for

cosmetic applications
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4.1. Human-Derived EVs

Although there are no cosmetic products based on human-derived EVs approved
to date, at least 81 clinical trials analyzing the safety and efficacy of human-derived
EVs/exosomes for the treatment of several diseases are ongoing worldwide, as data avail-
able on ClinicalTrial.gov (accessed on 10 March 2025, Table 5).

EVs can be isolated from various human tissues. However, there are concerns regard-
ing the use of human-derived EVs. These concerns include the potential risk of disease
transmission, as EVs can carry virus particles and genetic material (DNA or RNA) of differ-
ent viruses [56-58]. However, this concern can be mitigated through virological analysis of
donors, a practice that is already commonly used for the tissues obtained for the isolation
of mesenchymal stem/stromal cells (MSCs) for cellular therapy.

For cosmetic purposes, platelet-rich plasma (PRP) can be considered a primary source
of EV obtaining [59].

PRP is an autologous treatment that already has multiple applications in dermatology,
particularly in the areas of hair restoration, skin rejuvenation, acne scars, dermal augmenta-
tion, and striae distensae [60,61]. PRP therapy is a method that uses a centrifugated blood
fraction containing a high concentration of platelets in a small volume of plasma [59,60].
The optimal platelet concentration recommended for high-quality PRP treatment in skin
diseases is 1-1.5 million platelets/uL [62,63].

Platelets are small blood cell fragments derived from megakaryocytes that play a
key role in hemostasis [63]. These fragments carry two types of storage granules: alpha-
granules and dense granules [63,64]. Alpha-granules are the most relevant to PRP therapy
since they contain multiple growth factors such as vascular endothelial growth factor
(VEGF), endothelial cell growth factor (ECGF), insulin-like growth factor-1 (IGF-1), platelet-
derived growth factor (PDGF), transforming growth factor-3 (TGF-$3), epidermal growth
factor (EGF), platelet-derived angiogenesis factor (PDAF), hepatocyte growth factor (HGF),
fibroblast growth factor (FGF), glial cell line-derived neurotrophic factor (GDNF), platelet
factor 4 (PF4), interleukin 8 (IL-8), and (3-thromboglobulin (or CXCL7) [63]. Dense granules
are the second-most abundant granules, and storage of ADP, ATP, calcium, serotonin, and
glutamate, which is released after PRP treatment, plays a complementary beneficial effect
of this therapy [60,62-64].

Table 5. Ongoing clinical trials involving EVs.

NCT Number Conditions
NCT05658094

Hair Loss, Alopecia

NCT06568653 Fistula Perianal
NCT04500769 Metabolism
NCT05043181 Familial Hypercholesterolemia
NCT04529915 Lung Cancer
NCT04965961 Sports Drug Abuse
NCT04544215 Drug-resistant
NCT04969172 COVID-19 Disease
NCT02957279 Sepsis
NCT05402748 Fistula Perianal
NCT06853522 Ulcerative Colitis (UC)
NCT02147418 Oropharyngeal Cancer
NCT04270006 Periodontitis
NCT06138210 Acute Ischemic Stroke
NCT05475418 Wounds and Injuries
NCT03478410 Atrial Fibrillation
NCT05499156 Perianal Fistula in Patients With Crohn’s Disease
NCT05871463 Decompensated Liver Cirrhosis
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NCT Number Conditions
NCT06609785 Diabetes, Exercise, Lifestyle Intervention
NCT06810869 Stable Vitiligo
NCT06072794 Premature Ovarian Insufficiency, Diminished Ovarian Reserve
NCT06298682 Platelet Thrombus
NCT05616234 Exosomes, Connective Tissue, Exercise
NCT04636788 Pancreas Adenocarcinoma
NCT04602104 Acute Respiratory Distress Syndrome
NCT03985696 Lymphoma, B-cell, Aggressive Non-Hodgkin (B-NHL)
NCT06697080 Androgenic Alopecia
NCT04657406 COVID19
NCT06536712 Rectal Cancer
NCT02748369 Normal Cellular Metabolism
NCT04747574 SARS-CoV-2
NCT06764004 Apical Periodontitis
NCT06221787 Melasma
NCT05933707 Obesity
NCT03392441 Diabetes Mellitus
NCT06496451 Friedreich Ataxia
NCT06330922 Cerebral Palsy, Spastic
NCT04081194 New Tumor Diagnostics From Human Plasma Samples
NCT03106246 Typel Diabetes Mellitus
NCT05559177 Recurrent or Metastatic Bladder Cancer
NCT04595903 COVID-19
NCT06598202 Amyotrophic Lateral Sclerosis
NCT05228899 COVID-19
NCT04384445 COVID-19
NCT06773572 Infertility
NCT05375604 Advanced Hepatocellular Carcinoma (HCC)
NCT04167722 Prostate Cancer
NCT02797834 Extracellular Vesicles
NCT06824285 Aging
NCT03255408 Obstructive Sleep Apnea of Adult
NCT04664738 Skin Graft
NCT03854032 Oral Cavity Squamous Cell Carcinoma
NCT06615531 Intensive Meditation in Novice and Experienced Meditators
NCT06536374 Prostate Cancer
NCT04134676 Chronic Ulcer
NCTO01550523 Malignant Glioma of Brain
NCT04924504 Diabetes Mellitus, Type
NCT02507583 Malignant Glioma
NCT04617405 Diabetes Mellitus, Type 2
NCT05937594 Neonatal Opioid Withdrawal Syndrome
NCT06821243 Squamous Cell Carcinoma of Oropharynx
NCT06319742 Stroke, TIA, Stroke-mimics, Stroke Biomarkers
NCT02935816 Prostate Cancer
NCT00285805 Insulin Resistance
NCT00578240 Prostate Cancer
NCT06504485 Hepatitis D
NCT00001888 Asthma
NCT02653339 Rhinitis, Allergic, Perennial
NCT02063464 Ovarian Cancer
NCT05624203 Myocardial Reperfusion Injury
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Table 5. Cont.

NCT Number Conditions
NCT06633003 Spinocerebellar Ataxia
NCT06654167 Cognitive Function
NCT03406780 Muscular Dystrophies
NCT06652425 Cardiovascular System
NCTO05575752 Cardiovascular System
NCT03459703 Obesity
NCT03410030 Pancreatic Cancer
NCT04350177 Parkinson Disease
NCT06219850 Diabetes Mellitus, Type 2
NCT04153539 Cardiovascular System
NCTO02737267 Body Weight Changes

The mechanism of action (MoA) of PRP has been attributed to the secretion of growth
factors and ATP, which begins 10 min after PRP injection [63-65]. Combined, these
molecules induce multiple responses in cells within the injection site, resulting in cel-
lular proliferation, matrix formation, regulation of inflammation, angiogenesis, osteoid
production, collagen synthesis, and the remodeling of novel tissues [63-65]. PRP therapy
is safe, with few contraindications, limited to patients with critical thrombocytopenia,
platelet dysfunction, hemodynamic instability, sepsis, and local infection at the site of PRP
administration [63].

However, current studies have provided evidence that EV (“exosomes”) are the main
effectors of PRP activity, mediating the intercellular communication process and serving as a
vehicle for the delivery of platelet-derived growth factors and other biomolecules, including
ATP [66-68]. In this regard, Guo et al. [66] provided strong evidence that intra-articular
injection of PRP-EVs can significantly promote the repair of articular cartilage defects in
murine models. These data make PRP-EVs potential candidates for cosmetic products.
Moreover, these EVs can be easily isolated using already well-established protocols based
on ultracentrifugation or tangential flow filtration (TFF). Moreover, for being an autologous
treatment, PRP-EVs can be considered safety. On the one hand the PRP-EVs use represents
a landmark in personalized cosmetology; on the other hand, the use of these vesicles
requires the adoption of rigorous protocols to ensure the safety and efficacy of PRP-EV-
based treatments.

Alternatively, MSCs emerge as a useful source of EVs obtained on large scale to supply
the cosmetic market, which increases yearly. This is because these cells can be easily isolated
from different tissues [13,69,70].

MSCs were first described in the 1960s by Soviet scientist Alexander Friedenstein,
who demonstrated that bone marrow and other blood-forming organs contain clono-
genic progenitor cells that, under in vitro conditions, can give rise to fibroblasts and other
mesenchymal cells [71]. Friedenstein also showed that these cells (not belonging to the
hematopoietic lineage) could also form bone and cartilage-forming cells [71-74].

Because of these characteristics, these cells were called “mesenchymal/stromal stem
cells” by Prof. Dr. Arnold Caplan in 1991 [75].

In subsequent studies, Haynesworth et al. [76] showed that MSCs express unique
surface antigens that could be used to identify and characterize MSC populations. A few
years later, Barry et al. [77,78] reported that, using monoclonal antibodies, it would be
possible to identify these antigens (CD105 and CD73), allowing the identification of MSC
populations. From this moment, MSCs began to be characterized by (i) their capacity for
adhesion and proliferation in culture (known since 1966), (ii) expression of the surface
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markers CD73, CD90, CD105, CD44, and CD124 and (iii) the capacity to differentiate
in vitro into mesodermal lineages.

Due to the increased clinical interest in MSCs and the need to establish broad and
unambiguous criteria for defining MSCs, the International Society for Cellular Therapy
(ISCT) has established minimum criteria for defining MSCs [79]. These criteria include
(i) adhesion (to the plastic), (ii) expression of the surface antigens CD105, CD90, and CD73
in more than 95% of the cell population, and CD45, CD19, CD14, CD11b, CD34, CD79«,
and HLA-DR limited to a maximum of 2% of the cell population, (iii) ability to differentiate
in vitro into osteoblasts, chondrocytes, and adipocytes (multipotency) [79].

The main advantage of these cells as a source of EVs is that they can be cultivated on a
large scale [80] and, under specific stress conditions, can produce high amounts of EVs to
supply the cosmetic market [81-83].

Other relevant aspects that make MSC potential candidates for EV obtaining are the
safety and tolerability of these cells, which have been investigated for over 15 years in
multiple clinical trials [15,69,84-86].

Although MSCs can be isolated from different tissues, as they share transcriptional
signatures with their tissue of origin [87-89], it is not surprising that the therapeutic
potential of MSCs may vary according to their origin and even donors, as recently shown
by a comparative transcriptomic analysis among different MSC types by Araldi et al. [70].

Despite the therapeutic potential of MSCs have already been widely demonstrated
in different systematic reviews and meta-analyses, the MoA of these cells remains not
completely elucidated [13,42,90-92].

Based on cumulative evidence showing that, after intravenous transplantation, MSCs
migrate and transmigrate across the endothelium to sites of injury/inflammation, where
they attach to target tissues (homing) [93,94], and differentiate into specialized cell
types [15,16,95-97], initially, it was postulated that the therapeutic action of these cells
was mediated by the ability of MSCs to replace dead and/or injured cells [96,98].

However, a study involving renal injury induced by injections of toxic doses of glycerol
showed that transplanted MSCs remained at the site of injury for a few days, suggesting
that the therapeutic benefits of MSCs do not necessarily depend on cell replacement [99].
Confirming this hypothesis, subsequent studies have shown that only 0.1-2.7% of trans-
planted MSCs are able to attach to the target tissue [100-102] and only 1-2% of transplanted
MSCs survive for more than a week after systemic administration [98,103-107]. Therefore,
given the low percentage of MSCs that attach to the target tissue, the replacement of injured
cells by differentiated MSCs (initially postulated as the MoA of MSCs) would not be able to
justify the therapeutic benefits of these cells.

In 1996, Haynesworth et al. showed that MSCs secrete a series of growth factors and
cytokines that could act in a paracrine manner on recipient cells [108]. This discovery led
to the formulation of the theory of paracrine stimulation. However, this theory was only
confirmed ten years later, when Takahashi et al. [109] showed that growth factors and
cytokines present in the conditioned medium of MSCs can increase the density of blood
capillaries and improve cardiac function, reducing the damage caused by acute myocardial
infarction in rats. Since then, it has been recognized that the therapeutic effects of MSCs are
due to the paracrine action of the biomolecules secreted by these cells [95,96,105,110-114].
Such effects are mediated by cytokines, growth factors, lipids, nucleic acids, ions, and
metabolites produced and secreted by these cells, which act in signaling and intercellular
communication processes [98,115,116].

As observed in PRP, these biomolecules can be found in free form and contained in EVs
secreted by cells [117]. However, the molecules present in free form are easily hydrolyzed or
oxidized, while the molecules contained in EVs are less susceptible to degradation [14,42].
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This observation has driven the biotechnological interest in exploring the use of EVsin a
new therapeutic modality known as cell-free therapy [14,15,42,52,95,118].

However, the MSC production for the large-scale EV obtaining can be limited by the
cost of production of these cells, which can make it economically unviable for cosmetic
purposes. This is because the productive chain of MSCs requires multiple cell expansion
steps and quality control processes to ensure the maintenance of MSC phenotype according
to the minimum criteria defined by ISCT. These steps commonly involve an open process
(except for MSC production in bioreactors) that also requires extensive microbiological
vigilance. These processes represent important challenges for the sterile EV solution
obtained for injectable cosmetic products. However, open processes may not represent a
problem for obtaining MSC-derived EVs for cosmetic formulation destinated for topic use.

4.2. Plant-Derived EVs

Human-derived EVs have garnered significant interest and have been extensively
studied in recent years. Conversely, plant-derived EVs (also known as plant-derived
exosome-like nanoparticles—PELNs) have received comparatively less attention and re-
main under-researched. Although several investigations have highlighted their promising
health benefits and drug delivery potential, comprehensive (pre)clinical studies are still
limited [119].

Plants survive by defending themselves against biological and non-biological stress or
adapting to the environmental conditions through various secondary metabolites, such as
alkaloid, flavonoid, polyphenol, terpenoid, and quinone [120]. These secondary metabo-
lites are commonly explored as nutritional supplements or active ingredients in multiple
cosmetic formulations [120]. This is because they exert proven beneficial effects on human
skin, providing antiaging, moisturizing, whitening, regeneration properties, and nutritional
supply [120].

Besides secondary metabolites, plants produce defense against biological and non-
biological threats though EV-mediated mechanisms [121,122]. Like human cells, plant
cells, cultured in vitro also release EVs containing nucleic acids, proteins, lipids, and
substances with protective functions into the growth medium, which can be harvested for
pharmaceutical applications [119,123].

As observed with MSC-derived EVs, plant-derived EVs have various bioactive func-
tions according to the plant they are derived from [120]. Exemplifying these differences,
it was demonstrated that blueberry-derived EVs increase the survival rate of cells by
regulating the expression of genes that affect inflammation and oxidation stress [124];
strawberry-derived EVs were reported to prevent oxidative stress in human MSCs [125];
grape-, grapefruit-, ginger-, and carrot-derived EVs were reported to help maintain intesti-
nal homeostasis owing to their anti-inflammatory functions [126].

Although extensive evidence suggests that plant secondary metabolites are the primary
agents responsible for the mechanism of action of plant-derived extracellular vesicles,
Woith et al. [119] showed that these metabolites are not actively packaged into EVs but
become enriched in the membrane when sufficiently lipophilic. This is because lipophilic
compounds were found associated with nanovesicles, whereas more hydrophilic structures
were not consistently observed [119]. This evidence reinforces that plant-derived EVs offer
additional therapeutic benefits to secondary metabolites that are already extensively used
in cosmetic formulations.

Confirming this hypothesis, analyzing the transcriptome of keratinocytes treated
for six hours with plant-derived EVs or conventional plant secondary metabolites from
different plants, including ginseng (Panax ginseng) and green tea (Camellia sinensis), Cho
et al. [120] showed that EVs promoted more expressive transcriptional changes. In the
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comparative analysis of expression of genes that are known to affect aging, regeneration,
skin barrier, and moisturization (MP12, MMP13, NOTCH3, FGF12, HS35T3A1, LOX, VIM,
ELOVL3, and KRTI), the study showed that EVs are more effective than plant secondary
metabolites in contributing to maintaining healthy skin [120]. These results demon-
strate that plant-derived EVs have the potential to be commercialized as a cosmeceutical
product [120].

4.3. Bacterial-Derived EV's

Bacterial-derived EVs are classified into Gram-negative and Gram-positive bacteria-
derived EVs. EVs from Gram-negative bacteria contain lipopolysaccharides (LPS) [127],
while EVs from Gram-positive bacteria contain lipoteichoic acids (LTA) [128]. These EVs
are involved in the communication process between bacteria [129,130]. For this reason,
bacterial-derived EVs have been investigated as mediators of drug delivery [131-134].

Lactiplantibacillus plantarum (previously Lactobacillus plantarum) is a Gram-positive
bacterium belonging to the genus Lactiplantibacillus [135]. L. plantarum is found in many
fermented products and has been associated with reducing allergic reactions as a probiotic
and lowering cholesterol and triglyceride levels [129,136-140]. L. plantarum, which is
an aerotolerant Gram-positive bacterium, is also found on the skin, controlling various
harmful Gram-positive and Gram-negative bacteria [141-143].

In 2022, Kurata et al. [144] showed that L. plantarum-derived EVs (LpEVs) have im-
munomodulatory properties. These properties were confirmed in 2024 by Gong et al. [145],
who showed that LpEVs lead to increased expression of Arg-1 and anti-inflammatory
cytokines IL-10 and decreased expression of iNOS and surface marker protein CD86 in
RAW 264.7 cells (murine macrophages) exposed to LPS, causing significant morphological
changes in these cells. These results demonstrate that LpEVs can suppress inflammatory
responses and promote the polarization of macrophages toward the anti-inflammatory M2
phenotype. These findings support the anti-inflammatory activity of L. plantarum-derived
EVs [144].

Still in 2022, Jo et al. [129] provided in vitro and clinical evidence that L. plantarum-
derived EVs (LpEVs) modulate the mRNA expression of extracellular matrix (ECM), sup-
pressing skin wrinkle formation and pigmentation. These results show that LpEVs offer
benefits against skin aging.

Currently, Kang et al. [146] showed that Lactobacillus-derived artificial EVs (LAEs) effec-
tively improve wound healing in fibroblasts, modulating aging-related genes. These results
make LAEs a promising alternative to natural EVs for skin rejuvenation and anti-aging.

Exosomes from other species, such as fungi and algae, have also been identified and
may possess bioactive properties. However, this review will not explore their use due
to the current lack of supportive data demonstrating their efficacy or safety in cosmetic
contexts. To date, there is insufficient evidence validating their stability, bioavailability, or
dermatological benefits, and no regulatory consensus regarding their safe incorporation
into consumer products.

5. Potential Risks and Adverse Effects of Human-, Plant-, and
Bacterial-Derived EVs in Cosmetics Applications

The incorporation of EVs into cosmetic formulations has garnered significant interest
due to their capacity to modulate cellular communication, promote skin regeneration,
and deliver bioactive molecules. However, despite their promising therapeutic potential,
the use of exosome, particularly those derived from human, plant, and bacteria, raises
important safety considerations that must be critically evaluated.
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Human-derived EVs, often isolated from MSCs or other donor tissues, such as plasma,
may carry risks related to immunogenicity and pathogen transmission [147,148]. Although
purification protocols aim to eliminate contaminants, residual proteins, nucleic acids, or
membrane-bound molecules could provoke unintended immune responses or inflamma-
tory reactions, especially when administered intradermally [149,150]. Additionally, donor
variability and the lack of standardized manufacturing practices may result in inconsistent
bioactivity and safety profiles [151].

Plant-derived EVs are generally considered less immunogenic due to their phyloge-
netic distance from humans [152,153]. However, they may contain plant-specific secondary
metabolites, allergens, or enzymatic compounds that could irritate sensitive skin or trigger
allergic reactions upon topical application [120,153]. The stability of these vesicles in hu-
man skin environments and their ability to penetrate the epidermal barrier remain poorly
understood, raising concerns about their efficacy and long-term safety [154,155].

Bacterial-derived EVs, or outer membrane vesicles (OMVs), pose unique challenges.
While some OMVs have demonstrated beneficial effects such as anti-inflammatory or
antimicrobial activity [156,157], they may also contain lipopolysaccharides (LPS), peptido-
glycans, or other immunostimulatory components capable of inducing strong inflammatory
responses [156,157]. Intradermal administration of bacterial EVs could heighten the risk of
systemic immune activation or localized adverse reactions, including erythema, edema, or
granuloma formation [158,159].

Across all sources, the route of administration significantly influences the risk profile.
Topical application generally presents a lower risk due to limited systemic absorption,
though compromised skin barriers may increase permeability [160,161]. In contrast, intra-
dermal delivery bypasses the protective epidermal layer, introducing exosomes directly
into the dermis, where they may interact with immune cells, vascular structures, and
connective tissue—potentially amplifying adverse effects [7,148].

6. Challenges in EV Large-Scale Production for Cosmetic Purposes

Despite the increasing interest in biotechnology exploring EV, many technical chal-
lenges can limit the EV applications in cosmeceutical products. The first and most discussed
technical challenge is EV isolation.

Although there are several methods for isolating EVs, such as ultracentrifugation
(UQ), ultrafiltration (UF), precipitation, isolation kits, and several novel techniques such
as microfluidic chips (MFC), size-exclusion chromatography (SEC), field-flow fraction-
ation (FFF), hydrostatic filtration dialysis (HFD), and immunoaffinity precipitation (IP)
kits [162], each method has pros and cons that can limit their use for EV obtaining for
clinical purposes [162]. For this reason, the best choice depends on the intended down-
stream application, the type of EV (exosome, microvesicle or apoptotic body), and the
homogeneity levels desired.

Centrifuge-based methods separate EVs from a solution according to their size, shape,
density, and the viscosity of the medium [162]. Thus, the greater the difference in density,
the faster they separate [118,162,163].

UC became the gold standard method for EV isolation, especially for clinical pur-
poses [162]. Three different UC-based techniques can be used for EV isolation: differential
ultracentrifugation (DUC), density gradient centrifugation (DGC), and rate-zonal centrifu-
gation (RZU) techniques [164,165].

Historically, DUC was the first technique used to isolate EVs [162]. This technique
is based on the density, size, and shape of the EVs [164,166-169]. The main advantage of
this technique is that it does not require the addition of any chemical compound that can
result in eventual contaminants that can limit the EV clinical application, since the EV-
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containing solution is directly subjected to high-speed centrifugation (generally higher than
100,000 x g (RCF)). However, the development of DUC-based protocols requires expertise in
both high-speed centrifugation and EV biology, since the duration (of ultracentrifugation),
temperature, and sample dilution are critical factors for the separation efficiency [170,171].
On the one hand, this technique is scalable, being perfectly adequate for large-scale pro-
duction to attempt clinical demands; on the other hand, it is not adequate for small sample
volumes [172,173]. Another important consideration about this technique is that DUC
causes the precipitation of various EV subtypes [174].

In this regard, DGC emerges as an alternative technique for reaching higher purifi-
cation of specific types of EVs [164]. This is because unlike DUC, DGC occurs in an
ultracentrifuge tube containing a preconstructed density gradient medium of sucrose or
iodixanol (OptiPrep®) [167,174]. Thus, EVs can be separated from proteins [174] and
purified according to their density to obtain most homogeneous isolations of exosomes,
oncosomes, microvesicles, or apoptotic bodies [175]. However, by requiring longer dura-
tions and larger volumes of samples in relation to DUC [176,177], the application of this
technique is not indicated for clinical purposes.

Rate-zonal centrifugation (RZC) is an alternative technique to obtain purified popula-
tions of exosomes (that represents the focus of study due to their nanosized diameter). In
this technique, the sample is added to the top of the ultracentrifugation tube, and through
centrifugation, higher-density compounds go through the dense layer more than lighter
compounds [162]. Thus, particles with the same density and different diameters (size)
can be separated [178], with more extracellular recovery in comparison with DGC [174].
However, this method is laborious and can leave potential contaminants that can limit the
clinical use of these vesicles.

An alternative to methods based on centrifugation is precipitation. This method
works based on dispersibility alteration. For this, a polymeric water-excluding compound
(generally polyethylene glycol—PEG or lectin) is added to the sample. Next, the sample
is centrifuged or filtered. The polymer dries the sample and leads to the EV precipita-
tion [163,179]. Although considered a quick and easy method, since it does not require
ultracentrifugation, this method does not offer selectivity and quality for clinical pur-
poses. This is because the polymer leads to the precipitation of multiple types of vesicles
simultaneously. Moreover, even using immunoaffinity techniques to purify the exosomal
population of EVs [14,163,164], the polymer residues represent important contaminants to
exosomal suspension that limit its clinical use. For this reason, precipitation should always
be followed by centrifugation and filtration to eliminate contaminants [180,181].

Ultrafiltration (UF) is the most employed size-based isolation method. In this method,
samples are filtered through membrane filters with different pore sizes that separate the
EVs according to their size and molecular weight [164]. Although simple, this method
can be limited by EV clogging and trapping in the membrane. For this reason, it is
strongly recommended that samples be initially filtered using large pore filters [164,182].
However, filter plugging-related poor efficiency limits the use of this method for large-
scale production [164,183,184]. Moreover, UF can also deform the EVs due to the pressure
applied during the filtration process [14,42].

Tangential flow filtration (TFF) is a rapid and efficient method for isolating and
purifying exosomes from biological fluids. More efficient than high-speed centrifugation-
based methods, TFF uses tangential flow to isolate exosomes. Through this method, the
media flows parallel to the membrane, making it more suitable for large-scale research
applications [185]. The major advantage of this method is that it can be connected to a
mechanical system for large volumes, avoiding eventual contamination by working a closed
system [185]. Moreover, TFF can be combined with size-exclusion chromatography (SEC)
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to remove host—cell protein (HCP) and DNA [185]. However, this method is more complex
to operate, since it requires precise control of multiple parameters, such as transmembrane
pressure, crossflow velocity, and temperature [185].

In this sense, sequential filtration can be alternatively used to simplify this process.
In this method, the sample is filtered by different filtration steps. In each step, particles
with large-size than the membrane pores are trapped, whereas smaller particles go through
it [184]. However, in a similar way to other filtration-based methods, sequential filtration
can be limited by filter trapping that leads to yield rate reduction [184,186,187].

Size-exclusion chromatography (SEC) in turn can be used to purify exosomes isolate
by TFF or directly employs as a method to isolating these nanoparticles. SEC is a size-
based separation method that employes a stationary phase often consisting of gel polymers
through which the mobile phase transverses and is eluted [188]. This molecular sieve
separates molecules by Stokes radii, leading to the elution of larger particles first, while the
smaller molecules navigate through the pores of the resins (Biogel P, Sephadex, Sepharose,
or Sephacryl) and are eluted later [188]. Although this method preserves the integrity of
exosomes and their cargos, SEC is not applicable for a large-scale isolation [164,188,189].

Immunoaffinity-based methods also been also used for exosome isolation. These meth-
ods are based on the recognition of antigens present on the exosomal surface. These antigens
are captured by specific antibodies [164,190]. Although simple, this method requires clear-
ance pretreatment to remove cell debris [164]. On the other hand, this method allows us
to obtain highly purified exosomes. The low harvest rate imposes limitations on its large-
scale employment. Despite this disadvantage, this method has been explored in several
magneto-immunoprecipitation commercial kits applicable to scientific purposes [164,191].

In this sense, methods based on micro- and nano-fluidic chips using acoustic, elec-
trophoretic, and electromagnetic technologies can be efficiently used on small sam-
ples [164,192].

Thus, to date, DUC is the most appropriate isolation method for large volumes of
samples, and TFF is the most promising method for scaling up the exosomal production
for clinical purposes.

7. Regulatory Issues

The use of cosmetic products containing allogenic EVs derived from MSCs in mois-
turizers and serums is a growing trend in the cosmetic global market [7]. However, in
Europe and the United States (U.S.), the use of the cosmetic based on products derived from
humans is prohibited due to the possibility of transmission of viral or prion diseases [7]. In
December 2019, the U.S. Food and Drug Administration (FDA) issued a safety warming
regarding the use of exosomes following multiple reports of unspecified serious adverse
events in patients in Nebraska treated with unapproved exosome-containing products [193].
Despite this, six companies in U.S. produce and supply exosome-containing products for
clinical use, all from human origin, but with no information about their tissue origin [7].

In Brazil, the National Health Surveillance Agency (ANVISA, Agéncia Nacional de
Vigildncia Sanitdria) authorized the use of exosomes of non-human origin in the group of
grade 2 cosmetics [7]. Thus, these exosome-containing products are exclusively authorized
for external use and can only be applied to the skin with an intact epidermis [7]. However,
the presentation in sterile vials encourages their use by injection procedures that cause
disruption of skin barriers, such as microneedling or fractional lasers [7].

The products authorized by ANVISA as cosmetics include Inno-Exoma® Exo-Skin by
INNOASTHETICS and marketed by Suprema Marcas, ASCE Plus SRLV (for skin), HLRV
(for hair), and ILRV (INTIMATEPRODUCTS) by BENEV Inc. in partnership with Exo-
CoBio, GFCCELL™ EXO SCALP Pep9 (for hair) by GFC Life Science Co. (Hwaseong-si,
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South Korea), EVO EXO ONE HAIR (for hair) by Evopharma Ltd. (Guaxupe, Brazil),
Exocoll and exo.reset, both by Valéria Dal Col. The Inno-Exoma® Exo-Skin was developed
using NARBEX (Non-Animal Regenerative Bioengineering Exosome) technology and
utilizes synthetic exosomes obtained by bioengineering to mimic cell-derived exosomes [7].
Since these synthetic vesicles do not carry biomolecules as observed in EVs secreted by cells,
the product is presented in a 10 mL sterile vial containing lyophilized exosomes associated
with a complex of amino acids and peptides, mannitol, and hyaluronic acid, accompanied
by a 2 mL vial of saline solution for dilution. However, to date, there are no published
clinical studies on this product.

ASCE Plus is comprised by exosomes derived from Rosa damascena (plant), unlike the
exosomes derived from adipocyte-derived MSCs marked by ExoCoBio in South Korea. The
product is presented in a sterile vial containing a complex of amino acids and peptides
and other active ingredients, such as ascorbic acids, retinol, nicotinamide, and thiamine,
accompanied by a 5 mL vial of diluent containing water, sodium bicarbonate, sodium
chloride, sodium hyaluronate, and an amino acid complex. However, there are no published
studies demonstrating the safety and efficacy of the product. The only published study by
ExoCoBio describes beneficial therapeutics of the product based on MSC-derived EVs (not
approved by ANVISA) for the treatment of atopic dermatitis [194].

Exocoll is a treatment protocol designed to reverse and treat signs of facial aging [195].
Using a powerful combination of peptides, NMN, NADH, and exosomes, Exocoll aims
to restore skin elasticity, reduce atrophy, maintain bioactive cells and produce collagen,
promoting an improvement in the overall appearance of the skin, in addition to enhancing
the effects of in-office treatments (https:/ /valeriadalcoll.com.br/exocoll, accessed on 20
May 2025) [195].

8. Perspectives About the Cosmetic Use of EVs

The global market for EV /exosome-based cosmetics is experiencing significant growth,
driven by increasing consumer interest in advanced skincare solutions that leverage the
regenerative properties of EV. According to the market size and growth projections, it is
expected that by 2032, the global EV skincare market reaches USD 809.5 million. However,
the production of EV-based cosmetics faces several significant challenges, primarily revolv-
ing around safety and efficacy concerns. One of the main issues is the lack of appropriate
regulatory guidelines for the industry.

Currently, the use of human-derived EVs in cosmetics is prohibited by regulatory
agencies due to the potential risk of viral transmission. This restriction forces industry to
rely on plant- and bacterial-derived EVs, which, despite offering various clinical benefits,
have limited transcriptional similarities to human cells. This limitation can negatively
impact the potential applications of these vesicles, thereby affecting the dynamics of the
cosmetic market. The absence of comprehensive regulations that could make the use
of allogenic MSCs for large-scale EV production viable further complicates the scenario.
Without these regulations, industry cannot fully explore the potential of human-derived
EVs, which represent a promising alternative due to their closer resemblance to human cells.

Another critical challenge is ensuring the safety and efficacy of EV-based cosmetics.
The risk of viral transmission through human-derived EVs necessitates specific regulations,
including virological analyses of cell donors, to guarantee the safety of these products.
However, the lack of such regulations means that the industry must consider alternatives
like PRP, which is already regulated by sanitary authorities and naturally contains EVs.
The autologous administration of EVs in PRP mitigates the risk of viral transmission,
making it a suitable alternative for personalized skincare protocols. Nevertheless, the
industry still faces the challenge of proving the efficacy of these alternatives in delivering
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the desired cosmetic benefits. The limited transcriptional similarities between human and
non-human EVs may affect their performance, and without robust regulatory guidelines,
the industry struggles to establish standardized methods for evaluating the safety and
efficacy of these products.

In this regard, the release of the Guideline on Quality, Non-clinical and Clinical Assessment
of Extracellular Vesicle Therapy Products by Korea’s National Institute of Food and Drug Safety
Evaluation (NIFDS) in September 2024 marks a pivotal moment in the global regulatory
landscape for advanced biologics. This document establishes a comprehensive framework
for the evaluation of therapies based on EVs, including exosomes derived from human
cells, and sets a precedent for international harmonization in this rapidly evolving field.

This guidance is the first of its kind to systematically address the unique challenges
posed by EV-based therapeutics. While regulatory agencies such as the EMA, FDA, and
Anvisa have issued general recommendations for advanced therapy medicinal products
(ATMPs), the NIFDS document is distinguished by its specificity and depth regarding EVs.
It provides a blueprint that other regulatory bodies can adapt, fostering consistency in
product development, safety evaluation, and clinical translation.

Among the main contributions of the Guideline on Quality, Non-clinical and Clinical
Assessment of Extracellular Vesicle Therapy Products are (i) the definition and classification of
EVs, positioning exosomes as therapeutic agents, (ii) standardization of quality attributes,
including particle size distribution, surface markers, and cargo characterization, (iii) risk-
based non-clinical evaluation, tailored to the biological complexity of EVs and, (iv) clinical
trial design considerations, including dose rationale, biodistribution, and immunogenicity.

Although the Korea’s 2024 guidance on extracellular vesicle therapy products rep-
resents a landmark achievement in the regulation of next-generation biologics, it is not
applied for cosmetic products. However, it provides a robust and detailed framework, it
not only accelerates the safe development of exosome-based therapies but also serves as a
model for global regulatory convergence for cosmetic industry. As the therapeutic promise
of EVs continues to unfold, this guidance will be instrumental in shaping the future of
EV-based products.
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