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1 | Introduction

Skin boosters represent a revolutionary advancement in derma-
tological treatments, encompassing a diverse range of products
designed to improve skin quality, hydration, and overall appear-
ance through various mechanisms of action [1]. These inno-
vative treatments have transformed the landscape of aesthetic
medicine by moving beyond traditional approaches focused
solely on volume augmentation to address the fundamental as-
pects of skin aging and deterioration [2]. Aging skin is largely
characterized by a decline in key structural components—most
notably hyaluronic acid (HA) and collagen—which leads to di-
minished skin elasticity and overall deterioration in skin quality
[3, 4]. Consequently, many skinbooster formulations are de-
signed to replenish these components of the extracellular matrix
(ECM), targeting the restoration of HA and collagen as a central
mechanism of action.

Although skinboosters encompass a wide variety of products,
they can be systematically classified based on their primary ef-
fects and main source materials to provide clinical practitioners
with a comprehensive framework for treatment selection and
patient care. Based on the main source material, skinboosters
can be categorized into five distinct groups: Autologous materi-
als (derived from the patient's own blood or adipose tissue, such
as platelet-rich plasma and stem cell-derived components), allo-
geneic materials (including human fibroblasts, allogeneic stem
cells, exosomes, secretomes, cytokines, and collagen from human
donors), xenogeneic materials (cross-species grafts such as hyal-
uronic acid produced by microbial fermentation, polydeoxyribo-
nucleotide extracted from salmon sperm, and chitosan (Arche,
Doum Inc., Korea) derived from mushrooms), synthetic materi-
als (man-made polymers including collagen-stimulating agents

like Sculptra, Juvelook, Sihler P, and Facetem), and compound
formulations (combination products such as mesotherapy cock-
tails that blend multiple active ingredients for synergistic thera-
peutic effects) [5-7].

Complementing this material-based classification system,
skinboosters can also be categorized according to their pri-
mary therapeutic effects into three fundamental types:
Hydration-based products that leverage hyaluronic acid's re-
markable capacity to bind and retain water molecules while
stimulating fibroblast activation and collagen synthesis,
collagen-based products that either stimulate endogenous col-
lagen production through controlled inflammatory responses
or provide exogenous collagen directly to enhance skin elastic-
ity and firmness, and overall skin regeneration products that
target multiple components of the skin's complex structure,
including cells, extracellular matrix, and the dermal-epider-
mal junction, to achieve comprehensive skin rejuvenation and
repair [8]. A thorough understanding of the primary compo-
nents and the origins of raw materials in each product enables
clinicians to infer the principal therapeutic effects and to an-
ticipate potential safety concerns, while knowledge of how the
main ingredient is sourced and processed is critical for proper
clinical application, regulatory compliance, and addressing
ethical and religious considerations that may vary across dif-
ferent patient populations and international markets.

2 | Classification of Skinboosters
Although skinboosters encompass a wide variety of products,

they can generally be classified based on their primary effects
and main source materials.
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FIGURE1

Classification of Skinboosters Based on Primary Source Material.

Based on the main source material, skinboosters can be catego-
rized into five groups, as illustrated in Figure 1:

1. Autologous Materials: Autologous materials in dermatol-

ogy refer to tissues, cells, or tissue-engineered constructs
derived from the same individual who will receive the
treatment. This approach leverages the body's natural
healing mechanisms while avoiding complications associ-
ated with foreign tissue transplantation, such as immune
rejection, disease transmission, and ethical concerns re-

lated to donor tissue availability [4].

The fundamental principle underlying autologous therapy is his-
tocompatibility—the biological compatibility between the donor
tissue and the recipient site, which are essentially the same
organism. This compatibility ensures optimal integration, sur-

vival, and functional restoration of the transplanted material [4].

These are the oldest types of skin boosters, derived from the pa-
tient's own blood or adipose tissue. Examples include platelet-
rich plasma (PRP) and stem cell-derived components obtained
from autologous tissues.

2. Allogeneic Materials: Allogeneic materials represent a sig-
nificant advancement in dermatological treatment, par-
ticularly in the management of severe skin injuries and
disorders. These materials, derived from donors of the
same species as the recipient, offer unique therapeutic ad-
vantages while presenting specific clinical considerations
that must be carefully managed. These materials some-
times involve a cadaveric donor [3]. They include human
fibroblasts, allogeneic stem cells, allogeneic exosomes, se-
cretomes, cytokines, and collagen. Ethical and religious
considerations may arise when using allogeneic materials.

. Xenogeneic Materials: Xenogeneic extracellular matrix
(ECM) materials are defined as biological grafts where the

donor and recipient are from different species. In dermato-
logical applications, this approach involves the transplan-
tation of processed tissue materials from animal sources to
human patients, creating a cross-species therapeutic inter-
vention that can provide structural and functional support
for wound healing and tissue reconstruction. These cross-
species grafts have emerged as viable alternatives when
human tissue sources are limited or unavailable, offering
unique therapeutic possibilities while presenting distinct
clinical and ethical considerations [3]. Representative ex-
amples include hyaluronic acid (HA) produced by micro-
bial fermentation, polydeoxyribonucleotide (PDRN) and
polynucleotide (DOT-PN, Rejuran, Korea) extracted from
salmon sperm, chitosan derived from mushroom (Arche,
Doum, Korea), as well as xenogeneic exosomes and collagen.

. Synthetic Materials: Synthetic materials in dermatology

encompass a broad category of man-made polymers spe-
cifically engineered for applications in skin substitutes
and wound dressings. These materials are meticulously
designed to address and overcome the inherent limitations
often associated with natural polymers, such as their com-
paratively low mechanical strength and rapid degradation
rates. By leveraging advanced polymer science, synthetic
materials offer a superior combination of properties, mak-
ing them highly suitable for the complex demands of skin
wound treatment and regeneration [5, 6]. Examples in-
clude collagen-stimulating agents such as Sculptra (PLLA),
Juvelook (PDLLA), Lafullen (PCL), UltracoL (PDO), and
Facetem (CaHA).

. Compound Formulations: Compounded formulations in

dermatology represent a highly specialized and patient-
centric approach to medication, defined as the meticulous
process of combining, mixing, or altering the ingredients
of a drug by a licensed pharmacist (or under their direct su-
pervision) or a licensed physician. These are combination
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products formulated with various materials—autologous,
allogeneic, xenogeneic, or synthetic—designed to max-
imize therapeutic effect. This practice is fundamentally
about creating a medication that is precisely tailored to the
unique and individual needs of a patient, moving beyond
the limitations of mass-produced pharmaceutical products
[7]. A representative example includes mesotherapy cock-
tails, which contain multiple active ingredients blended
for synergistic benefit. Table 1 summarizes the proposed
classification, representative ingredients/products, typical
clinical indications, and key safety/ethical considerations.

Table 2 further summarizes the material-origin classification
of skinboosters, highlighting representative agents, key advan-
tages, and major safety, regulatory, and ethical considerations
for each source-material category.

A thorough understanding of the primary components and the
origins of raw materials in each product enables clinicians to
infer the principal therapeutic effects and to anticipate potential
safety concerns. For instance, in collagen-based formulations,
natural collagen contains telopeptides, which have been asso-
ciated with immunogenic responses. In contrast, atelocollagen
derived from fish undergoes enzymatic treatment to remove te-
lopeptides, thereby minimizing the risk of immune reactions.
Although the likelihood is generally low, materials derived
from human or animal sources may carry a theoretical risk of
zoonotic disease transmission, which must not be overlooked.
Furthermore, regulatory approval—such as that issued by the
Korean Ministry of Food and Drug Safety (MFDS)—may dif-
fer depending on the number and nature of the product's com-
ponents, determining whether the formulation is approved
for manual injection or requires the use of a delivery device.
Accordingly, knowledge of how the main ingredient is sourced
and processed is critical for proper clinical application.

In addition, ethical and religious considerations regarding raw
materials vary across countries, and such factors must be taken
into account when assessing a product's suitability for interna-
tional markets. As discussed, skinboosters may be classified
into three categories based on their primary effects and five cat-
egories based on the origin of their raw materials. Familiarity
with this classification system is essential not only for selecting
appropriate treatment strategies but also for guiding product
positioning in the marketplace and enhancing consumer un-
derstanding of the therapeutic approach. To improve clinical
usability, we further translate this dual-axis framework into a
stepwise decision algorithm that can be applied at the bedside.
Accordingly, Figures 2 and 3 presents a clinical decision flow
that begins with defining the primary therapeutic goal, fol-
lowed by screening patient-specific constraints (e.g., allergies,
pregnancy/lactation, autoimmune or infectious conditions) and
verifying product source and traceability (e.g., material origin,
GMP/sterility assurance, and local regulatory status). Finally,
the algorithm links each goal to an effect-aligned skinbooster
category and practical follow-up endpoints to guide outcome
assessment.

Whereas the origin-based classification focuses on material
source and related safety/ethical considerations, an effect-based
framework helps clinicians match products to the patient's

dominant clinical concern. Skinbooster products can also be
categorized based on their primary therapeutic effect among the
various benefits they offer. Aging skin is largely characterized
by a decline in key structural components—most notably hyal-
uronic acid (HA) and collagen—which leads to diminished skin
elasticity and overall deterioration in skin quality. Consequently,
many skinbooster formulations are designed to replenish these
components of the extracellular matrix (ECM), targeting the
restoration of HA and collagen as a central mechanism of action.

In addition to HA and collagen, multiple other factors influence
skin quality. Products that contain active ingredients addressing
these broader conditions aim to support comprehensive skin re-
generation. Thus, the principal effect of such formulations lies in
their ability to enhance overall skin health and rejuvenation at a
structural and cellular level.

Skinboosters can be categorized into three primary types based
on their main therapeutic effects (Figure 1):

1. Hydration-Based Products: Hydration-based products rep-
resent a significant evolution in dermatological treatments,
moving beyond traditional hyaluronic acid (HA) fillers pri-
marily used for volume augmentation to a more diverse ap-
plication aimed at profoundly improving dermal conditions
through enhanced moisture retention and cellular stimula-
tion. At their core, these boosters leverage the remarkable
properties of hyaluronic acid, a glycosaminoglycan natu-
rally abundant in the skin's dermal layer, renowned for its
unparalleled capacity to bind and retain water molecules—
each HA molecule can hold up to 218 water molecules [1],
effectively preventing skin dryness and significantly aug-
menting volume within the dermis and subdermal layers.
When injected, HA absorbs moisture from the extracellular
matrix (ECM), leading to a substantial expansion of its mo-
lecular size (500-1 000 times) [1], which in turn stimulates
the elongation of fibroblasts and promotes de novo collagen
synthesis. This fibroblast activation is crucial, as it initi-
ates the expression of vital growth factors like connective
tissue growth factor, transforming growth factor-betal,
and transforming growth factor-beta2, all indispensable
for collagen neogenesis, while simultaneously upregulat-
ing tissue inhibitor of metalloproteinases genes to inhibit
collagen breakdown. Hydration-based skin boosters come
in various forms, including non-cross-linked HA, which
offers excellent diffusion into peripheral tissues and is
ideal for delicate, thin, and dry areas such as around the
eyes, and low-cross-linked HA, which provides more
pronounced volumizing effects and extended duration,
making it suitable for other facial regions. Furthermore,
advanced formulations, such as Belotero Revive, integrate
additional humectants like glycerol, which further amplify
skin hydration and fortify the resilience and protective bar-
rier function of mature corneocytes. The comprehensive
benefits of these boosters extend beyond mere hydration to
include significant antioxidant effects, improved skin elas-
ticity, firmness, and a noticeable glow, with clinical stud-
ies demonstrating improvements in skin hydration within
weeks, followed by enhanced skin tone and increased ep-
idermal thickness over several months [1, 2]. Despite their
efficacy, current limitations include a typical duration of
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TABLE 2 | Material-origin classification + safety/regulatory/ethical.

Source-material category

Representative agents

Key advantages

Safety/regulatory/ethical
flags (examples)

Autologous

Allogeneic

PRP, ADSC/SVF

Human fibroblast-derived

Low immunogenicity,
patient acceptance

Off-the-shelf, potent signaling

Protocol variability;
processing standards

Donor/processing traceability;

Xenogeneic

Synthetic

Compound formulations

products, allogeneic stem
cell derivatives, exosomes/
secretome, human collagen

PN/PDRN (salmon),
chitosan (mushroom),
animal collagen

PLLA/PDLLA/PCL/
PDO/CaHA

Mesotherapy cocktails,
combinations

Availability, bioactivity

Predictable manufacturing,

regulation differs by country;
ethical/religious concerns

Allergy (e.g., mushroom/fish/
shellfish), cultural/religious
acceptance; theoretical
pathogen concerns

Irreversibility (vs. HA),

durability adverse event management;
technique-dependent
Synergistic targeting Component-level

approval/labeling differs;
“cocktail” variability

effect of approximately six months following a series of
treatments, potential discomfort during injections, and the
ongoing challenge of precise delivery to the intended der-
mal layer, though continuous advancements in injection
techniques are expected to mitigate these issues [8, 11].
Representative products include Restylane Skinboosters
Vital Light, Skinvive, Byryzn, and Belotero Revive.

. Hydration-Collagenesis: Hybrid hyaluronic acid (HA) co-
operative complexes represent a distinct category of injecta-
ble HA-based skin-quality treatments, positioned between
conventional non-crosslinked skin boosters and volumiz-
ing dermal fillers. These products, such as stable hybrid
cooperative complex formulations including Profhilo and
regionally marketed products such as Kyloe (Baren Inc.,

Medical Device
Single Use Only
Non-reusable

Sterile Medical Device

éArche

FIGURE 2 | Prior MALDI-TOF analysis has confirmed that Arche's Ideal Size Chitosan (ISC, Doum Inc., Korea) exhibits a molecular weight
predominantly below ~200 Da, indicating a substantial proportion of low-molecular-weight chitosan—a form associated with enhanced anti-
inflammatory, antioxidant, and tissue-regenerative activities. This reduced molecular size enables highly efficient percutaneous absorption across
the stratum corneum into the dermis and hypodermis, allowing Arche's ISC technology to effectively deliver bioactive chitosan to deep tissue com-
partments where collagen synthesis and extracellular matrix remodeling occur, thereby optimizing both therapeutic and aesthetic outcomes.

Korea), are generally designed to improve dermal hydra-
tion, tissue elasticity, and overall skin quality rather than
to provide direct structural augmentation. Their clinical
rationale is based on the delivery of stabilized HA com-
plexes that may support prolonged tissue hydration and
a favorable extracellular-matrix environment, leading to
perceived improvements in skin firmness, smoothness,
and elasticity. Unlike classic fillers, their effect is typi-
cally subtle and regeneration-leaning, making them more
suitable for patients seeking global skin-quality enhance-
ment rather than contour correction. However, product
positioning, approved indications, concentration, injection
protocol, and marketing claims may differ substantially
by country or regulatory region; therefore, clinical use

6of 13

Journal of Cosmetic Dermatology, 2026



Clinical Decision Flow for Selecting Skinboosters

Patient seeking skinbooster treatment/
skin quality improvement

[ Define primary therapeutic goal J

|

Hydratlon Collagen stimulation Overall regeneration
(skin texture, Q’OW, dryness) (elasticity, firmness, atrophic change) | | (photodamage, barrier recovery,
multi-domain aging)
¥

Screen patient constraints: Screen patient constraints: Screen patient constraints:

* Allergy: fish/shellfish « Allergy: fish/shellfish « Allergy: fish/shellfish

« Religious/ethical concerns « Religious/ethical concerns « Religious/ethical concerns

« Pregnancy / lactation  Pregnancy / lactation  Pregnancy / lactation

« Autoimmune / infection « Autoimmune / infection * Autoimmune / infection

* Bleeding tendency / anticoagulants * Bleeding tendency / anticooagulants * Bleeding tendency / anticoagulants
S

Verify product source & traceability

= Autologous / Allogeneic / Xenogeneic / Synthetic
* GMP, sterllity, regulatory status

« Do not use—select altemative with verified quality

Verify product source & traceability

* Autologous / Allogeneic / Xenogeneic / Synthetic
= GMP, sterlity, regulatory status
« Do not use—select alternative with verified quality

v
If Hydration: If Collagen Stimulation: If Overall Regeneration:
« HA-based skinboosters * Biostimulatory agents (eg. CaH4, PLLA) * PN/ PDRN, Exosomes
o Endpoints: Hydration, glow * Endpoints. Elasticity, texture « Endpoints: Texture, fine lines
o Follow-up: 4-12 wks, 3-6 mos * Follow-up: 8-12 wks, 6-12 mos o Follow-up: 4-12 wks, 3-6 mos

R
Combination approach may be considered
if goals overlap.

FIGURE3 | Clinical decision flow for selecting skinboosters in clinical practice. This flow chart operationalizes the proposed classification into a
stepwise selection framework. Clinicians first define the primary treatment goal (hydration, collagen stimulation, or overall skin regeneration), then
screen patient-specific constraints (e.g., fish/shellfish allergy, religious/ethical preferences, pregnancy/lactation, autoimmune disease, and active
infection/inflammation). Next, product source and traceability are verified (autologous/allogeneic/xenogeneic/synthetic), including manufacturing
quality (e.g., GMP and sterility assurance), transparency of labeling (ingredient, concentration, manufacturer), and local regulatory status. Based on
these checkpoints, an effect-aligned skinbooster category is selected, and follow-up endpoints are defined (e.g., hydration/texture outcomes, elastic-
ity/firmness, or multi-domain skin quality measures). HA, hyaluronic acid; GMP, Good Manufacturing Practice.

should be guided by local approval status, manufacturer- elasticity, firmness, and overall dermal health [8]. These
supported safety data, appropriate injection depth, and products aim to replenish collagen, which declines with
continued post-market surveillance. age. They can be broadly classified into two categories:

3. Collagen-Based Products: Collagen-based skin boosters,
while not a single defined product, encompass a variety of
treatments and ingredients that primarily function by stim-
ulating the skin's intrinsic collagen production to enhance « Those thatcontain exogenous collagen asadirectingredient.

« Those that stimulate endogenous collagen production (col-
lagenesis), and

Journal of Cosmetic Dermatology, 2026 7 of 13



From a long-term perspective, formulations that induce collagen
production by triggering mild inflammatory responses and ac-
tivating fibroblasts within the dermis and subcutaneous tissue
are generally considered more effective than those that simply
supply collagen transiently. Key agents that promote collagen-
esis include:

 Sculptra (poly-L-lactic acid, PLLA)

« Juvelook (poly-D, L-lactic acid, PDLLA)
« Lafullen (polycaprolactone, PCL)

« UltracoL (polydioxanone, PDO)

 Facetem (calcium hydroxylapatite, CaHA)

Other collagen-stimulating products developed in Korea include
Aesthefill (PDLLA), Olidia (PLLA), Collaum (PLLA), and Sihler
P (PLLA).

Products containing exogenous collagen include Juveacell
(VAIM, Korea), Colshine, Letigen, Collaju, Essalia, Re20, and
Celluderm Gen.

4. Overall Skin Regeneration: The skin is composed of a va-
riety of complex components, including cells, the extra-
cellular matrix (ECM), the dermal-epidermal junction
(DEJ)—which links the epidermis and dermis—as well as
structural and hydrating elements such as collagen and hy-
aluronic acid (HA). Skinbooster products that act on these
diverse components contribute to comprehensive skin
regeneration and repair. The concept of “overall skin re-
generation” within the context of skin boosters, as derived
from the provided source, refers to a comprehensive im-
provement in the skin's condition beyond mere hydration
or volume augmentation. It encompasses the restoration
and enhancement of various dermal and epidermal com-
ponents, leading to a more youthful, healthy, and resilient
skin appearance. This regeneration is achieved through
a multitude of mechanisms, primarily by fortifying the
ECM, stimulating cellular activity, and addressing signs of
aging and damage [8].

Key ingredients commonly found in such formulations include
polynucleotides (DOT-PN, Rejuran), polydeoxyribonucleotides
(PDRN), exosomes (Sihler X), collagen, chitosan, secretomes,
cytokines, stem cells, various vitamins, and multi-growth factor
complexes (Figure 2).

A precise understanding of the primary therapeutic effect of
each skinbooster product is essential not only for clearly com-
municating the rationale and objectives of the treatment to
patients, but also for enabling clinicians to evaluate outcomes
based on well-defined criteria. Therefore, establishing an accu-
rate classification of skin boosters according to their principal
effect holds significant clinical importance.

3 | Skinbooster Agents

PRP and adipose-derived stem cells (ADSCs) are two prominent
autologous materials that have gained significant attention in

aesthetic dermatology, particularly for their roles in skin reju-
venation and enhancement. PRP is obtained from the patient's
own blood through a process of centrifugation, which concen-
trates platelets that are rich in growth factors, cytokines, and
proteins essential for tissue regeneration and healing. The appli-
cation of PRP in skin treatments has been shown to improve skin
texture, elasticity, and overall appearance by stimulating colla-
gen synthesis and enhancing the extracellular matrix (ECM)
[9]. Clinical studies have demonstrated that PRP can effectively
reduce wrinkles, improve skin tone, and promote healing in var-
ious dermatological conditions, making it a valuable tool in non-
surgical aesthetic procedures. For instance, PRP injections have
been associated with significant improvements in skin quality,
including increased collagen density and enhanced hydration
levels, which contribute to a more youthful appearance [8].

In contrast, ADSCs, which are harvested from adipose tissue,
offer a different mechanism of action. These stem cells possess
regenerative properties that promote tissue repair and rejuve-
nation through the secretion of growth factors and cytokines.
ADSCs have been shown to enhance skin hydration, increase
dermal thickness, and improve overall skin quality by stimulat-
ing the production of collagen and elastin [12]. The stromal vas-
cular fraction (SVF) obtained from adipose tissue contains not
only stem cells but also a variety of other active cells, including
pericytes and immune cells, which contribute to skin regenera-
tion. This multifaceted approach allows for a more comprehen-
sive treatment of skin aging and damage, addressing issues such
as volume loss, skin laxity, and pigmentation irregularities [9].

Both PRP and ADSCs have been recognized for their safety and
efficacy in clinical applications. PRP, being an autologous prod-
uct, minimizes the risk of allergic reactions and complications
associated with foreign materials. The use of PRP has been as-
sociated with minimal side effects, primarily localized to the in-
jection site, such as mild swelling, redness, and discomfort [8].
Similarly, the application of ADSCs is linked to a low incidence
of adverse effects, as they are derived from the patient's own
body, further enhancing their safety profile [12]. However, the
effectiveness of these treatments can vary based on individual
patient factors, including age, skin condition, and the specific
techniques used for harvesting and application. For example,
older patients may experience different outcomes compared to
younger individuals due to variations in skin quality and regen-
erative capacity.

PRP and ADSCs represent significant advancements in the
realm of skin boosters, offering promising results for skin reju-
venation. Their autologous nature enhances their safety profile
while providing effective solutions for various skin concerns.
As research continues to evolve, further studies are needed to
optimize treatment protocols, refine harvesting techniques,
and fully understand the long-term benefits of these regener-
ative therapies [8, 9, 12]. The integration of these innovative
approaches into clinical practice holds the potential to revolu-
tionize aesthetic treatments, providing patients with safer and
more effective options for achieving youthful and healthy skin.

Human fibroblasts are crucial for maintaining the structural
integrity and youthful appearance of the skin by producing es-
sential components of the ECM, such as collagen and elastin.
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In skin rejuvenation, products derived from cultured human fi-
broblasts, often sourced from neonatal foreskin, are used. These
include conditioned media rich in growth factors and cytokines,
referred to as processed skin proteins (PSPs). These PSPs can
reduce the appearance of fine lines and wrinkles, improve skin
texture, and enhance skin hydration. For instance, products
containing PSPs have been shown to improve skin roughness
and promote dermal fibroplasia, leading to increased numbers
of fibrocytes and fibroblasts. Similarly, conditioned media from
neonatal foreskin fibroblast cultures, such as those found in
TNS products, contain growth factors and cytokines that pro-
mote angiogenesis, modulate inflammation, and enhance ECM
deposition, leading to improvements in photodamaged skin [13].
The term “fibroblast growth factor” is also recognized for its role
in tissue repair and regeneration [14].

Allogeneic stem cells, particularly mesenchymal stem cells
(MSCs), and their derivatives like exosomes, are gaining prom-
inence in regenerative dermatology due to their immunomodu-
latory and regenerative properties. MSCs can be isolated from
various human tissues, including umbilical cord blood or tis-
sue, placenta, and adipose tissue. These cells secrete exosomes,
which are nano-sized extracellular vesicles containing proteins,
lipids, and nucleic acids that act as messengers to influence cel-
lular processes in recipient cells [15].

MSC-derived exosomes (MSC-EXOs) have demonstrated signifi-
cant potential in skin rejuvenation and wound healing. They can
promote cell proliferation and migration, enhance angiogenesis,
and modulate inflammatory responses. For example, MSC-
EXOs have been shown to accelerate the healing of diabetic
wounds by promoting M2 macrophage polarization, inhibiting
the inflammatory phase, and enhancing collagen deposition.
In the context of photoaging, MSC-EXOs can counteract oxida-
tive stress, reduce the production of matrix metalloproteinases
(MMPs), and promote collagen and elastin synthesis by regu-
lating signaling pathways such as NRF2 and MAPK/AP-1 [15].
Exosomes derived from human pharynx stem cells are also
being explored for their exceptional differentiation capabilities,
further expanding the potential sources for these therapeutic
agents [8].

Secretomes refer to the comprehensive collection of soluble com-
ponents released by cells into their surrounding environment,
including growth factors, cytokines, and exosomes. Dermal fi-
broblasts, for instance, secrete a diverse array of these molecules
that mediate communication with neighboring cells to support
ECM maintenance and repair. Many products marketed as
“growth factor” products are, in fact, secretome products, which
include exosomes. These secretomes can enhance the migration
and proliferation of various dermal cells, reduce wrinkle for-
mation, improve skin hydration, and increase collagen synthe-
sis [8].

Cytokines, as signaling proteins, play a vital role in cell com-
munication and immune responses. In skin rejuvenation, cyto-
kines like transforming growth factor-beta (TGF-f), interleukin
(IL)-6, and IL-8 affect collagen biosynthesis and can modulate
inflammation [13]. While large molecular size limits their di-
rect penetration, their inclusion in cosmetic formulations, often

within secretomes or conditioned media, contributes to their
beneficial effects on skin quality.

Collagen, a prevalent natural polymer, is widely used in tissue
engineering and skin regeneration due to its unique proper-
ties. Historically, injectable collagen products served as dermal
fillers. While HA fillers have largely replaced collagen for vol-
ume replacement, intradermal collagen injections offer distinct
benefits in skin regeneration, including promoting prolifera-
tion, biocompatibility, flexibility, and controlled degradation.
Innovations like atelocollagen, derived from nonhuman sources
with reduced immunogenicity, are specifically designed for in-
tradermal application to enhance aging skin quality. The thera-
peutic effects of collagen may stem from its inherent properties
and its fragmentation into “matrikines,” which can influence
ECM remodeling [16].

The integration of components derived from human fibroblasts,
allogeneic stem cells, exosomes, secretomes, cytokines, and col-
lagen into skin rejuvenation strategies represents a significant
advancement in aesthetic medicine. These allogeneic materials
offer diverse mechanisms to improve skin quality, ranging from
direct stimulation of ECM production to modulation of cellular
processes and inflammatory responses. Continued research,
particularly large-scale controlled studies with objective assess-
ments, is crucial to further elucidate their optimal protocols,
combinations, and long-term efficacy in dermatological practice
[8, 13-16].

Hyaluronic acid remains the most thoroughly researched and
widely utilized agent in skin boosting applications. As a natu-
rally occurring glycosaminoglycan abundantly present in the
dermal extracellular matrix, HA exhibits remarkable hydro-
philic properties, capable of binding water up to 1 000 times its
volume, thereby maintaining skin viscoelasticity, hydration,
and fiber integrity [16]. The mechanism of action involves stim-
ulation of collagen I synthesis in fibroblasts and enhancement
of structural support through mechanical stretching from HA
injections, which activates the TGF-{ signaling pathway leading
to increased type I collagen production.

Cross-linked HA-based skin boosters have been established as
the preferred first-line hydration treatment, demonstrating effi-
cacy both as a standalone therapy and in combination with other
agents. Clinical studies have shown that intradermal cross-
linked HA injections significantly improve skin texture, reduce
roughness, decrease electrical resistance, and increase dermal
thickness by approximately 4% [1, 16]. The interaction of HA
with hyaluronan receptors CD44 and CD168 promotes fibro-
blast migration and proliferation while inhibiting collagenase
activity, thereby reducing collagen breakdown and enhancing
skin smoothness.

PDRN and PN represent a significant advancement in skin re-
juvenation technology. PDRN consists of DNA fragments with
molecular weights ranging from 50 to 1 500kDa, primarily ex-
tracted from salmon trout or chum salmon sperm cells, achiev-
ing over 95% purity [10]. The mechanism of action involves
activation of adenosine A2A receptors, which leads to anti-
inflammatory, anti-apoptotic, and tissue regenerative effects.
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Clinical studies have demonstrated that PDRN promotes an-
giogenesis, cellular activity, collagen synthesis, and soft tissue
regeneration while providing anti-aging effects [10]. The activa-
tion of A2A receptors inhibits NF-xB and MAPK signaling path-
ways, blocking the cascade of events initiated by reactive oxygen
species that contribute to skin aging. Additionally, PDRN has
shown remarkable anti-melanogenic properties, significantly
inhibiting melanin synthesis in a dose-dependent manner
through direct inhibition of tyrosinase activity and reduction
of melanocyte-inducing transcription factor (MITF) expression.

Polynucleotides, consisting of longer nucleotide chains with
higher molecular weight compared to PDRN, offer superior vis-
coelasticity and water-binding properties. Clinical surveys re-
veal that 88% of Korean dermatologists use PN injections in their
cosmetic practices [17], with studies showing marked improve-
ments in pore size, skin thickness, skin tone, melanin levels,
wrinkles, and sagging following intradermal PN injections [17].

Exosomes, the smallest type of extracellular vesicles, ranging
from 30 to 110nm in size, represent a cutting-edge approach
in skin rejuvenation [18]. These vesicles encapsulate proteins,
mRNA, miRNA, and lipids within a lipid bilayer derived from
cell membranes, contributing significantly to wound healing
and skin rejuvenation processes [8]. Despite their abundance in
nature, exosomes present significant challenges in extraction
and stabilization due to their diminutive size and sensitivity to
temperature, pressure, and pH fluctuations [18, 19]. However,
clinical evidence remains heterogeneous, and standardization of
isolation, characterization, dosing, and long-term safety is still
evolving, with important regulatory implications [18, 19].

The application of exosomes in skin rejuvenation demonstrates
remarkable potential in facilitating cellular communication
within the epidermis and dermis. These vesicles influence ke-
ratinocyte behavior by promoting cellular cohesion and stratifi-
cation essential for robust skin barrier function. In the dermis,
exosomes serve as key messengers influencing fibroblast behav-
ior, enhancing collagen and elastin synthesis, and promoting
regenerative capacity for skin anti-aging [8]. Recent focus has
been placed on exosomes derived from the human pharynx, col-
lected through swab-based sampling, which are recognized for
their exceptional differentiation capabilities.

Xenogeneic chitosan, specifically Ideal Size Chitosan (ISC,
Doum Inc., Korea), represents a distinctive and highly bio-
available skin boosting agent derived from crustacean or
fungal sources. MALDI-TOF analysis confirms that ISC ex-
hibits a molecular weight predominantly below ~200 Da,
indicating a high content of low-molecular-weight chitosan,
which is associated with enhanced anti-inflammatory, anti-
oxidant, and tissue-regenerating properties. Unlike higher-
molecular-weight chitosan, the reduced size of ISC facilitates
superior percutaneous absorption past the stratum corneum
to the dermis and hypodermis, allowing it to effectively de-
liver bioactive chitosan to deep tissue compartments where
collagen synthesis and extracellular matrix remodeling occur.
Mechanistically, xenogeneic chitosan ISC promotes stem cell
homing via upregulation of stromal-derived factor-1lc, stim-
ulates angiogenesis, and supports fibroblast activity, thereby
maximizing both therapeutic and aesthetic efficacy. When

compared to cross-linked HA or polynucleotides, ISC offers
the unique advantage of dual functionality: direct tissue re-
generation coupled with enhanced transdermal penetration,
positioning it as a promising xenogeneic platform for next-
generation skin rejuvenation. Xenogeneic collagen matrices
have gained attention as effective skin rejuvenation tools, par-
ticularly in post-surgical reconstruction and tissue regenera-
tion applications. Clinical case studies have demonstrated the
successful use of xenogeneic collagen matrices combined with
injectable platelet-rich fibrin for tissue regeneration following
surgical procedures [20]. The bilayer structure of these matri-
ces allows for open healing and soft tissue structure filling,
promoting enhanced regeneration while providing mechani-
cal coverage and protection.

The biofunctionalization of xenogeneic collagen membranes
with autologous platelet concentrates has shown promising re-
sults in enhancing angiogenesis and tissue repair. Studies uti-
lizing the yolk sac membrane model have demonstrated that
collagen membranes combined with platelet-rich fibrin induce
statistically significant increases in vessel formation and branch-
ing points compared to native controls [21]. The pH-modulating
properties of these combinations create optimal conditions for
wound healing, with PRF maintaining alkaline pH levels that
support tissue regeneration processes.

Xenogeneic MSCs represent a promising frontier in skin reju-
venation, particularly when incorporated into bioprinted hy-
drogel matrices. Research has demonstrated that biocuratives
containing human MSCs associated with hydrogel matrices
significantly improve wound healing processes in diabetic [22].
The therapeutic mechanisms involve stimulation of mast cells
and M2 macrophages, increased TGF-f gene expression, and
enhanced collagen deposition.

The application of xenogeneic MSCs has shown remarkable ef-
fects on the inflammatory profile and regenerative processes.
Treatment with MSC-containing biocuratives accelerated
wound healing, improved skin collagen deposition, and in-
creased the number of mast cells in treated areas. The upreg-
ulation of IL-33 gene expression and augmentation of mast cell
numbers suggest that the mast cell-IL-33 axis plays a crucial role
in MSC-induced wound healing and skin rejuvenation [22].

The integration of these diverse skin boosting agents offers
unprecedented opportunities for personalized aesthetic treat-
ments. The combination of different modalities, such as HA
with polynucleotides or the incorporation of xenogeneic mate-
rials with autologous factors, provides synergistic effects that
enhance overall treatment outcomes. Current clinical protocols
typically involve multiple treatment sessions spaced 3-4 weeks
apart, with effects lasting 6-12months depending on the spe-
cific agent and combination used.

Collagen synthesis stimulants function through a well-
established biological pathway that begins with an initial foreign
body reaction upon injection into host tissue. This inflamma-
tory response triggers the body's natural healing mechanisms,
initially producing type III collagen during the acute phase.
Subsequently, microparticles of the filler material become en-
capsulated as part of the body's protective response, forming a
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stable capsule composed primarily of type I collagen that per-
sists as long as the biomaterial remains within the tissue [23].

Two primary synthetic materials dominate the collagen-
stimulating agent category in facial rejuvenation. Calcium
hydroxylapatite (CaHA), commercially available as Radiesse, re-
ceived FDA approval in 2006 and consists of calcium and phos-
phate ions that occur naturally in human tissue [24], making
it bioresorbable. Polycaprolactone (PCL), the active component
in Ellansé fillers, received CE approval in 2009 [25], Research
has shown that at four months post-treatment, CaHA produces
significantly greater type III collagen compared to HA fillers.
Though PCL itself has been an FDA-approved biomaterial since
2001. This synthetic polymer comprises 70% of Ellansé formu-
lation and is utilized in various medical applications, including
biodegradable sutures and orthopedic implants [23].

Current evidence demonstrates that both CaHA and PCL ex-
hibit superior longevity compared to hyaluronic acid (HA) fill-
ers, with studies showing these materials stimulate greater type
I collagen production in the long term. Clinical trials have es-
tablished that CaHA formulations containing lidocaine provide
enhanced pain control compared to CaHA alone, while main-
taining equivalent efficacy. The safety profiles of both materials
are excellent, with minimal side effects reported across multiple
studies [23].

Research has shown that at four months post-treatment, CaHA
produces significantly greater type III collagen compared to HA
fillers [26]. By nine months, type I collagen staining was higher
with CaHA vs. HA, while type III levels decreased, indicating
maturation of the collagen synthesis process [26]. Additionally,
staining for elastin, cellular proliferation markers, and angio-
genesis demonstrated superior results with CaHA at both time-
points [23].

Despite their efficacy, collagen-stimulating agents present cer-
tain limitations that practitioners must consider. Unlike HA
fillers, both CaHA and PCL are irreversible treatments that
cannot be dissolved with hyaluronidase, which may be viewed
as a potential barrier to patient safety. Neither material is ap-
propriate for lip augmentation procedures. Limited evidence
exists regarding emergency reversal techniques, with only one
documented case of successful Ellansé dissolution using meth-
otrexate [23, 27].

The literature reveals significant gaps in comparative studies
between different collagen-stimulating agents and alternative
treatments. Evidence comparing CaHA to PCL, poly-L-lactic
acid (PLLA), Profhilo, Lotoshon, polymethyl-methacrylate
(PMMA), lipofilling, platelet-rich plasma, and stem cell thera-
pies remains limited. Current treatment protocols are largely
consensus-based for CaHA and manufacturer-led for Ellansé,
highlighting the need for larger, multicenter randomized con-
trolled trials with histological confirmation of results [23].

While synthetic collagen stimulants demonstrate superior
longevity compared to HA fillers, cost-effectiveness analyses
suggest that autologous fat transfer may provide more econom-
ical long-term results. However, this finding requires valida-
tion through larger-scale studies. The clinical applications of

collagen-stimulating agents are best viewed as complementary
to rather than competitive with HA fillers, allowing practi-
tioners to select the most appropriate treatment based on indi-
vidual patient needs and treatment goals [23].

Collagen-stimulating agents represent a valuable addition to the
aesthetic practitioner's armamentarium for facial rejuvenation.
Both CaHA and PCL demonstrate safety, efficacy, and superior
longevity compared to traditional HA fillers while stimulating
natural collagen production. However, their irreversible nature
and limited comparative evidence underscore the importance
of careful patient selection and the need for continued research
through large-scale, multicenter trials with histological vali-
dation to fully establish their role in contemporary aesthetic
medicine.

4 | Conclusion

The field of skin rejuvenation has been revolutionized by the
introduction of diverse skin boosting agents, each offering
unique mechanisms of action and therapeutic benefits. From
the well-established efficacy of hyaluronic acid to the regenera-
tive potential of polynucleotides and the innovative applications
of xenogeneic materials, these treatments provide comprehen-
sive solutions for addressing age-related skin changes. The sys-
tematic classification of skinboosters into five material-based
categories (autologous, allogeneic, xenogeneic, synthetic, and
compound formulations) and three effect-based categories
(hydration-based, collagen-based, and overall skin regenera-
tion) provides clinical practitioners with a robust framework for
treatment selection and patient counseling. This dual classifica-
tion system enables clinicians to make informed decisions based
on both the source material properties—which determine safety
profiles, regulatory considerations, and potential contraindica-
tions—and the primary therapeutic objectives required for each
individual patient's skin concerns.

The integration of these diverse skin boosting agents offers un-
precedented opportunities for personalized aesthetic treatments,
with current clinical protocols demonstrating that combination
approaches often provide synergistic effects that enhance over-
all treatment outcomes. The evolution of delivery methods, in-
cluding needle-free jet injectors and automated multi-needle
systems, has improved patient comfort and treatment precision,
while technological advances combined with expanding un-
derstanding of cellular mechanisms underlying skin aging and
regeneration position skin boosters as a cornerstone of modern
aesthetic dermatology. However, significant gaps remain in
the current evidence base, particularly in comparative studies
between different collagen-stimulating agents and alterna-
tive treatments, with current treatment protocols being largely
consensus-based rather than supported by large-scale, multi-
center randomized controlled trials with histological validation.

Moving forward, the continued advancement in understand-
ing cellular mechanisms, delivery technologies, and combina-
tion therapies promises to further enhance the effectiveness
and safety of skin rejuvenation treatments, offering patients
increasingly sophisticated options for maintaining healthy,
youthful-appearing skin. Future research should focus on
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optimizing treatment protocols, understanding long-term ef-
fects, and developing novel combinations that maximize ther-
apeutic benefits while maintaining excellent safety profiles.
As the field continues to evolve, the establishment of this com-
prehensive classification system will serve as a foundation for
evidence-based practice, regulatory framework development,
and the advancement of skin booster technology in aesthetic
medicine.
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