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Abstract: The quest for youthful, healthy skin and full, vibrant hair has long been a driving force in
the dermocosmetics field. However, traditional approaches often struggle to address the underlying
causes of aging, damage, and hair loss. Regenerative cosmetics powered by skin tissue engineering
offer a transformative alternative. This review explores the emerging field of using engineered skin
tissues for cosmetic purposes, focusing specifically on their potential for anti-aging, repair, and hair
restoration applications. We discuss how these technologies aim to rejuvenate aging skin by pro-
moting collagen production, reducing wrinkles, and improving overall skin function. Additionally,
the use of engineered skin for wound healing and scar reduction is examined, highlighting their
potential to improve the appearance and functionality of damaged skin. Finally, we advance the ex-
citing prospects of utilizing skin tissue engineering techniques to regenerate hair follicles, potentially
offering solutions for hair loss and promoting denser hair growth.

Keywords: regenerative cosmetics; skin; tissue engineering; hair restoration; hair follicles; anti-aging;
regenerative medicine

1. Introduction

The pursuit of rejuvenating skin and hair to achieve a fresh, younger look has been
a longstanding motivation for the cosmetics industry. However, conventional treatment
strategies frequently target only the most apparent manifestations and not the core causes of
deterioration and aging. This review delves into an exciting new wave of cosmetic solutions
based on tissue regeneration. Regenerative cosmetics, powered by the cutting-edge field of
skin tissue engineering (TE) and all related fields, offer a transformative alternative with
the potential to revolutionize the way we care for our skin and hair.
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1.1. Importance of Healthy Skin and Hair in Society

The skin, a complex organ with multiple layers, plays a crucial role as the body’s
first line of defense, protecting us from harmful environmental factors like UV radiation,
pathogens, and allergens. It also plays a vital role in regulating body temperature and
maintaining hydration [1]. Itis a key target for dermocosmetic products aimed at enhancing
skin health and appearance [2]. Additionally, healthy hair is a protective barrier for the
scalp and helps regulate heat loss [3].

The condition of our skin and hair significantly impacts our psychological well-being
and social interactions [4,5]. Radiant and healthy skin and hair can boost our confidence
and self-esteem, contributing to a positive self-image [6]. Regardless of its cause or severity,
hair loss is a distressing condition often underestimated. It encompasses various pathogene-
ses, including androgenetic alopecia (AGA, the most widespread type of hair loss), alopecia
areata, diffuse alopecia, and therapy-induced hair loss. Despite treatment advancements,
affected individuals commonly face stigmatization, which may exacerbate psychological
conditions and diminish overall contentedness [7]. Concerns about blemishes, wrinkles,
or hair loss can lead to insecurity and social anxiety, impacting our quality of life and
interactions with others [8]. Therefore, maintaining healthy skin and hair is not only es-
sential for physical health but also contributes significantly to our overall well-being and
social integration.

1.2. Limitations of Traditional Cosmetic Approaches

Traditional cosmetic approaches primarily focus on superficial effects. They operate on
the surface of the skin or hair, offering temporary improvements like hydration, masking
imperfections, or providing color. These products often lack the ability to address the
underlying biological processes that contribute to aging, damage, or hair loss [9,10].

Furthermore, the effectiveness of traditional cosmetics can vary significantly depend-
ing on individual factors like age, skin type, and the severity of the concern. Additionally,
some individuals may experience adverse reactions to certain ingredients, limiting their
suitability [11] or requiring continuous use to maintain the desired effects, leading to
inconvenience and cost burdens for consumers [12].

Finally, traditional testing methods for these products, such as animal testing and two-
dimensional (2D) cell cultures, have significant drawbacks. Animal testing raises ethical
concerns and often fails to represent human skin physiology accurately. Similarly, 2D cell
cultures lack the complexity of three-dimensional (3D) tissues, hindering the evaluation of
product safety and efficacy [13,14].

1.3. The Promise of TE-Based Dermocosmetics

Dermocosmetics, formulated with ingredients that target specific biological pathways
or are based on TE principles, offer a more directed approach than traditional cosmetics. TE
is a rapidly evolving field that combines the three well-known key components (cells, scaf-
folds and signals). Some of them are included in Table 1, summarizing relevant research
data from the literature for each of these key components.

Table 1. Key TE components that have an important role in dermocosmetics applications.

Component Description References

Adult stem cells:

— Mesenchymal stem/stromal cells (MSCs)
— Adipose-derived stem cells (ADSCs)

Differentiated skin cells:

— Fibroblasts
— Keratinocytes

Cells [15,16]
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Table 1. Cont.

Component Description References

Natural scaffolds:

— Collagen

— Gelatin

— Silk

— Chitosan

— Hyaluronic acid (HA)

Scaffolds Synthetic scaffolds: [15,17]

— Polyethylene glycol (PEG)

— Polyurethane (PU)

— Polyglycolic acid (PGA)

— Polylactic acid (PLA)
Hybrid scaffolds:

— Combining natural and synthetic materials (e.g., collagen-PU)

Signals

Bioactive molecules
Growth factors:

— Epidermal growth factor (EGF)
— Fibroblast growth factor (FGF)
— Platelet-derived growth factor (PDGF)

Vitamins
Antioxidants
Mechanical or electrical stimulation

[15,16]

By incorporating these components, TE-based dermocosmetics offer several advan-

tages over traditional approaches:

Addressing the root cause: TE-based dermocosmetics aim to address the under-
lying biological processes responsible for various skin and hair concerns. This can
involve stimulating collagen production for anti-aging effects, promoting wound
healing through the delivery of growth factors, or even facilitating hair follicle (HF)
regeneration through the use of bioengineered scaffolds [18].

Enhanced efficacy: By targeting specifically the dermal compartment, dermocosmetics
derived from TE, including new delivery methods, improve the efficacy of the bioactive
compounds or key proteins such as collagen. This can significantly improve areas like
scar regeneration and wound healing [19,20].

Long-lasting results: Some TE techniques, like the application of stem cells or their
exosomes, show promise for promoting long-lasting results by stimulating cell prolif-
eration and collagen production. This can significantly reduce the need for frequent
product application and improve patient compliance [21,22].

Better testers: Ex vivo skin models, such as 3D “skin-on-a-chip” (S5oC) systems com-
bined with microfluidics, offer a promising alternative to traditional testing methods.
These models provide a more realistic recreation of human skin architecture and
function, enabling more accurate dermocosmetic product testing [23,24].

While traditional cosmetics play a role in aesthetics, they often have limitations.

In contrast, advancements in TE-based dermocosmetics hold significant promise for the
future of personalized and effective cosmetic interventions (Figure 1).
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Figure 1. Limitations of traditional cosmetic approaches and the promise of tissue engineering.
Source of some vectors: https:/ /scidraw.io/ (accessed on 17 June 2024).

2. Mechanisms Involved in Regenerative Cosmetics

Regenerative cosmetics, situated at the intersection of dermatological science and
innovative biotechnology, focus on mechanisms underlying skin aging. This multifactorial
process involves oxidative stress, cellular damage, and senescence. Additionally, fibrosis
affects skin architecture, reducing elasticity and resilience [25]. Moreover, the HF regenera-
tion approach explores stem cell dynamics, signaling pathways, and microenvironmental
cues, offering the potential for advanced anti-aging interventions (Figure 2).
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Figure 2. Applications and challenges of regenerative cosmetics. HA: Hyaluronic acid; LLLT:
Low-level laser therapy; MSCs: mesenchymal stem /stromal cells; PRP: platelet-rich plasma; VitC:
vitamin C. Source of some vectors: https://scidraw.io/ (accessed on 17 June 2024).

2.1. Skin Aging

e  Skin aging is characterized by a decline in collagen production and a reduction of
cell proliferation, together with a decrease in stemness from each tissue, among
other factors [25]. Regenerative cosmetics offer solutions to combat these age-related
changes, here is a summary of the key approaches in regenerative medicine applied to
address age-related skin changes (Table 2).
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Table 2. Summary of the key approaches to addressing age-related skin changes using regenera-
tive cosmetics.

Approach

Components Function References

Growth factors (e.g., TGF-f3, PDGEF, IGF-1) Promote collagen synthesis by skin cells [26,27]

Enhance collagen production and skin

Stimulating collagen production ~ Vitamins (e.g., vitamin C, vitamin A) cell proliferation [26]
Peptides (e.g., Palmitoyl pentapeptide-4) Stimulate collagen and elastin synthesis [27]
HA fillers Plump up the skin and reduce the appearance 28]
of wrinkles
. . . . Create controlled micro-injuries to stimulate
Wrinkle reduction Microneedling collagen production and reduce wrinkle depth 2]
. Promote collagen synthesis and improve skin
Exosome-based cosmetics elasticity through paracrine effects [30]
Improving skin restoration Engineered skin substitutes Enhance barrier function, hydration, immune [31]

response, and wound healing

2.2. Oxidative Stress

Life in an oxygen-rich atmosphere comes with a toll to pay. While oxygen’s reactiv-
ity supports cellular energetics, its unique properties also lead to partial reduction into
potentially damaging molecular species known as reactive oxygen species (ROS).

Being the most exposed area of the body, environmental-derived ROS activity affects
skin health and appearance. Oxidative stress, an imbalance between free radicals and
endogenous antioxidants, plays a central role in aging [32] and plays a major role in the
etiopathogenesis or aggravation of atopic [33], acne [34], rosacea [35], melasma [36] and
alopecia areata [37], and rare skin disorders [38]. Thus, it comes as no surprise that the
dermocosmetics industry has paid great attention to combating its effects.

Modern skincare routines frequently aim to mitigate oxidative stress, with vitamin C
being a popular ingredient. In its natural form or modified in more stable derivatives,
ascorbic acid acts as a potent hydrosoluble electron donor, neutralizing free radicals [39].
In cosmetology, this molecule possesses several relevant properties. It regenerates the
endogenous antioxidant x-tocopherol, protecting against lipid peroxidation [40]. Addition-
ally, it inhibits the tyrosinase enzyme responsible for hyperpigmentation collagen synthesis
and processing [41]. However, the extensive list of prophylactic or therapeutic antioxidant
agents in dermocosmetics includes both synthetic and naturally obtained bioactives [42].

Notably, some of these compounds may impact stem cell pluripotency and differ-
entiation [43—45], warranting cautious application. While reactive oxygen species (ROS),
particularly H,O,, play physiological roles at low concentrations, excessive antioxidant
doses could disrupt endogenous regenerative processes, potentially worsening skin con-
ditions [46]. In the context of skin, these include cell survival proliferation and tissue
repair pathways [47-49]. Thus, excessive antioxidant doses could disrupt endogenous
regenerative processes, worsening skin conditions. Indeed, many reactive oxygen species
(ROS) mechanisms remain unclear and may be cell-specific. Interestingly, preconditioning
with low H,O, doses in regenerative medicine shows promise [50-52]. Guided by these
efforts, in the near future, oxidants and antioxidants will be carefully and timely dosed to
rescue pathology without challenging the function of the other. To this end, defining their
respective action windows is of utmost importance and an extremely relevant objective to
pursue the development of novel dermocosmeticals.

2.3. Repair vs. Regeneration

The shift from repair to regeneration in dermocosmetics is crucial for sustainable
skin health. Regeneration aligns with the skin’s natural healing, offering restoration of its
structure and function. This approach not only preserves the skin’s youthful properties
but also ensures compatibility with its biological processes, minimizing long-term damage.
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Emphasizing regeneration represents a significant leap in skin care, promising lasting
benefits and alignment with natural dermal recovery mechanisms. Skin damage caused
by wounds, burns, or scars can significantly impact both appearance and functionality.
Regenerative cosmetics offer several aspects:

e Promoting wound healing: Engineered skin substitutes like biocompatible scaffolds
provide a structure for cell migration and tissue regeneration, accelerating wound
healing and minimizing scar formation [53]. Current skin substitutes have been
tested for addressing regeneration in burn patients, chronic ulcers (diabetes), and rare
genodermatoses (Epidermolysis bullosa) [54]. Novel technologies, including injectable
cell suspensions and 3D scaffolds, are promising for improving wound healing and
skin regeneration [55].

e  Scar reduction: Microneedling and fractional laser therapy, combined with regenera-
tive ingredients like growth factors, can stimulate collagen production and improve the
appearance of existing scars [56,57]. Additionally, platelet-rich plasma (PRP) therapy
is gaining traction as a potential scar reduction technique. Studies suggest that PRP
injections may improve scar quality and reduce scar tissue formation [58], which is par-
ticularly interesting in relation to acne scars.

2.4. Fibrosis and Connective Tissue in Skin Rejuvenation

Fibrosis, the excessive deposition of collagen and other extracellular matrix (ECM)
components, can occur following wound healing or in response to chronic inflammation.
Proper management of connective tissue is essential for maintaining skin elasticity and pre-
venting the stiffening associated with aging. While essential for wound closure, excessive
fibrosis can lead to scar formation and impair skin function [59], which is particularly inter-
esting in a pathological context in some genodermatoses such as Epidermolysis bullosa [60].
By understanding and controlling fibrotic pathways, we can enhance skin rejuvenation and
promote a more youthful appearance. Regenerative cosmetics aim to:

e  Modulate the fibrotic process: by understanding the molecular mechanisms under-
lying fibrosis, researchers can develop strategies to control collagen deposition and
promote scarless wound healing, and also highlight the role of macrophages in the
inflammatory phase [59].

e Enhance the functionality of the connective tissue: supporting the health and organi-
zation of the connective tissue, which provides structural support and elasticity to the
skin, is crucial for maintaining a youthful appearance and function, and this is particu-
larly interesting when the role of MSCs is studied in UV-associated skin aging [61].

Wound healing involves many cell types working together in a specific order. While some
interactions are essential, others have redundancies to ensure successful repair [62].

2.5. Hair Follicle Regeneration

The HF is composed of epithelial and mesenchymal components, whose interaction
regulates HF morphogenesis and regeneration. The epithelial elements comprise three
concentric layers: Outer root sheath (ORS), inner root sheath (IRS), and hair shaft (HS).
The bulge, an engrossed part of the ORS, is considered the largest reservoir of hair follicle
stem cells (HFSCs). The HF mesenchyme includes the dermal papilla (DP), composed
of dermal papilla cells (DPCs), and the dermal sheath (DS). During the anagen phase
of the hair cycle, the quiescent HFSCs in the bulge are stimulated by the DP through
signaling molecules and transcription factors to proliferate and initiate the hair growth
process [63,64]. Therefore, the TE strategies to form bioengineered constructs capable
of regenerating HFs when transplanted to the patient should focus on the epithelial-
mesenchymal interactions (EMIs) [65].

Non-follicular cell sources for HF regeneration include either autologous mesenchy-
mal (adult dermal fibroblasts, skin-derived precursors [SKPs]) and epithelial (epidermal
stem cells [Epi-SCs], adult epidermal keratinocytes) precursors obtained from outside the
HF; or non-autologous reprogrammed pluripotent stem cells, such as human embryonic
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stem cells (hESCs) or human-induced pluripotent stem cells (hiPSCs) [66]. Conversely,
follicular-based approaches are based on the combination of epithelial and mesenchymal
cells from the HF. For that, DPCs and HFSCs need to be isolated from the patient and
expanded in culture, but DPCs lose their innate trichogenic capacity in 2D in vitro cul-
ture [64]. To avoid this and better mimic the in vivo HF microenvironment, the current
approaches are mainly focused on 3D cultures to preserve intercellular interactions. DPCs
in spheroid and organoid cultures have been shown to preserve their characteristics even
in high passages [64].

Furthermore, the cell-ECM interactions are also crucial in the HF cycle [67]. A variety
of biomaterials have been used to create spheroids or hydrogel scaffolds to enhance HF
regeneration by simulating the cell-ECM interactions, such as collagen [68], gelatin [69,70],
PRP [70,71], chitosan [70,72], HA [73], Matrigel [74], or human placenta decellularized
ECM [75,76].

Despite the advances, these in vitro TE approaches often lack the intricate physio-
logical, structural organization and microenvironment of the native HF niche, which is
essential for HF regeneration. To better mimic the native tissue, 3D bioprinting enables the
automated, reproducible, and high-throughput biofabrication of advanced skin models
incorporating several cell types and adnexal structures [77]. Regeneration of HF-like struc-
tures has been achieved by 3D bioprinting complex skin constructs incorporating DPCs,
as well as Epi-SCs and SKPs [77-79] (Figure 3).
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Figure 3. Hair follicle regeneration approaches. Epi-SCs: epidermal stem cells; hESCs: human
embryonic stem cells; hiPSCs: human-induced pluripotent stem cells; SKPs: skin-derived precursors;
HFSCs: hair follicle stem cells; DPCs: dermal papilla cells. Source of some vectors: https:/ /scidraw.io/
(accessed on 17 June 2024).
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3. Regenerative Cosmetics: A Transformative Alternative

OMIC technologies and tissue engineering have revolutionized regenerative cos-
metics, marking a paradigm shift from symptomatic treatment to root-level correction.
This revolution is driven by deep insights into the molecular mechanisms of skin aging,
damage, and regeneration facilitated by OMIC approaches. This section explores three
pivotal areas: the application of OMIC approaches in understanding and enhancing skin
regeneration, the use of advanced skin modeling techniques to accelerate drug develop-
ment, and innovative solutions for hair loss and promoting healthier hair growth. Together,
these advancements offer promising avenues for the development of effective, safe, and
personalized cosmetic treatments.

3.1. OMIC Approaches: A Key Tool for Regenerative Cosmetics

All kinds of OMIC approaches have been widely used to understand the intricate
molecular landscape in a myriad of applications, including the development and character-
ization of novel and effective regenerative cosmetic approaches.

3.1.1. Proteomics

Proteomics, the comprehensive study of proteins, has emerged as a powerful tool
to identify biomarkers in diseased skin [80], which could be potentially useful in devel-
oping targeted cosmetic therapies. Other applications in regenerative cosmetics include
elucidating cellular processes involved in skin aging, regeneration, and damage [81] and
characterizing biocompatible materials used in engineered skin substitutes [82]. In this
regard, a recent publication highlighted the importance of the MSCs secretome in the
improvement of anti-aging, whitening, and wound healing processes and its potential use
as novel biomaterials for skin regeneration [83].

3.1.2. Metabolomics

Other OMIC technologies, such as metabolomics, have also been implemented in
cosmetic applications and safety studies [84]. Specifically, the skin lipid structure and
composition are known to be affected in many dermal diseases, impairing the barrier func-
tion [85]. Therefore, studying the lipidomic profile of known bioactive products provides
insights into the molecular mechanisms behind their therapeutic effects [86]. It is well
known that skin functionality is maintained by a complex system formed by the relation-
ships between microorganisms and host cells [87]. In this regard, the use of metabolomics
to elucidate these interactions is key for the development of innovative microbiome-based
approaches to deal with skin conditions [88].

3.1.3. Multi-OMICs Integration

Integrating multiple OMIC approaches (multi-OMICs) plays a crucial role in under-
standing the mechanistic processes behind the use of cosmetics for skin regeneration.
For example, a recent study integrated metagenomics and transcriptomics to study the role
of eugenol in skin photoaging [89]. Additionally, advances in gene editing technologies,
such as CRISPR-Cas9, enable targeting specific genetic factors underlying skin and hair
conditions, paving the way for more precise and effective therapeutic interventions [90].
Moreover, the integration of regenerative medicine with Artificial Intelligence (AI) and
machine learning algorithms holds promise for optimizing treatment protocols, predicting
treatment outcomes, and enhancing patient satisfaction.

3.2. Skin Modeling Accelerates Drug Development

TE-based humanized animal models are crucial for the preclinical testing of novel
therapeutic agents for skin conditions conditions [54]. By mimicking human skin physiol-
ogy and pathology, including cellular composition, architecture, and immune responses,
they offer a valuable platform for assessing the safety and efficacy of potential treatments
before clinical trials in human patients [91], providing more clinically relevant data com-
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pared to traditional animal models [92] and bridging the gap between preclinical and
clinical research, enhancing dermatological care outcomes.

3D Skin-on-Chip Models and Microfluidics for Dermocosmetics

The integration of microfluidic devices in skin-on-chip (SoC) models enhances drug
testing accuracy by closely mimicking the dynamic human skin microenvironment. These de-
vices allow precise control of fluid flow, nutrient delivery, and waste removal, maintaining
vascularized skin models for long-term studies. Microfluidic systems in skin chips repli-
cate immune responses, inflammation, edema, and drug effects while also facilitating
permeation and skin irritation tests. Additionally, they enable real-time monitoring of key
parameters like oxygen levels, pH, and transepithelial / transendothelial electrical resis-
tance, providing continuous feedback on cell viability and metabolic responses. Overall,
incorporating microfluidic technology in skin models offers a more realistic and compre-
hensive platform for drug testing, advancing pharmaceutical research and skincare product
development [93].

Current human skin models consist of epidermal keratinocytes and dermal fibrob-
lasts integrated into a biocompatible scaffold, nourished by a culture medium. The 3D
microfluidic systems, such as organ-on-a-chip (OoC) and skin-on-chip (SoC), revolutionize
organ function simulation, offering realistic disease models and treatment testing [94,95].
They are faster and more cost-effective than traditional animal testing and can be used to
investigate various skin phenomena, including wound healing, barrier function, and the
effects of cosmetic products [96].

However, despite significant strides in creating an in vitro skin model, challenges
persist, primarily because, until now, there are no SoC devices that fully incorporate all
skin layers (the epidermal, dermal, and hypodermal layers) [97].

e  Materials: The 3D SoC models require balancing cost and biomimicry through ma-
terial selection. Synthetic polymers (PDMS, PCL, PLA) offer affordability and bio-
compatibility but lack the intricate structure of natural tissues. Hydrogels (alginate,
collagen) mimic tissues but struggle with maintaining precise mechanical properties.
Animal-derived materials (decellularized ECM, silk) provide the most biomimetic
environment, closely resembling natural skin, but are expensive and raise ethical con-
cerns [95,98-102]. Recent innovations like decellularized ECM and silk offer promising
solutions, aiming to bridge the gap between affordability and biomimicry [15,103].

e Challenges: SoC models face challenges in controlling chemical gradients, technical
sampling, and analysis. Integrating vasculature and microbiomes is crucial for physi-
ological accuracy. Despite these, models like EpiDerm from MatTek Corporation or
SkinEthic from L’Oréal show promise for dermocosmetics, offering safety and efficacy
benefits over traditional methods [93,104,105].

3.3. Potential Solutions for Hair Loss and Promotion of Thicker, Healthier Hair Growth

Current treatments for alopecia typically involve oral or topical pharmacological
treatments with minoxidil and finasteride, the only drugs approved by the Food and
Drug Administration (FDA). However, these medications can cause side effects and do
not always yield satisfactory results [10]. While surgical treatment by autologous hair
transplant (by follicular unit extraction [FUE]) is considered the most effective method,
it may be limited by the lack of enough follicles in the donor area in patients with advanced
AGA [65,106].

Furthermore, to enhance the outcomes achieved with these therapies and promote
better hair growth, some minimally invasive techniques have been used as complementary
treatments (Figure 3), but a lack of standardization for these techniques is frequent:

e Low-level laser therapy (LLLT) stimulates hair growth with minimal side effects by
exposing tissues to low-level light energy, showing a synergistic effect on promoting
hair regrowth [107].
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e  Mesotherapy, involving the intradermal infusion of a mixture of factors, has demon-
strated improvements in hair growth [93,108,109].

e  Carboxytherapy, which entails the intradermic or subcutaneous insufflation of medical-
grade sterile CO,, enhances blood flow and nutrient delivery to the HF, potentially
aiding in cases of alopecia [93,110,111].

e  Microneedling promotes hair growth by inducing percutaneous wounds with sterile
microneedles, stimulating the activation of HFSCs and the release of growth factors
that promote wound healing and angiogenesis [112,113].

e Autologous PRP treatment, derived from the patient’s blood, stimulates hair growth
through the release of growth factors, cytokines, and chemokines, promoting cell
proliferation, differentiation, and angiogenesis [114].

e Nanoparticles have been studied for drug delivery directly into the HF, minimizing
the systemic adverse effects [107].

Different intricate intercellular signaling pathways regulate HF morphogenesis and cy-
cle, including Bone Morphogenetic Protein (BMP), Ectodysplasin A Receptor (EDAR), Sonic
hedgehog (Shh), Notch, or Transforming Growth Factor 3 (TGF-f3). Among them, WNT/f3-
catenin is considered to be the main regulator of the HF cycle. Some HF regenerative
medicine approaches aim to activate these signaling pathways [63].

Therapy with stem cells (derived from the HF, bone marrow, adipose tissue, or umbili-
cal cord blood) has been demonstrated to improve hair growth, as they regulate hair cycles
and regeneration through the secretion of proteins, extracellular vesicles, and nucleic acids,
that play a role in paracrine factor signaling [115]. Similarly, exosome therapy could be a po-
tential approach for hair loss, as they transport Wnt proteins [116]. Exosomes derived from
DPC spheroids have been reported to stimulate proliferation, increase their trichogenic
properties, and induce and prolong anagen in mice, promoting hair growth and regenera-
tion [117]. Additionally, gene therapy emerges as a tool to introduce growth-promoting
genes, replace defective ones, or reprogram surrounding cells for hair restoration [118].

4. Revolutionizing Beauty: The Convergence of Regenerative Medicine and
Cosmetic Science

Regenerative medicine plays a pivotal role in the cosmetics industry, offering inno-
vative solutions for skin and hair rejuvenation. Techniques such as stem cell therapy, TE,
and growth factor application have shown promising results in promoting skin regenera-
tion, reducing signs of aging, and treating hair loss conditions. For instance, stem cell-based
therapies can stimulate collagen production, improve skin texture, and enhance elasticity,
leading to a more youthful appearance [21,22]. Similarly, TE approaches enable the devel-
opment of advanced skin substitutes and HF regeneration techniques, providing effective
solutions for cosmetic enhancement. Moreover, the application of growth factors, such as
PRP, accelerates tissue repair, promotes hair growth, and enhances the overall quality of
skin and hair [58,114].

Looking ahead, the field of regenerative medicine presents exciting opportunities
for further advancements in cosmetic applications. Future research efforts may focus on
harnessing the regenerative potential of stem cells and TE to develop personalized cosmetic
treatments tailored to individual needs and preferences.

Regenerative cosmetics hold promise for addressing skin and hair concerns through
targeted biological interventions. They can stimulate collagen production, improve skin
function, and mitigate oxidative stress for skin rejuvenation [26,27,31]. Additionally, engi-
neered skin substitutes accelerate wound closure, minimize scar formation, and enhance
scar tissue functionality [50]. Furthermore, advancements in TE offer potential solutions
for hair loss and the promotion of thicker, healthier hair growth [63,115-118]. Lastly, devel-
opments in proteomics enable personalized cosmetic solutions tailored to individual needs
and characteristics [81,82].
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Overall, the intersection of regenerative medicine and cosmetics represents a dynamic
and evolving field with vast potential to revolutionize the beauty industry and empower
individuals to achieve healthier, more radiant skin and hair.

5. Challenges, Future Opportunities, and the Role of Al in this Field

As the field of regenerative cosmetics continues to evolve, there are several mate-
rials and areas that are likely to garner more attention from researchers in the coming
years. However, the integration of tissue engineering (TE) in dermocosmetics presents
a transformative approach to skin and hair care, yet it is not without its challenges.

The complexity of skin and hair physiology requires a multidisciplinary effort to
replicate these structures accurately. One of the primary challenges lies in the scalability of
TE products, ensuring they are accessible and affordable for widespread use. Additionally,
the heterogeneity of human skin and hair types calls for personalized solutions that can
adapt to individual variations. Standardization of tissue engineering-based substitutes
could significantly reduce overall research and development costs by eliminating the need
for animal testing.

Regulatory hurdles also pose a significant challenge, as the approval process for
new biotechnological products can be lengthy and rigorous. Ensuring safety and efficacy
through clinical trials is paramount, but it can delay the availability of innovative treatments
to the market.

Looking to the future, the field holds immense potential. Advancements in 3D bio-
printing could revolutionize the creation of skin and hair grafts, allowing for more precise
and customized applications.

The exploration of novel biomaterials and growth factors promises to enhance the
regenerative capabilities of cosmetic products. Furthermore, the integration of Al could
streamline the designing and testing of new therapies, predicting outcomes, and personal-
izing treatments.

Artificial Intelligence in Regenerative Cosmetics

The integration of Artificial Intelligence (Al) can significantly enhance various aspects
of regenerative cosmetics. Artificial intelligence (AI) is on the verge of becoming a standard
tool in cosmetic dermatology. Presently, Al is being utilized to enable patients to participate
more actively in their treatment choices through personalized skincare, augmented reality
features, and home-based skin analysis instruments. Many dermatology practices have in-
corporated Al-powered skin analysis tools, which include the creation of three-dimensional
facial reconstructions and predictive models for clinical results. This article underscores the
existing and evolving uses of Al in cosmetic dermatology and offers a glimpse into prospec-
tive methods in this area. It is crucial for dermatologists to stay updated on these emerging
technologies to effectively educate their patients and enhance their clinical practice [119].
Al can play a crucial role also in data analysis and drug discovery:

Data Analysis

Al algorithms can analyze large datasets from clinical trials and patient information to
identify patterns and predict optimal treatment strategies for skin regeneration. This in-
cludes personalizing treatments based on an individual’s unique genetic makeup and skin
characteristics [16].

Al-Powered Drug Discovery

Al can accelerate the development of new drugs and therapies for skin regeneration.
By analyzing vast chemical libraries, Al can identify potential drug candidates with targeted
effects on specific cell types or signaling pathways involved in skin rejuvenation [120].

As research progresses, we may see a shift towards holistic regenerative solutions
that not only address cosmetic concerns but also promote overall health and well-being.
The ultimate goal is to harness the full potential of TE and Al to create dermocosmetic
products that are not only effective but also sustainable and ethical.
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6. Conclusions

The field of regenerative cosmetics, particularly skin TE, has made significant strides
in anti-aging, repair, and hair restoration. Innovations like SoC models have revolutionized
testing and understanding of skin responses. Oxidative stress and fibrosis, critical factors
in skin aging, are now better managed through advanced application methods. OMIC tech-
nologies have provided deeper insights into skin biology. The application of stem cells,
either directly or indirectly through their secreted factors, holds great potential for regener-
ative cosmetics. However, further research is needed to optimize stem cell delivery and
differentiation, as well as to address safety concerns. As the field of regenerative cosmetics
continues to advance, it is poised to revolutionize the way we care for our skin and hair,
offering personalized and effective solutions for a wide range of skin and hair concerns.
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