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Engineered skin scaffolds: Tissue engineering restores or replaces diseased skin using epidermal, dermal, or 

composite extracellular matrices embedded with recognition sequences, growth factors, and customized physical 

properties (e.g., defined shape and pore size) to support cell infiltration, proliferation, and angiogenesis.

Epidermal substitutes: These consist of keratinocytes seeded onto natural or synthetic scaffolds; however, 

clinical outcomes remain limited, likely because they lack a supportive dermal component.

Dermal and composite substitutes: Dermal substitutes include fibroblasts from adult or fetal sources, while 

composite substitutes pair epidermal keratinocytes with fibroblast-containing dermal layers.

BACKGROUND

Tissue Engineering

Cellular Therapies

Melanocyte-Keratinocyte Transfer:

Effectiveness & Challenges: MKTP offers durable, physiologic repigmentation for pigmentary disorders but is limited by 

technical challenges in melanocyte culture and amplification.

Clinical Outcomes & Enhancers: Epidermal cell suspensions outperform suction blister grafting, with higher melanocyte 

concentrations improving outcomes; in vitiligo, 13–86% of patients achieve near-complete repigmentation, especially in 

segmental and head/neck or trunk disease. Combination therapies (growth factors, platelet-derived products) and skin-prep 

techniques (dermabrasion, microneedling) further enhance graft survival.

Future Needs: Standardized grading systems, consistent preparation methods, and patient stratification based on 

comorbidities are required for broader clinical adoption.

Definition & Purpose: Regenerative medicine harnesses the body's innate reparative 

mechanisms to restore tissue function following injury, disease, trauma, congenital defects, and 

aging. 

Historical Use: Sanskrit texts describe skin grafting techniques in ancient India around 600 BCE. 

Maharishi Sushruta, regarded as a pioneer in surgery, detailed methods of skin transplantation for 

reconstructive procedures such as rhinoplasty, otoplasty, and lobuloplasty. In the early 19th 

century, “stem cells” was coined to describe progenitor cells capable of generating the germline. 

Extracellular vesicles (EVs) were first identified as distinct biological entities with enzymatic and 

functional activity during the 1980s and 1990s. 

Categorization of treatment modalities: 

Regenerative medicine incorporates several treatment modalities—including tissue engineering, 

cellular, and acellular therapies—for medical, surgical and cosmetic utility. 

Clinical Relevance: Knowledge of regenerative medicine tools is useful for maximizing benefits 

and minimizing risks in treating medical, surgical, ad aesthetic dermatology patients.

Acellular Therapies

Secretomes (Exosomes & EVs)

Mechanisms & Challenges: Secretomes exert anti-inflammatory, pro-angiogenic, and regenerative effects but face major challenges in sourcing, 

isolation, stability, and lack of standardization, leaving most evidence preclinical.

Potential Applications: Exosomes may boost collagen via PI3K/Akt signaling, promote anagen initiation in hair models, and enhance wound healing 

and immune modulation, but clinical validation is needed.

Polynucleotides (PNs)

Mechanisms & Evidence: PNs may promote collagen synthesis, ECM support, and anti-inflammatory effects via A2A receptors and ERK/MAPK 

activation, but current data are largely mechanistic with no robust trials.

Clinical Signals: Early reports show improvements in hydration, elasticity, wrinkles, erythema, scars, and possibly hair growth, yet PNs remain 

investigational without FDA approval.

Biostimulators & HA Fillers

Calcium Hydroxylapatite (CaHA)

Mechanisms & Uses: CaHA stimulates collagen, elastin, and neovascularization, improving dermal thickness and texture; FDA-approved for facial 

volume loss and lipoatrophy.

Combinations: CaHA combined with micronutrients or HA fillers enhances skin quality, laxity, pigmentation, and dermal viscoelasticity; more trials 

needed.

Poly-L-Lactic Acid (PLLA)

Mechanisms & Timing: PLLA induces collagen via controlled inflammation, with peak activity at 6 months and effects lasting up to 2 years; FDA-

approved for HIV lipoatrophy.

Applications: Improves skin thickness, elasticity, and wrinkles; increasingly used off-label for body rejuvenation (gluteal, arms, thighs, abdomen).

Skin Boosters (HA-based)

Mechanisms & Skin Effects: Low or non–cross-linked HA hydrates dermis and mildly stimulates collagen, improving fine lines, texture, and elasticity 

but without true volumization.

Enhanced Formulations: Additives such as glycerol, growth factors, or botulinum toxin enhance hydration and barrier function, though large-scale 

trials are lacking.

Decellularized Adipose Matrices (DAMs)

Structure & Function: DAMs preserve native adipose architecture, supporting adipogenesis and angiogenesis for soft-tissue augmentation and 

improved skin quality.

Clinical Outcomes: Studies show improved contour, texture, and long-term volume retention (up to 8 years), with expert endorsement as a safe 

alternative to fat grafting and fillers.

Ethical Considerations:

Standardization & Evidence: Lack of standardized manufacturing, protocols, and product characterization limits trial 

quality and makes clinical efficacy difficult to assess, requiring clear informed consent about variability.

Benefit, Cost & Electiveness: Patients must understand the balance between expected benefit, cost, and potential side 

effects, especially since most regenerative treatments are elective rather than medically necessary.

Provider Responsibility: Clinicians must uphold beneficence and non-maleficence by offering therapies only when 

reasonable benefit is expected and by minimizing risk in elective interventions.

Regulatory Considerations:

Product Oversight & Classification: Purity, sourcing, and formulation variability hinder clinical adoption; regenerative 

products are regulated as biologics under PHS Act sections 351 and 361, with most aesthetic applications requiring 

biologics license approval.

Standards & Pathways: Regulatory agencies must develop flexible frameworks for diverse emerging therapies; expedited 

pathways like RMAT exist for serious conditions but generally do not apply to aesthetic uses.

Compliance & Transparency: Marketing and patient consent must align with regulatory requirements to avoid misleading 

claims and ensure accurate representation of product capabilities and limitations.

Adipose Transfer:

Composition & Regenerative Potential: Adipose tissue contains adipocytes and a regenerative SVF rich in MSCs and other 

cells, offering a biocompatible, non-immunogenic source for tissue repair; advances in harvesting/processing have 

improved outcomes, though large-volume transfers still yield inconsistent results and longer recovery.

Aesthetic & Structural Skin Benefits: Nanofat grafting—preserving regenerative elements without mature adipocytes—can 

improve scars, discoloration, and fine wrinkles, with SVF or PRF combinations enhancing texture and elasticity; however, 

some studies report minimal phenotypic change. SVF-enriched grafts can increase dermal density and elastic fiber content.

Hair & Inflammatory Disease Applications: Adipose-derived products promote hair growth via Wnt/β-catenin–mediated 

MSC activation, improving density and diameter in nonscarring alopecia; they also show variable benefit in inflammatory 

dermatoses, including reductions in acne lesions and improvement of hypertrophic acne scars through cytokine modulation.

Stem Cells:

Immunomodulation & Inflammation: MSCs—key adult stem cells with self-renewal and regenerative capacity—can 

attenuate pro-inflammatory cytokine signaling; in a trial of moderate-to-severe AD, subcutaneous MSCs significantly 

reduced disease severity, IgE levels, and eosinophil counts through suppression of Th2-driven inflammation.

Dermatologic & Cosmetic Applications: MSCs enhance healing in acute/chronic wounds and hypertrophic scars and are 

being explored for rejuvenation and pigment disorders; umbilical cord–derived MSC topical applications improved 

melasma, and hair-follicle–derived stem cell injections increased hair density in androgenetic alopecia.

Limitations & Future Needs: Clinical impact is constrained by inadequate progenitor cell numbers, disease-related 

impairment, and ECM fibrosis limiting engraftment; widespread adoption requires standardized protocols, optimized 

delivery methods, and evidence of durable outcomes.

Acellular therapy Description Source

Platelet-rich plasma (PRP) Platelet concentrate from blood containing platelet-derived growth factor 

(PDGF), transforming growth-factor beta (TGF𝛽), fibroblast growth factor 

(FGF), insulin-like growth factor (EGF), vascular endothelial growth factor 

(VEGF).47

Autologous whole 

blood

Platelet-rich fibrin (PRF) Platelet concentrate containing fibrin clot and entrapped cells with growth 

factors and cytokines.49

Autologous whole 

blood without an 

anticoagulant (108)

Exosomes Nano-sized (30-150 nm) lipid bilayer extracellular vesicles for therapeutics.101 Varied

Polynucleotides Biopolymers of polydeoxyribonucleic acid or polyribonucleic acid, possibly 

functioning as a donor or nucleotide bases or through enhancing salvage 

pathway, angiogenesis, collagen production via binding A2A receptors.6,113

Sperm cells of 

Oncorhynchus mykiss 

(rainbow/steelhead 

trout) or Oncorhynchus 

keta (chum salmon).

Skin boosters Non-cross linked or low-cross linked hyaluronic acid filler (typically 12-20 

mg/mL). Often formulated with other active ingredients—including vitamins, 

minerals, amino acids, cytokines, co-enzymes, nucleic acids, and trace 

elements.146,147

Streptococcus bacteria

Calcium hydroxylapatite Bioceramic injectable that stimulates collagen, elastin, proteoglycan, tissue, 

and vasculature production.129

Synthetically derived

Poly-L-Lactic Acid Synthetic biocompatible polymer that stimulates a subclinical inflammatory 

response that produces collagen.136,152

Synthetically derived

Decellular adipose 

matrices

Decellularized adipose tissue matrix from lipoaspirates.152 Cadaveric human 

adipose tissue

Platelet Derivatives (PRP, PRF)

Skin & Pigment: PRP/PRF promote collagen, elastin, and HA production, improving fine lines, texture, and 

melasma; evidence is promising but heterogeneous, with strongest results in periorbital rejuvenation and 

when combined with microneedling, lasers, or chemexfoliation.

Hair, Wounds & Inflammation: PRP improves hair density in AGA and AA (with mixed results vs. steroids), 

accelerates healing in chronic wounds, and enhances outcomes in post-acne scarring, though robust 

randomized trials remain limited.

Acellular Therapies

Ethical and Regulatory Considerations
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