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Abstract 
Vitiligo is a chronic acquired pigmentary disorder in which surgical intervention remains the treatment of 
choice for stable lesions unresponsive to medical therapy. Conventional non-cultured epidermal cell 
suspension (NCES) has long been considered the reference cellular transplantation technique because of its 
favorable efficacy and ability to treat relatively large areas in a single session. However, the requirement for 
enzymatic digestion, specialized equipment, and laboratory processing has stimulated the development of 
alternative mechanical harvesting approaches. Recent advances in mechanical tissue dissociation, skin 
micrograft technologies, and automated harvesting systems, while preserving encouraging clinical outcomes. 
In parallel, innovations in cell delivery including biological carriers, biomaterial scaffolds, laser-assisted 
delivery, microneedling, and injectable cell suspensions are expanding the therapeutic potential of cellular 
transplantation. Beyond simple melanocyte replacement, emerging evidence suggests that mechanical 
harvesting may preserve extracellular matrix components, stromal cells, and regenerative signals that 
contribute to restoration of the cutaneous microenvironment. This narrative review summarizes the evolution 
of cellular therapies for vitiligo, critically discusses current mechanical harvesting and delivery technologies, 
reviews available clinical evidence, and highlights future directions toward standardized, regenerative, and 
minimally manipulated cell-based therapies. 
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1. Introduction 
Vitiligo is a chronic acquired pigmentary disorder 
characterized by the selective destruction of 
functional melanocytes, resulting in well-
demarcated depigmented macules and patches.[1] 
It affects approximately 0.5–2% of the global 
population irrespective of age, sex, or ethnicity, 
often leading to profound psychosocial distress 
and impaired quality of life.[2] Although 
considerable advances have been made in 
understanding the complex pathogenesis of 
vitiligo, which involves autoimmune 
mechanisms, oxidative stress, genetic 
susceptibility, neural factors, and melanocyte 
detachment, achieving complete and durable 

repigmentation remains a significant therapeutic 
challenge.[3] 
Conventional medical therapies, including topical 
corticosteroids, calcineurin inhibitors, systemic 
immunomodulators, phototherapy, and more 
recently Janus kinase inhibitors, primarily aim to 
suppress disease activity and stimulate residual 
melanocytes. [4]However, these approaches often 
produce incomplete repigmentation in long-
standing stable lesions where melanocytes have 
been depleted.[5] 
 
Surgical intervention has therefore become an 
important therapeutic option for stable vitiligo. 
Over the past three decades, treatment has 
evolved from tissue grafting techniques to 
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sophisticated cellular transplantation 
procedures.[6] Among these, [7–9] epidermal cell 
suspension (NCES) has become the benchmark 
because of its efficacy, simplicity, and ability to 
treat large areas in a single session. 
 
Despite its success, NCES has limitations 
including enzymatic digestion, laboratory 
processing, procedural time, and regulatory 
concerns. [10]Consequently, mechanical cell 
harvesting technologies have emerged as 
simplified alternatives that reduce manipulation 
while preserving cell viability. Recent 
innovations suggest that these approaches may 
preserve extracellular matrix fragments and 
regenerative signals in addition to 
melanocytes.[11,12] 
This review summarizes the evolution of cellular 
therapies for vitiligo with particular emphasis on 
mechanical cell harvesting and delivery 
technologies, discusses the biological rationale, 
critically appraises current evidence, and 
highlights future directions toward regenerative 
cellular therapies. 
2. Evolution of Cellular Therapies for Vitiligo 
Vitiligo surgery has progressively evolved from 
replacing depigmented skin with intact pigmented 
tissue to delivering isolated regenerative cellular 
components. [6,13]Early techniques included 
punch grafting, suction blister grafting, split-
thickness skin grafting, and follicular unit 
transplantation. Although effective, these 
procedures were associated with donor-site 
morbidity, color mismatch, limited expansion 
ratios, and technical difficulties.[14–18] 
The introduction of cellular transplantation 
represented a major advance. Cultured 
melanocyte transplantation enabled treatment of 
large areas but required specialized laboratories, 
prolonged preparation, and high costs. [19]The 
subsequent development of NCES revolutionized 
vitiligo surgery by allowing same day preparation 
and transplantation of melanocyte rich epidermal 
cell suspensions.[20] 
Enzyme-free epidermal cell harvesting techniques 
have emerged as promising alternatives to 
conventional enzymatic methods for the surgical 
treatment of stable vitiligo. Elgarhy et al. (2020) 
introduced a novel non-cultured melanocyte–
keratinocyte cell suspension in which epidermal 
tissue harvested by dermabrasion was 
homogenized in autologous plasma gel before 
transplantation, followed by narrowband 
ultraviolet B (NB-UVB) phototherapy. After six 
months of follow-up, 65% of patients achieved 
>75% uniform repigmentation, with overall 

improvement ranging from 23.3% to 100%, 
including lesions at traditionally resistant 
anatomical sites. The authors attributed these 
favorable outcomes to the dual role of plasma gel 
as a biological scaffold that enhanced cell 
retention and viability, together with the 
synergistic effect of NB-UVB in stimulating 
melanocyte proliferation and melanogenesis. 
Control lesions treated with NB-UVB alone 
demonstrated significantly inferior 
repigmentation, underscoring the therapeutic 
contribution of the transplanted cell 
suspension.[10] 
Similarly, the Jodhpur Technique, described by 
Sonthalia and Kachhawa (2019), is a simple 
office-based, non-cultured, non-trypsinized cell 
harvesting technique that avoids enzymatic 
digestion and specialized laboratory processing. 
In this method, epidermal cells are obtained by 
scraping a split-thickness skin graft and 
transferred to the recipient site, followed by 
psoralen plus ultraviolet A (PUVA) phototherapy. 
Evaluated over a 12-month follow-up period, the 
technique achieved favorable repigmentation 
while maintaining a simple and cost-effective 
protocol. Collectively, these studies demonstrate 
that non-trypsinized cell harvesting techniques 
can achieve clinical outcomes comparable to 
conventional enzymatic NCES while simplifying 
tissue processing, reducing costs, and improving 
accessibility, particularly in resource-limited 
settings.[21] 
More recently, interest has expanded beyond 
epidermal cell suspensions to mechanically 
processed suspensions containing epidermal, 
dermal, and even subcutaneous tissue 
components. Unlike conventional epidermal 
suspensions, these preparations may preserve 
extracellular matrix fragments, fibroblasts, 
stromal cells, and other regenerative elements that 
support melanocyte survival and tissue repair. 
This broader cellular composition has shifted the 
focus from simple melanocyte replacement 
toward restoration of a regenerative cutaneous 
microenvironment, representing an important 
direction in the evolution of non-trypsinized 
mechanical cell harvesting technologies. 
[22]More recently, mechanical harvesting 
technologies including smashed skin grafts, 
automated tissue dissociation, and skin micrograft 
techniques have simplified tissue processing 
while maintaining encouraging clinical 
outcomes.[11,12] 
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3. Conventional Non-Cultured Epidermal Cell 
Suspension (NCES): Principles and 
Limitations 
NCES is widely regarded as the cornerstone of 
cellular transplantation for stable vitiligo. A thin 
split-thickness skin graft is harvested, 
enzymatically digested with trypsin, and 
processed to produce a suspension enriched with 
melanocytes and keratinocytes for transplantation 
onto a prepared recipient site.[23] 
Keratinocytes play a crucial supportive role by 
promoting melanocyte survival, adhesion, and 
melanogenesis. Numerous studies have 
demonstrated excellent repigmentation rates, 
particularly for facial and truncal lesions.[24] 
Nevertheless, NCES has several limitations. 
Enzymatic digestion increases procedural 
complexity and operative time, while specialized 
equipment and trained personnel are required. 
Variability in digestion protocols, cell yield, and 
melanocyte viability may influence outcomes. 
Furthermore, conventional NCES primarily 
provides epidermal cells with limited preservation 
of stromal and extracellular matrix 
components.[25] 
These limitations have stimulated the 
development of mechanical harvesting 
technologies that minimize enzymatic 
manipulation, simplify workflow, and may 
preserve a broader regenerative cell population, 
representing the next evolution in vitiligo cellular 
therapy.[12] 
5. Mechanical Harvesting Technologies 
The introduction of mechanical cell harvesting 
represents one of the most important advances in 
vitiligo surgery over the past decade. 
[12]Conventional NCES relies on enzymatic 
digestion using trypsin to separate epidermal cells 
before transplantation. Although highly effective, 
enzymatic processing requires controlled 
laboratory conditions, prolongs operative time, 
and introduces variability related to enzyme 
concentration and incubation. Mechanical 
harvesting techniques were developed to simplify 
this workflow while preserving cell viability and 
minimizing tissue manipulation. 
Mechanical dissociation uses physical disruption 
of donor tissue to generate a suspension of viable 
cells and microtissue fragments. In contrast to 
enzymatic digestion, these techniques may 
preserve extracellular matrix, dermal stromal 
cells, fibroblasts, vascular-associated cells, and 
endogenous growth factors. Consequently, their 
therapeutic effect may extend beyond melanocyte 
replacement to include regeneration of the 
cutaneous microenvironment.[11,12] 

Several mechanical approaches have been 
described. Smash skin grafting involves finely 
mincing a thin split-thickness graft into 
microscopic fragments that are spread over a 
prepared recipient site. [11]Hair follicle-derived 
mechanical suspensions exploit melanocyte stem 
cells in the outer root sheath and may be 
advantageous for leukotrichia.[18] Although 
encouraging outcomes have been reported, 
standardized protocols and large comparative 
trials are still required before these technologies 
can replace conventional NCES. 
6. Cell Delivery Technologies 
Successful cellular transplantation depends not 
only on harvesting viable cells but also on 
effective delivery to the recipient site. 
Dermabrasion remains the standard method for 
recipient-site preparation because it creates a 
vascularized wound bed that supports cell 
attachment. [10]Carbon dioxide, microneedling, 
and erbium:YAG lasers provide precise epidermal 
removal, while microneedling has emerged as a 
minimally invasive alternative.[26–29] 
After harvesting, cells may be applied directly or 
combined with biological carriers. Platelet-rich 
plasma functions as both a carrier and a source of 
regenerative growth factors. [10]In addition, 
umbilical cord-derived mesenchymal stem cells 
(UC-MSCs) have emerged as a promising 
regenerative adjunct in vitiligo because of their 
immunomodulatory, anti-inflammatory, and 
trophic properties. Through paracrine signaling 
and secretion of bioactive factors, UC-MSCs may 
promote melanocyte survival, migration, and 
repigmentation while modulating the autoimmune 
microenvironment. Although early preclinical and 
clinical studies are encouraging, further well-
designed clinical trials are required to establish 
their role in routine vitiligo cell-based 
therapy.[30] 
Injectable cell suspensions represent an emerging 
strategy that may simplify vitiligo surgery by 
delivering mechanically processed cells directly 
into the dermis. [31] Future delivery technologies 
are expected to integrate biomaterials, 
regenerative scaffolds, and standardized 
application systems to maximize cell viability, 
improve engraftment, and enhance long-term 
repigmentation. [32] 
7. Clinical Evidence 
Clinical evidence demonstrates that cellular 
transplantation is an effective treatment for stable 
vitiligo, with conventional NCES remaining the 
reference standard and consistently achieving 
high repigmentation rates, particularly on the 
face, neck, and trunk.[33,34] Emerging simplified 
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harvesting techniques, including mechanically 
dissociated epidermal suspensions, smashed skin 
grafts[11], skin micrografts[12], and hair follicle-
derived cell suspensions[35], have shown 
encouraging results comparable to conventional 
NCES in selected patients while reducing 
procedural complexity. Combination approaches 
incorporating epidermal, follicular, or dermal 
regenerative cells may further enhance 
therapeutic outcomes.[36,37] Overall, these 
techniques demonstrate favorable safety profiles 
with predominantly mild, transient adverse 
effects. However, heterogeneity in study design, 
patient selection, outcome measures, and follow-
up limits direct comparison between methods, 
highlighting the need for standardized protocols 
and adequately powered randomized controlled 
trials to define the comparative effectiveness of 
emerging cell-harvesting technologies. 
8. Future Perspectives 
The future of vitiligo surgery is expected to extend 
beyond simple melanocyte replacement toward 
comprehensive regenerative cellular therapy. 
Mechanical harvesting technologies provide an 
attractive platform for this transition because they 
enable rapid tissue processing while potentially 
preserving extracellular matrix components, 
stromal cells, and endogenous regenerative 
signals. Further optimization of these systems 
may improve cell viability, reproducibility, and 
clinical outcomes while reducing procedural 
complexity.[32,38] 
Future research should prioritize multicenter 
randomized studies directly comparing enzymatic 
and mechanical harvesting techniques using 
standardized protocols and clinically meaningful 
endpoints. Cost-effectiveness analyses, 
regulatory considerations, and quality-control 
standards for cell processing will be equally 
important to facilitate wider clinical adoption. 
Conclusion 
Mechanical cell harvesting represents a 
significant step in the evolution of cellular therapy 
for stable vitiligo.[11,12] Avoiding the need for 
enzymatic digestion and simplifying tissue 
processing, these technologies have the potential 
to improve accessibility, reproducibility, and 
procedural efficiency while maintaining clinical 
efficacy comparable to conventional NCES.[39] 
Furthermore, preservation of extracellular matrix 
fragments, stromal cells, and regenerative 
mediators may provide biological advantages 
beyond melanocyte replacement, supporting the 
concept of regenerative skin restoration.[12,37] 
Advances in cell delivery systems, including 
biomaterial carriers and minimally invasive 

delivery techniques, are expected to further 
enhance cell survival and engraftment. Despite 
these promising developments, current evidence 
remains limited by heterogeneity in study design, 
outcome assessment, and follow-up duration. 
Well-designed multicenter randomized trials, 
standardized processing protocols, and long-term 
comparative studies are required to define the 
optimal harvesting and delivery strategies. As 
regenerative medicine, biomaterials, and 
precision technologies continue to evolve,[30,32] 
mechanical cell harvesting is likely to become a 
cornerstone of next-generation cellular therapy 
for vitiligo. 
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