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Abstract

Aims and objectives The aim of this study is to systematically review randomized controlled clinical trials (RCTs)
studying various types of regenerative medicine methods (such as platelet-rich plasma, stromal vascular fraction, cell
therapy, conditioned media, etc.) in treating specific dermatologic diseases. Rejuvenation, scarring, wound healing,
and other secondary conditions of skin damage were not investigated in this study.

Method Major databases, including PubMed, Scopus, and Web of Science, were meticulously searched for RCTs
up to January 2024, focusing on regenerative medicine interventions for specific dermatologic disorders (such

as androgenetic alopecia, vitiligo, alopecia areata, etc.). Key data extracted encompassed participant characteristics
and sample sizes, types of regenerative therapy, treatment efficacy, and adverse events.

Results In this systematic review, 64 studies involving a total of 2888 patients were examined. Women constituted
44.8% of the study population, while men made up 55.2% of the participants, with an average age of 27.64 years.

The most frequently studied skin diseases were androgenetic alopecia (AGA) (45.3%) and vitiligo (31.2%). The most
common regenerative methods investigated for these diseases were PRP and the transplantation of autologous
epidermal melanocyte/keratinocyte cells, respectively. Studies reported up to 68.4% improvement in AGA and up to
71% improvement in vitiligo. Other diseases included in the review were alopecia areata, melasma, lichen sclerosus
et atrophicus (LSA), inflammatory acne vulgaris, chronic telogen effluvium, erosive oral lichen planus, and dystrophic
epidermolysis bullosa. Regenerative medicine was found to be an effective treatment option in all of these studies,
along with other methods. The regenerative medicine techniques investigated in this study comprised the transplan-
tation of autologous epidermal melanocyte/keratinocyte cells, isolated melanocyte transplantation, cell transplanta-
tion from hair follicle origins, melanocyte-keratinocyte suspension in PRP, conditioned media injection, a combination
of PRP and basic fibroblast growth factor, intravenous injection of mesenchymal stem cells, concentrated growth
factor, stromal vascular fraction (SVF), a combination of PRP and SVF, and preserving hair grafts in PRP.

Conclusion Regenerative medicine holds promise as a treatment for specific dermatologic disorders. To validate
our findings, it is recommended to conduct numerous clinical trials focusing on various skin conditions. In our study,
we did not explore secondary skin lesions like scars or ulcers. Therefore, assessing the effectiveness of this treatment
method for addressing these conditions would necessitate a separate study.
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What is already known about this topic?

+ Regenerative medicine is an effective treatment
method for managing inflammatory and degenera-
tive diseases, including inflammatory skin diseases.

+ Regenerative medicine methods encompass thera-
peutic approaches such as PRP injection, SVF
injection, use of conditioned medium, autologous
melanocyte and keratinocyte cell transplantation,
exosomes, utilization of mesenchymal stem cells, and
a combination of the aforementioned methods.

+ So far, most studies on the role of regenerative medi-
cine in dermatology have focused on rejuvenation,
scar healing, and wound healing. However, there has
been no systematic review of specific skin diseases.

What does this study add?

+ To date, clinical trial studies in the field of regenera-
tive medicine for the treatment of specific dermato-
logic diseases such as androgenetic alopecia (AGA),
vitiligo, alopecia areata, melasma, lichen sclerosus
et atrophicus (LSA), inflammatory acne vulgaris,
chronic telogen effluvium, erosive oral lichen planus,
and dystrophic epidermolysis bullosa have been con-
ducted.

+ In relation to AGA, 86.2% of the studies have shown
the effectiveness of various regenerative medicine
methods in treating the disease. This rate is 100%
for vitiligo, 83.3% for alopecia areata, 100% for mel-
asma, 50% for LSA, 100% for acne vulgaris, 100%
for chronic telogen effluvium, 100% for erosive oral
lichen planus, and 100% for dystrophic epidermolysis
bullosa.

+ The most common diseases associated with the use
of regenerative medicine in their treatment include
androgenetic alopecia and vitiligo. The most com-
mon methods in AGA include PRP, Conditioned
Media, and a Combination of PRP and Basic Fibro-
blast Growth Factor (bFGF), respectively. Regenera-
tive medicine has been effective in treating AGA up
to 68.4% in studies.

+ In the case of vitiligo, the most common methods are
Transplantation of autologous epidermal melano-
cyte/keratinocyte cells, isolated melanocyte trans-

plantation, and Cell transplantation from hair follicle
origins, with the treatment showing effectiveness up
to 71% in studies for this disease.

Introduction

Regenerative medicine is a crucial field of medicine
known for its effectiveness in treating numerous inflam-
matory and degenerative diseases. This treatment
approach encompasses various methods such as platelet-
rich plasma (PRP), stromal vascular fraction (SVF), con-
ditioned media, and the transplantation of autologous
epidermal melanocyte/keratinocyte cells [1-3].

These methods, through multiple pathways, ultimately
lead to a singular result, which is the reversal of the
inflammatory and degeneration processes by releasing
cell factors and cytokines as well as promoting the pro-
liferation of stem cells. For instance, the PRP injection
method aims to release factors from concentrated plate-
lets, whereas in the SVF injection, stem cells and factors
derived from adipocyte cells stimulate cell regeneration
[4, 5].

These treatments have been extensively investigated for
a wide range of skin diseases, which can be categorized
into two main groups: primary skin diseases, including
androgenetic alopecia [6, 7], vitiligo [8, 9], alopecia areata
[10], telogen effluvium [11], melasma [12], acne vulgaris
[13], lichen sclerosus et atrophicus (LSA) [14], erosive
oral lichen planus [15, 16], and dystrophic epidermolysis
bullosa [17]; and skin conditions secondary to damage
such as acne scars, hypertrophic scars from burns, ero-
sions, and ulcers [18].

In our study, we conducted a systematic review of all
regenerative medicine treatment methods for primary
skin diseases. Specifically, we focused on randomized
controlled clinical trials to assess recovery rates, side
effects, and intervention protocols. We meticulously ana-
lyzed each treatment method to provide a comprehen-
sive summary of their efficacy in managing various skin
conditions.

Method and materials

Search strategy and databases

This systematic review was conducted in accordance
with the Preferred Reporting Items for Systematic
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Table 1 Search syntax across databases

PubMed

Scopus

("Adipose derived stem cells conditioned medium” OR “fat transfer” OR “nano fat” OR “lipo transfer” OR “fat grafting” OR “stem cell
therapy”OR “stromal vascular fraction” OR “Extracellular vesicle” OR "ADSC" OR “platelet rich plasma”OR “stem cell”OR “lipografting”

OR "melanocyte—keratinocyte transplantation” OR “epidermal melanocyte transplantation” OR “Autologous melanocyte—keratinocyte
suspension” OR “Platelet-poor plasma” OR “lipofiling” OR “adipose tissue regeneration”)

AND (“LPP"OR “lichen planopilaris” OR “FFA" OR “frontal fibrosing alopecia” OR "AGA” OR “Androgenetic alopecia” OR “Androgenic
alopecia”OR “alopecia” OR “alopecia Areata” OR “telogen effluvium”OR “Anagen effluvium”OR “cicatricial alopecia” OR “non-cicatricial
alopecia” OR “discoid lupus erythematosus” OR “DLE" OR “psoriasis” OR “lichen planus”OR “hidradenitis suppurativa” OR “morphea”
OR"“LSA"OR "Lichen sclerosus et atrophicus”OR “Lichen sclerosus” OR “dermatological disease” OR “granulomatous disease” OR “vasculi-
tis" OR “inflammatory skin disease” OR “inflammatory cutaneous disease” OR “pyoderma gangrenosum” OR “inflammatory dermatoses”
OR"genodermatoses” OR “drug reaction” OR “Toxic epidermal necrolysis”OR “Stevens-Johnson syndrome” OR “TEN/SJS" OR “papulosqua-
mous disorders” OR “vitiligo” OR “pigmentary disorders” OR “immunobullous disease” OR “pemphigus vulgaris” OR “bullous pemphig-
oid”OR "epidermolysis bullosa” OR “melanocytic cancer”OR “BCC" OR “basal cell carcinoma”OR “SCC" OR “Squamous Cell Carcinoma”
OR“ulcerative disease” OR “anogenital disease” OR “nail disorder” OR “non melanocytic skin cancer” OR “collagen vascular disease”
OR"acne” OR"melisma”)

(TITLE-ABS (“randomized controlled trial”) OR TITLE (“RCT") OR TITLE (“clinical trial”) OR TITLE (“randomized”) OR TITLE (“placebo-
controlled”) ORTITLE (“randomized controlled trial”) ORTITLE (“randomly”) OR TITLE (“double-blind”)) AND ( (TITLE-ABS-KEY (“LPP")
ORTITLE-ABS-KEY (“lichen planopilaris”) OR TITLE-ABS-KEY (“FFA") OR TITLE-ABS-KEY (“frontal fibrosing alopecia”) OR TITLE-ABS-

KEY ("AGA") ORTITLE-ABS-KEY (“Androgenetic alopecia”) OR TITLE-ABS-KEY (“Androgenic alopecia”) OR TITLE-ABS-KEY (“alopecia”)
ORTITLE-ABS-KEY (“alopecia Areata”) OR TITLE-ABS-KEY (“telogen effluvium”) OR TITLE-ABS-KEY (“Anagen effluvium”) OR TITLE-ABS-
KEY (“cicatricial alopecia”) OR TITLE-ABS-KEY (“non-cicatricial alopecia”) OR TITLE-ABS-KEY (“discoid lupus erythematosus”) OR TITLE-
ABS-KEY (“DLE") OR TITLE-ABS-KEY (“psoriasis”) OR TITLE-ABS-KEY (“lichen planus”) OR TITLE-ABS-KEY (“hidradenitis suppurativa’)
ORTITLE-ABS-KEY (“morphea”) OR TITLE-ABS-KEY (“LSA") OR TITLE-ABS-KEY (“Lichen sclerosus et atrophicus”) OR TITLE-ABS-KEY (
“Lichen sclerosus”) OR TITLE-ABS-KEY (“dermatological disease”) OR TITLE-ABS-KEY (“granulomatous disease”) OR TITLE-ABS-KEY (
“vasculitis”) OR TITLE-ABS-KEY (“inflammatory skin disease”) OR TITLE-ABS-KEY (“inflammatory cutaneous disease”) OR TITLE-ABS-KEY (
“pyoderma gangrenosum”) OR TITLE-ABS-KEY (“inflammatory dermatoses”) OR TITLE-ABS-KEY (“genodermatoses”) OR TITLE-ABS-KEY (
"drug reaction”) OR TITLE-ABS-KEY (“Toxic epidermal necrolysis”) OR TITLE-ABS-KEY (“Stevens-Johnson syndrome”) OR TITLE-ABS-KEY (
“TEN/SJS") ORTITLE-ABS-KEY (“papulosquamous disorders”) OR TITLE-ABS-KEY (“vitiligo”) OR TITLE-ABS-KEY (“pigmentary disorders”)
ORTITLE-ABS-KEY (“immunobullous disease”) OR TITLE-ABS-KEY (“pemphigus vulgaris”) OR TITLE-ABS-KEY (“bullous pemphigoid”)
ORTITLE-ABS-KEY (“epidermolysis bullosa”) OR TITLE-ABS-KEY (“melanocytic cancer”) OR TITLE-ABS-KEY (“BCC") OR TITLE-ABS-KEY
(“basal cell carcinoma”) OR TITLE-ABS-KEY (“SCC") OR TITLE-ABS-KEY (“Squamous Cell Carcinoma”) OR TITLE-ABS-KEY (“ulcerative
disease”) OR TITLE-ABS-KEY (“anogenital disease”) OR TITLE-ABS-KEY (“nail disorder”) OR TITLE-ABS-KEY (“non melanocytic skin cancer”)
ORTITLE-ABS-KEY (“collagen vascular disease”) OR TITLE-ABS-KEY (“acne”) OR TITLE-ABS-KEY (“melisma”)) AND ( ( TITLE-ABS-KEY (
“adipose derived stem cells conditioned medium”) OR TITLE-ABS-KEY (“fat transfer”) OR TITLE-ABS-KEY (“nano fat”) OR TITLE-ABS-KEY (
“lipo transfer”) OR TITLE-ABS-KEY (“fat grafting”) OR TITLE-ABS-KEY (“stem cell therapy”) OR TITLE-ABS-KEY (“stromal vascular fraction”)
ORTITLE-ABS-KEY (“Extracellular vesicle”) OR TITLE-ABS-KEY (“ADSC") OR TITLE-ABS-KEY (“platelet rich plasma”) OR TITLE-ABS-KEY (
“stem cell”) OR TITLE-ABS-KEY (“lipografting”) OR TITLE-ABS-KEY (“melanocyte—keratinocyte transplantation”) OR TITLE-ABS-KEY (
“epidermal melanocyte transplantation”) OR TITLE-ABS-KEY (“Autologous melanocyte—keratinocyte suspension”) OR TITLE-ABS-KEY (
“Platelet-poor plasma”) OR TITLE-ABS-KEY (“lipofiling”) OR TITLE-ABS-KEY (“adipose tissue regeneration”)))) AND ( EXCLUDE ( DOCTYPE,

"

re"))

Web of science TS=("adipose derived stem cells conditioned medium”OR “fat transfer” OR “nano fat” OR “lipo transfer” OR “fat grafting” OR “stem cell

therapy” OR “stromal vascular fraction” OR “Extracellular vesicle” OR "ADSC" OR “platelet rich plasma” OR “stem cell” OR “lipografting”
OR“melanocyte-keratinocyte transplantation” OR “epidermal melanocyte transplantation” OR “Autologous melanocyte—keratinocyte
suspension” OR “Platelet-poor plasma” OR “lipofiling” OR “adipose tissue regeneration”)

AND TS =("LPP"OR “lichen planopilaris” OR “FFA" OR “frontal fibrosing alopecia” OR "AGA” OR "Androgenetic alopecia” OR “Androgenic
alopecia”OR “alopecia” OR “alopecia Areata” OR “telogen effluvium”OR "Anagen effluvium”OR “cicatricial alopecia” OR “non-cicatricial
alopecia”OR “discoid lupus erythematosus”OR “DLE" OR “psoriasis” OR “lichen planus” OR “hidradenitis suppurativa” OR “morphea”
OR“LSA"OR"Lichen sclerosus et atrophicus”OR “Lichen sclerosus” OR “dermatological disease” OR “granulomatous disease” OR “vasculi-
tis”OR “inflammatory skin disease” OR “inflammatory cutaneous disease” OR “pyoderma gangrenosum”OR “inflammatory dermatoses”
OR “genodermatoses” OR “drug reaction” OR “Toxic epidermal necrolysis” OR “Stevens-Johnson syndrome” OR “TEN/SJS" OR “papulosqua-
mous disorders”OR “vitiligo” OR “pigmentary disorders” OR “immunobullous disease” OR “pemphigus vulgaris” OR “bullous pemphig-
oid”OR “epidermolysis bullosa” OR “melanocytic cancer” OR “BCC" OR “basal cell carcinoma”OR “SCC" OR “Squamous Cell Carcinoma”
OR “ulcerative disease” OR “anogenital disease” OR “nail disorder” OR “non melanocytic skin cancer” OR “collagen vascular disease”
OR"acne” OR "melisma”) AND Tl = (‘randomized controlled trial” OR “RCT" OR “clinical trial” OR “randomized” OR “placebo-controlled”
OR“randomly” OR “double-blind”)

Reviews and Meta-Analyses (PRISMA) guidelines. A
meticulous literature review was performed to identify
relevant keywords for different types of regenerative
medicine, including fat transfer, stem cell therapy, SVF,
PRP, platelet-poor plasma, and melanocyte—keratino-
cyte transplantation, among others. The dermatologi-
cal conditions encompassed Lichen Planopilaris, Frontal
Fibrosing Alopecia, Androgenetic Alopecia, other forms

of Alopecia (Areata, Telogen Effluvium, Anagen Efflu-
vium), Cicatricial and Non-Cicatricial Alopecia, Discoid
Lupus Erythematosus, Psoriasis, Hidradenitis Suppura-
tiva, Morphea, LSA, and also a broader category of der-
matological diseases including Granulomatous Disease,
Vasculitis, Inflammatory Skin and Cutaneous Diseases,
Pyoderma Gangrenosum, Inflammatory Dermatoses,
Genodermatoses, Adverse Drug Reactions, Toxic
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Epidermal Necrolysis, Stevens-Johnson Syndrome, Papu-
losquamous Disorders, Vitiligo, Pigmentary Disorders,
Immunobullous Diseases (Pemphigus Vulgaris, Bullous
Pemphigoid), Epidermolysis Bullosa, melanocytic and
non-melanocytic Skin Cancers (Basal Cell Carcinoma,
Squamous Cell Carcinoma), Ulcerative, Anogenital, and
Nail Disorders, Collagen Vascular Disease, Acne, and
Melasma. To refine the specificity of retrieved studies,
keywords pertaining to randomized clinical trials were
also integrated. Furthermore, a meticulous examination
of the references within selected articles was conducted
to encompass all relevant research. The search spanned
studies published up to January 3, 2024. The detailed syn-
taxes utilized across different databases are delineated in
Table 1.

Inclusion and exclusion criteria

The inclusion criteria were specifically designed to
include RCTs that investigate the effectiveness of regen-
erative medicine interventions for treating dermatologi-
cal disorders. The exclusion criteria targeted studies that
deviated from the RCT design, such as non-randomized
trials, review articles, studies focusing on secondary
skin lesions (e.g., scars, ulcers), and interventions not
categorized under regenerative medicine (e.g., topical
treatments, traditional pharmacotherapy). Addition-
ally, non-human research (including animal models and
in vitro studies), experimental studies, and trials lacking
definitive outcome measures were excluded. Articles not
written in English or those without accessible full texts
were also omitted.

Study selection and data extraction

Two evaluators [A.]. and H.K] reviewed the titles and
abstracts of identified records based on the predefined
inclusion criteria. They assessed each study for vari-
ous attributes, including the study design, the dermato-
logical condition being assessed, the type of regenerative
therapy, the treatment regimen, observed improvements,
and reported adverse events. Details such as average age,
gender distribution, and the number of participants were
also collected from these studies. To facilitate the article
screening and data extraction processes, EndNote® X8
and Google Sheets'" were employed. This screening and
data compilation were carried out independently by two
investigators, with any discrepancies being adjudicated
by consulting a senior researcher [A.G.].

Result

In our initial search, we obtained 458 articles. Based on
the inclusion and exclusion criteria, we selected 65 arti-
cles to extract the final data. The screening steps are
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shown in the PRISMA chart (Fig. 1). The data extracted
from the selected studies are presented in Table 2.

In a total of 64 studies, 2888 patients with dermatologic
diseases were examined. Among them, 1086 were women
(44.8%) and 1339 were men (55.2%). However, in 12 stud-
ies (18.2% of the studies involving 463 patients), the sepa-
ration of gender was not conducted.

Out of the 64 studies, the average age of the partici-
pants was reported in 49 studies, with the average age of
the patients being 27.46 years. All 64 studies were ran-
domized controlled trials (RCTs). Among the 64 stud-
ies, 29 studies (45.3%) focused on androgenetic alopecia
(AGA), 20 studies (31.2%) on vitiligo, 6 studies (9.3%)
on alopecia areata, 3 studies (4.7%) on melasma, 2 stud-
ies (3.1%) on lichen sclerosis et atrophicus (LSA), and 1
study (each) on inflammatory acne vulgaris, chronic telo-
gen effluvium, erosive oral lichen planus, and dystrophic
epidermolysis bullosa.

Among the 64 studies conducted, there were a total of
149 intervention groups, with 102 groups treated using
regenerative medicine methods. The following informa-
tion provides the number and percentage of utilization
for each regenerative medicine method:

+ Platelet-rich plasma (PRP) injection in 57 groups
(55.9%).

+ Transplantation of autologous epidermal melano-
cyte/keratinocyte cells in 19 groups (18.6%).

+ Isolated melanocyte transplantation in 6 groups
(5.9%).

+ Cell transplantation with hair follicle origin in 5
groups (5%).

+ Melanocyte—keratinocyte suspension in PRP in 2
groups (1.9%).

+ Conditioned media injection in 2 groups (1.9%).

+ Combination of PRP and Basic fibroblast growth fac-
tor (bFGF) in 2 groups (1.9%).

+ Intra venous injection of mesenchymal stem cells in 2
groups (1.9%).

+ Concentrated growth factor (CGF) in 1 group (1%).

« Stromal vascular fraction (SVF) in 1 group (1%).

+ Combination of PRP and SVF in 1 group (1%).

+ Preserving hair grafts in PRP in 1 group (1%).

+ Topical use of umbilical cord as a source of mesen-
chymal stem cells in 1 group (1%).

+ Adipose-derived stem cell constituents extract in 1
group (1%).

+ Combined cell transplantation with epidermal and
hair follicle origin in 1 group (1%).

Adverse events were reported in 29 studies (45.3%),
with the most common side effect being pain during the
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‘ Identification of studies via databases and registers

Records identified from:
§ Databases (n = 3)
1. Scopus (n=229)
2. PubMed (n=130)
3. Web of science (n=99)
Total (n= 458)

v

Records screened
(n = 340)

A4

Reports sought for retrieval
(n=78)

\d

Screening

Reports assessed for eligibility
(n=76)

Studies included in review
(n=64)

Fig. 1 PRISMA chart of studied articles

procedure. All side effects mentioned in the studies were
mild, and no serious or life-threatening side effects were
reported.

Androgenetic alopecia (AGA)

Of the 2888 patients included in the study, 1190 patients
(41.2%) were diagnosed with AGA and received interven-
tions. The most commonly used regenerative medicine
method in this group was PRP, which was utilized in 36
intervention groups (from 23 studies). Among 23 studies,
significant effectiveness of PRP compared to the control
group has been proven in 19 studies, with no significant
difference reported in the remaining 4 studies.

Records removed before
screening.
Duplicate records removed (n
=118)

Records excluded

(n=262)

Irrelevant studies (n= 195)
Pathophysiological and
experimental studies (n= 40)
Trials other than RCT (n=21)
Reviews (n=6)

Reports not retrieved
(n=2)
Full-text not available (n=2)

Reports excluded (n=12)
Regenerative medicine was

investigated for secondary
skin lesions. (n=12)

Additionally, the combination of PRP and Basic Fibro-
blast Growth Factor (bFGF), as well as Conditioned
Media, were used in two intervention groups each (2
studies on conditioned media and one study on the com-
bination of PRP and bFGF). Concentrated Growth Factor
(CGF), Adipose-Derived Stem Cell constituents’ extract,
and preserving hair grafts in PRP were each studied in
one group and one study.

PRP

In several studies, the effectiveness of PRP in treating
AGA has been reported. Monthly intradermal injec-
tions of PRP for three months, on average, resulted in an
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increase of 33.6 hairs in the treated area, while the pla-
cebo area experienced a decrease of 3.2 hairs. The PRP-
treated group showed a significant difference in hair
density compared to the placebo group, with an increase
of 45.9 hairs per square centimeter versus a decrease of
3.8 hairs per square centimeter. Moreover, the density of
terminal hairs increased by 40.1 hairs per square centim-
eter in the PRP-treated group, which was significantly
different from the control group. However, there was no
significant difference in the density of vellus hairs com-
pared to the placebo group [2].

In another similar study, PRP injections at one-month
intervals for three months improved average hair density
by 71.1 hairs per square centimeter in the PRP-injected
area, while the placebo group experienced a decrease of
26.7 hairs per square centimeter. By the end of the eighth
week, the PRP-treated group showed a density improve-
ment of 105.9 hairs per square centimeter, contrasting
with a reduction of 52.4 hairs per square centimeter in
the placebo group. This difference remained significant
between the two groups [5].

In another study, the effectiveness of three monthly
PRP injections was compared to a placebo. The results
confirmed a significant improvement in anagen hair
(67.6+13.1), telogen hair (32.4+13.1), and hair density
(179.9£62.7). Additionally, there was an improvement
in the density of terminal hair, which was found to be
165.8 £56.8 [19]. Treatment with PRP for four sessions at
three-week intervals led to a significant improvement in
hair density during weeks 12 and 24 following the treat-
ment. It is noteworthy to mention that in the placebo
group, a significant difference in hair density compared
to the intervention was only observed during week 24
[20].

In a study where patients underwent five sessions of
PRP treatment within eight weeks and were evaluated
eight weeks after the last treatment session, the inter-
vention group showed an average hair density increase
of 12.76%, while the placebo group reported a hair den-
sity increase of only 0.99%. This significant difference
between the two groups indicates the effectiveness of the
intervention. However, it is worth noting that hair caliber
decreased in both groups [21]. Additionally, in other
studies, significant effectiveness of PRP has been demon-
strated compared to control groups and standard treat-
ments [22-35] (Table 2).

However, it is important to note that in several stud-
ies, no significant response has been reported after PRP
treatment. For example, PRP injection twice with a one-
month interval did not cause significant differences com-
pared to the placebo group [36]. Similarly, injections with
intervals of one month for three sessions led to improve-
ment in hair density, but did not show a significant
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difference compared to the placebo group [37]. These
results have been repeated in other studies where PRP
injection, while controlling hair loss and increasing hair
thickness and regrowth in some patients, did not cause
a significant difference compared to the placebo group
[38].

Another similar study, in which patients underwent five
sessions of PRP with a 4-6 week interval and were evalu-
ated one month and six months later, showed no signifi-
cant difference in the number of hairs, hair diameter, and
patient satisfaction between the intervention and control
groups [39].

Combination of PRP and basic fibroblast growth factor
(bFGF)

In the single study examining the use of both PRP and
basic fibroblast growth factor (bFGF) in treating AGA,
the findings demonstrated a notable enhancement in the
group that received this combination alongside 5% topi-
cal minoxidil, in contrast to the group that only received
the PRP and bFGF combination. Moreover, there was a
significant improvement seen in the group treated with
the PRP and bFGF combination compared to the group
solely using 5% topical minoxidil. The average increase
in hair count was approximately 31.28 hairs in the PRP
group, 11.32 hairs in the minoxidil group, and 41.96 hairs
in the combined therapy group (p <0.05) [40].

Conditioned media

In both studies investigating the use of adipose-derived
mesenchymal stem cell-conditioned medium in AGA
treatment, a significant improvement has been demon-
strated compared to the control group in terms of the
percentage increase in Hair Count (184.9%), Hair Den-
sity (185.0%), Terminal rate (43.4%), Mean thickness
(50.0%), and Total follicular units (104.3%). The studies
also showed the highest decline in Vellus rate (—56.0%)
6, 41].

Adipose-derived stem cell constituents’ extract

In the only study investigating the effectiveness of adi-
pose-derived stem cell constituents extract (ADSC-CE)
in the treatment of AGA, a significant improvement in
hair count, hair density in the 8th week of treatment, and
hair diameter in the 16th week was reported compared to
the control group. A 19.2% increase in hair count and a
21% increase in hair density, contrasting with the control
group, were observed [42].

Concentrated growth factor (CGF)

In the only study investigating the effectiveness of con-
centrated growth factor (CGF) in the treatment of AGA,
the results showed a significant improvement in hair
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density, the ratio of terminal hairs to vellus, and the
amount of hair growth compared to the control group.
Furthermore, the satisfaction level of patients in the
group receiving the combination of minoxidil and CGF
was reported as 75% [43].

Preserving hair grafts in PRP

In the only study investigating the preservation of hair
grafts using PRP to enhance hair transplantation results,
the findings showed a substantial increase in hair den-
sity within the PRP group compared to the control group
over a 6-month period. All patients demonstrated over
75% hair growth [44].

Vitiligo

Out of the 2888 patients included in the study, 1087
patients (37.6%) were diagnosed with vitiligo and
underwent interventions. The most commonly used
regenerative medicine method in this group was the
transplantation of autologous epidermal melanocyte/
keratinocyte cells, which was employed in 19 interven-
tion groups from 13 studies. In all 13 studies investigating
the transplantation of autologous epidermal melanocyte/
keratinocyte cells, a significant improvement in clinical
response was reported.

Subsequently, PRP was utilized in 8 intervention
groups across 4 studies. Isolated melanocyte transplan-
tation was employed in 6 intervention groups across
two studies. Cell transplantation originating from hair
follicles was utilized in 5 intervention groups across 3
studies (including 2 joint studies with the transplanta-
tion of autologous epidermal melanocyte/keratinocyte
cells). Melanocyte—keratinocyte suspension in PRP was
employed in 2 intervention groups across 2 studies (both
studies were conducted in conjunction with the trans-
plantation of autologous epidermal melanocyte/keratino-
cyte cells). Lastly, combined cell transplantation with
both epidermal and hair follicle origins was utilized in a
single intervention group in a study (a joint study with
the transplantation of autologous epidermal melanocyte/
keratinocyte cells).

Transplantation of autologous epidermal melanocyte/
keratinocyte cells

In a study comparing cell transplantation from grafts
with a size of 1/3 of the recipient area, with a cell count
of 231.60 +27.03 melanocytes per square millimeter, to
grafts with a size of 1/5 of the recipient area, with a cell
count of 154.90+27.65, the amount of repigmentation
and color match in the first group were significantly bet-
ter than in the second group. However, the time of the
onset of repigmentation was not significantly different
between the two groups [3].
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In a study comparing two methods of suspending autol-
ogous epidermal melanocyte/keratinocyte cells and graft-
ing through suction blister, both groups demonstrated
significant improvement. However, the transplantation
through suspension showed a more remarkable improve-
ment compared to the suction blister group (p=0.002).
An excellent response was observed in 71% of lesions in
the epidermal melanocyte/keratinocyte group, while only
27% of the lesions in the suction blister group exhibited
such a response [8].

Regarding the preparation of the recipient site of
autologous epidermal melanocyte/keratinocyte cells,
site preparation with Erbium YAG laser has resulted in
54.7% repigmentation, while preparation with motor-
ized dermabrasion has led to 48.8% repigmentation;
both methods show significant improvement. However,
no significant difference was observed between the two
groups [45].

Also, in the comparison of the preparation of the
receptor site between fractional CO, and full surface CO,
methods, excellent repigmentation was observed in 40%
and 35% of patients, respectively. Despite the significant
improvement in both groups, no significant difference
has been noted between the two groups [46]. Further-
more, in the comparison of the two methods of derma-
brasion and microneedling at the transplant site, both
methods have shown effectiveness. However, dermabra-
sion has demonstrated significant improvement com-
pared to microneedling [47].

The results of other investigated studies have also
confirmed the significant effectiveness of transplanta-
tion of autologous epidermal melanocyte/keratinocyte
cells compared to the control group and those receiving
standard treatment [48—55] (Table 2).

PRP

In all four studies investigating the effectiveness of PRP
in treating vitiligo, significant improvement has been
observed. In one study, the combination of excimer laser
and PRP resulted in a significant improvement compared
to each method alone. Additionally, in this study, excimer
laser was significantly more effective than PRP in healing
lesions [56]. In another similar study, the combination of
excimer laser and PRP was significantly more effective
than excimer laser alone [57].

In a study comparing PRP, fractional CO, laser, the
combination of these two methods, the combination of
fractional CO, laser and UVB, and the combination of
PRP, fractional CO, laser, and UVB in the treatment of
vitiligo, the results showed a significant difference in the
rate of recovery in all aforementioned groups compared
to the control group. However, there was no significant
difference between the intervention groups [58].
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In a study comparing fractional CO, laser and PRP, the
combination of the two, and the combination of frac-
tional CO, laser and UVB in the treatment of vitiligo, the
results demonstrated the superiority of the combination
of fractional CO, laser and PRP, followed by the combi-
nation of fractional CO, laser and UVB, and finally frac-
tional CO, laser and PRP individually. These differences
were found to be significant [59].

Isolated melanocyte transplantation

In both studies investigating isolated melanocyte trans-
plantation for the treatment of vitiligo, significant
improvements were observed in the lesions.

In one study, melanocyte suspension in the individual’s
own serum was compared with melanocyte suspension
in normal saline for the treatment of vitiligo. The results
showed a significant improvement in both methods, with
the first group showing a significantly greater improve-
ment than the second group [60].

In another study evaluating melanocyte transplantation
for the treatment of vitiligo, patients were divided into
four groups. The first group received melanocyte trans-
plantation and underwent 20 sessions of UVB before
transplantation. The second group underwent transplan-
tation and received 30 sessions of UVB after transplanta-
tion. The third group received 20 sessions of UVB before
transplantation and 30 sessions of UVB after transplanta-
tion. The fourth group only underwent transplantation.

The results demonstrated a significant improvement in
groups 1 to 3 compared to group 4. Additionally, there
was a significant improvement in group 3 compared to
groups 1 and 2. However, there was no significant differ-
ence in the amount of improvement between groups 1
and 2 [61].

Cell transplantation originating from hair follicles

In all three studies investigating the effectiveness of cell
transplantation with hair follicle origin for the treatment
of vitiligo, significant improvement has been observed in
the lesions.

In a study examining three methods for cell transplan-
tation with hair follicle origin in vitiligo treatment—using
trypsin and collagenase, using trypsin alone, and using
dermabrasion alone—the results showed a significant
improvement in the first method compared to the third
method. However, no significant difference was observed
between the first and second methods, as well as between
the second and third methods [62].

In two studies comparing cell transplantation with
hair follicle origin and autologous epidermal melano-
cyte/keratinocyte cell transplantation for improving
vitiligo lesions, both methods resulted in significant
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improvement. However, there was no significant dif-
ference in the degree of improvement between the two
methods [53, 54].

Melanocyte-keratinocyte suspension in PRP

In two studies comparing the transplantation methods
of Melanocyte—keratinocyte suspension in PRP and the
usual melanocyte/keratinocyte suspension, both meth-
ods demonstrated significant improvement. In one
study, there was a significant improvement reported
in the Melanocyte—keratinocyte suspension in PRP
method compared to the usual melanocyte/keratino-
cyte suspension [50], while the second study reported
no significant difference between the two groups [51].

Combined cell transplantation with both epidermal and hair
follicle origins

In a study comparing the combination of two meth-
ods—transplantation of autologous epidermal melano-
cyte/keratinocyte cells and cell transplantation with
hair follicle origin—with transplantation of autologous
epidermal melanocyte/keratinocyte cells alone, the
results showed a significant increase in repigmentation
amount, speed, and color match in the first group com-
pared to the second group [52].

Alopecia areata

Out of the 2888 patients included in the study, 332
patients (15.9%) were diagnosed with alopecia areata
and received interventions. The most commonly uti-
lized regenerative medicine method in this group was
PRP, which was used in all seven intervention groups
across six studies.

Out of the six studies examining PRP in the treatment
of alopecia areata, five studies reported a significant
improvement with it, while one study indicated no sig-
nificant difference in the amount of improvement com-
pared to the control group.

PRP

In three studies comparing PRP and triamcinolone aceto-
nide injection for healing lesions, both methods showed
significant improvement. However, in two studies, triam-
cinolone demonstrated greater improvement compared
to PRP [63, 64], while in one study, PRP showed signifi-
cant improvement compared to triamcinolone [65].

In a study comparing three methods of PRP, including
PRP injection, the combination of fractional CO, laser
and PRP, and the combination of PRP and micronee-
dling for lesion healing, all three methods demon-
strated significant improvement, without any notable
differences among them [66].
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Furthermore, in a study comparing PRP and topical
minoxidil 5% for the treatment of alopecia areata, both
groups exhibited significant improvement, with PRP
showing a significantly faster response in the beginning
of hair regrowth [67].

Also, in a study that compared 3 sessions of PRP injec-
tions with a one-month interval to normal saline injec-
tions for the treatment of alopecia areata, the results
showed a decrease in the severity of the disease by 9.05%
in the PRP group and 4.99% in the normal saline group.
There was no significant difference [10].

Melasma

Out of the 2888 patients included in the study, 90 patients
(3.1%) were diagnosed with melasma and received inter-
ventions. The most commonly utilized regenerative med-
icine method in this group was PRP, which was used in
two intervention groups across two studies. Additionally,
the topical use of umbilical cord as a source of mesen-
chymal stem cells has been evaluated in an intervention
group through a study.

PRP

In both studies investigating the effectiveness of PRP in
improving melasma, the results showed a significant dif-
ference in the improvement rate compared to the control
group. In the first study, the changes in the mean melanin
level and mean mMASI score in the group receiving PRP
for 4 sessions with a 2-week interval were significantly
higher than those in the group receiving normal saline
[68]. In the second study, the results indicated a good
response in 53.3% of patients receiving the combination
of hydroquinone and PRP compared to 27% of patients
receiving hydroquinone alone, and this difference was
statistically significant [12].

Topical use of umbilical cord as a source of mesenchymal
stem cells

In the only study that used umbilical cord as a skin mask
rich in mesenchymal stem cells, the results demonstrated
a significant improvement compared to the control
group. The MASI score showed a decrease of 4.23 points
in the intervention group and a decrease of 0.16 points
in the control group, and this difference was statistically
significant [69].

Lichen sclerosis et atrophicus (LSA)

Of the 2888 patients participating in the study, 69
patients (2.4%) were diagnosed with LSA and received
interventions. Among the studies, PRP was investigated
as an intervention in one study, and PRP and SVF were
investigated as interventions in another study.
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PRP

The only study examining PRP in the treatment of LSA
found no significant improvement in the intervention
group compared to the control group. The changes in the
clinical scoring system for vulvar lichen sclerosus (CSS)
in the group receiving PRP were -7.74, while in the pla-
cebo group they were -9.44. These changes were not sig-
nificant between the two groups [14].

SVF

In a study comparing the combination of SVF and PRP to
SVF alone, both methods were found to be significantly
effective in healing lesions, but no significant difference
was observed between the two groups [70].

Inflammatory acne vulgaris

Out of the 2888 patients included in the study, 30
patients (1%) were diagnosed with inflammatory acne
and received interventions. The only modality investi-
gated in this group was PRP injection.

PRP

The only study conducted on regenerative medicine in
the treatment of inflammatory acne focused on com-
paring PRP and Long Pulsed Nd YAG Laser. The results
showed significant effectiveness of both methods in
reducing active acne lesions. However, no significant dif-
ference was observed in the healing of lesions between
the two groups. In the group treated with PRP, a 58.77%
reduction in the number of inflammatory acne lesions
was seen [13].

Chronic telogen effluvium

Out of the 2888 patients included in the study, 30 patients
(1%) were diagnosed with chronic telogen effluvium and
received interventions. The only modality investigated in
this group was PRP injection.

PRP
The only study conducted on regenerative medicine in
the treatment of chronic telogen effluvium focused on
comparing two methods of PRP (platelet-rich plasma)
preparation. The first method involved preparing PRP
using a centrifuge at 3500 rpm for 10 min, while the sec-
ond method utilized a centrifuge at 1000 rpm for 10 min.
The results demonstrated the significant effectiveness
of both methods in controlling hair loss, increasing hair
density and thickness, as well as improving patient satis-
faction. However, no significant difference was observed
between the two groups [11].
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Erosive oral lichen planus

Out of the 2888 patients included in the study, 20 patients
(0.7%) were diagnosed with erosive oral lichen planus and
received interventions. The only modality investigated in
this group was PRP injection.

PRP

The only study conducted to investigate regenerative
medicine in the treatment of erosive oral lichen planus
focused on comparing PRP and triamcinolone injec-
tion. The results indicated the significant effectiveness
of both methods in healing the lesions, and no signifi-
cant difference was observed between the two groups
[15].

Dystrophic epidermolysis bullosa

Out of the 2888 patients included in the study, 14
patients (0.5%) were diagnosed with dystrophic epider-
molysis bullosa and received interventions. The only
modality investigated in this group was intravenous
injection of mesenchymal stem cells.

Intra venous injection of mesenchymal stem cells

The only study conducted to investigate regenerative
medicine in the treatment of dystrophic epidermoly-
sis bullosa focused on comparing intravenous injec-
tion of mesenchymal stem cells with a combination of
intravenous injection of mesenchymal stem cells and
cyclosporine suspension. The results indicated the sig-
nificant effectiveness of both methods in decreasing the
number of new blisters and promoting the healing rate
of new blisters, with no significant difference observed
between the two groups [17].

Discussion

Regenerative medicine has emerged as a promising
field in dermatology, offering innovative therapeutic
approaches for various skin conditions. One of the key
techniques utilized in regenerative medicine is platelet-
rich plasma (PRP) injections, which have shown positive
results in the treatment of conditions such as hair loss,
pigment disorders, and inflammatory skin conditions.
One potential way PRP aids in healing inflammatory skin
lesions is by releasing a variety of growth factors, such as
platelet-derived growth factor (PDGF) and TGE-f, from
alpha platelet granules. This increase in TGF-f levels can
then trigger negative feedback within the signaling path-
ways involved in inflammation [1].

In the realm of hair loss, particularly androgenetic
alopecia (AGA), PRP injections have been extensively
studied [5, 20, 22]. Research suggests that PRP injec-
tions, especially when administered using the double
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spin method, can lead to increased hair growth and
density, particularly of terminal hairs [25]. Addition-
ally, combining PRP with growth factors such as basic
fibroblast growth factor or Concentrated Growth Fac-
tor (CGF) has shown enhanced efficacy in promoting
hair regrowth [40, 43].

For pigmentary disorders like vitiligo, regenerative
methods such as autologous epidermal melanocyte/
keratinocyte cell transplantation have shown promising
results [48-55]. Studies indicate that transplantation of
these cells can effectively repigment the affected areas,
with techniques like Erbium YAG laser or motorized
dermabrasion enhancing the outcomes [45]. Moreo-
ver, the combination of different regenerative methods,
such as melanocyte transplantation and hair follicle
origin transplantation, has demonstrated significant
improvements in repigmentation outcomes [52].

In other dermatologic conditions like melasma, regen-
erative approaches using PRP have yielded positive
results. Studies have shown that PRP treatments can lead
to significant improvements in skin pigmentation com-
pared to traditional treatments like hydroquinone [12,
68]. Furthermore, the use of alternative sources of mes-
enchymal stem cells, such as umbilical cord-derived cells,
has shown promising effects in treating melasma [69].

Notably, regenerative techniques like adipose-derived
stem cell treatments and PRP injections have also shown
potential benefits in addressing skin disorders like lichen
sclerosis et atrophicus (LSA), inflammatory acne vulgaris,
chronic telogen effluvium, erosive oral lichen planus, and
alopecia areata. Studies have demonstrated the effective-
ness of these methods in controlling symptoms, promot-
ing hair growth, and improving patient satisfaction [11,
13, 14, 17, 67, 70].

Overall, regenerative medicine presents a wide array
of therapeutic options for dermatologic conditions, with
ongoing research focusing on optimizing treatment pro-
tocols and enhancing patient outcomes in the field of
dermatology.

Conclusion

Regenerative medicine, as a new branch of medical sci-
ence, plays an effective role in treating degenerative skin
diseases. While this treatment is effective, it has not been
associated with serious side effects for patients. Our con-
clusion in this systematic review study was limited to
primary skin diseases, and secondary conditions such as
burn scars, acne scars, diabetic wounds, etc., were not
investigated. One limitation of our study was the limited
access to the complete texts of certain articles. Addition-
ally, our focus was solely on RCTs in this research, and
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we excluded both case reports and case series from our
analysis. It is recommended to conduct more clinical trial
studies to explore further the role of regenerative medi-
cine in treating skin diseases.
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