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Abstract
The prevalence of hair loss, its psychological consequences, and historically subpar treatments present a unique challenge to the physician. The current 
Food and Drug Administration–approved treatments for hair loss are plagued by ineffectiveness, noncompliance, and adverse effects. Recent advances in 
our understanding of hair physiology have fueled the development of more efficacious, minimally invasive, and safer treatment options for hair restoration 
including plasma-rich protein and stem cell therapy. Platelet-rich plasma, the autologous preparation of concentrated platelets in plasma, when injected 
into the scalp of patients with both androgenetic alopecia (AGA) and alopecia areata (AA), has been shown to increase hair count and density. The clinical 
findings have been supported by histologic evaluation of the scalp skin. These findings have been recapitulated in numerous randomized controlled trials. 
Stem cell therapy, although newer in its application in hair restoration, has also been effective for treating both AGA and AA. The isolation techniques for 
stem cells are varied, but regardless have shown promising results in early prospective and retrospective studies.

Editorial Decision date: May 10, 2019; online publish-ahead-of-print May 20, 2019.

Hair loss is a common condition encountered in derma-
tologic practice. Although considered a medically mild 
problem, hair loss has well-documented psychosocial con-
sequences, especially in women.1,2 Given its prevalence and 
associated impact, it is no surprise that the hair-loss industry 
earns close to $4 billion annually in the United States.

Androgenetic alopecia (AGA) is the most common type 
of hair loss, affecting up to 50% of males between the 
ages of 40 and 49.2 Despite its prevalence, minoxidil and 
finasteride are the only Food and Drug Administration–ap-
proved treatments for AGA, and their use and efficacy are 
often compromised due to noncompliance and adverse ef-
fects. Hair restoration surgery presents another more per-
manent solution, but the cost is prohibitive for many, and 
the invasive nature of the surgery required is offputting for 
many potential patients.

The prevalence of hair loss, its psychological conse-
quences, and historically subpar treatments present a 
unique challenge to the physician. In recent years, en-
hanced understanding of the pathophysiology of hair 

growth has led to the development of more efficacious and 
safer treatment options.

In this article, we review the use of platelet-rich plasma 
(PRP) and stem cell therapy to treat various types of al-
opecia. The PubMed database was searched (N.S.) for 
studies published between January 2014 and December 
2018 regarding the use of PRP in alopecia. The literature 
search was conducted in January 2019, and involved the 
following terms: (“PRP” OR “platelet rich plasma”) AND 
(“alopecia” OR “androgenetic alopecia” OR “AGA” OR al-
opecia areata” OR “AA” OR “hair loss”). Papers published 
in English that compared the efficacy of PRP as a hair-loss 
treatment with either baseline or controls were included. 
In addition, references from identified publications were 
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reviewed for any further studies that may be relevant to 
the literature review. The search results were reviewed 
by S.K.

PLATELET-RICH PLASMA

Introduction

PRP, the autologous preparation of concentrated platelets 
in plasma, is a remarkable technique in regenerative medi-
cine. Many specialties have adapted its use for a variety 
of medical applications including musculoskeletal injuries, 
wound healing, hemostasis, scar revision, skin rejuven-
ation, and more recently alopecia.

Mechanism of Action

The mechanisms by which PRP exerts its regenerative ef-
fects rely on the degranulation of platelet α granules which 
leads to the release of a numerous cytokines, including 
platelet-derived growth factor (PDGF), transforming 
growth factor (TGF), vascular endothelial growth factor 
(VEGF), hepatocyte growth factor (HGF), insulin-like 
growth factor (IGF), and interleukin 1 (IL-1).3 These pro-
teins result in a myriad of downstream consequences in-
cluding hemostasis, inflammation, angiogenesis, and stem 
cell migration and proliferation.4

With regards to hair growth, the contents of the platelet 
α granules stimulate propagation and signaling among stem 
cells in the follicular bulge area and among mesenchymal-
derived germinative cells of the dermal papilla. This in-
crease in the number of follicular bulge and dermal papilla 
cells from baseline was observed histologically in PRP-
treated scalp skin.3,5 These actions ultimately stimulate the 
development of new follicles and activate the proliferative 
anagen phase of hair growth.6,7

A number of cytokines released from the α granules 
also stimulate hair growth through the promotion of an-
giogenesis. VEGF, naturally secreted by the keratinocytes 
of the outer root sheath and the fibroblasts of the dermal 
papilla, is a known mediator of angiogenesis via endo-
thelial cell proliferation. The increase in the perifollicular 
vascular plexus around the hair follicle and subsequent 
improvement in cutaneous ischemic conditions is ob-
served histologically in PRP-treated skin compared with 
baseline.5,8 These effects promote hair growth and increase 
hair follicle and shaft size.

The molecular pathways by which PRP promotes cell 
proliferation, differentiation, and hair growth were eluci-
dated by Li et al3 in a number of in vitro studies of cul-
tured dermal papilla cells. PRP treatments were found 
to upregulate β-catenin and fibroblast growth factor 7 
(FGF-7) expression in the dermal papilla cells compared 

with controls; these proteins are essential for prolonging 
the anagen phase, delaying progression into the catagen 
phase, as well as differentiation of stem cells into hair fol-
licle cells.3 The evidence that PRP prolongs the anagen 
phase of the hair cycle is supported clinically in a number 
of studies that demonstrate higher anagen/telogen ratios 
in areas treated with PRP than in control areas treated 
with saline injections.4 The investigators found that PRP 
treatments also increased expression of Akt and Bcl-2 in 
cultured dermal papilla cells.3 Akt is known to upregulate 
B-cell lymphoma-2 (Bcl-2) directly through the phospho-
rylation of cyclic AMP response element binding protein 
(CREB), as well as indirectly through the inhibition of gly-
cogen synthetase kinase-2 β (GSK3B), which normally pro-
motes the degradation of Bcl-2.9 The culmination of these 
pathways prevents apoptosis and promotes cell survival, 
ultimately leading to cell growth and prolonged survival 
of hair follicles.

Technique

The preparation of PRP relies on the differential centrifu-
gation of whole blood, a process that separates the cellular 
constituents based on their specific gravity. Autologous 
blood is first collected from the patient via venipuncture 
into tubes that contain an anticoagulant such as acid cit-
rate dextrose or sodium citrate solution. The blood is then 
spun per settings established by the manufacturer resulting 
in the separation of blood into 3 basic layers: red blood 
cells, leukocytes, and platelets. The platelet layer, which 
is the least dense and thus lies on top, is further separated 
into PRP and platelet-poor plasma (PPP). In vivo, plate-
lets are inert unless “activated” by endothelial damage or 
subendothelial collagen exposure. In many protocols, PRP 
is similarly activated prior to injection with thrombin or 
calcium chloride to promote the degranulation and activa-
tion of platelets.

Given the differences in equipment, centrifugation 
forces, number and length of centrifugation cycles, acti-
vation of platelets, and the ultimate composition of PRP, it 
remains unclear what protocol produces the optimal PRP 
preparation for hair restoration. Even the frequency of 
treatments and areas of treatment have yet to be standard-
ized. Each variable must be considered separately in order 
to establish a successful standardized protocol.

The efficacy of PRP was initially thought to rely 
mostly on the platelet increase factor—the platelet con-
centration increase in PRP compared with whole blood. 
The physiologic count of platelets circulating in the 
blood stream ranges from 150,000 to 400,000 platelets/
μL.4 In general, the best hair restoration results seem to 
be attained with platelet concentrations 3 to 5 times that 
in whole blood.
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That being said, whole blood contains a number of cells 
in addition to platelets, including red blood cells and leuko-
cytes, that affect hair growth and must be taken into con-
sideration. Red blood cells are a source of reactive oxygen 
species that are theoretically detrimental to the hair growth 
cycle. Similarly, leukocytes injected at the depth of the hair 
follicle could worsen hair loss by mimicking the pathology 
of inflammatory alopecias. Thus, preparations of PRP are 
distinguished based on their concentration of leukocytes—
leukocyte-poor PRP (pure PRP) contains a concentration 
of leukocytes lower than that of whole blood, whereas 
leukocyte-rich PRP (L-PRP) contains a concentration of 
leukocytes higher than that of whole blood.10–12

The DEPA classification proposed by Magalon et  al11 
considers a number of novel factors to standardize PRP 
preparations. The DEPA classification is based on the 
dose of injected platelets, the efficiency of production, the 
purity of the PRP obtained, and the activation of the PRP. 
The dose of injected platelets is calculated by multiplying 
the platelet concentration in PRP by the volume of PRP 
obtained, and theoretically corresponds to the quantity of 
platelets and thus growth factors delivered to each injec-
tion site.11 The efficiency of production reflects the per-
centage of platelets collected from whole blood and relies 
on the device used; device efficiencies range from >90% 
recovery rate to <30% recovery rate. The recovery rates 
reported in the literature vary from 13.1% (Selphyl Device, 
Cascade Medical Enterprises, LLC, Wayne, NJ) to 79.3% 
(RegenLab, Le Mont-sur-Lausanne, Switzerland).11,13,14 
PRP purity is based on the overall composition of the PRP; 
a very pure preparation is considered to have >90% plate-
lets as compared to leukocytes and red blood cells. Lastly, 
the activators, such as autologous thrombin or calcium 
chloride, are taken into account.11

A number of studies investigating the efficacy of PRP 
for treating AGA have been published and are outlined 
below. The outcomes are promising although the methods 
are highly varied. Very few head-to-head trials comparing 
PRP preparations and protocols have been published. 
Hausauer and Jones15 conducted a randomized trial to in-
vestigate a superior protocol for PRP. Forty patients were 
randomly assigned to 1 of 2 treatment groups: the first 
group received 3 monthly PRP treatments with a booster 
session 3 months later; the second group received 2 PRP 
treatments spaced 3  months apart. Although both treat-
ment groups achieved a statistically significant increase in 
mean hair count at 6 months compared with baseline, the 
first group demonstrated a statistically significant increase 
in mean hair count at 3 months, greater absolute and per-
centage change from baseline, as well as higher satisfac-
tion rates compared with the second group. Based on these 
results, the authors suggest that monthly treatments upon 
initiation therapy provide earlier and more clinically rele-
vant hair regrowth.

Applications in Androgenetic Alopecia

AGA is the most common cause of hair loss worldwide 
and is characterized by progressive hair loss secondary to 
a shorter anagen phase, progressive hair follicle miniatur-
ization, as well as perifollicular inflammation and subse-
quent fibrosis.16 Dihydrotestosterone (DHT), an androgen 
produced from testosterone via type II 5-α reductase, as 
well as chronic inflammation, have been implicated in the 
pathogenesis of AGA.17

In 2006, Uebel et al6 were the first to demonstrate the 
positive effects of PRP on hair growth after increased hair 
growth and density were noted with PRP-treated follicular 
units used for hair transplantation. Since then, a plethora 
of randomized controlled trials have been published re-
garding PRP and AGA (Table 1), albeit with variability in 
study design and quantification of outcomes.5,15,18-25

The first randomized, placebo-controlled trials were 
conducted in males with AGA. Both used half-head study 
designs in which half the scalp was injected with PRP 
and the other half with saline. Injections were performed 
monthly for a total of 3 sessions.5,18 Both studies demon-
strated beneficial effects with significant increase in mean 
hair count and density in PRP-treated areas of the scalp.5,18 
Gentile et al5 followed the participants for 2 years—one of 
the longest follow-up periods in the literature—and relapse 
was not noted until 12  months after the last treatment. 
Histologic findings mirrored the clinical benefits with sig-
nificant increases in epidermis thickness, number of hair 
follicles, and Ki67+ basal keratinocytes of epidermis and 
hair follicular bulge cells observed in PRP-treated skin 
compared with baseline.18

Gentile et al19 repeated a randomized, half-head study 
in 18 patients with AGA, but used nonactivated prepar-
ations of PRP produced with the CPunT Preparation 
System  (Biomed Device, Modena, Italy) instead of acti-
vated preparations. Results mirrored earlier studies with 
significant increases in hair count and total hair den-
sity when compared with baseline and the control side. 
Histologic sections showed similar changes as described 
in their earlier studies—increased epidermal thickness, 
Ki67+ keratinocytes, number of follicles, follicular bulge 
cells, and vascularization relative to baseline.

Alves and Grimalt20 conducted a randomized, dou-
ble-blind, placebo-controlled study involving 25 patients 
with AGA utilizing a similar protocol—3 monthly sessions 
of PRP injections into half of the scalp and saline injections 
into the other half. At both the 3- and 6-month follow-ups, 
the treatment side demonstrated a significant increase in 
the mean anagen hairs, telogen hairs, hair density, and 
terminal hair density compared with baseline.20 They also 
reported a significant correlation between mean total hair 
density and male sex, patients aged ≤40 years, beginning 
of hair loss at ≥25 years of age, positive family history, and 
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Table 1.   Randomized Controlled Trials Evaluating the Effects of PRP in AGA

Study, year No. of patients Treatment Outcomes

Alves, 201620 25 (13 F, 12 M) 
22 completed (11 F, 11 M)

Three monthly PRP treatments injected into half 
of scalp, saline injections into the contralat-
eral scalp

• � Increase in mean anagen hairs, telogen hairs, hair density, and terminal 
hair density at 3 and 6 months in PRP-treated scalp compared with 
baseline 

• � Increase in hair density in PRP-treated scalp compared with control side 
at 3 and 6 months

Cervelli, 201418 10 M Three monthly PRP treatments injected into half 
of scalp, saline injections into the contralat-
eral scalp

• � Increase in hair count and density in PRP injected scalp when compared 
to baseline and control side at 3 months 

• � Increase in epidermal thickness, number of hair follicles, Ki67+ basal 
keratinocytes and blood vessels around hair follicles on microscopic 
exam of treated scalp compared to baseline

Gentile, 20155 23 M Three monthly PRP treatments injected into half 
of scalp, saline injections into the contralat-
eral scalp

• � Increase in hair count, hair density, and terminal hair density in PRP-
injected scalp when compared with baseline and control side at 3 months 

• � Increase in epidermal thickness, number of follicles, Ki67+ basal kera-
tinocytes, and blood vessels around hair follicles on microscopic exami-
nation of treated scalp compared with baseline

Gentile, 201719 24 • � Eighteen participants received 3 monthly 
nonactivated PRP treatments injected into half 
the scalp and saline injected into contralat-
eral scalp 

• � Six participants randomly assigned to receive 
a single treatment of calcium-activated PRP 
prepared by 1 of 2 different systems

• � Increase in number of hair counts and hair density in area treated with 
nonactivated PRP when compared with control area by TrichoScan 
(Tricolog GmbH, Freiburg, Germany) analysis at 3 months 

• � Increase in epidermal thickness, number of follicles, Ki67+ basal kera-
tinocytes, and improved vascularization on microscopic examination of 
nonactivated PRP-treated scalp compared with baseline at 3 months 

• � Increase in hair density and follicular unit density in subjects receiving 
PRP generated from the Arthex Angel System at 6 months compared with 
baseline

Hausauer, 201815 40 (30 M, 10 F) 
39 completed  

(29 M and 10 F)

Subjects randomly assigned into 2 groups: 
• � Group 1: 3 monthly PRP treatments with 

booster treatment after 3 months 
• � Group 2: 2 PRP treatments spaced 3 months 

apart

• � Significant increase in hair count at 3 months seen in group 1 compared 
with baseline 

• � Significant increase in hair count in both groups at 6 months compared 
with baseline 

• � Significantly higher mean percentage change in group 1 compared with 
group 2 at 6 months 

• � Increase in hair shaft caliber in both groups at 3 and 6 months when 
compared with baseline (no significant difference between treatment 
groups) 

• � Satisfaction scores higher in group 1 than in group 2 

Kachhawa, 201724 50 M (44 completed) Six PRP treatments separated by 21 days injected 
into the androgen-related areas of the left 
scalp, saline injections into androgen-related 
areas on of the right scalp 

Increase in overall hair density, quality, and thickness noted in images and 
on trichoscopy after treatment in left side of scalp compared with base-
line

Mapar, 201623 19 M (17 completed) Two 2.5 cm × 2.5 cm square areas at least 3 cm 
apart on the scalp chosen; 1 spot injected with 
PRP and 1 with saline; 2 injections 1 month 
apart

No change in terminal hair count or vellus hair count in the experimental 
square compared with the control square at 6 months

Puig, 201622 26 F Subjects randomly assigned to receive either 1 
treatment of PRP or 1 injection of saline into 
the central scalp

• � No statistical difference in hair count or hair mass index between experi-
mental and control groups 

• � More subjects in experimental group reported substantial improvement 
in hair loss, rate of hair loss, hair thickness, ease of managing hair, and 
coarser/heavier hair 

Rodrigues, 201825 26 Subjects randomly assigned to receive either 
4 treatments PRP or saline injections every 
15 days 

• � Increase in hair count, density, and percentage of anagen hairs in PRP 
group compared with control and baseline after treatment 

• � No change in terminal/vellus hair ratio between the PRP and control 
group 

Tawfik, 201821 30 F Four weekly PRP treatments injected into select 
area of scalp, saline injected into another 
selected area of the scalp 

• � Increase in hair density and thickness in PRP-treated area compared with 
control area and baseline by physician assessment of photographs and 
folliscope at 6 months 

• � Decrease in number of subjects with positive pull test in the PRP-treated 
area compared with control area at 6 months 

AGA, androgenetic alopecia; F, females; M, males; PRP, platelet-rich plasma.
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>10 years of AGA, suggesting possible characteristics that 
portend a better outcome.

Tawfik and Osman21 conducted a randomized, half-
head study in females with AGA. Unlike other studies, the 
authors chose to inject weekly for a total of 4 sessions. 
Follow up at 6 months revealed a significant increase in 
hair density and thickness as measured by a folliscope in 
PRP-treated scalp compared with the placebo half.

A few randomized controlled trials have failed to show 
any beneficial effects of PRP treatment for AGA. One of 
the first studies in female AGA randomly assigned women 

to receive either a single PRP treatment or saline injec-
tions into the scalp. At 26 weeks, no statistically significant 
difference in the hair count or hair mass was found.22 It 
is important to note that the study design entailed only 
1 injection of PRP, the preparation was diluted with PPP, 
and no activating substance was used, which may have 
contributed to the subpar results.22 Mapar et al23 recruited 
17 men with severe AGA (stage IV-VI of the Norwood hair-
loss classification) and injected 1 section of the scalp with 
PRP and another with saline in 2 sessions, 1 month apart. 
No difference was noted in the mean number of terminal 

Table 2.   Prospective Cohort Studies Evaluating the Effects of PRP in AGA

Study, year No. of patients Treatment Outcomes

Anitua, 201726 19 (13 M, 6 F) Five PRP + PRGF activator treatments injected into the  
scalp at months 0, 1, 2, 4, and 7

• � Increase in mean hair density, diameter, and terminal/vellus hair 
ratio at 12 months compared with baseline 

• � Increase in epidermal thickness, perifolliular neoangiogenesis, pro-
liferative basal keratinocytes, and terminal/miniaturized hair ratio 
at 12 months compared with baseline

Borhan, 201527 17 M Four treatments of nonactivated PRP at weeks 0, 3, 6, and 12 
injected over vertex

• � Increased hair density in 11/14 evaluated by TrichoScan subjects 
at 4 months 

• � Cosmetic assessment by Canfield stereotaxic system showed 
cosmetic improvement in only vertex of 2 cases according to 3 
evaluators

Butt, 201828 30 (20 M, 10 F) Two PRP treatments injected into the scalp 4 weeks apart Increase in mean hair density, increase in terminal/vellus hair ratio, 
and decrease in number of hairs during hair pull test at 6 months 
compared with baseline 

Gkini, 201429 22 (20 M, 2 F) Three PRP treatments each 3 weeks apart, then 1 PRP treat-
ment 6 months later into all subjects

Increase in hair density peaking at 3 months. Hair density decreasing 
at 6 months and 1 year but remained significantly higher than 
baseline 

Ince, 201830 80 M • � Group 1: nonactivated PRP 
• � Group 2: activated PRP 
• � Group 3: homologous PRP 
• � PRP treatments injected at months 1, 2, and 6

• � Increase hair density in all groups 
• � Increase in hair density greatest in group 3 
• � Group 1 showed better results than group 2 

James, 201631 5 PRP treatments every 2–3 weeks over 3 months Clinical improvement in hair counts, hair thickness, hair root strength, 
and overall alopecia at 6 months compared with baseline

Khatu, 201432 11 M Four PRP treatments every 2 weeks injected in a linear  
pattern 1 cm apart

• � Increase in hair count after 4 treatments compared with baseline 
• 10/10 patients with positive pull test at baseline, 1/10 with positive 

pull test after 4 treatments

Marwah, 201433 10 M Six weekly PRP treatments • � 2/10 patients with clinical improvement based on global photog-
raphy 

• � All patients reported subjective improvement and satisfaction

Schiavone, 201434 64 Two treatments of PRP 3 months apart • � Some clinical improvement seen in 64/64 patients and 62/64 pa-
tients by the 2 evaluators 

• � Mean change in clinical rating was 3.2 and 3.9 by the 2 evaluators 
• � Proportion of patients reaching clinically important difference was 

40.6% and 54.7% by the 2 evaluators 

Singhal, 201535 10 (8 M, 2 F) PRP treatments every 2–3 weeks over 3 months • � Clinical improvement in hair count, thickness, root strength, and 
overall alopecia at 6 months compared with baseline 

• � Improvement in hair pull test with number of hair pulled out re-
duced by average of 65% at 6 months

Starace, 201836 10 F Four PRP treatments injected every 2 weeks Increase in hair density and diameter, decrease in vellus hairs at 24 
weeks compared to baseline

AGA, androgenetic alopecia; F, females; M, males; PRP, platelet-rich plasma.
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and vellus hairs. The authors contribute the inadequate 
response they obtained to the severity and longstanding 
duration of AGA in the study population.

In addition to the randomized controlled trials sum-
marized above, numerous prospective cohort studies have 
been conducted, the majority of which support the efficacy 
of PRP for treating AGA. These studies and their respective 
findings are reviewed in Table 2.26-36

Various PRP formulations and protocols have been 
studied in an effort optimize efficacy. Injections of PRP sup-
plemented with CD34+ cells, which are known to have an-
giogenic potential, resulted in a significant increase in mean 
hair number and thickness compared with baseline at 3 and 
6 months, although no comparison was made with pure PRP 
preparations.37 PRP has also been combined with dalteparin 
and protamine microparticles—carriers for controlled re-
lease of growth factors. Twenty-six patients were randomly 
assigned to receive PRP alone or PRP and dalteparin and 
protamine microparticles; although both groups showed 
clinical improvement, the latter exhibited more substantial 
changes.38 Other formulations of PRP, including a gel-like 
formulation referred to as plasma-rich fibrin (PRF), as well 
as spray formulations, have been successfully utilized to 
treat AGA.39,40 PRP has also been combined with other tech-
niques, including suture embedding and microneedling, 
with positive clinical outcomes.41,42

Based on review of the published studies and our 
clinical experience, we suggest the optimal method for 
preparing PRP involves single-spin centrifugation both to 
produce pure PRP with a mean platelet enrichment of 3- 
to 6-fold compared with whole blood, and to minimize 
granulocytes. We recommend administration of PRP as 
subdermal depo bolus injections, as this is less painful and 
an overall more efficient injection technique. Subdermal 
depo bolus injections allow for diffusion of PRP, resulting 
in fewer injections. Injections should be spaced out over 
the thinning area, which is typically along the hairline, 
parting, vertex, and crown of the scalp. Treatment inter-
vals should include 3  monthly sessions followed by a 
fourth session 6 months later (4 sessions over 12 months), 
then maintenance injections once every 12 to 18 months. 
Overall, we have achieved positive results when treating 
our male and female AGA patients with PRP injections in 
terms of regrowth, increased hair density, and improved 
quality of life (Figures 1 and 2).

Applications in Alopecia Areata

AA is a common immune-based destruction of hair fol-
licles leading to well-circumscribed patches of sudden 
alopecia that can occur in various patterns. A number of 
therapies have been used with varying success including 
topical and intralesional steroids, systemic corticosteroids, 
minoxidil, anthralin, immunotherapy, and cyclosporine. 

PRP has recently been added to the repertoire of treatment 
for AA (Table 3).

The first double-blind, controlled trial utilizing PRP to 
treat AA randomly assigned 45 patients to receive PRP, 
intralesional triamcinolone acetonide, or placebo injec-
tions at monthly intervals for 3 months on half the scalp. 
Patients treated with PRP were found to have significantly 
increased hair regrowth when compared with both the 
intralesional triamcinolone and placebo groups. The PRP 
group also had significantly more patients who achieved 
complete remission at 12 months and significantly fewer 
patients with relapsed disease.45

A prospective study conducted in India included 20 pa-
tients with biopsy-proven patchy AA of at least 2 years du-
ration; all subjects had failed to respond to various other 
treatments. These patients received 6 sessions of PRP at 
4-week intervals. Of the 20 patients, only 1 patient showed 
minimum hair regrowth; this patient was also the only one 
whose condition was found to have relapsed at the 1-year 
follow-up.44

Another trial demonstrated the superiority of PRP over 
minoxidil for treating AA. Ninety patients were randomly 
assigned to receive either topical minoxidil 5% solution, 
PRP injections, or placebo.44 Significant hair growth was 
seen in patchy alopecia in both the minoxidil and PRP 
groups compared with the placebo group. Patients treated 
with PRP had an earlier and better response when com-
pared with the minoxidil group; PRP-treated patients had 
fully pigmented hair regrowth as well as decrease in both 
short vellus hair and yellow dots.43

STEM CELLS AND PEPTIDES

Introduction

Stem cells are defined by their ability to both self-
renew and differentiate into other cellular subtypes. 
Multipotent stem cells reside in a number of adult tis-
sues, including bone marrow and adipose tissue, and are 
integral to the regeneration of healthy tissue. In addition 
to tissue regeneration, stem cells release factors referred 
to as “secretomes” that have a variety of other effects 
such as wound healing and immunologic modulation.46 
Given these properties, stem cell therapy has emerged 
as an exciting solution in many fields, including hair 
restoration.

Mechanism of Action

The hair follicle contains a number of stem cell niches, 
including the bulge region, dermal papilla and the hair 
germ, that are essential to its regenerative capacity. Every 
hair follicle cycles between a growing phase (anagen), re-
gression phase (catagen), and quiescent phase (telogen).46 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article-abstract/doi/10.1093/asj/sjz146/5492510 by C

leveland C
linic Alum

ni Library user on 02 M
arch 2020



Semsarzadeh and Khetarpal� 7

Follicular stem cells and their cross-talk play an essential 
role in producing the dramatic morphologic differences in 
the hair follicle observed at each phase. The cells in the 
hair germ are the first to begin proliferating and express 
the genes essential for activating other stem cells as the 
hair cycle transitions from the telogen to the anagen phase. 
Subsequently, the follicular bulge and dermal papilla stem 

cells begin to proliferate and differentiate to produce a 
new, robust hair shaft from the miniaturized telogen hair 
follicle.

The molecular mechanisms that govern these cells are 
mostly unknown, but a few molecular pathways have 
been identified that are essential to the regulation of 
stem cell activity and hair growth. During the telogen or 

A B

C D

Figure 1.  (A, C) A 42-year-old woman with androgenetic alopecia before PRP treatments. (B, D) Five months after 3 monthly 
PRP treatments. (B) Increased number of terminal hairs noted on the vertex and crown of the scalp, and (D) increased number 
of terminal hairs noted on the parietal scalp. PRP, platelet-rich plasma.
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resting phase of the hair cycle, expression of bone mor-
phogenetic protein (BMP), TGF-β, and FGF ligands, as 
well as Wnt inhibitors, occurs. A balance between these 

molecules is essential to maintain quiescence.47 During the 
growing or anagen phase, Wnt signaling and β-catenin are 
upregulated to activate hair growth.46-49 BMP ligands and 

A B

C D

Figure 2.  (A, C) A 69-year-old man with androgenetic alopecia before PRP treatments. (B, D) Four months after 3 monthly 
PRP treatments. (B) Increased number of terminal hairs noted on the vertex scalp and (D) increased number of terminal hairs 
noted on the crown of the scalp. PRP, platelet-rich plasma.
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Notch signaling also have been recognized as essential for 
hair follicle differentiation.47

Applications in Hair Loss

Although application of stem cell therapy in hair restor-
ation is relatively new, with varied preparations and appli-
cations, the results to date are promising.

Anderi et  al50 harvested autologous adipose-derived 
stromal vascular cells via lipoaspiration. These prepar-
ations were injected into the scalp of 20 patients with 
AA. In a retrospective analysis, the patients treated with 
adipose-derived stromal vascular cells showed a signifi-
cant increase in hair diameter and density, as well as a 
decrease in the pull test at 3 and 6 months after treatment 
when compared with baseline.

Gentile et  al51 described a novel method to isolate 
human adult stem cells by the centrifugation of human 
hair follicles obtained via punch biopsy. These stem cells 
were injected into the scalps of 11 patients with AGA, re-
sulting in an increase in hair density and hair count when 
compared with baseline and placebo.

Adipose-derived stem cell conditioned medium 
(ADS-CM), known to be rich in growth factors such as 
VEGF, HGF, PDGF, and insulin-like growth factor (ILGF), 
has also be utilized to treat hair loss.52–54 Six injections of 
ADS-CM at 3- to 5-week intervals significantly increased 
hair numbers compared with baseline and placebo in pa-
tients with alopecia.52,53 Significant increases in hair den-
sity and thickness were also noted after administration of 
ADS-CM by microneedle roller or mesotherapy gun weekly 
for 12 weeks in patients with AGA.54

Li et al55 introduced a novel stem cell method, termed 
“stem cell educator therapy.” In this technique, the 
patient’s blood is circulated through a system that separ-
ates the mononuclear cells from whole blood, allows these 
separated cells to interact with human cord blood–derived 

multipotent stem cells, and returns the “educated” cells 
to the patient’s circulation. Nine patients with severe AA 
received 1 treatment of this therapy. All but 1 patient ex-
perienced improved hair regrowth in varying degrees. Two 
patients (1 with alopecia totalis and 1 with patchy AA) 
experienced complete hair regrowth at 12 weeks without 
relapse after 2  years. These results were thought to be 
secondary to an upregulation of the Th2 cytokines and a 
restoration of balance between the Th1, Th2, and Th3 cy-
tokine profiles.

Elmaadawi et  al56 randomly assigned 40 patients (20 
with AGA and 20 with AA) to receive either autologous 
bone marrow–derived mononuclear cells or autologous 
follicular stem cell injections into the scalp. All groups 
were found to show significant improvement in hair loss 
with no statistically significant differences between the 2 
preparations.

Interestingly, a combination of PRP and stem cell 
technology has shown promising results. Stevens et  al57 
combined adipose-derived stromal cells from autologous 
adipose tissue with autologous PRP. The solution was in-
jected once into a single area on the scalp of 10 men with 
AGA. A significant increase in hair density was observed 
at 6 and 12 weeks after injection in the treated side com-
pared with baseline and the nontreated side. New terminal 
and vellus hairs were noted in existing, previously inac-
tive, and possibly new follicles.

CONCLUSIONS

Based on the plethora of literature that has been published in 
recent years, PRP is a promising, minimally invasive, office-
based procedure for hair-loss treatment. Safety issues and side 
effects appear to be minimal. Despite the promising literature, 
limitations to the studies exist. A  standardized preparation 
and protocol, including optimal preparation, dose, number 
and interval of treatment sessions, and injection technique, 

Table 3.   Studies Evaluating the Effects of PRP in AA

Study, year No. of patients Study type Treatment Outcomes

El Taieb, 201643 90 (39 M, 51 F) RCT • � Group 1: topical minoxidil 5% twice daily 
• � Group 2: 3 monthly PRP treatments 
• � Group 3: placebo (topical panthenol cream 

twice daily)

• � Significant hair growth in groups 1 and 2 compared with 
placebo 

• � Earlier response, better response, and decrease in short 
vellus hair, yellow dots, and dystrophic hair in group 2 
compared with groups 1 and 3

Singh, 201544 20 Prospective study Six monthly PRP treatments Hair regrowth in all but 1 patient who experienced minimal 
hair regrowth and relapse

Trink, 201345 45 (20 M, 25 F) RCT Randomized to receive 3 monthly treatments of 
intralesional injection of PRP, triamcinolone, 
or placebo to half of their scalp

• � Increase in hair regrowth and decrease in hair dystrophy 
and burning/itching in PRP-treated scalp compared with 
the other 2 groups 

• � Increase in Ki67 levels (markers of cell proliferation) in 
PRP-treated scalp compared with the other 2 groups

AA, alopecia areata; F, females; M, males; PRP, platelet-rich plasma; RCT, randomized controlled trial.
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has yet to be determined. Most literature reports support 
monthly injections for at least 3 months, but the published 
studies employ a wide variety of methods. Similarly, the 
quantification of the results is highly varied in the literature. 
These limitations make it difficult to objectively compare and 
combine results to determine clinical efficacy. Further ran-
domized placebo-controlled trials with larger sample sizes 
and longer follow-up periods are needed to establish the op-
timal PRP protocol, clinical efficacy, and long-term outcomes.

Disclosures
Dr Khetarpal is a consultant for Eclipse Aesthetics and has re-
ceived research equipment and an honorarium, and is a speaker 
and trainer for Galderma and Allergan. Dr Semsarzadeh de-
clared no potential conflicts of interest with respect to the re-
search, authorship, and publication of this article.

Funding
The authors received no financial support for the research, 
authorship, and publication of this article.

REFERENCES

	 1.	 Tabolli S, Sampogna F, di Pietro C, Mannooranparampil TJ, 
Ribuffo  M, Abeni  D. Health status, coping strategies, 
and alexithymia in subjects with androgenetic alo-
pecia: a questionnaire study. Am J Clin Dermatol. 
2013;14(2):139-145.

	 2.	 Alfonso M, Richter-Appelt H, Tosti A, Viera MS, García M. 
The psychosocial impact of hair loss among men: a 
multinational European study. Curr Med Res Opin. 
2005;21(11):1829-1836.

	 3.	 Li ZJ, Choi HI, Choi DK, et  al. Autologous platelet-rich 
plasma: a potential therapeutic tool for promoting hair 
growth. Dermatol Surg. 2012;38(7 Pt 1):1040-1046.

	 4.	 Alves R, Grimalt R. A review of platelet-rich plasma: his-
tory, biology, mechanism of action, and classification. 
Skin Appendage Disord. 2018;4(1):18-24.

	 5.	 Gentile  P, Garcovich  S, Bielli  A, Scioli  MG, Orlandi  A, 
Cervelli V. The effect of platelet-rich plasma in hair re-
growth: a randomized placebo-controlled trial. Stem Cells 
Transl Med. 2015;4(11):1317-1323.

	 6.	 Uebel CO, da  Silva  JB, Cantarelli D, Martins P. The role 
of platelet plasma growth factors in male pattern baldness 
surgery. Plast Reconstr Surg. 2006;118(6):1458-66; discus-
sion 1467.

	 7.	 Jain R, De-Eknamkul W. Potential targets in the discovery 
of new hair growth promoters for androgenic alopecia. 
Expert Opin Ther Targets. 2014;18(7):787-806.

	8.	 Li W, Enomoto M, Ukegawa M, et al. Subcutaneous in-
jections of platelet-rich plasma into skin flaps modulate 
proangiogenic gene expression and improve survival 
rates. Plast Reconstr Surg. 2012;129(4):858-866.

	 9.	 Takikawa M, Nakamura S, Nakamura S, et al. Enhanced 
effect of platelet-rich plasma containing a new carrier on 
hair growth. Dermatol Surg. 2011;37(12):1721-1729.

	10.	 Dohan  Ehrenfest  DM, Bielecki  T, Mishra  A, et  al. 
In search of a consensus terminology in the field of 

platelet concentrates for surgical use: platelet-rich 
plasma (PRP), platelet-rich fibrin (PRF), fibrin gel poly-
merization and leukocytes. Curr Pharm Biotechnol. 
2012;13(7):1131-1137.

	11.	 Magalon J, Chateau AL, Bertrand B, et al. DEPA classifi-
cation: a proposal for standardising PRP use and a retro-
spective application of available devices. BMJ Open Sport 
Exerc Med. 2016;2(1):e000060.

	12.	 Leo MS, Kumar AS, Kirit R, Konathan R, Sivamani RK. 
Systematic review of the use of platelet-rich plasma 
in aesthetic dermatology. J Cosmet Dermatol. 
2015;14(4):315-323.

	13.	 Kushida  S, Kakudo  N, Morimoto  N, et  al. Platelet and 
growth factor concentrations in activated platelet-rich 
plasma: a comparison of seven commercial separation 
systems. J Artif Organs. 2014;17(2):186-192.

	14.	 Kaux  JF, Le Goff C, Seidel L, et  al. [Comparative study 
of five techniques of preparation of platelet-rich plasma]. 
Pathol Biol. 2011;59(3):157-160.

	15.	Hausauer AK, Jones DH. Evaluating the efficacy of dif-
ferent platelet-rich plasma regimens for management of 
androgenetic alopecia: a single-center, blinded, random-
ized clinical trial. Dermatol Surg. 2018;44(9):1191-1200.

	16.	 Girijala RL, Riahi RR, Cohen PR. Platelet-rich plasma for 
androgenic alopecia treatment: a comprehensive review. 
Dermatol Online J. 2018;24(7):1-13.

	17.	 Kaufman  KD. Androgens and alopecia. Mol Cell 
Endocrinol. 2002;198(1-2):89-95.

	18.	 Cervelli V, Garcovich S, Bielli A, et al. The effect of autolo-
gous activated platelet rich plasma (AA-PRP) injection on 
pattern hair loss: clinical and histomorphometric evalu-
ation. Biomed Res Int. 2014;2014:760709.

	19.	 Gentile  P, Cole  JP, Cole  MA, et  al. Evaluation of not-
activated and activated PRP in hair loss treatment: role of 
growth factor and cytokine concentrations obtained by dif-
ferent collection systems. Int J Mol Sci. 2017;18(2):1-16.

	20.	 Alves  R, Grimalt  R. Randomized placebo-controlled, 
double-blind, half-head study to assess the efficacy of 
platelet-rich plasma on the treatment of androgenetic alo-
pecia. Dermatol Surg. 2016;42(4):491-497.

	21.	 Tawfik AA, Osman MAR. The effect of autologous acti-
vated platelet-rich plasma injection on female pattern hair 
loss: a randomized placebo-controlled study. J Cosmet 
Dermatol. 2018;17(1):47-53.

	22.	 Puig  CJ, Reese  R, Peters  M. Double-blind, placebo-
controlled pilot study on the use of platelet-rich plasma 
in women with female androgenetic alopecia. Dermatol 
Surg. 2016;42(11):1243-1247.

	23.	 Mapar  MA, Shahriari  S, Haghighizadeh  MH. Efficacy 
of platelet-rich plasma in the treatment of androgenetic 
(male-patterned) alopecia: a pilot randomized controlled 
trial. J Cosmet Laser Ther. 2016;18(8):452-455.

	24.	Kachhawa  D, Vats  G, Sonare  D, Rao  P, Khuraiya  S, 
Kataiya  R. A split head study of efficacy of placebo 
versus platelet-rich plasma injections in the treat-
ment of androgenic alopecia. J Cutan Aesthet Surg. 
2017;10(2):86-89.

	25.	 Rodrigues  BL, Montalvão  SAL, Cancela  RBB, et  al. 
Treatment of male pattern alopecia with platelet-rich 

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article-abstract/doi/10.1093/asj/sjz146/5492510 by C

leveland C
linic Alum

ni Library user on 02 M
arch 2020



Semsarzadeh and Khetarpal� 11

plasma: a double-blind controlled study with analysis 
of platelet number and growth factor levels. J Am Acad 
Dermatol. 2019;80(3):694-700.

	26.	 Anitua E, Pino A, Martinez N, Orive G, Berridi D. The 
effect of plasma rich in growth factors on pattern hair 
loss: a pilot study. Dermatol Surg. 2017;43(5):658-670.

	27.	Borhan  R, Gasnier C, Reygagne  P. Autologous platelet 
rich plasma as a treatment of male androgenetic alo-
pecia: study of 14 cases. J Clin Exp Dermatol Res. 
2015;6(4):292.

	28.	 Butt G, Hussain I, Ahmed FJ, Choudhery MS. Efficacy of 
platelet-rich plasma in androgenetic alopecia patients. J 
Cosmet Dermatol. 2018. doi: 10.1111/jocd.12810.

	29.	 Gkini  MA, Kouskoukis  AE, Tripsianis  G, Rigopoulos  D, 
Kouskoukis K. Study of platelet-rich plasma injections in 
the treatment of androgenetic alopecia through an one-
year period. J Cutan Aesthet Surg. 2014;7(4):213-219.

	30.	 Ince B, Yildirim MEC, Dadaci M, Avunduk MC, Savaci N. 
Comparison of the efficacy of homologous and autolo-
gous platelet-rich plasma (PRP) for treating androgenic 
alopecia. Aesthetic Plast Surg. 2018;42(1):297-303.

	31.	 James R, Chetry R, Subramanian V, et al. Efficacy of ac-
tivated 3x platelet-rich plasma in the treatment of andro-
genic alopecia. J Stem Cells. 2016;11(4):191-199.

	32.	Khatu  SS, More  YE, Gokhale  NR, Chavhan  DC, 
Bendsure  N. Platelet-rich plasma in androgenic alo-
pecia: myth or an effective tool. J Cutan Aesthet Surg. 
2014;7(2):107-110.

	33.	 Marwah M, Godse K, Patil S, Nadkarni N. Is there suffi-
cient research data to use platelet-rich plasma in derma-
tology? Int J Trichology. 2014;6(1):35-36.

	34.	 Schiavone G, Raskovic D, Greco J, Abeni D. Platelet-rich 
plasma for androgenetic alopecia: a pilot study. Dermatol 
Surg. 2014;40(9):1010-1019.

	35.	 Singhal  P, Agarwal  S, Dhot  PS, Sayal  SK. Efficacy of 
platelet-rich plasma in treatment of androgenic alopecia. 
Asian J Transfus Sci. 2015;9(2):159-162.

	36.	 Starace M, Alessandrini A, D’Acunto C, et al. Platelet-rich 
plasma on female androgenetic alopecia: tested on 10 pa-
tients. J Cosmet Dermatol. 2019;18(1):59-64.

	37.	 Kang JS, Zheng Z, Choi MJ, et al. The effect of CD34+ 
cell-containing autologous platelet-rich plasma injec-
tion on pattern hair loss: a preliminary study. J Eur Acad 
Dermatol Venereol. 2014;28(1):72-79.

	38.	 Takikawa M, Nakamura S, Nakamura S, et al. Enhanced 
effect of platelet-rich plasma containing a new carrier on 
hair growth. Dermatol Surg. 2011;37(12):1721-1729.

	39.	 He L, Lin Y, Hu X, Zhang Y, Wu H. A comparative study of 
platelet-rich fibrin (PRF) and platelet-rich plasma (PRP) 
on the effect of proliferation and differentiation of rat 
osteoblasts in vitro. Oral Surg Oral Med Oral Pathol Oral 
Radiol Endod. 2009;108(5):707-713.

	40.	 James  R, Chetry  R, Subramanian  V, et  al. Platelet-rich 
plasma growth factor concentrated spray (Keratogrow®) 
as a potential treatment for androgenic alopecia. J Stem 
Cells. 2016;11(4):183-189.

	41.	 Ku MC, Teh LS, Chen PM, Yang TI, Lai  JC. Synergistic 
effect of platelet-rich plasma injections and scalp 

lifting in androgenetic alopecia. Clin Dermatol. 
2018;36(5):673-679.

	42.	 Jha AK, Udayan UK, Roy PK, Amar AKJ, Chaudhary RKP. 
Platelet-rich plasma with microneedling in androgenetic 
alopecia along with dermoscopic pre- and post-treatment 
evaluation. J Cosmet Dermatol. 2018;17(3):313-318.

	43.	 El Taieb MA, Ibrahim H, Nada EA, Seif Al-Din M. Platelets 
rich plasma versus minoxidil 5% in treatment of alo-
pecia areata: a trichoscopic evaluation. Dermatol Ther. 
2017;30(1).

	44.	 Singh  S. Role of platelet-rich plasma in chronic alo-
pecia areata: our centre experience. Indian J Plast Surg. 
2015;48(1):57-59.

	45.	 Trink  A, Sorbellini  E, Bezzola  P, et  al. A randomized, 
double-blind, placebo- and active-controlled, half-head 
study to evaluate the effects of platelet-rich plasma on 
alopecia areata. Br J Dermatol. 2013;169(3):690-694.

	46.	 Sasaki  GH. Review of human hair follicle biology: dy-
namics of niches and stem cell regulation for possible 
therapeutic hair stimulation for plastic surgeons. Aesthetic 
Plast Surg. 2019;43(1):253-266.

	47.	 Rompolas P, Greco V. Stem cell dynamics in the hair fol-
licle niche. Semin Cell Dev Biol. 2014;25-26:34-42.

	48.	 Talavera-Adame D, Newman D, Newman N. Conventional 
and novel stem cell based therapies for androgenic alo-
pecia. Stem Cells Cloning. 2017;10:11-19.

	49.	 Gnedeva K, Vorotelyak E, Cimadamore F, et al. Derivation 
of hair-inducing cell from human pluripotent stem cells. 
PLoS One. 2015;10(1):e0116892.

	50.	 Anderi R, Makdissy N, Azar A, Rizk F, Hamade A. Cellular 
therapy with human autologous adipose-derived adult 
cells of stromal vascular fraction for alopecia areata. Stem 
Cell Res Ther. 2018;9(1):141.

	51.	 Gentile P, Scioli MG, Bielli A, Orlandi A, Cervelli V. Stem 
cells from human hair follicles: first mechanical isolation 
for immediate autologous clinical use in androgenetic alo-
pecia and hair loss. Stem Cell Investig. 2017;4:58.

	52.	 Fukuoka  H, Suga  H. Hair regeneration treatment using 
adipose-derived stem cell conditioned medium: follow-up 
with trichograms. Eplasty. 2015;15:e10.

	53.	 Fukuoka H, Narita K, Suga H. Hair regeneration therapy: 
application of adipose-derived stem cells. Curr Stem Cell 
Res Ther. 2017;12(7):531-534.

	54.	 Shin H, Ryu HH, Kwon O, Park BS, Jo SJ. Clinical use of 
conditioned media of adipose tissue-derived stem cells in 
female pattern hair loss: a retrospective case series study. 
Int J Dermatol. 2015;54(6):730-735.

	55.	 Li Y, Yan B, Wang H, et al. Hair regrowth in alopecia areata 
patients following Stem Cell Educator therapy. BMC Med. 
2015;13:87.

	56.	 Elmaadawi IH, Mohamed BM, Ibrahim ZAS, et al. Stem 
cell therapy as a novel therapeutic intervention for re-
sistant cases of alopecia areata and androgenetic alopecia. 
J Dermatolog Treat. 2018;29(5):431-440.

	57.	 Stevens HP, Donners S, de Bruijn J. Introducing platelet-rich 
stroma: platelet-rich plasma (PRP) and stromal vascular 
fraction (SVF) combined for the treatment of androgenetic 
alopecia. Aesthet Surg J. 2018;38(8):811-822.

D
ow

nloaded from
 https://academ

ic.oup.com
/asj/advance-article-abstract/doi/10.1093/asj/sjz146/5492510 by C

leveland C
linic Alum

ni Library user on 02 M
arch 2020


