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ORIGINAL RESEARCH

Autologous activated platelet-rich plasma (AA-PRP) and non-activated (A-PRP) in
hair growth: a retrospective, blinded, randomized evaluation in androgenetic
alopecia
Pietro Gentilea and Simone Garcovichb

aDepartment of Surgical Sciences, Plastic and Reconstructive Surgery, University of Rome “Tor Vergata” School of Medicine, Rome, Italy; bInstitute
of Dermatology, F. Policlinico Gemelli IRCSS, Università Cattolica del Sacro Cuore, Rome, Italy

ABSTRACT
Objectives: A retrospective case-series study comparing autologous activated platelet-rich plasma (AA-
PRP) versus autologous non-activated platelet-rich plasma (A-PRP) in hair re-growth was reported.
Methods: 90 patients, 63 males showing AGA in stage I–V by the Norwood–Hamilton scale and 27
females with AGA in stage I–III by the Ludwig scale, treated since 2013, were analyzed. 57 patients were
treated with A-PRP injections and 33 patients were treated with AA-PRP in three sessions spaced
30 days average. Assessment of hair re-growth was evaluated in different weeks (Ws) after the
treatment, summarized in four phases: T0, before the first infusion, T1 – 12 Ws, T2 – 23 Ws, T3 – 44
Ws, T4 – 58 Ws after the last treatment.
Results: 12 Ws, 23 Ws, 44 Ws, and 58Ws after the last treatment, hair density measurements for patients
treated with A-PRP and AA-PRP were 65 ± 5 and 28 ± 4 hairs/cm2 at T1, 28 ± 2 and 15 ± 3 hairs/cm2 at
T2, 25 ± 3 and 14 ± 3 hairs/cm2 at T3, 23 ± 3 and 13 ± 3 hairs/cm2 at T4.
Conclusion: The effects of A-PRP and AA-PRP in hair re-growth during a long-term follow-up, was
demonstrated.
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1. Introduction

Androgenic alopecia (AGA) is a progressive and chronic hair
loss (HL) disorder interesting 80% of white men (male pattern
hair loss, MPHL) and 40% of women (female-pattern hair loss,
FPHL) under age 70 [1–4]. While onset in both males and
females may be observed as early as age 18, the progression
of HL differs markedly between the genders. In men, hair is
lost in defined patterns described most commonly by the
Norwood and Hamilton scales and often leads to complete
baldness; however, FPHL is characterized by diffuse thinning
that rarely results in complete baldness [1–4].

Platelet-rich plasma (PRP) is a concentrate of proteins and
growth factors (GFs) derived from whole blood centrifuged,
without red blood cells. The role of GFs contained in auto-
logous activated (AA-PRP) and non-activated PRP (A-PRP) in
hair growth (HG) has been exhibited [1–4]. In AGA, the minia-
turization of the follicles is accompanied by a diminishment of
anagen, with an improvement in the percentage of resting
hair follicles (HFs), telogen, containing microscopic hairs in
a hairless scalp [5]. Moreover, invading lymphocytes and
mast cells have been seen around the miniaturizing follicle
[6], detailed in the stem cell-rich lump zone [7]. In scalp with
HL, hair follicle stem cells (HFSCs) numbers stay unaltered,
though the number of more actively proliferating progenitor
cells particularly diminishes [8]. This proposes going bald scalp
either does not have an activator or has an inhibitor of hair

follicle (HF) growth. For this reason, it appears fundamental
better know the biomolecular pathway aimed to obtain HG
through autologous cells and GFs therapies. In this sense, they
play an important role in the procedures based on PRP and
HFSCs. The amount of works published on PRP is considerable,
but the results are often contradictory. As reported more times
[1–4], it is possible to prepare different forms of PRP depend-
ing on their cell content and fibrin architecture. On this way it
is possible to identify:

(1) Leukocyte-poor PRP (LP-PRP) or Pure Platelet-Rich
Plasma (P-PRP). Suspension without leukocytes and
with a low-density fibrin network after activation;

(2) PRP and Leukocyte (L-PRP). Suspensions with leuko-
cytes and a low densities fibrin network after activation
(the largest number of commercial kit);

(3) Leukocyte-poor platelet-rich fibrin (LP-PRF) or pure pla-
telet-rich fibrin (P-PRF). Suspensions without leukocytes
and a high-density fibrin network.

(4) Leukocytes and platelet-rich fibrin (L-PRF) or second
generations PRP products are preparations with leuko-
cytes and a high-density fibrin network.

As reported [1–4], there are too many procedures for PRP
preparation depending on the different centrifugation’s time
and speed used (revolutions per minute -RPM-), the platelets
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number, the availability of GFs and chemokines. There is also
a wide biological (between patients) and temporal (day
to day) variation [5]. So, appears to be difficult to select
which kit for PRP preparation is better and which is worse
[6]. Different PRP products might be more or less appropriate
to treat different types of HL. In this way, a standardized
protocol has not yet been established [7], so, researchers
and physicians should select proper PRP preparations after
considering their biomolecular characteristics and patient indi-
cations [8]. In each case, the efficacy of PRP in AGA treatment
is clear and also demonstrated by the authors [1–4,9].
Antiapoptotic effects of A-PRP and AA-PRP have been sug-
gested as the major contributing factors stimulating HG
trough the activation of the Bcl-2 protein (antiapoptotic reg-
ulator) and Akt signaling, prolonging the survival of dermal
papilla cells (DPCs) during the hair cycle [1–4,9].

Regarding autologous cell therapy, recently several works
[1,2,10,11] have been published showing the use of autolo-
gous micro-grafts, reporting mechanical detachment of HFSCs
not-expanded got by slow centrifugation according to mini-
mal manipulation rules, with interesting results. HFSCs are
considered the cellular population containing human hair
follicle mesenchymal stem cells (HF-MSCs) and human hair
follicle epithelial stem cells (HF-ESCs) [10]. Additionally, HF-
MSCs, obtained by intra- and extra-dermal tissue of the
scalp, can be named ‘Human Intra and Extra Dermal Adipose
Tissue-Derived Hair Follicle Stem Cells (HD-AFSCs)’ as pre-
viously reported [11].

Right now, the authors intended to report the impact of
A-PRP and AA-PRP infusion in people affected by AGA evalu-
ating the results during a follow up of 58 weeks (Ws). The
long-term efficacy of A-PRP and AA-PRP injections, evaluating
the combined micro-needling approach, was reported. The
results were compared with those obtained by HFSCs and HD-
AFSCs procedures in a retrospective analysis.

2. Materials and methods

2.1. Institutional guidelines

All the procedures were performed in accordance with European
rules and institutional guidelines represented by EMA/CAT/
600280/2010 Rev 1, Committee for Advanced treatments (CAT)
and EC n. 1394/2007. This retrospective case-series study was
conducted following the principles outlined in the Declaration of
Helsinki and internationally consented ethics in clinical research
[12]. A quality assessment was carried out based on the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist [13]. Additionally, A-PRP and
AA-PRP preparation must be performed respecting in Italy
‘Decree of the Blood, 2 November 2015’, dispositions related to
quality and safety parameters of blood and emocomponents.
The protocol was the object of a research contract with the
University of Rome, ‘Tor Vergata’, Italy, approved by rectoral
degree with registration number D.R. 1467/2017. All patients
received detailed oral and written information about the study,
including the risks, benefits and alternative therapies, and signed
an informed consent form before any study procedures.

2.2. Study overview

The main objective for this retrospective study was to compare
long-term results in HG, represented by hair count (HC) and hair
density (HD) based on computerized trichogram after A-PRP
and AA-PRP procedures with those obtained by composite
micro-grafts containing HFSCs and HD-AFSC. AGA diagnosis
was established performing detailed therapeutic history, clinical
examination, blood test and urinalysis, trichoscopy highlights.
The stage of individual participant alopecia was evaluated
according to the Norwood- Hamilton and Ludwig scales.

2.3. Patients

This investigation enlisted a total of 90 patients, treated since
2013, aged 19–73 years, 63 males who showed AGA in stage I–V
as controlled by the Norwood-Hamilton classification scale and
27 females with AGA in stage I–III as dictated by the Ludwig
classification scale. 57 patients were treated with A-PRP injec-
tions and 33 patients were treated with AA-PRP in three ses-
sions spaced 30 days average. Expulsion criteria were divided
into two types, localized and fundamental. Fundamental expul-
sion criteria included platelet disorders, thrombocytopenia,
anti-aggregating therapy, the use of pharmacological thera-
peutics targeting on AGA (Finasteride®, similar drugs, and/or
antiandrogens) in the earlier year, bone marrow aplasia,
uncompensated diabetes, sepsis, and cancer. Localized expul-
sion criteria included an MPHL in stages over VI degrees, the
utilization of topical medicines for AGA (lotions as Minoxidil®,
prostaglandin analogs, retinoids, or corticosteroids) in the
earlier year. Additionally, the numbers of platelets in A-PRP
and AA-PRP obtained from all participants were microscopically
counted respecting the ‘Decree of the Blood, 2 November 2015’
in which it was necessary to obtain a concentration of 1 × 106

platelets per µL. Of the 90 patients enrolled, 3 were excluded
and 1 was rejected.

2.3.1. Allocation sequence and quality assessment
The patient’s allocation sequence was generated using an
online randomization generator (https://www.randomizer.org)
and was concealed by a person unrelated to the trial manage-
ment group. The participants, study personnel, and outcome
assessors were all blinded to treatment allocation, and blind-
ing was maintained until all data had been analyzed. In detail,
in all patients treated, quality checks were performed based
on the following criteria:

– Platelets number evaluation (in all patients the A-PRP
and AA-PRP suspension had a platelet concentration
equal to 1 × 106/µL ± 20%);

– Blood volume was withdrawn (within 55 mL for each
patient);

– The volume of A-PRP and AA-PRP obtained (variable
according to the degree and the size of the targeted
area affected by AGA);

– Labeling of each sample of PRP for each patient for
laboratory control;

– Adverse reaction signaling (did not occur).
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Quality assessment was reported in a CONSORT flow dia-
gram (Scheme 1).

2.4. Hair re-growth assessment

Assessment of hair growth was evaluated in different Ws after the
treatment, summarized in four phases: T0, before the first infusion,
T1 – 12 Ws, T2 – 23 Ws, T3 – 44 Ws, T4 – 58 Ws after the last
treatment.

The impacts of A-PRP and AA-PRP suspensions on HG were
assessed in all patients with the use of photography (same

position, same contrast, same light), physician’s and patient’s
global assessment scale, and standardized phototrichograms.

2.4.1. Trichoscopic evaluation of hair growth
In all patients, two translational regions of HL, one at the
fringe of the treatment half and a moment along the outskirt
of the placebo half, were demarcated with a semi-permanent
tattoo for the subsequent trichogram.

Phototrichograms were performed in all targeted areas
using Fotofinder video-epiluminescence microscopy
(FotoFinder Systems; http://www.fotofinder.de) in

Scheme 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram.
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combination with the Trichoscan digital image analysis
(Tricholog GmbH and Datinf GmbH; http://trichoscan.com).
TrichoScan was performed to evaluate HC (hairs per
0.65 cm2), HD (hairs per cm2), hair thickness, anagen-to-
telogen ratio, and vellus hair-to-terminal hair ratio. In
TrichoScan analysis, all hairs with a thickness of > 40 μm are
categorized as terminal hairs; those with lesser diameter are
categorized as vellus hairs. The evaluator of the computerized
trichogram analysis was blinded regarding the treatment and
control areas of the scalp and was not involved in the admin-
istration of treatment.

2.5. A-PRP preparation and delivery

A-PRP was prepared from a large volume of blood (55 mL)
collected from a peripheral vein using sodium citrate as
an anticoagulant, according to the CPunT® Preparation
System (Biomed Device, Modena, Italy) under the approval
of the transfusional service. Following centrifugation
(1200 RPM per 10 min), the suspension obtained, 23 mL
of PRP and Platelet-poor plasma (PPP), was inserted in
a light selector device and at the end of the procedure,
9 mL of PPP was removed. The suspension was centri-
fuged a second time for (1200 RPM per 15 min) and at
the end, 9 mL of A-PRP was harvested.

A-PRP was prepared also from a small volume of blood
(18 mL) using the MAG-18® PRP Kit (DTS, MG, Co., LTD.,
Seongsui-ro, Seongdong-gu, Seul South Korea, Medical
Device, CE). Sodium citrate (ACD) as an anticoagulant, was
added (2 mL). After the first centrifugation (3000 RPM per
6 min), the Platelet-Poor Plasma PPP portion (1 mL) and Red
blood cells (RBC) portion (3 mL) were removed. The suspen-
sion obtained was centrifuged a second time (3000 RPM per
2 min) and after centrifugation (Figure 1(a)), the lower part of
the hourglass was screwed (Figure 1(b)), allowing the concen-
tration of the A-PRP in the central narrowing of the hourglass
(Figure 1(c)). A-PRP was harvested from the central portion of
the hourglass (about 1.5ml), which was mixed with 7 mL of
supernatant, represented by PPP. 8.5 mL of A-PRP was
obtained. Microscopic platelet counts were performed on the
A-PRP collected from all participants.

2.6. AA-PRP preparation and delivery

AA-PRP was prepared from a small volume of blood (18 mL)
according to the method of the Cascade-Selphyl® system, with
modifications. Briefly, to prepare PRP, blood was taken from
a peripheral vein using ACD as an anticoagulant. AA-PRP was
prepared in all cases with the approval of the transfusional
service. Although the method of preparation was not selective
and may include leukocytes, the final aim was to obtain
a platelet pellet. GFs were only secreted once platelet activa-
tion began, which in turn was stimulated by Ca2+. The A-PRP
obtained (9 mL) after centrifugation (1100 g per 10 min) was
switched into 10-mL tubes containing Ca2+ extracted by
Cascade-Selphyl® Kit obtaining 9 mL of AA-PRP.

2.7. Protocol, microneedling approach, mechanical and
controlled injection of A-PRP and AA-PRP suspensions

The scalp was separated into six regions (frontal left,
frontal right, parietal left, parietal right, vertex left and
vertex right); local anesthesia was not performed while
sedation was performed only in 1 case. The A-PRP and AA-
PRP suspensions through an interfollicular infusions
(0.2 mL/cm2) were performed to targeted regions at
a depth of 5 mm utilizing a mechanical and controlled
injection through Ultim gun® (Anti-Aging Medical Systems,
Montrodat, France) outfitted with a 1 mL Luer lock syringe
with needle 30-gauge, in three sessions spaced 30 days
apart. A-PRP or AA-PRP suspension infusions were con-
veyed to the frontal scalp while placebo infusions (i.e.,
saline solution) were infused in the parietal areas in
patients with HL confined to the frontal and parietal
areas. In like manner, for HL restricted to the parietal
and vertex regions, A-PRP or AA-PRP’ suspension was
infused in the parietal area, and placebo was infused in
the vertex area. Equivalent quantities of A-PRP or AA-PRP
suspension and placebo infusions were made. Before each
infiltration, a micro-needling procedure was performed in
the targeted areas using a sterile micro-needling (0.5 mm)
stamp Genosys® (DTS, MG, Co., LTD., Seongsui-ro,
Seongdong-gu, Seul South Korea, CE medical device)
(Figure 1(d,e)) with the aim to improve the vascularization
of the regions to be infiltrated with A-PRP and, at the
same time, of determining hair follicle disruption produ-
cing collagen and GFs. The micro-needling procedure has
been repeated every 15 days after each infiltration for
three times.

2.8. Immunohistochemistry

Immunohistochemistry was performed using mouse mono-
clonal anti-Ki67 and anti-CD31 (Dako, Agilent Technologies,
Glostrup, Denmark; available on http://www.dako.com) as
previously reported [1–4]. The percentage of Ki67+ cells in
the basal layer of the epidermis and in the outer root
sheath of hair follicles and the number of vessels per
mm2 were calculated according to morphometric criteria
[1–4].

2.9. Statistical analysis

Values as the mean in addition to baseline mistakes were
examined by means of the Statistical Package for the Social
Sciences (SPSS), version 19.0 (IBM; http://www-01.ibm.com).
The normality of quantitative variables was tested by the
Kolmogorov-Smirnov test. Hair density was expressed as
mean plus or minus the SD. Hair density differences between
the different time points were assessed by one-way repeated
measures analysis of variance; post hoc analysis was per-
formed using the Sidak test.

All tests were 2-tailed and statistical significance was con-
sidered for p < 0.05.

330 P. GENTILE AND S. GARCOVICH

http://trichoscan.com
http://www.dako.com
http://www-01.ibm.com


3. Results

3.1. Short and long-term evaluation using trichoscopy
analysis

The short-term results obtained at T1 after 12 Ws (12 Ws vs. 0 Ws),
constituted a 31 ± 2% increase in HD when A-PRP treatment was
performed (Figure 2(b)) versus 19 ± 3% increase in HD when AA-
PRP treatment was performed (65 ± 5 and 28 ± 4 hairs/cm2

respectively), with a statistically significant difference in HG
(p = 0.0029) comparedwith baseline (Figure 2(a)) while the control
area showed a mean decrease of 1.3 hairs/cm2 (control vs. treat-
ment: p < .0001).

The long-term results obtained using A-PRP and AA-PRP
injections, displayed an improvement in the mean HD at T4
after 58 Ws (58 Ws vs. 0 Ws) of 23.3 ± 3 hairs/cm2 (Figure 2C)
and 13 ± 3 hairs/cm2 respectively, in the target area compared
with baseline, while the control area showed a mean decrease

of 0.7 hairs/cm2 (control vs. treatment: p < .0001). There were
no statistically significant differences in vellus HD between the
study and the control area at T1 and T4. Comparing the results
obtained during the follow-up evaluation, 12 Ws, 23 Ws, 44
Ws, and 58Ws after the last treatment, HD measurements for
patients treated with A-PRP and AA-PRP were 65 ± 5 and
28 ± 4 hairs/cm2 at T1, 28 ± 2 and 15 ± 3 hairs/cm2 at T2,
25 ± 3 and 14 ± 3 hairs/cm2 at T3, 23 ± 3 and 13 ± 3 hairs/cm2

at T4 (Table 1).
Following 26 months, 6 patients revealed dynamic HL and

were re-treated.
Additionally, the combined use of A-PRP with micro-needling

procedure performed before each injection displayed very pro-
mising and interesting results represented by an HD increase of
73 ± 5 hairs/cm2 and 50 ± 7 hairs/cm2 respectively at T1 and T2
compared with baseline (265 ± 5 hairs/cm2 at T1 and 242 ± 9
hairs/cm2 at T2 (Figure 3(c,d)) versus 192 ± 2 hairs/cm2 at

Figure 1. A-PRP prepared from 18 mL using the MAG-18® PRP kit. (a) Platelet poor-plasma (PPP) and platelet rich-plasma (PRP) suspension obtained after first
centrifugation (3000 RPM per 6 min) concentrated in the superior and central portion of hourglass; below the red blod cells (RBC) suspension. (b) PPP and PRP
suspension obtained after second centrifugation (3000 RPM per 2 min). 1 mL of PPP and 3 mL of RBC were removed before the second centrifugation. The lower
part of the hourglass was screwed allowing the concentration of the A-PRP in the central narrowing of the hourglass. (c) Buffy coat of PRP in the central narrowing
of the hourglass. (d, e) Microneedling procedure performed in the targeted areas, before each A-PRP injection, using a sterile micro needles stamp Genosys®.
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baseline (Figure 3(a,b)) (Table 1). HD and HC values analyzed by
trichoscan, before and after this combined procedure were
shown in Figure 3. Currently follow up is in progress.

3.2. Immunohistochemistry evaluation

On microscopic examination, A-PRP and AA-PRP treated scalp
demonstrated increased epidermal thickness accompanied by
an increase in the number of follicles (p < 0.05), Ki67+ basal
keratinocytes (p < 0.05), and follicular bulge cells (p < 0.05)
relative to baseline levels [1–4]. Additionally, A-PRP and AA-
PRP treatments were associated with improved vascularization
of hair follicles [1–4].

4. Discussion

Right now, AGA includes a yearly worldwide market income of
US$4 billion and a growth rate of 1.8%, demonstrating
a developing consumer market [14].

Current medications affirmed and approved by the U.S.
Food and Drugs Administration (FDA) for AGA include
Minoxidil® and Finasteride®.

Minoxidil® (pyrimidine derivate) prolongs the anagen phase
and increases HF diameter through activation of prostaglandin
endoperoxide synthase-1, which increases the level of prosta-
glandin E2 [15]. Minoxidil® increases the survival of DPCs by
increasing the Bcl-2/Bax ratio and by activating ERK and
Akt [16].

Finasteride® is a type II 5-alpha-reductase-inhibitor which
decreases dihydrotestosterone (DHT) of about 65% in serum,
prostate, and scalp [17,18]. Oral Finasteride® also prolongs
hairs anagen phase, with the gradual improvement of hair
thickness [17]. Finasteride® has been shown to reduce the
pattern HL associated with increased expression of caspases
and apoptosis inhibitors, stimulating anagen phase which
resulting in HG [18,19].

Adil A et al. [20] performed a systematic review suggesting
that Minoxidil®, Finasteride®, and low-level laser light therapy
are effective for promoting HG in men affected by AGA and
that Minoxidil® was effective in women with AGA.

To better explain the clinical results obtained by the use of
Minoxidil®, Finasteride®, A-PRP, AA-PRP, and HFSCs it is neces-
sary to report the most recent outcomes in HD and HC
obtained for these treatments. Compared to previous studies
based only on PRP injections in which a follow-up until 23 Ws
has been shown, in the present work, the authors intended to
report, for the first time, the combined use of micro-needling
technique with mechanical injection of PRP and the long-term
efficacy of A-PRP and AA-PRP injections in a retrospective
analysis, evaluating the results during a follow up of 58 Ws.
Additionally, the results obtained were compared in terms of
HC and HD with other procedures like to HFSCs, Adipose-
derived mesenchymal stem cells (AD-MSCs), HD-AFSCs,
Minoxidil® and Finasteride® as reported in Table 1.

In detail, in a recent study of Gentile et al. [2], HD improve-
ment for A-PRP 23 weeks later the third infiltration (one infil-
tration was performed three times each 30 days) was 28 ± 2%

Figure 2. 24 years old male patient affected by AGA underwent to A-PRP mechanical and controlled injection, during follow-up evaluation. (a) Pre-operative
situation of the scalp affected by AGA III according to Norwood Hamilton scale. (b) Post-operative situation at T1 after 12 Ws constituted of a 31 ± 2% increase in HD
after three A-PRP injections. (c) The long-term results obtained at T4 after 58 Ws displaying an improvement in the mean HD of 23.3 ± 3 hairs/cm2. (d–f) Detail of
the frontal-parietal-temporal area during the same follow-up.
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hairs/cm2 compared with placebo (saline solution). In the pre-
sent work, the long-term results obtained using A-PRP and AA-
PRP injections displayed an improvement in the mean HD
after 58 Ws of 23.3 ± 3 hairs/cm2 and 13 ± 3 hairs/cm2

respectively.
In a study of Van Nestle et al. [21] 212 males, affected by

AGA were randomized to receive Finasteride® 1 mg daily or
placebo for 48 weeks. At baseline, mean total and anagen HC
in the Finasteride® group were 200 and 124 hairs, respectively
(% anagen = 62%) and the anagen to telogen ratio was 1.74
(geometric mean). In the placebo group, the respective values
were 196 and 119 hairs (% anagen = 60%) and 1.57. At week
48, the Finasteride® group had a net improvement (mean ±
SE) compared with placebo in total and anagen HC of
17.3 ± 2.5 hairs (8.3% ± 1.4%) and 27.0 ± 2.9 hairs (26% ±
3.1%), respectively (p < 0.001). Furthermore, treatment with
Finasteride® resulted in a net improvement in the anagen to
telogen ratio of 47% (p < 0.001) supporting favorable results
on hair quality that contribute to improvements in HG.

In a recent study of Bao L. et al. [22], regarding the use of
Minoxidil® 5%, the mean improvement in total HD from base-
line to 24 weeks was 18.8/cm2 in group of patient treated with
topical application and 38.3/cm2 in group of patients treated
with electrodynamic microneedle treatments plus topical 5%
Minoxidil® [22].

The results obtained and all data discussed were reported
in Table 1.

Regarding the effectiveness/expenses balance, it is possible
to affirm that the drugs discussed could be effective in AGA
patients but they cause a dependence promoted by the need
to take daily Finasteride® or to apply Minoxidil® topically for
a long period of time, however not inferior to 12–24 months
according to the analyzed studies [21,22].

The clinical effectiveness of A-PRP and AA-PRP for the treat-
ment of AGA has been demonstrated in recent reports [1–4,9].
In particular, antiapoptotic effects of A-PRP and AA-PRP have
been suggested as one of the major contributing factors stimu-
lating HG trough the activation of the Bcl-2 protein and Akt
signaling, prolonging the survival of DPCs during the hair cycle
[1–4,9]. In addition, the up-regulation of fibroblast growth fac-
tor-7 (FGF-7)/b-catenin signaling pathways with A-PRP treat-
ment is suggested to stimulate HG by inducing HFSCs
differentiation as well as prolonging the anagen phase of the
HG cycle [1–4,9]. It also appears to increase the perifollicular
vascular plexus through the increase of vascular endothelial
growth factor (VEGF) and platelet-derived growth factor
(PDGF) levels, which have the angiogenic potential [1–4,9]
(Scheme 2).

On the other hand, the use of autologous therapies, as PRP
and also adult stem cells (SCs) can free the patient from the
daily routine, but the greater invasiveness of the procedures
can lead the patient to be less compliant.

Adult SCs can be collected, prevalently, from two tissues,
represented by adipose tissue (AT) and scalp tissue (ST).

AD-MSCs and Stromal Vascular Fraction cells (SVFs) are
vital for the activation of epidermal stem cells (ESC) in the
scalp, which they activate by discharging GFs. The VEGF
directs HG and the extent of the hair HFs measured by stimu-
lation of angiogenesis. The PDGF prompts and maintains theTa
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anagen stage, and Insulin-Like growth factor-1 (IGF-I) controls
the HG cycle and hair cell separation [1]. Another heading for
their activity is the implementation of angiogenesis and
enhancement of the blood supply to DPCs. Likewise, they
have immunomodulatory and immunosuppressive activity
trough the emission of prostaglandin E2 (PGE2), leukemia-
inhibiting factor (LIF), and kynurenine [1]. The paracrine activ-
ity of AD-MSCs and SVFs is based on TB4, EGR-1, SDF-1, and
MCP-1 with implication on human HFs cells [1]. In fact, TB4
contributes to the activation of SCs in HF, improving their
relocation into the follicle and separation. SDF-1 acts through
an activation improvement of EGR-1, and it expands the cell
tropism toward the follicle and builds angiogenesis [1]. The
activity of MCP-1, despite being an inflammatory factor, has
a demonstrated tissue regenerative impact [1] (Scheme2).

Regarding clinical data, based on the use of AT, Fukuoka
et al. [23] reported a mean increment of 29 ± 4.1 hairs in male
patients and 15.6 ± 4.2 hairs in females treated with fat-
derived stem cell-conditioned medium infusion.

Gentile [11] reported a mean HD increment of 33 ± 7.5 over
baseline values in male patients for the treated region, at 23
Ws and 27 ± 3.5 at 44 Ws using HD-AFSCs.

Since AGA is characterized by an extensive inflammatory
infiltrate, responsible for the secretion of a variety of inflam-
matory cytokines [24], it is likely that the anti-inflammatory
and immunomodulatory properties of PRP or dermal and
progenitor stem cells may favor hair regrowth [24–26].

Human scalp tissue is easily accessible and, in interesting
previous studies performed by Gentile et al. [10,11], it was
developed a system to separate HFSCs with minimal manip-
ulation based on the centrifugation of scalp’s fragments
obtained by punch biopsy, without cellular extension or
culture.

In this study, HD improvement for HFSCs treatment
23 weeks later the second infiltration (one infiltration was
performed every 60 days for two times) was 29 ± 5% hairs/
cm2 compared with placebo (saline solution) [2]. In addition,
cell counting and identifying of CD44+ HF-MSCs and the
CD200+ HF-ESCs were reported.

In patients affected by AGA with scalp presenting HL, the
HFSCs numbers were reported to remain unaltered; however,
the quantity of the more effectively multiplying progenitor
cells significantly decreases, as reported by Garza et al [27].

However, the reconstitution of a completely sorted out and
utilitarian HF from separated cells propagated under charac-
terized tissue culture conditions is a test as yet pending in
tissue engineering [28]. HFs are known to contain a well-
characterized niche for grown-up stem cells: the lump, which
contains epithelial and melanocytic stem cells [29].

SCs in the hair lump, an obviously differentiated structure
inside the lower permanent portion of HFs, can generate the
interfollicular epidermis, HF structures, and sebaceous glands
[30,31]. The lump epithelial stem cells can likewise reconstitute
in a simulated in vivo framework to a new HF [32,33].

Figure 3. Trichoscan digital image analysis. (a, b): In these images, preoperative hair count was 108.0 hairs per 0,65 cm2; density was 192.2 hairs per cm2; and
proportions of anagen and telogen hairs were 56.7% and 43.3%, respectively. (c, d): In these images, postoperative hair count was 136.5 hairs per 0,65 cm2; density
was 242.9 hairs per cm2; and proportions of anagen and telogen hairs were 70.2% and 29.8%, respectively.
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Yu et al. [29] demonstrated that human HFs contains
a stem cell populace that can be separated into the neuron,
smooth muscle cell, and melanocyte heredities in the induc-
tion medium. Their information demonstrates that
Oct 4-positive cells are available in human skin, and the

majority of them are situated in the HFs in vivo. Oct4 has
a place with the family of POU-domain transcription factors
that are regularly communicated in pluripotent cells of the
developing embryo and mediate pluripotency [34]. Each
mature HF is a regenerating framework, which physiologically

Scheme 2. Analysis of biomolecular pathway through A-/AA-PRP and AD-MSCs improve hair re-growth.
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experiences cycles of growth (anagen), relapse (catagen), and
rest (telogen) various times in grown-up’s life [35]. In catagen,
HFSCs are kept up in the lump. At that point, the resting
follicle reenters anagen (regeneration) when legitimate mole-
cular signals are given. Amid late telogen to early anagen
change, signals from the dermal papilla stimulate the hair
germ and quiescent lump stem cells to wind up activated [36].

Numerous paracrine factors are engaged with this cross-
talk at various hair cycle stages and some signaling path-
ways have been implicated [37–39]. In anagen, SCs in the
lump offer ascent to hair germs, at that point the transient
increasing cells in the grid of the new follicle proliferate
quickly to frame another hair filament [40].

Talavera-Adame et al. [14] revealed the biomolecular path-
way involved in cellular treatment. Specifically, it has been
additionally demonstrated that Wnt/β-catenin signaling is fun-
damental for the growth and upkeep of DPCs [41,42]. The
increment of Wnt signaling in DPCs evidently is one of the
principal factors that enhance HG as reported by Tsai
et al. [41].

Regarding the micro-needling technique, that the authors
performed in the present study, before each A-PRP/AA-PRP
injections, Stoll et al. [43] hypothesized in a pre-clinical model,
that superficial mechanical skin trauma applied with a micro-
needling device would induce long-term hair regrowth at
treated sites. 5 Ws after micro-needling, hair regrowth started,
followed by a reduction in hyperpigmentation of affected skin.
After 12 Ws there was a 90% improvement in coat coverage at
previously alopecic areas. 12 months after the procedure, coat
conditions remained stable [43].

As reported by Ferting et al. [44] in a clinical model
review, micro-needling is a minimally invasive dermatologi-
cal procedure in which fine needles are rolled over the skin
to puncture the stratum corneum. This therapy is used to
induce collagen formation, neovascularization and growth
factor production of treated areas. It has been used in
a wide range of dermatologic conditions, including AGA
and alopecia areata [44].

These procedures based on A-PRP/AA-PRP and autologous
cells based therapies (A-CBT) aimed to improve hair regrowth
through their use in isolated suspensions or in combination
with suggestive and not-invasive therapy as micro-needling.
All this stems from the necessity to move from ‘substitutive
surgery’, born with hair transplants, to ‘regenerative surgery’
with the regeneration of hair follicles through autologous GFs
or cells.

More in vitro and in vivo studies must be performed to
identify the autologous gold standard technique (- A-PRP/AA-
PRP with/without micro-needling – HFSC/HD-AFSCs -) for each
kind/grade of HL and to better know in which stage is neces-
sary to act with these autologous and innovative procedures.

5. Current and future challenges

This work suggests two fundamental points: First, data
reported obviously highlights the constructive effects of
A-PRP and AA-PRP on HL during a long-term follow-up of 58
Ws, as demonstrated by clinical and trichoscopy analysis,

without major side effects. Secondly, A-PRP and AA-PRP may
fill in as a safe and effective alternative procedure to treat HL.

Actually, there are the several questions left to be solved in
the immediate future of this exciting therapy: first, we shall
have to explore which of the biomolecular pathway discussed
for the clinical effect of PRP treatment is really involved for
hair re-growth; second, standardization of the use of A-PRP
and AA-PRP as a therapeutic product, and third, more clinical
and in vitro evaluation studies.
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