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ABSTRACT

Autologous platelet-rich plasma (PRP) exerts positive therapeutic effects on hair
thickness and density in patients with pattern hair loss. The aim of our study
was to evaluate the efficacy of intra-perifollicular autologous PRP and
polydeoxyribonucleotide (PDRN) injections in treating female pattern hair loss
(FPHL). Twenty FPHL patients were treated with a single session of PRP injection,
followed by 12 sessions of PDRN intra-perifollicular injection, along the scalp at
weekly intervals. Additionally, another 20 FPHL patients were treated with 12 ses-
sions of PDRN injection only. Meanwhile, one half of the backs of two rabbits was
injected with the PRP preparation, while the other half was injected with phosphate
buffered saline as a control. Tissue samples from the rabbits were analyzed by
real-time polymerase chain reaction and Western blotting. Compared with baseline
values, patients treated with PRP and PDRN injections exhibited clinical improve-
ment in mean hair counts (23.2+15.5%; p<0.001) and mean hair thickness
(16.8 + 10.8%; p < 0.001). In addition, patients treated with the 12 sessions of intra-
perifollicular PDRN injection alone aso showed clinical improvement in mean hair
counts (17.9 + 13.2%; p < 0.001) and mean hair thickness (13.5 + 10.7%; p < 0.001).
Comparison analyses between the two groups revealed that combined therapy with
PRP and PDRN induces greater improvement in hair thickness than treatment with
PDRN therapy alone (p = 0.031), but not in hair counts (p > 0.05). The pilot animal
study revealed significant up-regulation of WNT, platelet-derived growth factor, and
fibroblast growth factor expression in rabbit skin treated with the PRP preparation,
compared with control skin. In conclusion, intra-perifollicular injections of autolo-
gous PRP and/or PDRN generate improvements in hair thickness and density in
FPHL patients.

Female pattern hair loss (FPHL) is the most common type of
alopecia in women.! Typically, patients with FPHL present
clinically with prominent thinning of scalp hair, decreased
hair counts, and aretained frontal hairline.? The goa of FPHL
treatment ranges from preventing progression of hair loss
to restoring hair regrowth by mainly using androgen-
dependent and androgen-independent therapeutic modalities,
including oral finasteride and topical minoxidil solution.’?
Additionally, adjuvant treatment options of hair transplanta-
tion, mesotherapy, nonablative fractional |aser treatment, low-
level laser therapy, and intra-perifollicular platelet-rich
plasma (PRP) injection have been shown to be therapeutically
effective in inducing hair follicular regeneration in alopecia
patients.*®

PRP promotes wound healing and induces tissue regenera-
tion. Thus, the therapeutic efficacy of PRP has been investi-
gated in many facets of dermatology, including wound
healing in thelower extremities, acne scar treatment, fat trans-
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plantation, and pattern hair loss.*"°* PRP preparations con-
taining optimal platelet counts of more than 1,000,000
platelets/uL have been shown to release platelet o-granules
sufficient for obtaining satisfactory results:®****? o-Granules
release chemokines, cytokines, and growth factors that stimu-
late cell proliferation and differentiation.>® In our previous
preliminary report, we discovered noticeable clinical
improvements in patients with male pattern hair loss and
FPHL upon the injection of autologous CD34+ cell-
containing PRP preparations.?

Thus, in this evaluator-blinded study, we set out to assess
the efficacy and safety of intra-perifollicular injections of
autologous CD34+ cell-containing, leukocyte-rich PRP
and/or polydeoxyribonucleotide (PDRN) for treating FPHL.
Additionally, a pilot, split-back animal study was performed
to investigate the effects of PRP injection on the expressions
of WNT, platelet-derived growth factor (PDGF), and fibro-
blast growth factor (FGF) 9.
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MATERIALS AND METHODS

Patients and treatment protocol

A total of 40 Korean female patients (mean age: 33.9 years,
age range: 2060 years) with FPHL were enrolled in this
study. Patients were clinically diagnosed with FPHL upon
presentation of an increase in miniaturized termina hair
and/or a reduced number of hair on physical examination
and phototrichograms, aong with negative hair pull tests.
Patients who had received topical and/or oral medications,
mesotherapy and/or intra-perifollicular injection therapy,
fractional laser treatment, low-level laser therapy, intra-
perifollicular PRP injection, and hair transplantation for the
treatment of FPHL within the preceding 6 months were
excluded. This study was approved by the Institutional
Review Board of Severance Hospital, Yonsel University
College of Medicine in Seoul, Korea.

CD34+ cell-containing, leukocyte-rich PRP was prepared
using SmartPReP2 APC+ (Harvest Technologies Corp.,
Plymouth, MA) and injected in 20 randomly selected partici-
pants (mean age: 35.4 years; age range: 2060 years) upon
receiving informed consent. As described in a previous
report,® 60 mL of blood obtained from the participants was
transferred to tubes containing 8 mL of 4% sodium citrate
solution (Baxter Healthcare Corp., Deerfield, IL). The blood
was then centrifuged with the SmartPReP2 platelet concen-
trate system (Harvest Technologies Corp.). Next, each partici-
pant’s scap was cleansed with 70% alcohol, and loca
anesthesia of 2% lidocaine with 1:100,000 epinephrine
(3-5mL) was injected aong the frontal, mid, and vertex
areas. Then, 0.05-0.1 mL/cm? of the CD34+ cell-containing
PRP preparation (4 mL in total) was injected along the scalp.
The number of platelets and white blood cells (WBCs) in the
PRP prepared from each participant was microscopically
counted. At 1 week after the PRPintra-perifollicular injection,
12 sessions of PDRN intra-perifollicular injection were per-
formed at weekly intervals. To do so, the scalp was cleansed
with 70% ethanol, and 2 mL of PDRN (Placentex Integro;
Mastelli Ltd., Sanremo, Italy) was injected along the frontal,
mid, and vertex areas without local anesthesia. During the
treatment, a cooling device with cold air (=10 °C; Zimmer
MedizinSystems, Irvine, CA) was briefly used to relieve pain.

The other 20 randomly selected patients (mean age: 32.5
years, age range: 23-43 years) were treated with 12 sessions
of intra-perifollicular PDRN injection alone at weekly inter-
vals as described above. Participants in both groups were
advised to avoid the use of topical medications (including
minoxidil, afatradiol, prostaglandin analogs, and retinoids),
oral medications (including anti-androgens and supplemen-
tary nutrients), laser or light therapy, and hair transplantation.

Objective and subjective evaluations

As described in a previous report,® hair measurements were
performed using a computerized hand-held USB camera PT
system (Follioscope, LeedM Corporation, Seoul, Korea) at
baseline and at 1 week after the last treatment session. Digital
images of the hair were obtained at 40-fold magnification at
the “V” point, which was drawn at the intersection of the
mid-sagittal line and the coronal line, connecting both tips of
the tragus, via phototrichogram scalp measurement using a
headband and tapeline.® Thereafter, both the number and the
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thickness of hair were measured with Follioscope PT software
(LeedM Corporation). Also, at 1 week after the last treatment
session, patients were asked to report the incidence and dura-
tion of any side effects from the treatment, including scalp
edema, blistering, bleeding, oozing, scaling or crusting, ery-
thema, or increased hair loss.

Animal study

Two male New Zealand rabbits (3.0 kginweight) wereusedin
this animal study, and all experiments were approved by the
Committee for the Care and Use of Laboratory Animals at
Yonsei University College of Medicine in Seoul, Korea. The
experimental rabbits were anesthetized with an intramuscul ar
dose of 1 mg/kg of acepromazine. PRP was prepared by
obtaining 20 mL of blood from the central artery of theleft ear
in each rabbit and transferring it to SmartPReP2 APC+ con-
taining 2.5 mL of 4% sodium citrate solution (Baxter Health-
care Corp.). The blood was then centrifuged with the
SmartPReP2 platel et concentrate system. Next, the hair on the
back of each animal wasremoved using clippers, and the back
was disinfected with 10% povidone-iodine solution and 70%
ethanol. On one half of the backs of each rabhit, 0.05 mL/cm?
of the PRP preparation (4 mL in total) was injected, while the
other half was injected with the same amounts of phosphate
buffered saline (PBS) asacontrol. At 1, 3, 5, and 7 weeks after
the injection of the PRP preparation, skin samples were
obtained under anesthesia with an intramuscular injection of
15 mg/kg of Zoletil (Virbac, Milan, Italy) and 5 mg/kg of
Rompun (Bayer, Leverkusen, Germany) along the femoral
region. The biopsied skin was sutured with Nylon 4-0, and to
prevent infections, 5 mg/kg of enfloxacin was injected into
subcutaneous tissue once a day, beginning on the day of the
first biopsy until 3 days after the final operation. Additionaly,
two injections of 0.5 mg/kg of ketorolac were administered on
the day of each operation to reduce pain.

Real-time polymerase chain reaction and
Western blotting

In the rabbit skin samples, mRNA levels relative to rabbit
glycera dehyde 3-phosphate dehydrogenase were measured by
real-time polymerase chain reaction (PCR) using TagMan
Reverse Transcription reagents (Invitrogen, Carlsbad, CA).
Table1l summarizes the primers used in this study. Full-
thickness skin samples from the rabbits were homogenized in
lysis buffer, and a total of 50 ug of protein per sample was
anayzed by denaturing sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Prepared
samples were immunoblotted with the following antibodies:
anti-WNT5a antibody (ab174963; Abcam, Cambridge, UK);
anti-WNT10a antibody (NBP1-69116; Novus, Littleton, CO);
anti-PDGF-A (bs-0196R; Bioss, Woburn, MA); anti-PDGF-B
antibody (bs-0185R, Bioss); anti-FGF9 antibody (ab9743;
Abcam); and anti-B-actin antibody (Sigma-Aldrich, Poole,
United Kingdom). Signalswere reveal ed using enhanced che-
miluminescence.

Statistical analysis

A normality test was performed for clinical and laboratory
data using Kolmogorov—Smirnov test, and then, results were
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Table 1. Primer sequences for real-time polymerase chain reaction

Gene Forward primer Reverse primer
WNT5a CGGGACTTTCTCAAGGACAG CCTTCGATGTCGGAACTGAT
WNT10a ACGAGTGCCAACACCAGTTC TCTCTCGGAAACCTCTGCTG
PDGF-A GGAAGACAGAGCAAGCCAAG AGGTTGCATCGTCTTTTGCT
PDGF-B TGCAGGTGAGAAAGATCGAG CTGCCACCGTCTCACACTT
FGF9 GGGGAGCTGTATGGATCAGA TCCAGTGTCCACGTGTTTGT
ACTB CCAGCACCATGAAGATCAAG ACATCTGCTGGAAGGTGGAG

analyzed by the linear mixed models (MIXED) procedure
with Bonferroni post hoc analysis, independent two-sample
t test, paired t test, and Pearson correlation analysis by para-
metric criteriausing SAS software version 9.2 (SAS Institute
Inc., Cary, NC). Differences with p-values of less than 0.05
were considered statistically significant.

RESULTS

Effect of autologous PRP and/or PDRN injection on
hair regeneration

At baseline, there were no statistical differences in the par-
ticipants' age (p > 0.05), number of hair (p> 0.05), or hair
thickness (p > 0.05) between the PRP and PDRN treatment
group and the PDRN alone treatment group. One week after
the final treatment session with PRP and PDRN injections,
patients exhibited clinical improvements in both mean hair
counts (23.2+ 15.5%; p<0.001) and mean hair thickness
(16.8 £ 10.8%; p< 0.001), compared with baseline values
(Figures1 and 2A). In addition, patients treated with 12

Figure 1. Digital images of the hair at the “V" point in (A, B)
patient 1 and (C, D) patient 15 with female pattern hair loss (A,
C) before and (B, D) 1 week after the last session of combined
treatment with injections of intra-perifollicular CD34+ cell-
containing, leukocyte-rich platelet-rich plasma (PRP) and
polydeoxyribonucleotide (PDRN).
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sessions of intra-perifollicular PDRN injection alone aso
showed clinical improvements in mean har counts
(17.9+13.2%; p<0.001) and mean hair thickness
(13.5+ 10.7%; p<0.001), compared with baseline values
(Figures2B and 3). Comparison analyses between the two

Figure 2. Computerized phototrichogram analyses of hair
counts and thickness in patients with female pattern hair loss
after combined treatment with intra-perifollicular injections
of (A) autologous CD34+ cell-containing, leukocyte-rich
preparation and polydeoxyribonucleotide (PDRN) or (B) intra-
perifollicular injections of PDRN alone. (C) Percent improve-
ment after treatment with combined platelet-rich plasma
(PRP) and PDRN injections, as well as PDRN alone, in hair
count and thickness at 3 months, compared with baseline.
*p<0.05.
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Figure 3. Digital images of the hair at the “V" point in (A, B)
patient 1 and (C, D) patient 15 with female pattern hair loss
(A, C) before and (B, D) 1 week after the last session of
treatment with intra-perifollicular polydeoxyribonucleotide
(PDRN) injection alone.

groups suggested that combination therapy with PRP and
PDRN injections generates greater improvement in hair thick-
ness (p = 0.031), but not in hair counts (p > 0.05), than PDRN
therapy alone (Figure 2C).

Mean platelet counts in the PRP preparations were
1,256,950 + 371,397 cellg/ul and mean WBC counts were
19,575+ 8,010 cells/uL. Neither platelet counts nor WBC
counts were significantly correlated with improvement in hair
thickness (p > 0.05) or hair counts (p > 0.05). Inregard to side
effects, most of the 20 participants (n = 18; 90%) who under-
went injections of both PRP and PDRN reported tolerable
pain during the procedures; transient posttreatment edema
and tenderness after PRP treatment (n = 4; 20%), as well as
mild itching sensations and desquamation (n = 2; 10%), were
also reported. The other 20 FPHL patients treated with 12
sessions of PDRN injection aone described tolerable pain
during the procedures (n=12; 60%), followed by mild
itching sensations and desquamation thereafter (n = 1; 10%).
Other possible side effects, including progression of FPHL,
initial but temporary telogen effluvium, secondary bacterial,
fugal, and viral infections, and posttherapy scarring, were not
reported.

Effect of autologous PRP injection on
WNT expression

A split-back experimental rabbit study was performed to
assess the expressions of target mMRNA and proteins after
injections with PRP and PBS; skin samples were obtained at
1, 3, 5, and 7 weeks after the injections. Time-dependent
mRNA and protein expressions of WNT, PDGF, and FGF9
were measured by real-time PCR and Western blotting. The
MIXED procedure revealed significantly higher expression of
WNT5a mRNA in PRP-treated skin samples than in control
skin samples (group X time, p < 0.001), especially at 5 weeks
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Table 2. Expression of WNT, PDGF, and FGF9 mRNA in
rabbits after treatment with platelet-rich plasma injection com-
pared with that with phosphate buffered saline

p-Value
Group Time Group X time
WNTba p=0.012 p < 0.001 p<0.001
WNT10a p =0.002 p<0.001 p=0.003
PDGF-A p=0.001 p<0.001 NS
PDGF-B p=0.045 p<0.001 p=0.002
FGF9 p < 0.001 p < 0.001 p<0.001

NS, not significant.

(group post hoc test, p < 0.001) and 7 weeks (group post hoc
test, p < 0.001) after treatment (Table 2, Figure 4A). Western
blotting showed greater expression of WNT5aproteinin PRP-
treated skin samples than in control skin samples (group X
time, p < 0.001) at 1 week (group post hoc test, p < 0.001), 3
weeks (group post hoc test, p=0.011), 5 weeks (group post
hoc test, p=0.028), and 7 weeks (group post hoc test,
p = 0.019) after treatment (Table 3, Figure 5A).

Additionally, statistical analysis using the MIXED proce-
dure also reveal ed significantly higher expression of WNT10a
MRNA in PRP-treated skin samples than in control skin
samples (group X time, p=0.003) at 1 week (group post hoc
test, p < 0.001), 3 weeks (group post hoc test, p < 0.001), 5
weeks (group post hoc test, p=0.008), and 7 weeks (group
post hoc test, p < 0.001) after treatment (Table 2, Figure 4B).
Meanwhile, Western blotting showed greater expression of

Figure 4. Real-time polymerase chain reaction analyses of (A)
WNTb5a, (B) WNT10a, (C) PDGF-A, (D) PDGF-B, and (E) FGF9
mRNA levels in rabbit skin samples obtained at 1, 3, 5, and 7
weeks after intra-perifollicular injections of platelet-rich plasma
(PRP). *p<0.05; **p<0.01.
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Table 3. Expression of WNT, PDGF, and FGF9 protein in
rabbits after treatment with platelet-rich plasma injection com-
pared with that with phosphate buffered saline

p-Value
Group Time Group X time
WNTba p=0.028 p<0.001 p < 0.001
WNT10a NS p<0.001 p = 0.002
PDGF-A NS p<0.001 p =0.002
PDGF-B NS p=0.002 p=0.004
FGF9 p=0.004 p<0.001 p<0.001

NS, not significant.

WNT10a protein in PRP-treated skin samples than in the
control skin samples (group X time, p=0.002) at 3 weeks
(group post hoc test, p=0.015) and 7 weeks (group post hoc
test, p=0.01) (Table 3, Figure 5B).

Figure 5. \Western blotting analyses of (A) WNTba, (B)
WNT10a, (C) PDGF-A, (D) PDGF-B, and (E) FGF9 protein levels
in rabbit skin samples obtained at 1, 3, 5, and 7 weeks after
intra-perifollicular injections of platelet-rich plasma (PRP).
*p<0.05; **p<0.01.
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Effect of autologous PRP injection on PDGF and
FGF9 expression

Real-time PCR analyses of rabbit skin samples showed that
PRP treatment significantly increases PDGF-A mRNA
expression, compared with controls, at 3 weeks (group post-
hoc test, p < 0.001), 5 weeks (group post hoc test, p < 0.001),
and 7 weeks (group post hoc test, p=0.04) (Figure4C);
however, upon analysis with the MIXED procedure, which
analyzed results in relation to treatment group and time
sequence, differencesin PDGF-A mRNA expression were not
statistically significant (p > 0.05). Additionally, Western blot
analyses of PDGF-A revealed significant differences between
PRP-treated skin samples and control skin samples (group X
time, p=0.002) (Table3). The MIXED procedure showed
significantly higher expression of PDGF-B mRNA in PRP-
treated skin samples than in control skin samples (group X
time, p=0.002), especialy at 5 weeks (group post hoc test,
p = 0.004) and 7 weeks (group post hoc test, p < 0.001) after
the treatment (Table 2, Figure 4D). PDGF-B protein expres-
sion was also significantly different between PRP-treated skin
samples and control skin samples (group X time, p = 0.004)
(Table 3).

Among skin samples obtained from the halves of the backs
of rabbits injected with PRP, FGF9 mRNA was significantly
up-regulated, compared with the control side (group X time,
p < 0.001; group post hoc test at 5 weeks, p< 0.001; and
group post hoc test at 7 weeks, p<0.001) (Table2,
Figure 4E). Also, Western blotting revedled greater expres-
sion of FGF9 protein in PRP-treated skin samples than in
control skin samples (group X time, p<0.001) at 1 week
(group post hoc test, p < 0.001), 3 weeks (group post hoc test,
p=0.003), 5 weeks (group post hoc test, p=0.002), and 7
weeks (group post hoc test, p<0.001) after treatment
(Table 3, Figure 5E).

DISCUSSION

Hair follicles are generated upon seria expressions and inter-
actions of various follicular signals from the epithelium and
mesenchyme.”®* By modulating the WNT signaling activity,
the fate of hair follicle stem cells could be determined
between maintaining stemness and hair regeneration.™
Among severa key signals, WNT signals are required for the
initiation of follicle development, and WNTs 10a and 10b act
asthefirst epidermal signals of the canonical WNT/B-catenin
signaling pathway.***> Additionally, WNT5a gene expression
is dependent on the expression of Sonic hedgehog, which is
positively regulated by WNT10b gene expression and found
in developing dermal condensates.®® Histologically, WNT10a
isexpressed in inner root sheath (IRS) cells, whereasWNT5a
is expressed at low levels in the dermal papilla and at high
levelsin the outer root sheath and outer layers of the IRS. In
the present study, we discovered significant group- and time-
dependent differences in the expression of WNT5a mRNA
and protein, as well as WNT10a mRNA and protein, which
were higher among skin samples obtained from the backs of
rabbits treated with PRP injections than those treated with
PBS.

Current clinical and experimental investigations into the
treatment of pattern hair loss have mainly addressed follicular
stem cell activation and cellular differentiation during the hair
growth cycle.’® Festa et al.'” demonstrated that intradermal
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adipocyte lineage cells drive follicular stem cell activation in
mammalian skin and that the regulation of follicular stem cell
activity is positively regulated by PDGF expression in imma-
ture adipocytes.” Additionally, other clinica reports have
described the recovery of secondary aopecia lesions after
autologous fat transplantation, the mechanisms of which were
proposed as being related to a greater ability for adipose-
derived stem cells to undergo multilineage differentiation.’s°
Nevertheless, application of autologous fat transplantation in
the treatment of pattern hair loss requires tremendous experi-
ence with surgical harvesting and grafting techniques and,
moreover, lacks sufficient evidence for its use. In this pilot
anima study, we found that the expression of PDGF-A
mRNA was significantly up-regulated at 3 weeks, 5 weeks,
and 7 weeks after PRPtreatment, compared with controls, and
that PDGF-B mRNA expression markedly increased at 5
weeks and 7 weeks post-PRP injection. These results suggest
that PRP injections, which are relatively easy to administer,
may be of usein treating FPHL by inducing PDGF expression
in immature adipocytes of alopecia lesions.

During wound healing of the skin, dermal 8T cells
produce FGF9, which triggers WNT expression and resultsin
hair follicle regeneration.® Accordingly, up-regulation of
FGF9 expression enhances follicular neogenesis in skin
wounds, while down-regulation of this protein decreases new
follicle formation.”® Real-time PCR analyses of a wound-
induced hair neogenesis mouse model showed that FGF9
expression increases significantly on postwound day 10 in
wounded dermis tissue® In the present study, we aso
observed significant up-regulation of FGF9 mRNA and
protein upon injections of PRP, without making an excisional
wound, along the backs of rabbits, compared with the control
side. However, marked increases in FGF9 mRNA expression
were found at 5 and 7 weeks after PRP treatment, and
increased expression of FGF9 protein was observed at 1, 3, 5,
and 7 weeks posttreatment.

In the early phases of PRP treatment, before angiogenesis,
hair follicles obtain growth factors and nutritional elements
from the injected PRP# Previous studies showed that slower
and more efficient release of growth factors from concen-
trated platelets and leukocytes was obtained by using endog-
enous activation, rather than prior activation, of PRP
preparation.?? Additionally, leukocyte-rich PRP prepara-
tions without prior activation showed steady increases in
PDGF-AB over storage times of 120 hours.? In the late
phases of PRP treatment, after vascularization, sufficient
cellular component and signaling molecules (induced by
PRP injections) can be obtained from the injection sites for
folliculoneogenesis.*?* In this study, we found that WNT,
PDGF, and FGF were highly expressed in PRP-treated animal
skin up to 7 weeks after injection, compared with control skin.
We suggest that differences between human skin and rabbit
skin, which is thinner and more fibrotic, may account for the
prolonged expression of these growth factors.

Finally, our data suggest that intra-perifollicular injection
of autologous CD34+ cell-containing, leukocyte-rich PRP
and/or PDRN improves hair thickness and density in FPHL
patients. Additionally, our pilot animal study showed that the
expressions of WNT, PDGF, and FGF are significantly
up-regulated in rabbit skin treated with PRP. Although our
laboratory data may not fully reflect clinical conditions, we
suggest that our results from the pilot animal study support, in
part, our clinical results of PRP treatment for hair regenera-
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tion. Nevertheless, further prospective studies with a
controlled/split human scalp design should be conducted to
confirm the clinical efficacy of autologous CD34+ cell-
containing, leukocyte-rich PRP treatment in patients with
pattern hair loss.
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