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Promotional Effect of Platelet-Rich Plasma on Hair Follicle
Reconstitution in vivo
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Jin-Dou Jiang, MD,* anp ZHi-Qi Hu, MD, PuD*

BACKGROUND Platelet-rich plasma (PRP) containing various growth factors has attracted attention in
various medical fields. PRP has recently been used during hair transplantation to increase hair density.

OBJECTIVE To investigate the effects of PRP on hair follicle (HF) reconstitution.

METHODS AND MATERIALS Freshly isolated epidermal cells and cultured dermal papilla cells (DPCs) were
mixed with various concentrations of activated PRP and transferred to a grafting chamber that was implanted
onto the dorsal skin of nude mice. The chambers were removed 1 week after grafting, and HF formation was
monitored for 4 weeks.

RESULTS We observed a significant difference (p < .05) in the number of newly formed follicles in the area
of reconstituted skin (344 + 27 with 10% PRP vs 288 + 35 without PRP). PRP also shortened the time of hair
formation significantly; the first hairs were observed in 18 + 1 days using 10% PRP, versus 20 + 1 days
without PRP.

CONCLUSION A considerable effect of PRP on the time of hair formation and the yield of HF reconstitution
was observed in this study. Considering the limited evidence available to judge its efficacy, further studies are
required to investigate the mechanism of action of PRP.

The authors have indicated no significant interest with commercial supporters.

A ndrogenetic alopecia is the most common type
of hair loss in men, affecting at least 50% of
Caucasian men by the age of 50 and up to 70% of all
men later in life." Current therapeutic treatment is
medication or hair transplantation, which are
effective only for mild—not extensive—hair loss,
and both fall short of the ultimate goal of generating
new hair follicles (HFs) in a bald scalp.?? Therefore,
novel and effective methods of treating hair loss are
urgently needed. The advent of techniques to culti-
vate dermal papilla cells (DPCs) and competent
epithelial stem cells has recently created the
opportunity to reconstruct new HFs for the
treatment of hair loss.

Clues for reconstituting HFs can be gleaned from
what we know about normal HF morphogenesis and
growth, which involves conservative patterns of
inductive and permissive signaling interplay between
epithelial and dermal compartments. A number of
growth and differentiation factors and their recep-
tors are expressed in developing and mature HFs,
and mutations in several of them affect hair forma-
tion. Thus, genetic evidence suggests crucial roles for
platelet-derived growth factor (PDGF), transforming
growth factor-beta (TGF-B), vascular endothelial
growth factor (VEGF), insulin-like growth factor 1
(IGF-1), and fibroblast growth factor (FGF) signal-
ing in HF development and cycling.*’
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Platelet-rich plasma (PRP) is an autologous prepa-
ration of platelets in concentrated plasma. Growth
factors, including PDGF, TGF-f, VEGF, IGF-1,
EGF, and FGF, are secreted from the alpha granules
of concentrated platelets activated by aggregation
inducers, so PRP has been used in a wide variety of
surgical procedures and clinical treatments.®” PRP
has recently attracted attention in the field of plastic
surgery and dermatology.'®!" It has been shown to
increase the yield of transplanted follicular units
when applied during male-pattern baldness sur-
gery'? and to promote hair growth when injected

subcutaneously into C57BL/6 mice."?

Despite these studies, no experimental study has
attempted to research the effects of PRP on

HF reconstruction. Thus, the aim of the pres-
ent study was to verify the efficiency of PRP
on HF reconstitution.

Materials and Methods
Animals

All animal experiments were performed under
Southern Medical University Animal Care and Use
Committee supervision. Newborn (1-3 days old)
and adult (5-6 weeks) female C57BL/6] mice and
nude male mice (balb/c, nu/nu; 7-9 weeks old)
were purchased from Southern Medical University,
Guang Zhou, China.

Preparation of Human Activated PRP

Blood was obtained from six healthy adult human
volunteers who had provided informed consent. PRP
was prepared using a double-spin method, as
described previously.'* Briefly, 8~15 mL of blood
was added to a centrifuge tube containing antico-
agulant (3.2% (w/v) trisodium citrate) and mixed
to give an anticoagulant-to-blood ratio of 10:1
(v/v) (Figure 1A).

The citrate-treated blood was centrifuged at 328 g for

10 minutes (Figure 1B), and the supernatant yellow
plasma (the buffy coat containing platelets and
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leukocytes) was aspirated using a micropipette and
then centrifuged at 4,975 g for 10 minutes

(Figure 1C). The supernatant was removed, leaving
only 2.5 mL of concentrate, which contains a high
concentration of growth factors (Figure 1D). A 1:1 (v/v)
mixture of 10% (w/v) calcium chloride and 1,000 U of
bovine thrombin (Sigma-Aldrich, St. Louis, MO) was
prepared in advance for use as an activator. A 10:1 (v/v)
mixture of PRP and the activator was incubated at room
temperature for 10 minutes. After a firm blood clot had
formed, the activated PRP was centrifuged for 5 min-
utes at 3,184 g. The supernatant was recovered and
stored at —20°C.

Preparation of Adult Mouse Vibrissae DPCs

Dermal papilla cells were isolated and cultured as
described previously.'* Briefly, the dermal papillae
were dissected from mouse vibrissae follicles. The
mystacial pad was cut open, the skin was inverted,
and follicles were removed using fine forceps. The
collagen capsules surrounding the vibrissae follicles
were removed to expose the follicle bases, and the
dermal papillae were dissected using thin needles.
Isolated dermal papillae were placed on the bottom
of a cell culture dish. The cell cultures were
maintained in Dulbecco’s modified essential medium
(DMEM; Gibco, Grand Island, NY) supplemented
with 10% (v/v) fetal bovine serum (FBS; Gibco), and
the medium was changed every 3 days. After the cell
outgrowth became subconfluent, cells were har-
vested using 0.25% (w/v) trypsin—ethylenediamine-
tetraacetic acid (EDTA; Invitrogen, Carlsbad, CA)
and subcultured at a ratio of 1:3. Afterward, DPCs
were maintained in DMEM supplemented with 10%
(v/v) FBS. Three-passage confluent DPCs were used
for HF reconstruction.

Preparation of Neonatal Epidermal cells

Preparation of epidermal cells was done using an
adaptation of an earlier study."’ Briefly, the dorsal
skin of newborn C57BL/6] mice was dissected and
floated on the surface of a 0.25% (w/v) dispase
solution (Sigma-Aldrich) at 4°C overnight. The piece
of skin was subsequently rinsed three times in
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Figure 1. The preparation of platelet-rich plasma (PRP): (A) whole blood, (B) centrifuge at 328 g for 10 minutes; (C)

centrifuge at 4,975 g for 10 minutes; (D) PRP.

phosphate-buffered saline (PBS; Gibco), and the
epidermis was then peeled away from the dermis using
forceps. The sheets of epidermis were incubated in
0.25% (w/v) trypsin—-EDTA at 37°C for 1-2 hours
with gentle stirring. Debris and the remaining pre-
formed follicles were removed by passage through
100-pm-mesh-size strainers (BD Biosciences, Frank-
lin Lakes, NJ). The cells were collected using centri-
fugation at 328 g for 3 minutes and suspended in
DMEM for cellular grafting.

Cellular Grafting for Reconstructing HF in the
Chamber Assay

The cellular grafting procedure for reconstituting HF
in vivo was performed as described previously.'®
Briefly, freshly isolated epidermal cells and DPCs
containing 0.5 x 10° to 12.5 x 10° cells each were
suspended and mixed in 50 uL. of DMEM with
various concentrations of activated PRP (5%, 10%,
or 15%) and transferred to a cylindrical grafting
chamber (5-mm inner diameter, 5 mm high) that
was implanted onto the dorsal skin of nude mice.
The experiments included a normal control of cell
suspensions from freshly isolated epidermal cells
plus DPCs in DMEM and a negative control of
epidermal cells alone. The chambers were removed
1 week after grafting, and HF formation was mon-
itored for 4 weeks; the graft site was harvested and

processed for histologic examination. The number of
HFs formed in a given graft site was quantified using
microscopic photography and morphometry, and
three observers separately counted the HFs.

The major points of the method are summarized
in Figure 2.

Statistical Analysis

All statistical analysis was done using SPSS (version
12.0, SPSS, Inc., Chicago, IL). Parametric analysis of
variance with Student-Newman—Keul multiple
comparison tests were used to compare groups.
Statistically significant difference was set at p < .035.
Data are presented as means + standard deviations.

Results
Concentration of Platelets in PRP

Platelet-rich plasma prepared as described above
(Figure 1) has a higher mean concentration

of platelets (1.5 x 10°) than whole blood

(1.8 x 10° cells/uL) (Figure 3).

PRP Benefits HF Reconstitution in vivo

The effects of PRP on HF reconstruction in vivo were
assessed using a chamber assay in nude mice. Cell
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Human C57BL/6J C57BL/6]
whole blood mice mice
328 g,10min microdissection dispase digestion
4 N
buffy coat Vibrissae DP epidermis
4975 g,10min culture trypsin digestion
v
epidermal
PRP DPCs P cells
activator sub-culture
aPRP P3 DPCs
3184 g,5min
GF
mix and transplant

nude mice

Figure 2. Study diagram showing the major points of our research. DP, dermal papilla; DPCs, dermal papilla cells; GF,
growth factor; PRP, platelet-rich plasma; aPRP activated platelet-rich plasma; P3, passage 3.
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Figure 3. Concentrations of platelets after the double-spin
method (n = 6). Platelet counts indicate significantly greater
numbers of platelets in platelet-rich plasma than in whole
blood.

grafting and PRP activation are crucial steps. In earlier
studies, the total number of cells delivered and the
ratio of epidermal cells to DPCs in a given chamber
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assay were varied according to the choice of chamber
size and cell types'>~!?; we sought to optimize this
relationship. The result indicates that 25 x 10° DPCs
and 12.5 x 10° epidermal cells did not produce more
HFs (299 + 37) than after the transplantation of

5 x 10° DPCs and 2.5 x 10° epidermal cells

(288 + 35; Figure 4A), but when the total number of
cells was reduced to 1 x 10° DPCs and 0.5 x 10°
epidermal cells, significantly fewer HFs were formed
(53 + 32, Figure 4A) than the 5 x 10° DPCs. We
then tested the effect of the ratio of DPCs to epidermal
cells by fixing the number of DPCs at 5 x 10° and
varying the number of epidermal cells from 2.5 x 10°
to 12.5 x 10°. A comparable number of HFs formed
over this range without any significant difference
(288 + 35and 297 + 41, respectively), although the
number of HFs formed fell to 46 + 22 when the
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Figure 4. Effect of cell number and the ratio of dermal
papilla cells (DPCs) to epidermal cells on hair follicle (HF)
formation. (A) Effect of total cell number grafted onto the
number of HFs produced. The bar diagram shows the
number of HFs generated in the chamber assay in relation to
the grafted number of DPCs. The ratio of DPCs to epidermal
cells was 2:1in all cases. *p < .05vs 1 x 10° DPCs. (B) Effect
of the ratio of DPCs to epidermal cells on the number of HFs
produced. The bar diagram shows the number of HFs
generated in the chamber assay in relation to the ratio of the
number of DPCs to epidermal cells. The number of DPCs
was fixed at 5 x 10° for each grafting. The error bars
represent standard deviations from five samples.*p < .05 vs
DPCs. Epidermal cells = 1:0.1

number of epidermal cells was decreased t0 0.5 x 10°
(Figure 4B). In all subsequent studies, each chamber
assay was initiated using 5 x 10° DPCs and

2.5 x 10° epidermal cells.

When we grafted 5 x 10° DPCs and 2.5 x 10°
epithelial cells combined with various concentra-
tions of PRP into the chamber, we found that PRP
(10% or 15%) shortened the time from dissociated
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Figure 5. Effect of platelet-rich plasma (PRP) on the time of
hair formation. The bar diagram shows the earliest time of
forming visible hair shaft from dissociated cells. The num-
ber of dermal papilla cells was fixed at 5 x 108 for each
grafting. The error bars represent standard deviations from
five samples. *p < 0.05 vs the 0% activated platelet-rich
plasma (aPRP) control.

cells to hair formation. The earliest time of hair
formation for 10% and 15% PRP were

both 18 + 1 days, compared with 0% and 5%
PRP, which were reduced significantly to

20 £ 1 days (Figures 5 and 6A).

Ten percent and 15% PRP can produce more HFs
than 0% and 5% PRP. There was a statistically
significant difference in the number of HFs formed
using 10% (344 £+ 27) or 15% (342 £ 19) PRP
and 0% (288 £ 35) or 5% (297 + 41) PRP
(Figures 6B and 7).

Discussion

According to the results of this experiment, the first
time of hair formation for 10% and 15% PRP (both
18 + 1 days) is faster than for 0% and 5% PRP (both
20 + 1 days) when grafting 5§ x 10° DPCs and

2.5 x 10° epithelial cells combined with various
concentrations of PRP into the chamber. The latter
cases (the time of hair formation) were similar to those
of earlier studies.!” " Nevertheless, all were slower
than the time for hair shaft formation in HF
embryogenesis reported earlier.* Although the reason
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(B) (@
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Figure 6. Effect of platelet-rich plasma (PRP) on hair follicle (HF) reconstitution of nude mice in the chamber assay. (A)
Macroscopic appearance of reconstituted skin at various days after grafting. (a) Transplantation of cell suspension to the
chamber of dorsal skins of nude mice in 0 days. (b) Seventeen days after grafting, the first hairs were observed on the
grafted area in activated PRP (right animals in a, b, ¢, and d), whereas the negative control (left animals in a, b, ¢, and d) and
the normal control (middle animals in a, b, ¢, and d) revealed melanization of only the epidermis. (c) Twenty days after
grafting, hairs were observed on the normal control, whereas the negative control showed melanization of only the
epidermis. (d) Twenty-eight days after grafting, abundant hairs were observed on normal control and activated PRP (aPRP)
mice, but the latter had the appearance of thick hair, and the negative control showed melanization of only the epidermis. (B)
Horizontal histologic section of the reconstituted skin 28 days after grafting. (a) Few or no HFs formed when the negative
control was grafted. (b and ¢) Abundant HFs formed on the normal control and aPRP, but aPRP resulted in dramatically more
HFs reconstituted than in the normal control (hematoxylin and eosin staining; magnification x100). The bar represents
500 um. EC, negative control; EC + DPCs, normal control; EC + DPCs + 10% PRP, PRP; ECs, epidermal cells.

for this rate difference is not clear, it might be that, in
contrast to HF embryogenesis, new follicles do not
form first in the chamber assay. Therefore, PRP can
accelerate HF reconstitution because PRP contains
various growth factors and has the ability to stimulate
wound healing, which is similar to the results of
earlier studies in which PRP was used in hair trans-
plantation to promote healing.'?*°2* Although PRP
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could shorten the time of hair formation from
dissociated cells in a chamber assay, the concentration
of PRP should reach 10% or 15%, not 5%.

The density of hair formed with 0% (288 + 35) or
5% (297 £ 41) PRP was significantly lower than
that formed with 10% (344 £+ 27) or 15%

(342 + 19) PRP. Although the reason for this
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Figure 7. Effect of platelet-rich plasma (PRP) on the number
of hair follicles (HFs) formed. The bar diagram shows the
number of HFs formed from dissociated cells. The number
of dermal papilla cells (DPCs) was fixed at 5 x 10° in a ratio
of DPCs to epidermal cells of 2:1 for each grafting. The error
bars represent standard deviations from five samples.
*p < .05 vs the normal control. aPRP, activated PRP.

density difference is not clear, the explanation
might be that blood vessels supply HFs with
nutrients in vivo but that HFs also receive signals
from autologous cells (autocrine effects) or neigh-
boring cells (paracrine effects) through signaling
molecules, such as growth factors. Loss or
reduction of nutrients and signaling factors does not
allow full development of HFs.** In the early
phases of folliculoneogenesis (before angiogenesis),
grafted cells can obtain only limited nutrition and
growth factors from surrounding tissue fluid. Ear-
lier studies have showed that there is extensive
apoptotic remodeling in the early phases of grafting
and that fewer cells contribute to the generation of
a given follicle.*® Thus, reducing apoptosis and
improving the efficiency of grafted cells is an option
in the early phase. For grafted cells, PRP contains
various growth factors that supply sufficient sig-
naling molecules (PDGD, FGF, and TGEF-B) to
promote cell proliferation and

stimulate vascularization (VEGF, PDGF, EGF,
TGF-B, and FGF), supplying sufficient nutrition for

folliculoneogenesis.® '

Similar to earlier studies showing that the use of PRP
in hair transplantation leads to greater follicular
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20-24 5ur study showed that the use of PRP in

density,
HF reconstitution leads to greater hair formation,

but they might have different mechanisms; PRP can
“wake up” dormant HFs in the scalp for the former,
whereas PRP can improve the efficiency of follicular

formation for the latter.

Hair follicle reconstruction requires a large number
of DPCs, but DPCs will lose their hair-inductive
capacity in culture with passage.*® Therefore, to
regenerate sufficient numbers of HFs, in addition to
increasing the number of DPCs, we can improve the
utilization rate of individual cells to improve the
efficiency of HF reconstruction. According to the
results obtained in this study, there was a 19.4%
greater yield of HFs in the area of reconstituted skin
treated using 10% PRP than with 0% PRP. This
demonstrates that the use of PRP can improve the
efficiency of HF reconstruction. Together with

12:13.2022% ur study demonstrates

earlier reports,
that PRP can promote hair formation. Thus, to
improve the efficiency of HF reconstruction, we can
try cotransplantation of DPCs and epidermal cells
with PRP in a future study. PRP contains many
growth factors (including PDGF, TGF-B-1/2, VEGF,
IGF-1, EGF, and FGF)® that, in contact with their
respective receptors, act in tissue angiogenesis,
stimulating the healing and growth of new organic
structures.® ' Some growth factors (TGF-B-1 and
EGF) have negative effects on hair growth and
formation,™ whereas other growth factors, such as
PDGF and VEGEF, are important for hair formation
and follicle size.?”*® Numerous studies have dem-
onstrated that the use of PRP in hair transplantation
leads to accelerated hair growth and larger follicular

12,13,20-24 Thys, in accord with the results of

units.
earlier studies, the overall effect of all growth factors

on hair is positive.

There are many different PRP systems, and the effects
of these preparations can even be counterproduc-
tive.””>? Although the reason for this is not clear, it
can depend on whether leucocytes are included in
PRP preparations.®’ Apart from producing large
amounts of VEGF,?? leucocytes can release many
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proinflammatory cytokines, which might have
negative effects on hair growth. Leucocytes were
included in the PRP in this study to harvest more
platelets. To avoid the influence of leucocytes on hair
growth, we used the supernatant from the centrifu-
gation of activated PRP. Thus, although leucocytes
were included in the PRP, they were not present in
the final supernatant because they were pelleted in
the third centrifugation. In addition, although stim-
ulated leucocytes can release many cytokines, no
leucocyte degranulation or damage occurred during

sample preparation,®*>°

and after centrifugation of
the activated PRP, the supernatant did not contain
cytokines released from leucocytes. In the process of
PRP preparation, to increase the purity of the PRP,
we recommend increased thickness of PRP layer
using centrifugal tubes with a smaller inner diameter
and reduced flow rate of PRP using pipette tips with a

larger inner diameter.

Conclusion

Using the chamber assay, this study observed a
considerable effect of PRP on the time of hair
formation and the yield of HF reconstitution.
Considering the limited evidence of its efficacy,
further studies are required to investigate the
mechanism of action of PRP.
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