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An Overview of the Biology of Platelet-Rich
Plasma and Microneedling as Potential
Treatments for Alopecia Areata
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Platelet-rich plasma and microneedling have been
investigated recently as potential therapeutic options
for the treatment of hair disorders. Evidence from
laboratory studies indicates that these treatments
enhance growth factor production that in turn facili-
tates hair follicle development and cycling. Several
small studies and case reports have presented
encouraging findings regarding the use of these
treatments for alopecia areata. Future investigations
will be needed to validate these therapeutic tech-
niques for patients with alopecia areata and further
refine which subtypes of the disease these methods
are best indicated for.
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INTRODUCTION
Effective treatments for alopecia areata (AA) that can signifi-
cantly alter the disease course have been the subject of
countless research endeavors over the last several decades. A
subset of patients with AA respond insufficiently to the
conventionally available treatments and consequently seek
alternative therapeutic options (Alkhalifah et al., 2010b).
Platelet-rich plasma (PRP) is an autologous blood preparation
that has undergone a platelet concentrating procedure
(Eppley et al., 2004; Li et al., 2012). This technique was
initially introduced to the medical community as a potential
hemostatic agent used in the surgical setting and also for
chronic nonhealing wounds (Cieslik-Bielecka et al., 2012;
DelRossi et al., 1990). Since then, this therapy gained
traction in other fields including orthopedics, oral and
maxillofacial surgery, and plastic surgery for its use in tissue
repair as it has been proposed that platelets release growth
factors needed in the wound healing process (Albanese et al.,
2013).

Recently, new non-FDA-approved indications for this
technology have been developed in the field of dermatology
including skin rejuvenation, scar revision, wound healing
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(in particular for ulcers), and other conditions such as striae
distensae (Kumaran, 2014). PRP has also been explored in the
context of hair disorders and evaluated for the treatment of
androgenetic alopecia, and to enhance graft survival in hair
transplantation (Schiavone et al., 2014; Uebel et al., 2006).
Microneedling is also hypothesized to enhance growth fac-
tors, while augmenting collagen and elastin production and
creating microchannels that allow for transdermal delivery of
drugs through the stratum corneum (Arora and Gupta, 2012).
This technique has similarly been evaluated for the treatment
of androgenetic alopecia with promising results and may
have applications for the treatment of other hair disorders
(Dhurat et al., 2013). The purpose of this review is to discuss
the proposed mechanisms for PRP and microneedling while
also examining the evidence supporting the use of each of
these treatments for patients with AA.
HYPOTHESIZED MECHANISMS OF PRP AND
MICRONEEDLING
Although the exact mechanism of PRP has not been fully
resolved, strong evidence suggests that PRP increases con-
centrations of growth factors, cytokines, and proteins, thereby
modulating inflammatory pathways and tissue repair (Lynch
and Bashir, 2016). During the wound healing process,
platelets become activated and release the contents of alpha
granules that contain platelet-derived growth factor, trans-
forming growth factor-b, vascular endothelial growth factor,
EGF, and IGF-1 (Blair and Flaumenhaft, 2009). A study con-
ducted by Eppley et al. in 2004 examined the composition of
PRP taken from 10 patients ranging from age 29 to 58 years.
In terms of growth factors, platelet-derived growth factor,
transforming growth factor-b, vascular endothelial growth
factor, and EGF were all significantly increased in the
platelet-rich blood relative to whole blood baseline samples.
This study did not identify an increase in IGF-1 levels (Eppley
et al., 2004).

Further understanding of the molecular effects of PRP came
from a study by Li et al. in 2012. These investigators cultured
human dermal papilla cells, which regulate hair follicle
growth, with and without PRP (Driskell et al., 2011; Li et al.,
2012). The cells grown with activated PRP (platelet concen-
tration 8.8 times higher than whole blood) showed a signif-
icantly higher rate of proliferation on culture day 3 compared
with those grown without PRP (Li et al., 2012). Another study
using Ki-67 as a marker of cellular proliferation similarly
identified significantly higher levels in hair removed from
patients treated with PRP (Trink et al., 2013). Together these
results suggest that PRP may enhance proliferation of cells in
the hair follicle.
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Li et al. further examined the molecular pathways
affected by the application of PRP. Of note, the extracellular
signal-regulated kinase pathway is known to promote cell
growth, whereas activation of phosphatidylinositol 3-kinase/
protein kinase B signaling enhances cell survival and reduces
apoptosis. Levels of phosphorylated extracellular signal-
regulated kinase and protein kinase B were quantified using
western blotting, and both were noted to be increased in the
PRP-treated dermal papilla cells relative to controls. More-
over, PRP was noted to augment expression of B-cell
lymphoma-2 anti-apoptotic protein, and levels of b-catenin,
an important mediator of hair follicle genesis (Ito et al., 2007;
Li et al., 2012). Protein levels of fibroblast growth factor-7
were also noted to be higher in cells treated with PRP
(Li et al., 2012), which may prolong the anagen growth phase
and delay progression to catagen (Danilenko et al., 1995).
Finally, these investigators performed animal studies using
shaved C57BL/6 mice and showed that those injected with
activated PRP were able to achieve near-complete regrowth
of hair in 3 weeks, whereas those treated with phosphate-
buffered saline exhibited only minimal regrowth within the
same period of time (Li et al., 2012).

Regarding microneedling, evidence from animal studies
suggests that this method also enhances growth factors that
mediate hair follicle development and cycling. Kim et al.
performed microneedling on depilated C57BL/6 mice and
found that this technique resulted in more prominent hair
growth compared with controls, and caused upregulation of
Wnt3a, b-catenin, vascular endothelial growth factor, and
Wnt10b mRNA and protein expression (Kim et al., 2016). The
Wnt/b-catenin signaling pathway mediates hair morphogen-
esis and growth of the hair shaft (Myung et al., 2013).
Microneedling may also facilitate transdermal drug delivery.
In one study involving disk microneedle rollers, drug pene-
tration was found to increase with greater microneedle
length, whereas rollers without microneedles failed to result
in penetration of the experimental dye (Kim et al., 2012).
These results suggest that microneedling could be a valid
method for increasing delivery of topical medications.

PREPARATION OF PRP
One limitation in evaluating the efficacy of PRP for AA is the
lack of standardized protocols that define the preferred
method for producing PRP (Maria-Angeliki et al., 2015). The
number of required treatments and interval is also unknown.
In general, PRP is prepared on a per-patient basis where 8 to
60 ml of fresh venous blood is collected and treated with a
centrifugation protocol. The centrifuge separates the eryth-
rocytes from lighter plasma with a buffy coat at the interface.
After the centrifugation, the plasma and buffy coat are aspi-
rated, and then mixed (Lynch and Bashir, 2016). Protocols
produce an increase in platelet concentration ranging from
approximately three- to eightfold (Eppley et al., 2004; Trink
et al., 2013).

EVIDENCE SUPPORTING THE USE OF PRP IN ALOPECIA
AREATA
In 2013, the use of PRP for AA was evaluated by a double-
blind, split scalp study including 45 patients (20 men, 25
women) randomized to receive treatment with PRP,
Journal of Investigative Dermatology (2017), Volume -
triamcinolone acetonide (TAC) injections (2.5 mg/ml), or
placebo. Although those treated with either TAC or PRP had
significantly greater hair growth compared with placebo,
notably patients treated with PRP showed significantly
greater regrowth relative to TAC-treated patients. Remission
rates at 12 months were significantly higher among those
treated with PRP relative to TAC (27% vs. 12%). In addition,
relapse rates by month 12 did appear to be higher among
those treated with TAC (71% vs. 31%), suggesting that PRP
may have the ability to induce a longer disease remission.
Interestingly, 96% of the patients treated with PRP appeared
to regrow pigmented hairs from the beginning of hair
regrowth compared with 25% of those treated with TAC
(Trink et al., 2013). This study lends support to the use of PRP
in AA to promote hair regrowth, especially of pigmented
hairs, with a lower likelihood of relapse. Of note, the PRP
concentrating procedure used in this study produced a platelet
count that was on average 3.5 times higher than whole blood,
whereas other protocols can produce counts approximately
eightfold higher; it is unclear if there would be a clinical dif-
ference between these concentrations.

Subsequently in 2015, Shumez et al. evaluated 74 patients
with AA, and treated 48 with TAC injections and 26 with PRP.
By week 6, remission was achieved by 52.8% of those treated
with PRPand 35.4% of the TAC group, but this difference was
not statistically significant. Furthermore, this study evaluated
AA patients with less than 25% scalp involvement, which
may limit the generalizability of these results (Shumez et al.,
2015). Patients with limited scalp involvement may be more
likely to undergo spontaneous remission of their disease,
which could also have affected the results in this study
(Alkhalifah et al., 2010a). Singh examined PRP for 29 patients
with chronic AA that had been unsuccessfully treated for
at least 2 years. These patients were given six sessions with
PRP at 4-week intervals, and were evaluated monthly for 6
months after completion of the treatment phase. At 6 months
after the last treatment, PRP was reported to be well tolerated
and relapse was reported in only one patient (Singh, 2015).
However, this study did not report how patient response to
treatment was gauged, a significant limitation toward evalu-
ating efficacy.

The use of PRP among different, more severe subtypes of
AA should also be considered. A case report from 2015
described a patient with corticosteroid-resistant ophiasis type
AA who was treated with PRP and experienced hair regrowth
starting by month 1 with significant regrowth by month 3
(Donovan, 2015). Ophiasis type AA is often more recalcitrant
to treatment and this reported success suggests the potential
for PRP use among this population. Another case report
described a patient with chronic diffuse AA who had been
treated unsuccessfully with multiple treatment modalities
including topical corticosteroids, minoxidil, and anthralin.
The right side of her scalp was treated with both TAC in-
jections (2.5 mg/ml, total 4 ml) and PRP, whereas the left side
received TAC injections only. Terminal hair density increased
by 16% relative to baseline on the side treated with PRP
compared with a 12% increase with TAC only. However, on
the side treated with PRP, hair shaft diameters increased by
35% compared with a decrease by 4% on the other side
(Mubki, 2016). Thus, although the changes in hair density
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seemed minimal, the hair shaft diameter was augmented by
PRP for this patient. Results such as this may have some
cosmetic benefit.

MICRONEEDLING FOR THE TREATMENT OF ALOPECIA
AREATA
Microneedling may be another potential treatment option for
AA. There is already some evidence that this technique may
be efficacious in androgenetic alopecia based on the results
from a 12-week randomized, evaluator-blinded study in 2013
evaluating 100 patients with androgenetic alopecia (Dhurat
et al., 2013). In 2014, Chandrashekar et al. presented a
method for treating AA using both microneedling and topical
application of TAC in two patients. Both of these patients had
previously been treated with insufficient results using TAC
injections, topical corticosteroids, and 5% minoxidil. A der-
maroller (depth of 1.5 mm) with topical application of
TAC (concentration 10 mg/ml) before and after micro-
needling was used for a total of three sessions performed at 3-
week intervals. Both patients showed lasting improvement 3
weeks after the last session (Chandrashekar et al., 2014).
Although it is notable that these patients had previously failed
to respond to topical corticosteroids alone, the authors did
not mention the strength of these other treatments. Quanti-
fication of hair density before and after treatment was also not
provided.

These investigators subsequently expanded on these pre-
liminary results by performing a prospective pilot study of 15
patients (10 males, 5 females) who had previously failed to
improve on prior treatment regimens consisting of systemic
and topical corticosteroids, minoxidil, and immunotherapy.
The depth of the dermaroller for this study was used at
0.5 mm, along with TAC (10 mg/ml) applied immediately
before microneedling. Patients were also instructed to use 5%
minoxidil solution once daily. Significant responses were
reported in both ophiasis and patchy AA subtypes; however,
the assessment method involving dermoscopic views of
affected areas and clinician assessment did not directly
quantify hair density. Another limitation of this study was a
lack of control groups to determine the effect of TAC-only
treatment or microneedling alone (Chandrashekar et al.,
2015). Although microneedling may provide some benefit
to patients with AA, the size of the area requiring treatment
should be considered as some patients find this treatment
modality to be very painful. It may be tolerable for small
lesions in patchy AA but impractical for patients with alo-
pecia totalis or universalis. The efficacy among different
subtypes also needs to be investigated.

CONCLUSION
There is preliminary evidence to support the use of PRP and
microneedling for the treatment of AA; however, non-
standardized treatment protocols and methods for assessing
response make it challenging to adequately assess the po-
tential benefit of these treatments. Future studies will reveal
whether these treatment techniques offer benefits that are
superior over existing therapies.
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