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Repeated Microneedle Stimulation Induces Enhanced
Hair Growth in a Murine Model
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Background: Microneedle is a method that creates trans-
dermal microchannels across the stratum corneum barrier
layer of skin. No previous study showed a therapeutic effect
of microneedle itself on hair growth by wounding.
Objective: The aim of this study is to investigate the effect of
repeated microwound formed by microneedle on hair
growth and hair growth-related genes in a murine model.
Methods: A disk microneedle roller was applied to each
group of mice five times a week for three weeks. First, to iden-
tify the optimal length and cycle, microneedles of lengths of
0.15 mm, 0.25 mm, 0.5 mm, and 1 mm and cycles of 3, 6,
10, and 13 cycles were applied. Second, the effect of hair
growth and hair-growth-related genes such as Wnt3a, £ -ca-
tenin, vascular endothelial growth factor (VEGF), and
Wnt10b was observed using optimized microneedle.
Outcomes were observed using visual inspection, real-time
polymerase chain reaction, and immunohistochemistry.
Results: We found that the optimal length and cycle of micro-
needle treatment on hair growth was 0.25 mm/10 cycles and
0.5 mm/10 cycles. Repeated microneedle stimulation pro-
moted hair growth, and it also induced the enhanced ex-
pression of Wnt3a, 2 -catenin, VEGF, and Wnit10b. Conclusion:
Our study provides evidence that microneedle stimulation
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can induce hair growth via activation of the Wnt/ 8 -catenin
pathway and VEGF. Combined with the drug delivery effect,
we believe that microneedle stimulation could lead to new
approaches for alopecia. (Ann Dermatol 28(5) 586~ 592,
2016)
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INTRODUCTION

Microneedle is a method that creates transdermal micro-
channels across the stratum corneum barrier layer of skin
to increase the skin permeability of small-molecule drugs,
protein, and vaccines'. In addition, drug delivery via mi-
croneedle is more reliable and consistent than oral routes
because it avoids digestive degradation and liver metabo-
lism**. In addition to the drug delivery effect, microneedle
could cause microwounds in the skin, which induces the
wound healing process'. Among the various types of mi-
croneedles, in contrast to conventional patch-like micro-
needles, a microneedle roller can be easily applied to
large areas'. In addition, the efficacy of transdermal drug
delivery using microneedle rollers has been shown®.

Hair follicles (HF) are important not only in hair re-
generation but also in wound healing and skin re-
generation’. The epidermal stem cells that reside in HF
provide a substantial portion of wounded skin®. Wound
regeneration is delayed in the absence of HF in a murine
model”. Wounds heal faster in skin with HF in the anagen
phase than in the telogen phase®. Conversely, Ito et al.? re-
ported that HF neogenesis occurs de novo via the Wnt sig-
naling pathway following wounding in adult mice. A
number of developmental pathways are recapitulated dur-
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ing both wound healing and HF cycling®. Above findings
suggest that the wound healing process could induce HF
regeneration, which is defined as process of HF reentering
anagen’.

Although some clinical trials were done using the drug de-
livery effect of microneedle on patients with alopecia, no
previous study showed the therapeutic effect of micro-
needle itself on hair growth by wounding''®'". We hy-
pothesized that microwounds formed by repeated micro-
needle stimulation could induce hair growth. To inves-
tigate the therapeutic effect of microneedle, we conducted
a series of studies using disk microneedle rollers in a mur-
ine model.

MATERIALS AND METHODS

All animal experimental protocols were approved by the
Institutional Animal Care and Use Committee of College
of Medicine, The Catholic University of Korea, Seoul
Korea (PC13DISE0012).

Animals and materials

Seven-week-old female C57BL/6 mice were purchased
from Lab Animal, Inc. (SLC, Hamamatsu, Japan). The disk
microneedle rollers were supplied by DTS™ LAB Co. Ltd.
(Seoul, Korea). Rollers were used that contained either no
microneedles or microneedles that measured 0.15 mm,
0.25 mm, 0.5 mm, and 1.0 mm in length.

Microneedle stimulation

After depilating the dorsal skin of the mice, we conducted
a comparative study to examine the effect of microneedle
on hair growth. Microneedle stimulation was performed
applying the same force and direction to 2x2 cm in the
center of the dorsal skin of mice by a single researcher.
One cycle was defined as rolling the microneedle from
the caudal side to the cranial side and returning to the
caudal side. After stimulation, the mouse skin showed
mild erythema without swelling or bleeding.

Table 1. Primers used for polymerase chain reaction amplications
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Microneedle stimulation using the optimal length and
cycle

To determine the optimal length and cycle, microneedles
of various lengths and cycles were applied five times a
week for three weeks to the mice. Microneedles with
lengths of 0.15 mm, 0.25 mm, 0.5 mm, and 1.0 mm were
applied for 10 cycles, and 0.5 mm length microneedles at
3, 6, 10, 13 cycles were applied to mice (2 mice in each
group). Hair growth was measured with visual inspection
three weeks after the first microneedle stimulation. The
microneedle stimulation that visually showed the most
prominent hair growth was considered the optimal length
and cycle. Rollers that contained either no microneedles
or microneedles with the optimal length and cycle de-
termined in the prior experiment were applied five times a
week for three weeks to mice (2 mice in each group).
Mice to which rollers were applied that contained no mi-
croneedles were used as the control group.

Assessment of hair growth after optimal microneedle
stimulation

Photographs were taken 13 days and 17 days after the first
microneedle stimulation. To investigate the uniformity of
hair growth and hair density, 50-fold magnification photo-
graphs were taken at the center of hair growth area 7 days
and 14 days after the first microneedle stimulation using a
phototrichogram system (FoIIiscope@‘; LeadM Corporation,
Seoul, Korea).

Real time polymerase chain reaction

After three weeks, the mice were sacrificed; Tug of total
RNA from mouse skin was prepared using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA), and cDNA was synthe-
sized with a QuantiTect Rev Transcription kit (Qiagen,
Hilden, Germany) according to the manufacturer’s in-
structions. The primer sequences are listed in Table 1. The
real-time polymerase chain reaction (PCR) of the cDNA
was performed using SYBR green (Takara, Otsu, Japan).
PCR products were quantified using analysis software
(CFX96; Bio-Rad, Hercules, CA, USA). The results are nor-

Primer name Forward Reverse Melting temperature (°C)
Whnt3a CCGGACTTCCGCACCATCGG GGGTCTCCACCCAGCCACGA 65
B -catenin GGCAGCGGCAGGATACACGG CAGGACACGAGCTGACGCGG 60.6
VEGF TCTTCAAGCCATCCTGTGTG GCGAGTCTGTGTTTTTGCAG 56
Wnt10b CCCGGGACATCCAGGCGAGA CTCTGGCGCTGCCCTCCAAC 65
GAPDH CCCCAGCAAGGACACTGAGCAA GGCTCCCTAGGCCCCTCCTGTTAT 60

VEGF: vascular endothelial growth factor, GAPDH: glyceraldehyde 3-phosphate dehydrogenase.
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Fig. 1. Microneedles 0.15 mm, 0.25 mm, 0.5 mm, and 1.0 mm in length were applied in 10 cycles for 3 weeks, and 0.5 mm
length microneedles were applied in 3, 6, 10, 13 cycles for 3 weeks. (A) In the 10-cycle group, visual inspection of the 0.25 mm
and 0.5 mm groups 3 weeks after the first microneedle stimulation revealed more prominent hair growth than that in the 0.15 mm
and 1.0 mm groups. (B) In the 0.5 mm group, 10 cycles revealed the most prominent hair growth 3 weeks after the first microneedle
stimulation.

17 days

Control

0.25 mm

0.5 mm

Fig. 2. (A) Using the optimized length and cycle of the microneedle, visual inspection 13 days and 17 days after the first microneedle
stimulation showed more prominent hair growth than that in the control group in both the 0.25 mm/10 cycles and 0.5 mm/10 cycles
groups. (B) Fifty-fold magnified photographs taken 7 days and 14 days after the first microneedle stimulation showed uniform hair
growth and no visible structural abnormalities in both the 0.25 mm/10 cycles and 0.5 mm/10 cycles groups.
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malized relative to the expression of glyceraldehyde
3-phosphate dehydrogenase (GAPDH).

Immunohistochemistry

After three weeks, the mice were sacrificed, and skin tis-
sues were dissected, embedded in paraffin and sectioned
at 4 ¢ m. Immunohistochemistry (IHC) was performed us-
ing a standard protocol. Signals were detected using the 3,
3-diaminobenzidine Reagent Set (DAKO, Glostrup,
Denmark) according to the manufacturer's instructions,
and counterstaining was carried out with Mayer’s hema-
toxylin (DAKO). The following primary antibodies were
used: rabbit anti-vascular endothelial growth factor (VEGF)
monoclonal antibody (ABCAM, Cambridge, MA, USA),
Whnt3a antibody (ABCAM), Wnt10b antibody (Santa Cruz
Biotechnology Inc., Santa Cruz, CA, USA), and 3 -catenin
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antibody (Cell Signaling Technology, Beverly, MA, USA).
Statistical analysis

All data are expressed as mean +standard deviation. For
the statistical analysis, we performed ANOVAs followed
by Kruskal-Wallis tests. All tests were one-sided, and p<0.05
was considered statistically significant.

RESULTS

Optimizing the length and cycle of microneedle
stimulation

In the 10-cycle group, visual inspection of the 0.25 mm
and 0.5 mm groups 3 weeks after the first microneedle
stimulation revealed more prominent hair growth than
that in the 0.15 mm and 1.0 mm groups (Fig. 1A). In the
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Fig. 3. In the 0.25 mm/10 cycles group, (A) Wnt3a was significantly increased compared with the control group (p<0.01). (B) A -catenin
and (C) vascular endothelial growth factor (VEGF) mRNA levels showed no significant changes compared with the controls. (D) Wnt10b
was significantly increased compared with the control group (p<0.05). In the 0.5 mm/10 cycles group, (A) Wnt3a, (B) B8 -catenin,
and (C) VEGF mRNA levels were significantly increased compared with the control group (p<0.05). (D) Wnt10b mRNA was more
prominently increased than it was in the control group (p<0.01) (Results are normalized relative to glyceraldehyde 3-phosphate
dehydrogenase expression; each bar indicates +standard deviation, *p<0.05, **p<0.01). CTL: control group.
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0.5 mm length group, the mice treated with 10 cycles re-
vealed more prominent hair growth 3 weeks after the first
microneedle stimulation than did the 3, 6, and 13 cycle
groups (Fig. 1B). Therefore, 0.25 mm/10 cycles and 0.5
mm/10 cycles were considered the optimal conditions for
microneedle simulation.

Hair growth after repeated stimulation with the
optimized microneedle

Using the optimal length and cycle of the microneedle,
visual inspection 13 days and 17 days after the first micro-
needle stimulation showed more prominent hair growth
than that among the controls in both the 0.25 mm/10 cy-
cles and 0.5 mm/10 cycles groups (Fig. 2A). Fifty-fold
magnified photography in 7 days and 14 days after the
first microneedle stimulation showed uniform hair growth
and no visible structural abnormalities (Fig. 2B).

Whnt3a, 8 -catenin, VEGF, and Wnt10b are upregulated
after repeated stimulation with the optimized microneedle

In the 0.25 mm/10 cycles group, £ -catenin and VEGF
mRNA levels showed no significant differences from the

B-catenin

control group, but Wnt3a (22.2-fold) and Wnt10b
(7.8-fold) were significantly increased compared with the
controls (respectively p<0.01, p<0.05). In the 0.5 mm/10
cycles group, Wnt3a (6.1-fold), £ -catenin (1.6-fold), and
VEGF mRNA expression (16.0-fold) were significantly in-
creased compared with the control group (p<0.05).
Wnt10b mRNA expression (23.2-fold) was more prom-
inently increased than it was in the control group (p<0.01)
(Fig. 3). IHC revealed that expression of Wnt3a, £ -catenin,
VEGF, and Wnt10b all increased in both the 0.25 mm/10
cycles and 0.5 mm/10 cycles groups compared with the
control group, especially in the epidermis and HF epi-
thelium. Wnt10b showed marked increased expression in
the HF epithelium in the 0.5 mm/10 cycles group com-
pared with the control group (Fig. 4).

DISCUSSION

In the present study, we show that repeated microneedle
stimulation induces hair growth and increases Wnt3a,
B -catenin, VEGF, Wnt10b mRNA and protein expression
in a murine model. We also demonstrated that among var-

Wnt10b

Control

0.25 mm

10 cycle

0.5 mm

Fig. 4. Immunohistochemistry revealed that expression of Wnt3a, £ -catenin, vascular endothelial growth factor (VEGF), and Wnt10b
all increased in both the 0.25 mm/10 cycles and 0.5 mm/10 cycles groups compared with the control group, especially in the epidermis
and hair follicle epithelium. Wnt10b showed marked increased expression in the hair follicle epithelium in the 0.5 mm/10 cycles

group compared with the control group (x200).
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ious lengths and cycles of microneedle stimulation, 0.25
mm/10 cycles and 0.5 mm/10 cycles showed the best
results. From our results, we suggested that micro-
needle stimulation itself could induce hair growth via
Wnt/ £ -catenin signaling and VEGF. Activation of Wnt/
B -catenin signaling is important not only for initiation
and maintenance of hair morphogenesis but also for HF
regeneration and growth of the hair shaft'*"*. Wnt3a and
Wnt10b both mediate the canonical Wnt signaling path-
way, which induces A -catenin stabilization'*. In partic-
ular, Wnt10b prominently promoted proliferation and
maintained trichogenesis-promoting ability;
Whnt3a had a limited extended effect of hair growth and is
known to be mainly involved in HF melanocyte homeo-
stasis'’. Expression of VEGF is induced after cutaneous in-
jury, and it mediates angiogenesis and lymphangiogenesis
during wound repair'®. VEGF is also a major mediator of
hair growth and cycling via improving follicle vasculariza-
tion'”. The increased VEGF in our results suggests that
wound healing also occurs after microneedle stimulation.
Wnt10b/ 8 -catenin and VEGF expression were more
prominent in the 0.5 mm/10 cycles group than in the 0.25
mm/10 cycles group, which indicates that the length of
the microneedle could be involved in the amount of
wound healing mediators. Although the concept that
wound healing could induce hair growth is natural, it is
unclear which specific signaling pathways are involved. A
number of growth factors, prostaglandin, the sonic hedge-
hog, and Wnt/ 8 -catenin signaling pathways are consid-
ered to be involved'®. Wound of microneedle is not
enough to cause full-thickness wound, and both Wnt/ 8 -ca-
tenin signaling and VEGF are involved in anagen in-
duction'*". Therefore effect of hair growth is considered
due to modulating hair cycle rather than de novo HF
regeneration.

There are several points to consider for human application
of microneedle. Length of microneedle is needed to be
long enough to penetrate through the skin barrier for en-
hanced drug delivery, and also short enough to cause
minimal skin injury and pain'’. Increased collagen and
elastin deposition was shown after microneedle on hu-
man”. Therefore, when it applied to scalp, perifollicular
fibrosis could be evoked, and extensive fibrosis could hin-
der hair growth. When combined with minoxidil, micro-
needle could cause overdose of minoxidil which can in-
crease possibility of irritant reaction or cardiovascular side
effect. Further studies of not only optimized length and cy-
cle, but also efficacy and safety of microneedle are need-
ed for demonstrating therapeutic effect of microneedle on
alopecia.

Our study has a number of limitations. First, the results

however
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were confined to a murine model. Second, although all
experiments were done by a single researcher and all
mice showed only mild erythema without swelling or
bleeding after stimulation, microneedle stimulation could
be applied at different forces. Despite the limitations, be-
cause the precise mechanism of microneedle in terms of
hair growth is not well-known except for the drug delivery
effect, our study provides basis evidence of the ther-
apeutic effect of microneedle. Additional studies regarding
mediators of Wnt/ 8 -catenin signaling pathways and the
wound healing process could clarify the exact therapeutic
mechanism of microneedle on hair growth.

In conclusion, microneedle stimulation affects hair growth
and upregulates the hair growth-related genes in a murine
model. Among various lengths and cycles, 0.25 mm/10
cycles and 0.5 mm/10 cycles were the most effective. The
Wnt/ £ -catenin signaling pathways and VEGF were upre-
gulated after microneedle stimulation. Combined with the
drug delivery effect of microneedle, we believe that mi-
croneedle stimulation could lead to new approaches for
alopecia.
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