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Abstract Alopecia areata (AA) is a common autoimmune
disease that presents with non-scarring alopecia. It is
characterized by intra- or peri-follicular lymphocytic infil-
trates composed of CD4+ and CD8+ T-cells on histology.
To this day, few treatments are effective for AA. Here we
present findings of using a low-level laser comb to alleviate
the symptoms of AA in a C3H/HeJ mouse model for AA.
Fourteen C3H/HeJ mice with induced AA were used in this
study. Two were killed to confirm AA through histology.
The remaining 12 mice were randomized into two groups;
group I received HairMax LaserComb (wavelength:
655 nm, beam diameter <5 mm; divergence 57 mrad; nine
lasers) for 20 s daily, three times per week for a total of
6 weeks; group II was treated similarly, except that the laser
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was turned off (sham-treated). After 6 weeks of LaserComb
treatment, hair regrowth was observed in all the mice in
group I (laser-treated) but none in group II (sham-treated).
On histology, increased number of anagen hair follicles was
observed in laser-treated mice. On the other hand, sham-
treated mice demonstrated hair follicles in the telogen phase
with no hair shaft. LaserComb seems to be an effective and
convenient device for the treatment of AA in the C3H/Hel
mouse model. Human studies are required to determine the
efficacy and safety of this device for AA therapy.

Keywords LaserComb - 655-nm laser- Alopecia areata -
C3H/Hel mice

Introduction

Alopecia areata (AA) is a common autoimmune disease
characterized by well-defined patches of non-scarring hair
loss that can occur on virtually any hair-bearing area, but
most commonly involves the scalp (approximately 90% of
AA cases seen in dermatologic clinics) [1]. The worldwide
frequency of AA has been estimated to range from 0.7—
3.8% [2, 3], while in the United States approximately 0.1-
0.2% of the general population is affected by AA [4], with a
lifetime risk of 1.7% [5]. The extent of disease has been
used to classify AA into patchy AA (partial loss of scalp
hair); alopecia totalis (AT) (100% loss of scalp hair) and
alopecia universalis (AU) (100% loss of scalp and body
hair). Approximately 5% of AA cases progress to AI/AU
[6]. The extent of hair loss is believed to be the most
important prognostic factor for the disease [3]. The other
markers indicating poor prognosis for AA are Ophiasis
pattern of hair loss (band-like hair loss in the parieto-
temporo-occipital area) [2], prolonged duration of hair loss
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[2], atopy, a positive family history, the presence of other
autoimmune diseases, nail involvement and a young age at
first presentation [7]. AA often results in significant
psychological distress, especially when it involves children,
teenagers, and young adults.

The hair-pull test in AA may demonstrate some
dystrophic anagen hairs (compared to only telogen hairs
seen in telogen effluvium). Clinically, the skin surface over
the alopecia patches in AA may appear "peachy" [7] or
slightly red in color [8] with presence of short hairs tapered
proximally and wider distally known as "exclamation
hairs". Videodermoscopy is a useful non-invasive tool to
aid in the diagnosis of AA where the expected findings are
yellow dots (follicular openings filled with keratinous
debris mixed with sebum) and short regrowing hairs [9].
Scalp biopsy in acute AA demonstrates a peribulbar
lymphocytic and eosinophilic infiltrate [10]. In subacute
cases, large numbers of catagen and telogen hairs are seen,
with catagen/telogen exceeding 50% of the total follicles
[11, 12]. Although an uncommon event, focal matrix cell
vacuolization is also a feature of AA [12]. Ahmed et al. and
Whiting in separate studies demonstrated that there is an
increase in telogen hairs in the acute and chronic stages of
AA whereas catagen hairs increased markedly in sub-acute
stage [11, 13]. Miniaturized (atrophic) follicle is more
frequently a feature of chronic stage, while it is absent in
acute and sub-acute stages. The degree of peribulbar
infiltration of lymphocytes varies with the stage of AA as
well, with dense infiltrates seen in acute stage, mild to
moderate infiltration in sub-acute stage, and minimal or no
infiltrations observed in chronic stage. The authors also
suggested that AA can be diagnosed even in the absence of
inflammatory infiltrate, based on increased numbers of
telogen hairs in the acute and chronic stages, increased
miniaturized hairs in chronic stage and markedly increased
catagen hairs in the sub-acute stage.

The normal hair follicle immune system has a very low
MHC class 1 antigens expression and absence of MHC
class II antigens expression in the proximal epithelium of
anagen hair follicle in all mammalian species that have
been studied, including humans [14-16]. In addition, the
anagen hair follicle cells are believed to actively suppress
the activity of natural killer (NK) cells, preventing their
constant attack on the cells that express low levels of MHC
class I molecules [17]. Furthermore, TGF-f1 and «-
melanocyte stimulating hormone (MSH), which are potent
immunosuppressants, are expressed in the proximal anagen
hair follicle [18], and the Langerhans cells detected in this
region are non-functional [16]. Thus, the hair follicle
possesses an immune privilege, which is believed to be
lost in AA, thereby exposing the hair follicle to immune
attack via antigen presentation, co-stimulation and activa-
tion of responsive CD4+ and CD8+ cells. Subsequently, an
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inflammatory response occurs in the peribulbar and bulbar
sections of the hair follicle. Inflammatory infiltrates are
highly disruptive to the hair follicles. Multiple cytokines
and other molecules involved in the cyclic hair growth have
been shown to play a role in the pathogenesis of AA. These
include IFN-y [19], IL-1ex and (3 [20], TNF-« [21], MHC
and Fas-antigen [22, 23], and macrophage migration
inhibitory factor [24]. In this regard, the hair cycle in AA
patients is abnormal, with premature conversion of anagen
to telogen and/or a dystrophic anagen [25].

AA spares the stem cells and attacks only the base of the
hair follicle. There is no permanent organ destruction, and
hair regrowth is possible [26], yet it is sometimes difficult
for severe cases to respond to treatment. The most effective
therapeutic agents that have been tested in clinical trials on
human AA patients have been classified as: contact
sensitizers [diphencyprone (DPCP), squaric acid dibutyles-
ter (SADBE), dinitrochlorobenzene (DNCB)]; immunosup-
pressive agents [cyclosporine A, Tacrolimus, Anthralin,
Corticosteroids, Interferons]; monoclonal antibodies that
block specific molecular pathways; alkylating agents
[Mechlorethamine] and hair growth promoters [Minoxidil,
Gonadal steroid hormone regulator agents].

Animal models are important tools in the investigation of
genetic and environmental pathogenic factors, and in the
development of novel treatments. Two of the most studied
rodent models for AA are the C3H/HeJ mice and Dundee
Experimental Bald Rats (DEBR) [27, 28]. Up to 20% of
aged C3H/HeJ mice and 70% of DEBR develop AA. These
murine models have been employed in determining the
genetic basis of AA, understanding the immunological
mechanisms of disease initiation and progression, as well as
testing the mechanism and efficacy of drugs [29, 30]. More
recently, it has been demonstrated that hair loss can be
induced prematurely and with a higher incidence by topical,
focal heat application in C3H/HeJ mice, wherein histological
analysis detected AA characteristics such as intra- and
peri-follicular mononuclear cell infiltration in anagen hair
follicles [31].

The low-level laser therapy device, LaserComb®, has
been cleared by the FDA to treat androgenetic alopecia
(AGA), providing a home therapeutic approach [32]. The
HairMax LaserComb® (Lexington International, LLC) is
a hand-held device designated as class 3R low-level laser
(LLL) therapy. It emits nine beams at a wavelength of
655 nm (+5%). The LLL in skin has been shown to be in
the red and infra-red spectrum (650-950 nm), thus
making the 655-nm wavelength of the LaserComb quite
effective. The device has attached combs on it that help
to part the hairs and improve the delivery of laser light
to the scalp. Each of the teeth on the combs aligns with a
laser beam, resulting in easy and unobstructed delivery
of laser beam to the area being treated.
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Based on the successful hair regrowth documented in a
previous clinical trial for male AGA with the HairMax
LaserComb device, we postulated that the LaserComb
might be used as an alternative treatment for AA [32]. To
test this hypothesis, we treated C3H/HeJ mice with induced
AA with LaserComb and measured the outcomes clinically
and histologically.

Materials and methods

All animal care and use procedures were approved by the
University of Miami Institutional Animal Care and Use
Committee (IACUC). Retired female C3H/Hel breeders
were purchased from the Jackson Laboratory (Bar Harbor,
ME). Mice were given rodent chow and water ad libitum.
AA was induced in 14, 8-month-old female C3H/HeJ mice
by localized heat treatment as previously described [31].
AAwas confirmed histologically in skin biopsies from two
mice. The remaining 12 mice were randomized into two
groups: group I was treated with the HairMax LaserComb
(wavelength: 655 nm, beam diameter <5 mm; divergence
57 mrad; nine lasers) for 20 s daily, three times per week for
a total of 6 weeks; group II was treated similarly, but with
the laser off (sham-treated). Skin samples were collected
from the dorsum of a laser-treated mouse and a sham-
treated mouse, and fixed in 10% formalin. Paraffin
embedded sections (5 um) were stained with hematoxylin
and eosin (H&E), and evaluated under a microscope (Carl
Zeiss Microimaging LLC, Thornwood, NY).

Results

Of the 14 mice included in the study, two were used for
confirming the AA phenotype. The remaining 12 mice were
divided into two groups, those treated with LaserComb
(group I) and those sham-treated (group II), and monitored
for hair regrowth. Hair regrowth was first observed in
group I, 2 weeks after initiation of laser treatment (Fig. 1b).
At 6 weeks there was complete regrowth of hair in the
alopecic lesion (Fig. Ic) in all six mice in group L. In
contrast, mice in group II exhibited no regrowth of hair
(data not shown).

Histopathology with H&E staining confirmed the gross
findings. After 6 weeks of the LaserComb treatment (group
I) (Fig. 2b), an increase in the number of hair follicles was
observed in the subcutaneous layer, the majority of which
were in the anagen phase, though some had entered the
catagen phase. The anagen hair bulbs were larger compared
to the sham-treated mice (group II) in whom the majority
of the hair follicles were in telogen. In the sham-treated
mice in group II after 6 weeks (Fig. 2a), the disruption of

normal hair growth was apparent in the form of follicles
without hair shafts, and the majority of the follicles were in
the telogen phase, with the entire hair follicles located in
the dermis. The sham-treated skin demonstrated reduced
skin thickness and significantly reduced number of hair
follicles.

Discussion

In this study, we explored the possibility of using the low-
level laser to treat AA in a murine model. Laser therapy
administered at dermatology clinics, such as the 308-nm
excimer laser, has already been used for the treatment of
AA with some success [33, 34]. Laser phototherapy has
been shown to be effective in the treatment of androgenetic
alopecia (AGA) with significantly greater increase in mean
terminal hair density and improvements in overall hair
regrowth in subjects treated with HairMax LaserComb®
device at 26 weeks over baseline [32]. The LaserComb was
cleared by the United States Food and Drug Administration
(FDA) in January 2007 for marketing and promotion of hair
regrowth in males with AGA who have Norwood Hamilton
Classification of Ila-V and Fitzpatrick skin types [-IV.

The exact mechanism of action of LaserComb on hair
regrowth is unclear. Laser phototherapy has been used for
various purposes, and laser biostimulation has been shown
to have prominent hair growth stimulatory effect in mice
[35]. Additionally, cutanecous and other wound-
regeneration-promoting effects of lasers have been demon-
strated [36—40]. Repair and regeneration involve cell
proliferation to a great extent, suggesting that the possible
hair growth stimulatory effect of lasers is mediated through
increased proliferative activity of follicular keratinocytes.
The biostimulatory effect of low-level laser therapy has
been studied on fibroblasts and shown to increase their
proliferation even in proliferation-impaired streptozotocin-
diabetic rats [41, 42]. It has been proposed that laser
phototherapy with LaserComb device likely stimulates
anagen re-entry in telogen hair follicles, increases rates of
proliferation in active anagen hair follicles, prevents
premature catagen development, and prolongs the duration
of anagen phase. Further research is required to confirm
any of these mechanisms [32]. The results of our study are
consistent with these proposed mechanisms, as an increased
number of hair follicles with majority in anagen phase were
noted with a decreased inflammatory infiltrates in the mice
treated with LaserComb as compared to the controls. These
findings suggest that the LaserComb improves AA possibly
by reducing the injurious effects of inflammatory attack on
the hair follicles. Besides these, cellular (activation of
dormant follicular stem cells and increased proliferation of
hair matrix trichocytes), subcellular and molecular path-
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Fig. 1 Effects of the Lexington a
HairMax LaserComb on hair

regrowth in C3H/HeJ mice with
alopecia areata. Shown are C3H/

Hel mice with heat-induced

alopecia before (a) and after

2 weeks (b) or 6 weeks (c¢) of

laser treatment

ways that may be involved in regrowth of hair in AA
should be investigated [32].

Recently, attention has been drawn towards an uncom-
mon but striking adverse effect of lasers being used for hair
removal. It has been noticed that in some cases, an increase
in hair density, color, or coarseness, or a combination of
these, occurs at treated sites in the absence of any other
known cause of hypertrichosis [43]. This phenomenon has
been called paradoxical hypertrichosis. Its incidence has
been reported to be from 0.6% [44] to 4.5% [45] to 10%
[43, 46]. Different mechanisms have been proposed to
explain this phenomenon. In one study, paradoxical hyper-
trichosis was attributed to the presence of polycystic
ovarian syndrome in the five out of 49 females undergoing
Intense Pulsed Light (IPL) laser treatment for facial
hirsutism [43]. Another study suggested that subtherapeutic
thermal injury to the follicular vasculature may affect
follicular cycling in such a way that terminal hair growth
rather than miniaturization is induced [44]. Although the
heat produced by the laser is less than the temperature
necessary for thermolysis of the hair follicle, this heat may
be sufficient to induce follicular stem cell proliferation and
differentiation by increasing the level of heat shock proteins
(HSPs) such as HSP 27, which has been shown to play a

role in the regulation of cell growth and differentiation [47].
The subtherapeutic injury caused by the laser can result in
the release of certain factors that can potentially increase
follicular angiogenesis and affect hair cycling [48, 49].
These reports underlie the possibility that low-level lasers
may be used to stimulate hair growth to treat hair disorders
such as AA.

In the study investigating the efficacy and safety of the
LaserComb in AGA, the device was found to be well tolerated
and no serious adverse effects were noted [32]. Only four
cases of mild paresthesia and four cases of mild urticaria
among a total of 52 patients (excluding ten subjects from the
HairMax treated group, who terminated prematurely and
were not included in the primary analysis of effectiveness)
were possibly device-related adverse effects, but no statisti-
cal difference between the study groups was observed.

Our study is the first to investigate the efficacy of HairMax
LaserComb for the treatment of AA. We used a mouse model
with hair loss previously shown to mimic AA both clinically
and histologically [31], and observed marked hair regrowth
in LaserComb-treated mice compared with sham-treated
mice. While hair regrowth was first observed 2 weeks later,
the follicles were either still in anagen or in catagen,
indicating that there is a much longer growth phase [50]. If

Fig.2 Hematoxylin and eosin staining of skin biopsy sections from C3H/HelJ mice with heat-induced alopecia areata after 6 weeks of sham treatment

(with laser off) (a) and LaserComb treatment (b)
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similar results are observed in clinical trials, the LaserComb
may be a suitable device for treating AA.
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