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Role of pigment stem cells in hair follicles in the treatment of
vitiligo with a 308-nm excimer laser: An immunohistochemical

study of human cases

Pigment regeneration in vitiligo is often observed perifollicular fol-
lowing ultraviolet (UV) therapy, suggesting that a reservoir of mel-
anocytes is present in the hair follicles move to the epidermis and
differentiate into melanocytes.! While the 308-nm excimer laser is
effective for vitiligo, the mechanisms underlying pigment regenera-
tion are not yet clear. To investigate the relationship between pig-
ment regeneration and pigment stem cells in vitiligo, we obtained
biopsy specimens from a patient treated with the XTRAC Velocity
7™ (Strata Science). Immunohistochemical examination was per-
formed with anti-cytokeratin 15 (anti-CK15 mouse monoclonal
antibody, Clone: LKH15; Gene Tex Inc.) and anti-microphthalmia
transcription factor (anti-MITF mouse monoclonal antibody, clone:
D5; Neomarkers). CK15 is a marker of stem cells in the hair follicle
bulge lesion,? and MITF is a melanocyte lineage marker expressed
in melanoblasts and melanocytes.3 This study aimed to determine
the association between excimer laser irradiation and MITF-positive
cells in the bulge region indicated as CK15-positive cells. CK15- and
MITF-positive cells in the bulge lesion were considered melano-
blasts. Biopsy specimens were obtained from the lower thigh of a
male patient in his 70s, from a normal non-irradiated area, a pigment
regeneration area with a follicular pattern, and a non-pigment re-
generation area in vitiligo after 20 sessions of treatment. In sam-
ples from the normal non-irradiated area, bulge lesion in the follicle
were indicated as CK15-positive cell (Figure 1A). MITF-positive

cells were observed in the epidermis and hair follicles (Figure 1B).

MITF-positive cells observed in the bulge lesions indicated CK15-
positive cells were melanoblasts (Figure 1C). Similarly in samples
from the pigment-regenerated area, pigment stem cells were indi-
cated by CK15-positive cell (Figure 1D) and MITF-positive cells were
observed in the epidermis and hair follicles (Figure 1E). MITF- and
CK15-positive cells were considered melanoblasts observed in
bulge lesion (Figure 1F). In contrast, although a few CK15-positive
cells were observed in hair follicles (Figure 1G), MITF-positive cells
were not observed in the bulge region and the epidermis in the non-
pigment-regenerated area (Figure 1H). This result suggested that ex-
cimer laser irradiation may induce the differentiation of melanoblasts
and melanocytes from bulge stem cells. The differentiation of mel-
anocyte stem cells into melanoblasts in hair follicles is followed by
the induction of epidermal melanocyte differentiation by repetitive
UVB irradiation. Melanocyte stem cell differentiation is triggered by
Wht7a through p-catenin activation.* Excimer laser stimulates mel-
anogenesis by acting on the Wnt/p-catenin signaling pathway in B16
cells.® The rate of UVB irradiation (mW/cm?) plays a more impor-
tant role than the dose of irradiation (mJ/cm?) in determining light
absorption by DNA and intracytoplasmic photoreceptors, as well as
subsequent differentiation of immature pigment cells,® confirming
the effect of excimer laser on vitiligo.

In conclusion, our study helps to elucidate the mechanism by
which pigment stem cells in the bulge region differentiate into me-

lanocytes and migrate to the epidermis in vitiligo following excimer
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FIGURE 1 Biopsy specimens obtained from the lower thigh of a male patient in his 70s. (A) CK15+ cells in the hair follicle bulge lesion in
the sample from the non-irradiated normal area. (B) MITF+ cells in the epidermis and hair follicle bulge lesion in the sample from the non-
irradiated normal area. (C) MITF+ cells in the hair follicle bulge lesion (high magnification). The yellow arrows indicate MITF+ cell. (D) CK15+
cells in the hair follicles in the sample from the pigment-regenerated area. (E) MITF+ cells in the epidermis and hair follicle in the sample from
the pigment-regenerated area. (F) MITF+ cells in the hair follicle (high magnification). The yellow arrows indicate MITF+ cell. (G) CK15+ cells
in the sample from the non-pigment-regenerated area after irradiation with the excimer laser. (H) MITF+ cells in the sample from the non-
pigment-regenerated area after irradiation with the excimer laser. Dermoscopy: (I) Pigment-regenerated area, (J) non-pigment-regenerated

area. Original magnification: (A, B, D, E, G, H) x40; (C, F) x100

laser irradiation. To the best of our knowledge, immunohistochem-
ical examination of these factors in human cases of vitiligo has not
yet been reported.
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