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Melanocytes are pigment-producing cells that protect the
skin epidermis from UV damage and give color to the
hairs. To do so, melanocytes produce melanin, a pigment
that has a dual function: It absorbs UV light and thus protects against DNA damage induced by UV radiation and
acts as an antioxidant scavenger against genotoxic reactive oxygen species (ROS) (Natarajan et al. 2014). Melanin
is produced in particular endosomal-derived organelles
called melanosomes that, once mature, are transferred
to nearby epidermal keratinocytes, inducing skin and
hair pigmentation (Mort et al. 2015). Hair pigmentation
is due to the action of melanocytes residing in the hair matrix transferring melanosomes to the hair shaft progenitor
cells, which in turn terminally differentiate to form the
highly keratinized and pigmented hair structure. Hair follicles (HFs) alternate cycles of growth and degeneration
throughout the life of the animal (Blanpain and Fuchs
2009). In the mouse epidermis, the differentiated melanocytes of the HFs express c-Kit, the tyrosine kinase receptor
for the stem cell factor (SCF) cytokine (Mort et al. 2015).
Previous studies identified two distinct populations of
melanocytes based on the expression of c-Kit: c-Kit+ melanocytes located in the hair matrix and c-Kit− melanocytes
located around the bulge area, the location of HF and me-

lanocyte stem cells (Nishimura et al. 2002; Blanpain and
Fuchs 2009). The maintenance of the HF melanocytes
depends on c-Kit− unpigmented melanocyte stem cells
residing in the HF bulge (Nishimura et al. 2002). Specific
signals activate the melanocyte stem cells to migrate
into the hair matrix and differentiate into melaninproducing cells. Among the best-characterized signaling
pathways controlling melanocyte functions, SCF/c-Kit
signaling activates melanocyte precursor proliferation,
migration, and differentiation into pigment-producing
cells (Botchkareva et al. 2001). Mice with an inactivating
mutation in c-Kit showed defects of hair color (Reith et al.
1990), and monoclonal antibodies blocking c-Kit block
hair pigmentation for at least one hair cycle (Nishikawa
et al. 1991; Botchkareva et al. 2001; Yoshida et al. 2001;
Nishimura et al. 2002), supporting the importance of the
SCF/c-Kit signaling pathway for melanocyte proliferation,
differentiation, and hair shaft pigmentation.
Despite the well-characterized function of the SCF/cKit signaling pathway in regulating melanocyte differentiation, the cellular source of SCF and the niche involved in
melanocyte differentiation and hair pigmentation remain
elusive. In this issue of Genes & Development, Liao et al.
(2017) report the identification of the progeny of hair shaft
progenitors expressing the transcription factor Krox20 as
the source of Scf required for melanocyte differentiation
and forming the niche required for hair pigmentation
(Fig. 1).
Liao et al. (2017) discovered that the conditional knockout (cKO) of Scf (Scf fl/GFP) in the Krox20-derived cell lineages using a constitutively expressed CRE recombinase
under the control of the Krox20 promoter (Krox20CRE)
causes premature postnatal hair graying starting at
∼2 mo. As Krox20 is expressed in different lineages in
the skin, including Schwann cells and HF keratinocytes
(Gambardella et al. 2000), the investigators used different
CRE mice to delete Scf independently in these different
lineages. Deletion of Scf in Schwann cells or melanocytes
has no effect on hair pigmentation, ruling out that the
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Melanocytes present in hair follicles are responsible for
their pigmentation. Melanocyte differentiation and hair
pigmentation depend on the stem cell factor (SCF)/c-Kit
signaling pathway, but the niche that regulates melanocyte
differentiation is not well characterized. In this issue of
Genes & Development, Liao and colleagues (pp. 744–756)
identify Krox20+-derived cells of the hair shaft as the niche
and the essential source of SCF required for melanocyte
maturation. This study delineates the niche factors regulating melanocyte differentiation and hair pigmentation
and opens up new avenues to further characterize the
cross-talk between the hair follicle and melanocytes that
controls melanocyte maintenance and differentiation.
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Figure 1. The niche for hair follicle pigmentation. During melanocyte maturation, melanocyte precursors migrate from their bulge stem
cell niche to the hair matrix compartment. In the matrix, hair shaft precursors (in green) generate a niche for melanocyte differentiation by
producing SCF (in blue). Melanocyte precursors (in yellow) are activated by SCF and differentiate in the upper compartment of the hair
matrix, delimited by the Line of Auber. Differentiated melanocytes (in yellow with red outline) transfer their melanosomes to pigment
the hair shaft precursors (in green). While receiving melanin, pigmented hair shaft precursors (in brown) differentiate to form the pigmented hair shaft. By impairing SCF production in hair shaft precursors, the investigators showed the blockade of melanocyte differentiation in
the matrix, resulting in the lack of pigmentation of the hair shaft.

source of SCF that promotes hair pigmentation is coming
from these lineages. However, deletion of Scf using
K14Cre mice, which targets all keratinocytes during the
early stage of epidermal development, induces a complete
loss of pigmentation in the first wave of HF morphogenesis, supporting the notion that Scf expression in keratinocytes is required to induce hair pigmentation in a
non-cellular-autonomous manner.
To get a better insight into which specific cell subpopulations within the skin epidermis are responsible for hair
pigmentation, the investigators performed a careful temporal analysis of Krox20 lineage tracing using the Krox20CRE/Rosa26-LacZ mice. They found that at postnatal day
0 (P0)/P2, Krox20CRE marks the upper part of the HF, corresponding to the infundibulum that connects the HF to
the interfollicular epidermis. Later, during postnatal development around P12, Krox20CRE in addition marks
the outer root sheath (ORS) cells and the cells of the matrix and precortex, which give rise to the terminally differentiated hair shaft. The relatively late expression of
Krox20 during the first wave of HF morphogenesis explains the discrepancy in the temporal appearance of the
hair graying phenotype between K14CRE Scf cKO mice,
which begins in the first wave of hair formation, whereas
the beginning of the hair graying phenotype appears during the second hair cycle in Krox20CRE Scf cKO mice.
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Using Scf-GFP reporter mice combined with Krox20CRE/Rosa26-LacZ lineage tracing, Liao et al. (2017) convincingly showed that Scf is expressed in the hair shaft
cells and not in ORS cells, strongly suggesting that the
Krox20+-derived hair shaft cells are the main source of
Scf in adult mice and constitute the niche for hair pigmentation. Consistent with this notion, overexpression of Scf
using K14-Scf transgenic mice—which expressed membrane-bound Scf in all K14-expressing cells, encompassing
the basal keratinocytes from the interfollicular epidermis
and all upper and lower ORS cells but not the hair matrix
and hair shaft cells—fails to rescue the hair graying phenotype in K14CRE and Krox20CRE Scf cKO mice.
To determine whether Scf deletion impairs melanocyte
maintenance, migration, or differentiation, Liao et al.
(2017) investigated the presence and differentiation of melanocytes in the HF in the absence of Scf. Dct, a marker of
melanocytes, is completely absent in the K14CRE/Scf
cKO mice and strongly reduced in Krox20CRE/Scf cKO
mice in the lower HF, including the hair matrix and hair
shaft, supporting the essential role of SCF in promoting
Dct expression in melanocytes. In wild-type mice, c-Kit
marks both mature (upper matrix and hair shaft) and immature (lower matrix) melanocytes. Interestingly, in the
absence of SCF in all epidermal lineages (K14CRE/Scf
cKO), differentiated c-Kit+ melanocytes were completely
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absent in the differentiated melanocyte compartment,
whereas the immature c-Kit+ melanocyte precursors
were unaffected by the absence of Scf, demonstrating
that Scf is necessary for melanocyte terminal differentiation but has no essential role in promoting the survival
and migration of melanocyte precursors from their bulge
niche to the matrix transit-amplifying compartment.
In conclusion, this study thoroughly characterizes the
niche and the source of Scf required for HF pigmentation
and demonstrates that hair shaft cells are the principal
source of Scf that is required for melanocyte terminal differentiation. Future studies will be important to further
characterize the molecular mechanisms that regulate
the maintenance of melanocyte stem cells within their
bulge niche and the signals that activate these cells at
each round of hair cycle and regulate the initial migration
and expansion of melanocyte precursors before they reach
the newly discovered hair shaft niche that promotes their
final maturation.
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