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A path from melanocyte stem cells to cutaneous melanoma illuminated by UVB
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ABSTRACT
The relationship between melanocyte stem cells (MCSCs) and melanoma has been unclear. We recently
demonstrated that melanoma-prone MCSCs are able to initiate cutaneous melanoma following stem cell
activation through ultraviolet-B (UVB) exposure or natural stem cell cycling. Conversely, MCSC quiescence
is sufficient to suppress tumorigenesis. This provides new insight into the role of environmental factors in
tumor initiation from adult stem cells.
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Defining the cellular origin of cancers (also known as cancer
cells of origin, CCOs) and the environmental and/or physiolog-
ical contexts that can lead to tumor initiation provides insights
into the identification of early diagnostic markers, as well as
effective preventative strategies. It is particularly important to
define which cells can act as CCOs for cutaneous melanoma,
the most lethal form of skin cancer.

Adult stem cells are able to act as the cellular origin for many
types of cancers.1 However, it has been unclear whether adult
stem cells expressing oncogenic combinations known to be suffi-
cient for tumorigenesis can always develop tumors or if their
proliferative status governs tumorigenic potential.2 To address
this question, we previously determined that hair follicle stem
cells, which can act as CCOs for cutaneous squamous cell carci-
noma,3 resist tumor initiation when in a quiescent state.2,4 In
our recent study, we turned our attention to understanding the
nature of tumor initiation and CCOs for cutaneous melanoma.5

Melanocyte stem cells (MCSCs) are a long-lived source for
differentiated, pigment producing melanocytes. In the dorsal
skin of an adult mouse, MCSCs are located within hair follicles.
Hair follicles in the murine dorsal skin cycle from a quiescent
state (telogen), to an active hair producing state (anagen), to a
destructive phase (catagen), and then finally return to the rest-
ing telogen state. Moreover, it is possible to artificially induce
stem cell activation and transition to anagen through depila-
tion, and we exploited this methodology to determine the role
of MCSC state in melanoma initiation using previously
described mouse models of melanoma in addition to methods
which activate MCSCs independently of the hair cycle.5,6 Our
data demonstrate that, via the oncogenic combinations of
mutant proto-oncogene B-Raf and v-Raf murine sarcoma viral
oncogene homolog B (BrafV600E) or mutant Kirsten rat sarcoma
viral oncogene homolog (KrasG12D) expression combined with
conditional loss of the tumor suppressor phosphatase and ten-
sin homolog (Pten), melanoma cell expansion emerges near the

bulge, the anatomical residence of MCSCs in anagen, soon after
induced telogen to anagen transition. This suggests that MCSCs
are able to initiate melanomagenesis upon activation. In con-
trast, MCSCs containing the same tumorigenic combinations
described above were refractory to tumor initiation during
inactive MCSC periods including telogen, late anagen and cata-
gen (Fig. 1a). Intriguingly, our results show that induction of
oncogenic expression in post-mitotic, fully differentiated mela-
nocytes (late anagen » catagen) did not result in melanoma,
and rather these cells underwent programed apoptosis during
the hair follicle regression period of catagen. One thing to con-
sider for future work, however, is that a transit-amplifying or
intermediate cell state between activated stem cell and post-
mitotic terminally differentiated melanocyte has not been well
determined in the MCSC hierarchy, and it is possible that mela-
nomas may also be capable of initiating from this undefined
state. Taken together, our work revealed that MCSCs can
directly act as CCOs for cutaneous melanoma, following stem
cell activation.

It has been suggested that extrinsic factors may regulate the
initiation of tumor formation from tumor-prone stem cells,
potentially by increasing their division rate.7,8 In line with this,
our results demonstrated that MCSCs require a transition from
a non-proliferative quiescent state to an actively dividing state
for melanomagenesis. Excessive ultraviolet radiation exposure,
through sunlight, is a well-known risk factor for skin cancers
including cutaneous melanoma. It has also been previously
reported that ultraviolet-B (UVB) exposure can cause MCSC
activation and translocation from the follicular niche to the
interfollicular epidermis.9 Thus, we hypothesized that sunlight
exposure, especially UVB, could trigger cutaneous melanoma
development through aberrant activation of quiescent tumor-
prone MCSCs. Strikingly, UVB-induced migration significantly
triggered the induction of MCSC-originating melanoma
(Fig. 1b).5 These results propose how extrinsic factors can
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promote melanoma initiation from CCOs by changing their
activity status (Fig. 1c). Furthermore, we demonstrated that
acute regional inflammation plays an important role in facilitat-
ing UVB-mediated MCSC-originating melanoma initiation.
This further suggests a potential contribution of other physio-
logical stresses in MCSC-originating melanomagenesis.
Regional or systemic stress factors such as chronic inflamma-
tion or metabolic imbalance may affect MCSC status directly,
or alter the micro-environment, which may lead to the activa-
tion of tumor-prone MCSCs. Additional work will be needed
to identify the factors that may also induce MCSC-originating
melanomas, especially in regions which are not regularly
exposed to sunlight.

We also demonstrated that micro-environmental expression
of high mobility group AT-hook 2, known asHmga2, is required
for efficient melanoma formation following UVB irradiation
from melanoma-prone MCSCs.5 A cell non-autonomous
necessity for Hmga2 was inferred through transplantation
experiments, in which Hmga2¡/¡ MCSCs expressing the mela-
nomagenic combination were able to generate melanomas on
recipient animals in equivalence to tumor-prone Hmga2C/C

MCSCs. While our data show Hmga2 upregulation in both the
epidermis and non-epidermal portions of the skin, further stud-
ies will be needed to demonstrate in which tissue Hmga2 medi-
ates expression of signaling molecules required for MCSC
activation and translocation. Hmga2 is a DNA binding protein
that is thought to have the ability to alter transcription factor
accessibility, and thus could potentially affect the expression of
numerous genes involved in many signaling pathways. Identify-
ing the critical downstream pathways that are required for
MCSC activation and translocation in UVB exposed Hmga2¡/¡

skin will enable identification of signaling targets that could be
used to suppress MCSC-originating melanoma formation.

While our study demonstrated MCSCs can act as CCOs for
melanoma upon stem cell activation, it is still unknown if
MCSC heterogeneity or if the immediate MCSC progeny con-
tain inherent differences in tumorigenic potential. In the skin,
the hair follicle stem cell hierarchy and heterogeneity within
the stem cell compartment have been well defined, and further-
more, it has been suggested that this stem cell heterogeneity

can provide the differential tumorigenic potential for cutaneous
squamous cell carcinomas.10 In cutaneous melanoma, it is also
possible that there are different MCSC populations which can
give rise to melanoma more efficiently or are refractory to
oncogene-mediated melanomagenesis. Looking forward, iden-
tifying additional environmental and physiological factors that
promote the critical early steps of cutaneous melanoma forma-
tion and understanding the molecular mechanisms of tumor
initiation from melanoma CCOs will ultimately provide better
molecular therapeutic targets for melanoma prevention and
early cancer treatment.
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Figure 1. Cutaneous melanoma initiation from melanocyte stem cells is related to adult stem cell status. (a) Quiescent melanocyte stem cells (MCSCs) are refractory to
oncogenic expression. However, (b) exposure to ultraviolet-B (UVB) in the environment can induce MCSC activation and migration (MCSC mig.), which in turn causes early
melanoma formation throughout the epidermis. Following expansion within the epidermis, the tumor then grows invasively into the dermis (Melanoma growth). (c) Sche-
matic of the role of extrinsic stimuli in melanoma initiation from tumor-prone, quiescent MCSCs.
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