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UV and melanoma: the TP53 link
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Ultraviolet radiation (UVR) is
a major risk factor for melanoma
development, but it has been unclear
exactly how UVR leads to melano-
magenesis. In a recent publication
in Nature, Viros et al. identify TP53/
Trp53 as a UVR-target gene in mela-
noma and show that UVR-induced
TP53/Trp53 mutations accelerate
BRAF(V600E)-driven melanoma-
genesis.

Melanoma is the deadliest skin
cancer, and its incidence has relent-
lessly increased over recent decades.
According to the American Cancer
Society’s estimates for melanoma in the
United States for 2014, about 76 100
new melanomas will be diagnosed and
about 9 710 people are expected to die
from melanoma. It is well known that
UVR is the major environmental factor
contributing to melanomagenesis [1].
This suggests that there is at least a com-
ponent of melanoma risk which may be
preventable through UVR protective
strategies — an issue of immense public
health importance due to the availability
of sunblocks and sun-safe behaviors.
Importantly, while many studies have
been conducted to elucidate the link
between UVR and melanoma, the pre-
cise molecular mechanism(s) by which
UVR triggers melanoma formation have
remained incompletely understood.

Recently, a powerful UVR-induced
skin inflammatory response has been
shown to provoke metastasis of mela-
noma [2] and the presence of UV sig-
nature mutations has also been reported
throughout the melanoma exome,
including recurrent melanoma genes
such as RACI, PPP6C, and STK19
[3, 4]. Previous mouse models for

UVR-induced melanoma revealed that
UVR-induced inflammation promoted
melanomagenesis in neonatal mice
[5-7]. These studies underlined UVR’s
significant contribution to melanoma
formation. In a recent study published
in Nature, Viros et al. [8] address the
role of UVR in previously established
BRAF(V600E)-expressing melanocytes
in vivo, and demonstrate that significant-
ly accelerated melanoma formation of-
ten associated with mutations in 7P53/
Trp53. To mimic both somatic mutation
acquisition and mild sunburn in humans,
BRAF(V600E) was expressed at physi-
ological levels in adult mice which were
subsequently exposed to repeated low
doses of UVR. In addition, certain mice
were partially covered with UVR-proof
cloth or topically treated with SunSense
Milk Sunscreen SPF50 (2.2 mg/cm?) 30
min before UVR exposure, to assess the
impact of these protective strategies.
UVR was seen to significantly accel-
erate melanoma formation in mice whose
melanocytes express BRAF(V600E),
but not in BRAF wild-type mice (which
unlike BRAF(V600E)-expressing mice
do not develop long latency melanomas
independently of UVR). Application of
UVR-proof cloth or sunscreen delayed
the onset of UVR-driven melanoma
and partially prevented acceleration of
BRAF(V600E)-driven melanomagen-
esis by UVR, and sunscreen-protected
UVR-exposed BRAF(V600E) mice
developed a reduced number of mela-
nomas compared with unprotected
UVR-exposed BRAF(V600E) mice
(Figure 1). More somatic single nucleo-
tide variants and a significantly higher
proportion of C-to-T transitions at the 3’
end of pyrimidine dimers were observed

in UVR-exposed melanomas, provid-
ing direct evidence of UVR-induced
DNA damage. In addition, 7rp53 mu-
tations (H39Y, S124F, R245C, R270C,
C272G) were detected in UVR-exposed
BRAF(V600E) mouse melanomas,
indicating a direct role of UVR in
the induction of 7rp53 mutations in
melanoma. The mutated corresponding
residues (S127F/S124F, R248C/R245C,
R273C/R270C, C275G/C272G) were
also identified in 7P53 mutations in
human melanoma, suggesting that 7P53
mutations are linked to evidence of
UVR-induced DNA damage in human
melanoma. These results are consistent
with previous reports that p53 dele-
tion accelerates BRAF(V600E)-driven
melanomagenesis both in mice [9] and
in zebrafish [10], but demonstrate the
ability of UVR to inflict UV signature
mutations within the gene as has been
widely observed in non-melanoma skin
cancers and also in human melanomas.

This elegant study by Viros et al.
clearly helps to establish key roles of
UVR in melanomagenesis, and further
validates the functional importance of
TP53 as a UVR-targeted tumor suppres-
sor gene in a fraction of melanomas. The
study also raises several intriguing ques-
tions worthy of follow-up analysis. For
example, through which mechanism(s)
did sunscreen or sunshielding delay but
not prevent UVR-induced melanoma?
Induction of cutaneous inflammatory
changes that are less anatomically re-
stricted to UV irradiated fields, would
seem to be an attractive mechanism.
This may help to explain the known risk
of melanoma in both sun-exposed and
less-exposed skin of lightly pigmented
people. It is also valuable to better un-
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Figure 1 A diagram depicting feasible routes of BRAF(V600E)-driven melanoma-

genesis.

derstand the role of UVB vs UVA wave-
lengths in melanomagenesis. Mecha-
nistically, these distinct regions of the
UV spectrum inflict largely distinctive
chemical alterations on the genome. Ef-
forts to block UVA as well as UVB in
commercial sunscreen products are cur-
rently being promoted by the US Food
and Drug Administration, a welcome
improvement to sun protection strate-
gies. Still, the precise role(s) of UVA in
melanomagenesis remain incompletely
understood and may involve both cell-
autonomous and non-cell-autonomous
targets. In addition to the acceleration
of BRAF(V600E)-driven melanoma
formation by UVR, red pigment (phe-
omelanin) has also been observed to ac-
celerate BRAF(V600E)-driven melano-
magenesis even in the absence of UVR
[11]. Pheomelanin has been identified
as an intrinsic risk factor for melanoma
with the red pigment itself producing

reactive oxygen species that cause DNA
damage in the skin, and consequently
promote melanomagenesis indepen-
dently of UVR. UVR likely exacerbates
red pigment-induced BRAF(V600E)-
driven melanoma, and still remains as a
major contributor to melanomagenesis.
Therefore, along with UV shielding by
sunscreens, further preventative strate-
gies should be investigated to dimin-
ish UVR-independent melanoma risk
mechanisms.

Viros et al. provide intriguing an-
swers to several controversial questions
regarding melanomagenesis: Does
UVR really trigger melanoma? And can
sunscreen actually prevent melanoma?
The studies by Viros ef al. provide
experimental evidence for acceleration
of BRAF(V600E)-driven melanoma
by UVR-induced TP53/Trp53 muta-
tion and demonstrate that sunscreen
delayed but did not completely block

UVR-driven melanoma. The current
study clearly shows that UVR boosts
melanoma and sunscreens may pro-
vide partial UVR protection against
melanoma — evidence which matches
human epidemiologic data. Neverthe-
less, to protect the public from mela-
noma, Viros et al. advise that sunscreen
should be utilized in combination with
additional sun avoidance strategies. In
addition, measures that may prevent
UV-independent melanoma formation
will require additional research and may
also be needed in order to optimally bat-
tle the incidence of this life-threatening
malignancy.
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