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Mouse models of UV-induced melanoma: genetics,
pathology, and clinical relevance
Chi-Ping Day1,3, Rachel Marchalik1,3, Glenn Merlino1 and Helen Michael1,2

Melanocytes, a neural crest cell derivative, produce pigment to protect keratinocytes from ultraviolet radiation (UVR).
Although melanocytic lesions such as nevi and cutaneous malignant melanomas are known to be associated with sun
exposure, the role of UVR in oncogenesis is complex and has yet to be clearly elucidated. UVR appears to have a direct
mutational role in inducing or promoting melanoma formation as well as an indirect role through microenvironmental
changes. Recent advances in the modeling of human melanoma in animals have built platforms upon which prospective
studies can begin to investigate these questions. This review will focus exclusively on genetically engineered mouse
models of UVR-induced melanoma. The role that UVR has in mouse models depends on multiple factors, including the
waveband, timing, and dose of UVR, as well as the nature of the oncogenic agent(s) driving melanomagenesis in the
model. Work in the field has examined the role of neonatal and adult UVR, interactions between UVR and common
melanoma oncogenes, the role of sunscreen in preventing melanoma, and the effect of UVR on immune function within
the skin. Here we describe relevant mouse models and discuss how these models can best be translated to the study of
human skin and cutaneous melanoma.
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INTRODUCTION
Melanocytes are the pigment-producing cells of the body and
reside in a variety of anatomic locations, including skin, eyes,
inner ear, and mucosal surfaces. In the human skin, the
primary function of melanocytes is protection from ultravio-
let radiation (UVR), which is considered to be a complete
carcinogen as it can function as both a tumor initiator and
promoter. Melanocytes produce melanin pigment and
transfer it to adjacent keratinocytes packaged in melano-
somes, which use the pigment to protect their nuclei from
UVR damage. Melanocytic lesions, benign nevi or malignant
melanomas, have been associated with UVR exposure,
although both can occur in non-UVR-exposed sites, including
mucosal surfaces.

Although UVR exposure is believed to have an important
role in the development of nevi and cutaneous melanomas,
the mechanisms remain unclear. Epidemiological studies have
linked childhood sunburn, intermittent sunburn, and tanning
(through both outdoors and in tanning beds) to increased
melanoma risk.1–5 People with red hair and non-tanning pale
skin have a higher risk of melanoma owing to higher

production of pheomelanin, which is less protective against
UVR than eumelanin.6 Melanoma incidence in susceptible
people is higher in geographical regions with higher UVR
indices.7

Sunlight is overwhelmingly the greatest source of UVR
exposure reaching the earth and is composed of 95% UVA
(320–340 nm) and 5% UVB (290–320 nm). UVC rays are
blocked by stratospheric ozone.8,9 UVA penetrates more
deeply into the skin and up to 50% of solar UVA can reach
junctional melanocytes compared with only 9–15% of UVB
(Figure 1). Many indoor tanning beds use high-dose UVA
with little-to-no UVB.10 Both UVA and UVB can cause DNA
damage and alter the microenvironment within the skin.11–13

Epidemiological data suggest potential roles for both UVA
and UVB in melanoma development, but the comparative
importance of UVA and UVB on human melanoma
development remains controversial.

Much of the attention on UVR and melanoma has focused
on the mutagenic role of UVR. In vitro studies show that UVB
causes the formation of 6–4 photoproducts and signature
CC4TT mutations at dipyrimidine sites through the
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formation of cyclobutane pyrimidine dimers (CPDs),
although other patterns, including C4T transitions at
dipyrimidine sites, are also seen in vitro (Figure 1b).14 UVA
is a less potent DNA-damaging agent and can damage DNA
indirectly through oxidative damage from reactive oxygen
species and through formation of CPDs at TT sites
(Figure 1a), which usually do not lead to C4T
transitions.15–17 Human cutaneous melanomas are highly
mutated with a predominance of C4T transitions at
dipyrimidine sites but fewer CC4TT transitions, which is
consistent with UVR mutagenesis. Genomic studies have
identified important oncogenes (especially BRAF and NRAS)
and tumor suppressors (eg, CDKN2A and NF1) involved in
melanoma that have advanced our understanding of different
melanoma subtypes and therapeutics. Readers who are
interested in these findings should refer to some of the
excellent reviews available on the subject.18,19 Interestingly,
the driver mutations in the RAS/RAF pathway, including
BRAFV600E, present in 60–90% of nevi and approximately
50% of melanomas, are not UVR-type mutations.20–24 These
non-canonical mutations may or may not be related to UVR;
in vitro studies have found that up to 10% of UVR-induced
mutations can be T4A transversions.14 Regardless, BRAF
mutations are most common in sun-exposed nevi and
melanoma, suggesting a link to UVR.20,25,26 BRAF mutations
may well represent the initiation event for the formation of
melanocytic nevi.27,28

In addition to mutagenesis, effects of UV on the skin
microenvironment likely also have a role in the initiation and
progression of melanoma (Figure 1c). Within the epidermis,
each melanocyte is in contact with 30–40 neighboring
keratinocytes through long dendritic processes.29 Keratino-
cytes and dermal fibroblasts produce many melanocyte

growth factors, including basic fibroblast growth factor,
hepatocyte growth factor (HGF), and endothelin 1 and 3.30

Crosstalk between keratinocytes and melanocytes, and other
cells within the skin microenvironment, allows adaption to
external stimuli. Following UVR, surviving kerati-
nocytes secrete melanocyte growth factors (including
α-MSH, EDN1), which increase cytokine and melanin
production.29,31 In addition, direct and indirect interactions
between melanoma cells and keratinocytes and fibroblasts can
influence the behavior and metastatic potential of melanoma
cells.32–35 There is increasing evidence that UVR-induced
microenvironmental changes may be important during
initiation and progression of melanocytic lesions.

The long latency between childhood and early adulthood
sun exposure and melanoma formation makes it especially
challenging to prospectively study the role of UVR on
melanoma development. As UVR can function in multiple
capacities as tumor initiator, tumor promoter and inducer of
microenvironmental changes, the most significant roles for
UVR can be difficult to identify by studying human
melanoma patients alone.

Animal models, on the other hand, provide a platform for
prospective studies to investigate specific questions and
address causative associations. Although several species have
been involved in the modeling of UVR-induced cutaneous
melanoma, including opossum (Monodelphis domestica),
platyfish (Xiphophorus spp.), and zebrafish (Danio rerio), in
this review we will focus exclusively on genetically engineered
mouse (GEM) models.36–40 The development of mouse
models for melanoma was initially difficult owing to the
resistance of wild-type mice to melanomagenesis, even after
repeated exposure to chemical carcinogen, UVR, or both.41,42

However, use of hairless (Skh-hr2) mice treated with DMBA

Figure 1 Major effects of UVR on the skin. UVA (a) and UVB (b) penetrate into the skin different amounts (purple arrow) and cause different types of
DNA damage. In addition to DNA damage, UVA/UVB exposure causes a wide variety of skin microenvironmental changes (c).
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followed by repeated UVR was able to induce nevi and
melanomas in treated animals.43–45 Interestingly, some of the
melanomas and nevi in these mice had NRAS mutations near
the sixty-first codon, which is a hotspot for human congenital
nevi and melanomas.44 In the past decade, technological
advances have generated GEM models that harbor oncogenic
mutations associated with human melanoma to prospectively
investigate clinically relevant questions about the role of UVR
in cutaneous melanoma.

Differences in mouse and human skin need to be
considered when assessing mouse melanoma studies that
have investigated the role of UVR in melanoma biology.
These studies use a variety of strains of mice, doses, timing
and types of UVR administration (Table 1). Studies focus
primarily on the ability of UVR to induce melanoma with or
without a preexisting melanocytic lesion and on how UVR-
induced microenvironmental changes can alter the progres-
sion of melanoma. Although the variability in the studies
makes it difficult to directly compare results, it also highlights
a wide variety of possible roles of UVR, depending on the
dose, waveband, and context in the development and
progression of cutaneous melanoma.

SIMILARITIES AND DIFFERENCES BETWEEN MOUSE AND
HUMAN SKIN
Human and mouse skin have some distinct features. Both
mouse and human skins are composed of dermis and
epidermis, contain hair follicles, and have a similar

distribution of blood vessels and nerves. Human skin is
thicker (1.5–6 mm), with more epidermal layers (5–8) and
rete ridges, and is adherent to underlying tissues. In contrast,
mouse skin is thinner (0.7–0.8 mm) with fewer epidermal
keratinocyte layers (2–3), has no rete ridges, does not adhere
to underlying tissue, and has a panniculus muscle layer. Mice
also have a heavy hair coat that protects their skin from UVR.
In the human skin, melanocytes are located along the dermal–
epidermal junction as well as in hair follicles. In the mouse
skin, the vast majority of melanocytes are restricted to the hair
follicles. During embryonic development in both species,
melanoblasts migrate out of the neural tube, through the
dermis to the dermal–epidermal junction. As hair follicles
develop, some of these junctional melanocytes move into the
developing follicles. In wild-type mice, junctional melano-
cytes do not persist after the neonatal stage in haired areas. As
junctional melanocytes are not present in wild-type mice,
melanomas derived from mouse models may arise from the
cells of origin that differ from human melanomas. Addition-
ally, these differences in anatomical location mean that in
wild-type mice melanocytes are not interacting directly with
keratinocytes and are receiving very different microenviron-
mental signals compared with melanocytes in the human
epidermis.

Although melanocytes in both species produce both
eumelanin and pheomelanin, these are produced in different
frequencies.46,47 UVR increases the quantity of melanin
produced and can alter the type produced.48 In humans,

Table 1 Summary of UVR dosing and timing in selected mouse studies exploring the role of UVR in the development or
progression of cutaneous melanoma

Mouse Oncogenes Ultraviolet radiation Chemical carcinogen Ref.

Strain Color Driver Activation Other Timing Dose Frequency

Induction or acceleration of melanomagenesis

C57BL/6 Black/albino HGF Constitutive Cdkn2a locus Neonatal 9.58 kJ/m2 UVA/UVB Once NA 7

FVB Albino HGF Constitutive Cdkn2a locus Neonatal 9.58 kJ/m2 UVA/UVB Once NA 60

C57BL/6 Black HGF Constitutive Cdk4 Neonatal 6 kJ/m2 UVB Once NA 62

C57BL/6 Black Braf Tamoxifen None Adult 1.5 kJ/m2 UVA/UVB 1 × weekly NA 71

C57BL/6 Black Braf Constitutive Arf Neonatal 7.5 kJ/m2 UVB Once NA 72

C57BL/6 ×CBA Agouti TPras Constitutive None Adult 5.6–8.06 kJ/m2 UVB 2 × weekly TPA 67

FVB Albino Tpras Constitutive Arf Neonatal 9.58 kJ/m2 UVA/UVB Once NA 69

S129/C3H Agouti Tpras Constitutive Cdk4 Neonatal 8.15 kJ/m2 Once NA 70

Investigation of microenvironmental changes

C57BL/6 Black HGF Constitutive Cdk4 Adult 4.5 kJ/m2 UVB 2 × weekly DMBA 82

FVB Albino None NA None Neonatal 6 kJ/m2 UVB Once NA 83

The first and second section of the table lists mouse models studies that have explored the effect of UVR on melanoma development and tumor micro-
environment, respectively. In each section, the settings of the models (strain, coat color, and driver mutations) and experimental conditions (UVR timing, dose,
and frequency, and whether or not a chemical carcinogen was administered to the mouse to enhance the mutagenic effect) are listed.
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the frequency of each type of melanin varies widely with skin
and hair coloration: people with darker skin produce higher
quantities of eumelanin, while fair-skinned red heads produce
a higher proportion of pheomelanin. Mice generally produce
both types of melanin as well, but in many cases mouse
strains produce either primarily eumelanin or pheomelanin.46

Human and mouse skin microenvironments also have
some notable differences. Because of the dense hair coat,
mouse skin undergoes frequent hair cycles. In each cycle, the
hair follicles grow and degenerate, leading to turnover of
mature melanocytes and cycling of melanocyte stem cells in
the bulge of the hair follicle. Hair follicle involution also
involves activation of immune cells, including macrophages
and T cells in the skin.49 In contrast, human skin does not
exhibit obvious hair cycles. Finally, the skin microbiome and
resident immune cells are different between the two species.50

These microenvironmental changes may have implications
both in the development of cutaneous melanoma and in the
immunological responses in human and mouse skin.

In summary, mouse and human skin have some anatomical
and functional differences that influence their response to
UVR and the development of melanoma. The contrasting
melanocyte distribution and resultant differences in melano-
cyte microenvironment in the human and mouse skin may be
a major factor in the different susceptibility to melanoma in
these species. These differences should be considered when
choosing mouse models of UVR-induced melanoma and in
translating findings to human melanoma patients. Careful
choice of the appropriate model and experimental
planning will provide the most valuable information for
translational studies.

MODELS EXPLORING THE ROLE OF UVR IN INDUCING OR
ACCELERATING MELANOMA FORMATION
Neonatal UVR Exposure can Induce Melanoma in Mice
Without a Dominant Driver Mutation
A number of GEM models have been recruited to explore the
role of UVR melanomagenesis, including those overexpres-
sing HGF, the ligand for the receptor tyrosine kinase MET.
HGF/MET signaling has a significant role in embryonic cell
migration and has been associated with increased metastasis
and drug resistance in human melanomas.51–54 Studies have
shown that HGF promotes the survival of melanoblasts
derived from neural crest and melanocytes in mouse skin.55

Human keratinocytes and skin fibroblasts secrete increased
amounts of HGF following UVR exposure.56 Mouse skin
expresses HGF in small amounts.57 Mice broadly expressing
an HGF transgene gain constitutive activation of pathways
downstream of MET, resulting in increased skin pigmentation
owing to survival of melanocytes at the epidermal–dermal
junction, which persists into adulthood.58–60 Therefore,
HGF-tg mice are considered to exhibit a ‘humanized’
melanocyte distribution in the skin.

HGF is not a strong driver in cutaneous melanoma.
Without carcinogenic treatment (UVR or DMBA),

melanomas occur rarely in the skin of HGF-tg mice within
1–2 years.60,61 Adult UVR, even at prolonged repetitive
dosing, does not induce melanomas in HGF mice but can
induce other skin tumors.60 In contrast, a single burning UVR
dose at 3.5 days can induce nevi and melanoma in HGF-tg
mice.61 This is relevant because childhood sunburn is
recognized as an important risk factor for melanoma
formation.1 Melanocytic nevi and melanomas arising in the
HGF-tg model are histologically heterogeneous and recapi-
tulate the variety seen in human cutaneous melanocytic
lesions. Disruptions of the CDKN2A locus or activation of
CDK4 accelerate melanoma development following neonatal
UVR in the HGF model.62,63 Targeted expression of survivin
can also enhance UV-induced melanogenesis by preventing
apoptosis of UVR-exposed melanocytes, suggesting that the
dysregulation of senescence or apoptosis can have critical
roles in the transformation of melanocytes following neonatal
UVR.64

Melanocytic cells undergo significant changes associated
with differentiation between the end of gestation and by
1 week after birth.65 Therefore, neonatal UVR exposure is
likely to affect a distinct population of melanocytic cells
compared with adult UVR—namely, progenitor melanoblasts
vs mature melanocytes, respectively. This may help account
for the increased risk of melanoma seen with childhood
sunburn vs adult sunburn in human patients. The UVR-
treated HGF-tg mouse represents a good model for human
melanomas that does not possess either a BRAF or NRAS
mutation (approximately 30% of cutaneous melanomas). As
there is no preexistent dominant driver oncogene, UVR may
serve as both tumor initiator and promoter for ‘de novo’
melanomagenesis in the HGF-tg model. This feature makes
the HGF-tg mouse especially suitable in evaluating etiological
factors, environmental risks, and prevention of UVR-induced
nevi and melanoma following childhood sun exposure.

UVR can Enhance Melanomagenesis Following
Activation of Dominant Driver Mutations
In contrast to the use of neonatal UVR in the HGF-tg mouse
models, studies examining the role of UVR in melanocytic
nevi and melanomas with a dominant oncogenic driver
mutation have primarily focused on adult UVR exposure.
Mice with mutations in the RAS/RAF pathways (HRAS,
NRAS, or BRAF) show melanocytic hyperplasia and increased
numbers of extrafollicular melanocytes within the dermis
compared with wild-type mice. These models are consistent
with the theory that RAS/RAF mutations are founding
mutations in melanocytic nevi and melanomas.27,28 Accord-
ing to this theory, subsequent UVR may lead to contributory
mutations and/or microenvironmental changes that can
promote melanomagenesis.

The first model to investigate the role of UVR in melanoma
development expressed a powerful viral oncogene SV40 T
antigen (TAg-tg) using a mouse tyrosinase promoter.66 TAg-
tg mouse pups were exposed to daily UVR for 3–10 days,66
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leading to melanomas. Following transplantation, some of the
UVR melanomas became metastatic. This study demonstrated
that UVR could promote tumor development in the context
of a powerful driver oncogene. Based on this model,
researchers then tried to build melanoma models by adding
different combinations of altered alleles that are more relevant
to human melanoma.

RAS mutations (primarily NRAS but occasionally HRAS)
are common in human congenital nevi and cutaneous
melanoma, and Chin et al67 observed that mice expressing a
mutant HRAS transgene by virtue of the mouse tyrosinase
promoter (TPras) and loss of p16Ink4a developed melanoma
without additional carcinogens. TPras mutant mice with
wild-type p16Ink4a were used to compare the effects of a single
exposure to the chemical carcinogen (DMBA) with twice
weekly UVR and a known tumor promoter (TPA).68 DMBA
was very efficient and induced melanocytic lesions with a high
penetrance (86–88%). UVB exposure alone induced melano-
cytic lesions only in 20% of mice and most of these lesions
were nevi. Combined treatment with UVB and TPA increased
the lesion penetrance to 78%. Interestingly, the melanomas
that arose in the UVR-exposed groups occurred only in albino
TPras mice, suggesting a protective role for melanin in
this model.

Other studies using TPras mice have investigated the role of
neonatal UVR and cell cycle checkpoints on the development
of RAS mutant melanomas. Kannan et al69 found that UVR
exposure accelerated melanomagenesis in p19Arf knockout
mice but not in p16Ink4a knockout albino mice. In p19Arf

knockout mice, UVR-induced melanomas demonstrated
increased cdk6 expression, leading to disruption of the RB
pathway. Hacker et al70 reported that neonatal UVR exposure
also increased the frequency and accelerated the development
of melanomas in TPras mice carrying a Cdk4R24C mutation.70

It is not clear whether these findings are specific to neonatal
UVR or would also be found following adult UVR in these
strains. These studies indicate that functional disruption of
the p16Ink4a/CDK4/CDK6/RB pathway can facilitate mutant
RAS-driven melanomagenesis in UVR-associated and non
UVR-associated pathways.

BRAFV600E mutations are the most common driver
mutations in human cutaneous melanoma. Epidemiological
and genomic data suggest that BRAFV600E mutations may be
the initiating lesion in melanocytic nevi, with subsequent
UVR acting as a tumor promoter. To test this hypothesis,
Viros et al71 induced BRAFV600E mutations using tyrosinase-
driven Cre-Lox recombination in 2-month-old mice followed
by weekly broad-spectrum UVR starting at 3 months. This
UVR regimen both accelerated melanoma formation in the
BRAF model and increased the number of tumors per mouse.
UVR-exposed tumors also had significantly higher numbers
of somatic single-nucleotide variants and a higher percentage
of C4T transitions than non-UVR-exposed tumors, con-
sistent with human melanomas and UVR mutagenesis.
Exclusively in the UVR-exposed tumors, Trp53 mutations

were additionally identified. Trp53 is known to be a
mutational target of UVR, and the p19Arf/p53 pathway
facilitates BRAFV600E mutant mouse melanoma.71,72 These
data also suggest that UVR following BRAF mutation can
enhance the likelihood of malignant transformation of nevi.

Melanin Pigment is Important for UVA Melanomagenesis
Prospective mouse modeling of UVA and UVB administra-
tion have provided valuable information about their role in
melanomagenesis. Overall, in mice UVB is a stronger inducer
of melanoma, provoking tumors in a pigment-independent
manner and leading to more tumors and earlier tumor
formation.15,73 UVA induction of melanoma, however, is
dependent on pigment. UVA only induced oxidative damage
in the presence of melanin, while UVB induced CPDs with
equal frequency with or without melanin.15 The type of
melanin may also impact the development of oxidative
damage. Human epidemiological data and in vitro experi-
ments further support the role of pigment (particularly
pheomelanin) in enhancing UVA-induced DNA damage.74–77

Studies using mice with varying amounts of pheomelanin
show that increased oxidative damage in melanocytes with
high levels of pheomelanin can occur independent of UVR,
indicating the need for further investigation of UVR and
pigment.6 The type of melanin may impact the complex
interactions between UVA and pigment. As the ratio of
eumelanin and pheomelanin is different in mice and humans,
translation of pigment studies to human disease is not
straightforward. Attention should be paid to pigmentation
and the type of UVR when planning or interpreting data from
mouse UVR melanoma models. These studies support the
notion that UVA and UVB likely both contribute to the
formation of cutaneous melanoma. The differences in the
types of mutations induced within the tumors by the two
wavebands may have clinical implications. In any event,
minimizing exposure to both UVA and UVB is important for
preventing melanoma.

Sunscreen Provides Partial Protection Against UVR-
Induced DNA Damage and Melanoma
Melanoma incidence has been rising over the past few
decades, and there is a need for evidence-based advice for
protecting against melanoma and other skin cancers.
Sunscreen use appears both epidemiologically and experi-
mentally to protect against melanoma, which further high-
lights the importance of UVR in melanomagenesis.
Prospective mouse studies have shown that sunscreen use
reduces, but does not eliminate, the risk of melanoma
following neonatal or adult UVR.71,78,79 Sunscreen reduced
clinical and histological evidence of UVR damage in the skin,
including inflammation, skin darkening, and evidence of
UVR damage to keratinocytes.71,79 DNA damage to melano-
cytes was also reduced, with reduced numbers of TT dimers
and reduced numbers of C4T transitions in mice treated
with sunscreen before UVR exposure compared with
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controls.71,78 Although melanoma formation was reduced in
sunscreen-protected mice, it was still higher than in non-UVR
exposed mice. Sun-protective fabrics were superior in
preventing UVR-melanoma than sunscreens.71 These studies
all found that sunscreen use prevented melanoma despite
using a variety of UVR doses, sunscreens, and mouse
strains.71,78,79 These data provide strong, prospective support
for the use of sunscreens to reduce melanomagenesis.
However, sunscreen use does not entirely eliminate UVR-
induced melanoma formation and prevention of sunburn
alone does not remove the risk of melanoma. Mouse models
of UVR-induced melanoma provide a powerful tool to test
the efficacy of sunscreens and other preventive strategies in
preventing melanoma and other UVR-induced skin damage.

MODELS EXPLORING THE ROLE OF UVR-INDUCED
MICROENVIRONMENTAL CHANGES IN MELANOMA
FORMATION
In addition to direct mutagenic effects, UVR can influence the
microenvironment in ways that can enhance melanomagen-
esis. UVR has long been known to cause immunosuppression
within the skin. UVR leads to locally decreased antigen
presentation, expansion of regulatory T cells, and lower
numbers of effector T cell in the exposed skin.80 In fact, the
immunosuppressive effect of UVR is used to treat psoriasis
and can suppress contact hypersensitivity.81 Therefore, several
models have been developed to study how UVR-induced
changes in the skin microenvironment influence melanoma
development and progression.

Bald et al82 used the HGF-tg/Cdk4R24C mouse to model the
effects of UVR on cutaneous melanomas. Twice weekly
exposure to UVR following melanoma initiation did not
result in increased tumor formation but did enhance
angiotropism and metastasis in some of the UVR-exposed
tumors. Sequencing of tumors was not performed, so it is not
known whether there were genomic differences between the
UVR- and non-UVR-exposed tumors that may have affected
metastasis. However, UVR-induced keratinocyte damage led
to an increase in Myd88 TLR4+ neutrophils in the UVR-
exposed mice. Myd88/TLR4 neutrophils enhanced angiotrop-
ism of both mouse and human melanoma cells in vivo and
in vitro. This study demonstrates that UVR can alter the
microenvironment in ways that contribute to tumor progres-
sion and metastasis and suggests that UVR on preexisting nevi
or early melanomas may contribute to progression.

Using a model of neonatal UVR, Zaidi et al83 showed that
UVR can recruit interferon-gamma-expressing macrophages
that favor melanoma growth and survival. These interferon-
gamma-expressing macrophages were also found in a
majority of human melanomas. The role of these macro-
phages in the development and persistence of melanocytic
nevi has yet to be investigated but may be clinically relevant.
This response was neonatal specific in the mice tested and
may help to explain the significance of childhood sunburn as
a risk factor for melanoma.

PERSPECTIVES AND FUTURE DIRECTIONS
Modeling of human disease begins with defining a specific
research question, generating a hypothesis, constructing and
testing the model, and finally, relating the results to human
disease.84 Models are improved through an iterative process
of comparing the model with the human disease and
improving the model to better replicate elements of the
human disease process. By definition, models will not
replicate all aspects of human disease and thus these
differences need to be carefully identified and considered
when applying the results to human patients.

In the case of UVR, melanoma models have primarily
focused on two central questions: how does UVR interact
directly with melanocytes to induce transformation? and how
does UVR modulate the skin microenvironment to facilitate
melanoma formation and/or progression? Although UVR is
thought to impact melanocytes predominantly, but not
exclusively, through mutagenesis, the indirect consequences
of UVR are complex and multifaceted, promoting melanoma
formation and progression through a variety of mechanisms.
Mouse models have been instrumental to advancing our
understanding of the many roles of UVR, and emphasis has
been placed on effects on the microenvironment and the
immune system. However, differences that exist between the
mouse and human skin, including the immune system, must
be taken into consideration when extrapolating murine
findings to humans. Moreover, it is appreciated that, in any
particular model, or patient for that matter, the consequences
of UVR may vary depending on the circumstances. Ulti-
mately, we anticipate that, with careful planning and
thoughtful interpretation of mouse data, further investigation
of the role of the microenvironment may reveal biomarkers
for progression risk in early melanomas as well as novel
preventive or therapeutic targets.

As the field moves forward, there are some important areas
where UVR-induced mouse models of melanoma can provide
important and novel information. Recent advances in cancer
genomics are providing an unpreceded opportunity to
connect mouse models and human patients with respect to
UVR-induced mutagenesis in melanoma. Comparison of
genomic and transcriptomic data from mouse and human
melanomas will identify important common and potentially
novel genes and/or pathways involved in melanoma genesis
and progression. Better understanding of the interaction
between mutational landscapes, molecular subtypes, and UVR
can provide valuable information concerning cancer preven-
tion, diagnosis, and treatment. Mouse models provide a useful
way to investigate how UVR may influence these clinically
relevant differences as the dose and frequency of UVR and
exposure to other carcinogens can be controlled. There may
also be differences in the role of UVR with respect to different
cells of origin.85,86 Questions about the impact of UVR on
cells of origin (eg, melanoblasts vs adult stem cells or
junctional vs dermal melanocytes) and the role of the skin
microenvironment can be addressed through careful selection
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and manipulation of mouse models. Future work can help
elucidate how different doses and timing of UVR can impact
the cell of origin for melanoma and the biology and prognosis
of the resulting melanomas. Mouse models of UVR-
associated melanoma have already provided experimental
evidence that UVR can function to induce melanoma and to
promote melanoma after oncogene induction and through
microenvironmental alterations. As mouse melanoma models
continue to be refined, the field will investigate ever more
complex and clinically relevant questions about the role of
UVR in melanoma.
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