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a b s t r a c t
There are many observations regarding the behaviour of melanoma which points away from sunshine as
the main cause of this tumour. Incidence data shows that the increase is mostly seen for thin melanomas
which cannot be attributed to sun exposure but increasing screening over the last 20 years. Melanoma
behaves in a similar fashion all over the world regarding age of onset, gender differences and histological
subtypes. An excess of naevi is the strongest risk factor for melanoma and their appearance and involution throughout life, and the differences in naevus distribution according to gender is giving us a lot of
clues about melanoma biology. Melanoma like all cancers is a complex disease with the involvement
of many common and low penetrance genes many of them involved in pigmentation and naevogenesis
but these only explain a very small portion of melanoma susceptibility. Genes involved in melanocyte differentiation early on in embryogenesis are also becoming relevant for melanoma initiation and progression. Reduced senescence and longevity as well as body weight and energy expenditure are also relevant
for melanoma susceptibility. These observations with links between melanoma and non-sun related phenotypes as well as gene discoveries should help to assess the relative contribution of genetic and environmental factors in its causation.
Ó 2013 The Author. Published by Elsevier Ltd. Open access under CC BY license.

This review, whilst not wishing to dismiss sunshine altogether
is attempting to redress the balance especially as the primary prevention of melanoma with avoidance of sun exposure has not been
proven to reduce melanoma incidence and mortality and may be
harmful.
Melanoma incidence and mortality
The main argument for implicating sunshine as the cause of
melanoma is the difference in melanoma incidence between Australia and Europe. The other argument is the rapid rise in melanoma incidence over the last 30 years which has been attributed
to changes in sun seeking behaviour over the same period. [1,2].
However, there are some clues in the epidemiological data which,
when looked at carefully, do not point to sunshine as being the
main cause for these observations. When examining the incidence
of melanoma in Australia, for example, the rapid rise in incidence
has mainly been for very thin melanomas which have hardly had
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any impact on mortality which has remained fairly ﬂat over the
same period [2,3]. The delivery of dermatology services in Australia
is very different from many European countries and especially the
UK. Dermatologists and general practitioners in Australia offer rapid access melanoma screening following frequent public health
campaigns and many naevi are excised during the screening process. These screening campaigns have led to a rapid rise in the
number of very thin and borderline melanomas which in turn inﬂates overall incidence [4].
Comparing mortality and incidence data in melanoma is also
important as it gives further clues to the types of melanomas removed following screening campaigns. The incidence of melanoma
has risen dramatically in all countries where access to dermatologists is relatively easy and public health campaigns have been
quite active. However, mortality has remained relatively stable
and in some countries is even dropping with a widening between
the mortality and incidence curves over the last 20 years [1].
This also supports the fact that most melanomas removed from
screening campaigns are very thin and are likely to be biologically
different. Data from Eastern European countries also supports this.
A rise in incidence of melanoma in Eastern European countries has
only occurred in countries where access to dermatologists has become easier with public health campaigns over that least 15 years.
In other Eastern European countries, where this was not in place
over the same period, the lower incidence and greater thickness
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of melanomas is comparable to ﬁgures seen in the UK 30 years ago
[5]. Whilst there is no suggestion that we should not be detecting
melanoma early, the impact of active screening and public health
campaigns on melanoma incidence needs to be recognised and
changes in sun exposure should not be blamed as the cause for this
rapid rise in incidence without supporting evidence. The impact of
screening on breast and prostate cancer incidence with the detection of many early lesions has been well documented and this is no
different for melanoma [4].

Melanoma behaviour: site, histological subtypes and gender
Another argument to downplay the role of sunshine in melanoma is the fact that melanoma is a tumour which behaves in a
very similar fashion within similar ethnic groups all over the world
despite very different levels of UV exposure. Population based melanomas outside the familial setting have a mean age of onset in the
mid-ﬁfties and this is constant in the UK or Australia [6]. If sunshine was such a driver for melanoma in Australia, this should,
in theory, lower the age of onset. The relative proportions of different histological subtypes of melanoma such as superﬁcial spreading, nodular melanoma and lentigo maligna (with invasion) are
also very similar across all countries. The distribution of melanomas on the body is also telling. Melanomas in males tend to occur
more commonly on the trunk whilst melanomas in females are
mostly seen on the legs [7]. This observation is again somehow
attributed to differences in sun exposure habits between males
and females but the data does not support this as the difference
in body sites according to gender is constant across all Caucasian
populations irrespective of sun exposure. This difference is most
likely to be explained by differences in melanocyte differentiation
between males and females. Indeed when counting naevi in small
children and following them up with age, boys and girls already
differ in their naevus distribution with more naevi on the limbs
especially arms and legs in girls and more naevi on the trunk in
boys which reﬂects the distribution of melanomas in adults [8,9].
It is possible that intense and repeated sunlight exposure in childhood may increase the number of small naevi as total naevus
counts are higher in Australia compared to the UK but it is likely
that small lentigines are also miscounted as naevi on sun exposed
sites [6]. Males also show consistently higher number of naevi than
females and this is also seen in different parts of the world irrespective of sun exposure [8,9]. The types of naevi also vary greatly
according to body sites as intradermal naevi which are mature lesions with a low risk of transformation into melanoma are common on the face for example but are more rarely seen on the
limbs for examples. On the other hand, junctional and atypical
naevi which are more unstable lesions in terms of melanoma risk
are very rare on the face and are most common on the trunk and
proximal limbs. Sun exposure again cannot explain these observations as the face is a chronically sun exposed site yet does not tend
to have unstable melanocytic lesions such as junctional and atypical naevi. Speciﬁc gene expression in melanocytes from various
body sites is likely to explain these observations and the mouse
model provides clues about differences in behaviour of melanocytes on the cephalic region compared to limbs and dorsal areas
and this has also been observed for ﬁbroblasts [10].
There is also a signiﬁcant increase in survival from melanoma in
all populations in females so gender speciﬁc factors are crucial in
the ﬁeld of melanoma [1]. Brain tumours also show a signiﬁcant increased survival in females and as melanocyte and neurones both
come from the neural crest, it is likely that gender differences in
neural crest cells differentiation explain these ﬁndings [11]. With
the advances in genetics, these differences in naevi and melanoma
behaviour according to histological subtypes and gender can
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hopefully be investigated in more detail but will need large and
well phenotyped datasets to achieve this.

Biology of naevi as strongest risk factor for melanoma
The number and types of naevi (such as atypical naevi) is the
strongest risk factor for melanoma in all Caucasian populations
and the magnitude of the odds ratios (5–20) is much greater than
any odds ratios ever reported for sun exposure and skin colour
(1.5–2) (Fig. 1) [12,13]. Naevi confer the same magnitude of risk
for melanoma at all latitudes showing again that sunlight is not
that important for this association [14]. Looking into the biology
of naevi is likely to lead to very interesting clues regarding the
pathogenesis of melanoma. Melanocytes derive from the neural
crest cells and their differentiation and migration to the skin occur
during embryogenesis. This involves many genes such as MITF,
WNT signalling, SOX10 and SOX 9 to mention only a few [15].
Interestingly, one of these genes, MITF has recently been reported
to be involved later on in adulthood in melanoma susceptibility
and invasion [16,17]. BRAF somatic mutations are also very common in naevi and melanoma and this led recently to the ﬁrst therapy ever conferring an increased survival in melanoma [18,19].
Bastian and colleagues have looked at genetic signatures in melanoma tumours according to histological subtypes and body sites
[20]. BRAF mutated melanomas are more common on the trunk
and limbs compared to head and neck tumours and this again
was thought to be due to differences in sun exposure but this

Fig. 1. The atypical mole syndrome (AMS). Naevi genetics has helped in discovering
new melanoma genes but this phenotype is also helpful as it does unravel some
associations between melanoma risk factors and other phenotypes such as reduced
ageing and longer telomeres.
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has not been proven as yet. The association between anatomical
site of melanoma and speciﬁc genetic signatures is quite likely to
be explained by differences in melanocyte differentiation according to body sites programmed early on during embryogenesis as
discussed earlier [10,21]. Naevi disappear from middle age onwards and this senescence is thought to involve oncogenes such
as RAS and BRAF as well as tumour suppressor genes such as p16
or CDKN2A and possibly the telomere unit but the mechanisms
of melanocyte senescence with age are poorly understood [22]. It
is has, however, been reported recently that benign naevi do not
appear to be permanently growth arrested via oncogene driven
senescence as markers of senescence in naevi do not differ from
early melanomas so what stops them from progressing into melanoma is still obscure [23]. Developmental and cancer genes appear
very important in naevi formation and in turn melanoma susceptibility and hopefully this area of research will shed more light on
stem cells genetics and melanoma risk.
When looking at melanoma families, CDKN2A/p16 germline
mutations are found in roughly 25–40% of all melanoma worldwide [24]. Germline mutations in CDKN2A have also been linked
to familial pancreas cancer yet this cancer has never been linked
to sun exposure [25]. Melanoma and pancreas cancer can also cluster in the same families so these two tumours share genetic pathways [26]. For population based melanoma, recent large scale
genome wide association studies in melanoma and naevi have discovered new common low penetrance genes (MTAP, PLA2G6, TERT
and IRF4 for example) associated with both naevi number and melanoma [27–30]. MTAP and IRF4 have been implicated in cancer and
immune responses respectively and IRF4 is also important in pigmentation [19,27]. MTAP is located closely to the CDKN2A locus
and melanoma tumours often show loss of both loci and it is therefore possible that there are interactions between these two genes
[27]. More recently, rare SNPs variants in MITF have been reported
in melanoma and appear to act via naevi [16,17]. There are, however, many other genes involved in naevogenesis to be discovered.
Interestingly variants in PLA2G6 associated with both melanoma
and naevi in recent GWAS, have very recently been linked to Parkinson’s disease and the incidence of melanoma is greater in Parkinson cases than in controls [31,32]. This again generates some
interesting questions regarding possible common genetic alterations in cells which share the same origin in the neural crest and
sunshine is not an apparent link factor for these observations.

Lack of signiﬁcant photoageing in melanoma
A further clue pointing away from sunshine as the main cause
of melanoma is the lack of photoageing in melanoma. As sunshine
is thought to be the main cause of melanoma one would expect
that the deleterious effects of UV light would be visible with significant photoageing in melanoma patients. In fact, it is often the reverse as melanoma patients often have less photoageing with a
lower prevalence of solar keratoses and solar lentigines compared
to subjects susceptible to squamous cell and basal cell carcinomas
for example (at the exception of head and neck melanomas which
occurs in older age groups). In fact naevi and solar keratoses are often mutually exclusive and this led to the concept of different
pathways in melanoma [33,34]. The observation that melanoma
patients with a large number of naevi are showing less sun damage
than controls may be explained by the discovery that individuals
with a large number of naevi have longer telomeres than controls
[35]. Telomere length was signiﬁcantly associated with increasing
naevus counts (Fig. 2). This delayed senescence in melanocytes is
likely to be reﬂected into ﬁbroblasts and keratinocytes hence the
observed reduced photoageing. This has now been supported by
two more recent studies showing that individuals with melanoma
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Fig. 2. Naevus count categories in relation to telomere length. Bataille et al. 2007.

also have longer telomeres and this appears to be conveyed by an
excess of naevi [36,37]. The TERT locus has also been associated
with melanoma in GWAS analyses which further support the role
of the telomere unit and possibly longevity for this tumour [38].
Recently, a germline mutation in the promoter of the TERT gene
has been shown to explain melanoma susceptibility in a very large
melanoma kindred which was also implicated in sporadic melanomas [39,40]. Large number of naevi and increased risk of melanoma therefore appear to be associated with reduced senescence
and this may have provided a small survival advantage in evolution. It is speculated that this delayed senescence is what makes
these individuals with high naevus counts with the atypical mole
syndrome (Fig. 1) more prone to cancer as melanoma is often
found in the context of family cancer syndromes and the longevity
may be offset by an increased risk of cancers [21,25].
Skin pigmentation and the MSH/MC1R pathway
Fair skin subjects are more likely to get melanomas compared to
darker skin types and this may be the strongest piece of evidence
linking UV sensitivity with melanoma from epidemiology studies.
However, the risk associated with sunburns and fair skin is small
with risk factors in the order of 1.5–2 compared to relative risks of
5–30 for multiple atypical naevi without or with family of melanoma
respectively [12,13]. Once adjusted for skin type, many sun exposure
measures do no longer confer a risk for melanoma so it is not a ﬁxed
amount of sun exposure which matters but the host response. It is
possible that fair skin subjects may have other, yet unknown, risk
factors for melanoma rather than just being fair and sun sensitive.
The MSH/melanocortin pathways linked to skin pigmentation is
very complex and has important functions regarding immune and
neuroendocrine responses as well [41]. Many pigmentation genes
linked to melanoma in recent GWAS such as TPCN2, ASIP, KIT,
NCKX5, TYR, IRF 4, OCA2 and TYRP1 have been linked to melanoma
and some of them like MC1R have dual roles in pigmentation and immune responses but many other functions of these genes remain to
be discovered [30]. The melanocortin system containing endogenous agonists (POMC derived peptides) and agonists (agouti protein
and AgRP (agouti-related peptide) as well as ﬁve MCR subtypes from
(MC1R to MC5R) also regulate energy and glucose homeostasis and
melanoma has been linked to increased BMI [42–44]. This association between BMI and melanocortins and, in turn, pigmentation,
was clearly demonstrated in the mouse model before [42]. Furthermore, GWAS studies in obesity based on more than 200,000 individuals have conﬁrmed that genes in this pathway such as POMC and
MC4R are associated with obesity [45]. More recently, melanoma
susceptibility has been linked to the FTO gene which is also an
important gene for BMI [46].
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Vitamin D
An important and neglected area of research until very recently
is the role Vitamin D in the susceptibility and survival of melanoma. Vitamin D is associated with sun exposure, pigmentation,
BMI and telomere length so it is linking many risk factors for melanoma discussed above [47–49]. Newton Bishop advanced the ﬁeld
recently showing that low vitamin D levels are common in melanoma patients and have a deleterious impact on risk and survival
[50]. It is therefore important to dissect these associations further
not only to produce some safe recommendations regarding sun
exposure but also to understand the complex relationships between various melanoma risk factors.

Recent evidence of sun exposure in melanoma
It may be argued that this review did not debate enough the sun
exposure evidence in melanoma. The link between melanoma and
UV radiation has been based on many epidemiological studies,
migration studies, animal models and cell biology over the last
30 years and it is not the scope of this review to go through all this
evidence and assess the relevance of these observations for human
melanomas. This would take too long and should be part of another
manuscript. This review’s aim is to redress the balance and present
evidence of important non sun related melanoma risk factors
which are often ignored in the literature. In terms of recent evidence, genome sequencing of melanoma tumours have shown that
the number of all types of genetic alterations exceed 70,000 and
that many of the point mutations are C-T pyrimidine dimers which
in principle supports sun exposure in melanoma [51]. C-T mutations are, however, also found in genome sequencing of other tumours which have no link to sun exposure [52]. There is also the
possibility that the new methylome studies in melanoma will
show some effect of sun exposure in turning genes on and off
which may affect melanoma risk. However, it is too early at this
point as the very recent methylome studies on human melanoma
have not been correlated with environmental exposure as it is relatively difﬁcult to have accurate sun exposure data in these studies
[53].
In summary, recent advances in genetics with good collection of
environmental data will hopefully help to dissect the relative contribution of environmental and genetic factors in the causation of
melanoma. The arguments used to support sunshine as the main
cause of melanoma do not always stack up. This review does not
wish to dismiss sunshine but rather present another view on melanoma biology. It is clear that sunshine causes signiﬁcant photoageing and increase skin cancer risk with a signiﬁcant burden to
health services so excessive sun exposure is not advocated. But it
should be recognised that drastically reducing sun exposure in
Caucasians may have deleterious effects which may take many
years to unravel and has not been successful in reducing melanoma
incidence. Sunlight is unlikely to be blamed for the rapid rise in
melanoma incidence seen over the last 30 years and instead
changes in screening for melanoma are probably responsible for
a rapid rise in early melanomas. New common low penetrance
genes discovered via genome wide association studies and melanocyte biology show that melanocyte differentiation is very complex
and is linked to other phenotypes such as longevity, BMI and energy expenditure amongst many others. Gender is also a very
important modifying factor in naevi and melanoma biology and
gender effects on naevi and melanoma needs to be explored further. More genome data as well as methylome studies are eagerly
awaited to further elucidate the driver mutations and epigenetic
changes in melanoma. However, the ‘‘at risk phenotype’’ should
not be ignored and studies should not focus on melanoma tumours
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only. Vitamin D is linked to so many melanoma risk factors and appears to be protective for melanoma so more research is needed
especially as Vitamin D deﬁciency is now becoming very prevalent
in all Caucasian populations.

Conﬂict of interest
None.
Acknowledgments
Most of the research on naevi and melanoma in relation to ageing and telomeres in the twins was funded by the Wellcome Trust
(grant number WT081878) and the National Institute for Health
Research (NIHR) clinical research facility at Guy’s and St Thomas
Foundation Trust and NIHR Biomedical Research Centre at Guy’s
Hospital London.
References
[1] http://seer.cancer.gov/faststats/selections.php?run&output=2&data=1&statistic=
2&year=200802&race=2&sex=1&age=1&series=cancer&cancer=53.
[2] http://www.aihw.gov.au/cancer/#incidence.
[3] Coory M, Baade P, Aitken J, et al. Trends in situ and invasive melanoma in
Queensland, Australia 1982–2002. Cancer Causes Control 2006;17:21–2.
[4] Welch HG, Black WC. Overdiagnosis in cancer. J Natl Cancer Inst
2010;102:605–13.
[5] De Vries E, Boniol M, Dore JF, et al. EUROCARE working group. Lower incidence
but thicker melanomas in Eastern Europe before 1992: a comparison with
Western Europe. Eur J Cancer 2004;40:1045–52.
[6] Bataille V, Grulich A, Sasieni P, et al. The association between naevi and
melanoma in populations with different sun exposure: a joint case-control
study of melanoma in the UK and Australia. Br J Cancer 1998;77:505–10.
[7] Bulliard JD, De Weck D, Fisch T, et al. Detailed distribution of melanoma and
sunlight exposure: aetiological patterns from a Swiss series. Ann Oncol
2007;18:789–94.
[8] Gallagher R, McLean DI, Yang CP, et al. Anatomical distribution of acquired
melanocytic naevi in white children. A comparison with melanoma. The
vancouver mole study. Arch Dermatol 1990;126:466–71.
[9] Dodd A, Morelli J, Mokrohisky ST, et al. Melanocytic nevi and sun exposure in a
cohort of colarado children: anatomic distribution and site speciﬁc sunburn.
Cancer Epidemiol Biomarkers Prev 2007;16:2136–43.
[10] Larue L, de Vuyst F, Delmas V. Modeling melanoblast development. Cell Mol
Life Sci 2013;70:1067–79.
[11] O’Hara C, Birch J, McCabe M et al. Gender differences in survival among
teenagers and young adults with CNS tumours. Cancer Outcomes Conference.
Available from: 2012 www.ncin.org.uk/conference.
[12] Gandini S, Sera F, Cattaruzza MS, et al. Meta-analysis of risk factors for
cutaneous melanoma: II. Sun exposure. Eur J Cancer 2005;41:45–60.
[13] Gandini S, Sera F, Cattaruza P, et al. Meta-analysis of risk factors for cutaneous
melanoma: I. Common and atypical naevi. Eur J Cancer 2005;41:28–44.
[14] Chang YM, Newton-Bishop JA, Bishop DT, et al. A pooled analysis of
melanocytic naevus phenotype and the risk of cutaneous melanoma. Int J
Cancer 2009;124:420–8.
[15] Cook AL, Smith AG, Smit DJ, et al. Co-expression of SOX9 and SOX 10 during
melanocytic differentiation in vitro. Exp Cell Res 2005;308:205–22.
[16] Yokoyama S, Woods SL, Boyle GM, et al. A novel recurring mutation in MITF
predisposes to familial and sporadic melanoma. Nature 2011;480:99–103.
[17] Bertolotto C, Lesueur F, Giuliano S, et al. A SUMOylation-defective MITF
germline mutation predisposes to melanoma and renal carcinoma. Nature
2011;480:94–8.
[18] Davies H, Bignell GR, Cox C, et al. Mutations of the BRAF gene in human cancer.
Nature 2000;27:949–54.
[19] Chapman PB, Hauschild A, Robert C, et al. Improved survival with vemurafenib
in melanoma with BRAF V600E mutation. N Engl J Med 2011;364:2507–16.
[20] Curtin JA, Fridlyand J, Kageshita T, et al. Distinct sets of genetic alterations in
melanoma. N Engl J Med 2005;353:2135–47.
[21] Blauer J, Buttner P, Murall R, et al. BRAF mutations in cutaneous melanoma are
independently associated with age, anatomic site of the primary tumour and
the degree of solar elastosis at the primary tumour site. Pigment Cell
Melanoma Res 2011;24:345–51.
[22] Peeper DS. Oncogene-induced senescence and melanoma. Where do we
stand? Pigment Cell Melanoma Res 2011;24:1011–107.
[23] Tran SL, Haferkamp S, Scurr LL, et al. Absence of distinguishing senescence
traits in human melanocytic nevi. J Invest Dermatol 2012;132:2226–34.
[24] Goldstein AM, Cahn M, Harland M, et al. Features associated with germline
CDKN2A mutations: a GenoMEL study of melanoma prone families from three
continents. J Med Genet 2007;44:99–106.

850

V. Bataille / Medical Hypotheses 81 (2013) 846–850

[25] Harinck F, Kluijt I, van der Stoep N, et al. Indication for CDKN2A mutation
analysis in familial pancreatic cancer families without melanomas. J Med
Genet 2012;49:362–5.
[26] Goldstein AM, Chan M, Harland M, et al. High risk melanoma susceptibility
genes and pancreatic cancer, neural system tumors and uveal melanomas
across GenoMEL. Cancer Res 2006;15:9818–28.
[27] Falchi M, Bataille V, Hayward N, et al. Loci on chr 9p21 and 22q13 harbour
alleles for the development of cutaneous nevi and melanoma. Nat Genet
2009;41:915–9.
[28] Bishop DT, Demenais F, Iles MM, et al. Genome wide association study
identiﬁes three loci associated with melanoma risk. Nat Genet 2009;41:920–5.
[29] Duffy DL, Iles MM, Glass D, et al. IRF4 variants have age speciﬁc effects on
nevus count and predispose to melanoma. Am J Hum Genet 2010;87:6–16.
[30] Law MH, MacGregor S, Hayward NK. Melanoma genetics: Recent ﬁndings take
us beyond well-traveled pathways. J Invest Dermatol 2012;132:1763–74.
[31] Tomiyama H, Yoshino H, Ogaki K, et al. PLA2G6 variant in Parkinson disease. J
Hum Genet 2011;56:401–3.
[32] Liu R, Gao X, Lu Y, Chen H. Meta-analysis of the relationship between
Parkinson disease and melanoma. Neurology 2011;76:2002–9.
[33] Bataille V, Sasieni P, Grulich A, et al. Solar keratoses: a risk factor for melanoma
but negative association with melanocytic naevi. Int J Cancer 1998;78:8–12.
[34] Whiteman DC, Watt P, Purdie DM, Hughes MC, Hayward NK, Green AC.
Melanocytic nevi, solar keratoses, and divergent pathways to cutaneous
melanoma. J Natl Cancer Inst 2003;95:806–12.
[35] Bataille V, Kato BS, Falchi M, et al. Nevus size and number are associated with
telomere length and represent potential markers of a reduced senescence
in vivo. Cancer Epidemiol Biomarkers Prev 2007;16:1499–502.
[36] Han J, Qureshi AA, Prescott J, et al. A prospective study of telomere length and
the risk of skin cancer. J Invest Dermatol 2009;129:415–21.
[37] Nan H, Du M, De Vivo I, et al. Shorter telomeres associate with a reduced risk of
melanoma development. Cancer Res 2011;71:6758–63.
[38] Law MH, Montgomery GW, Brown KM, et al. Meta-analysis combining new
and existing data sets conﬁrms that TERT-CLPTM1L locus inﬂuences
melanoma risk. J Invest Dermatol 2012;132:485–7.
[39] Horn S, Figl A, Rachakonda S, et al. TERT promoter mutations in familial and
sporadic melanoma. Science 2013;339:959–61.
[40] Huang FW, Hodis E, Xu MJ, et al. Highly recurrent TERT promoter mutations in
human melanoma. Science 2013;6122:957–9.

[41] Bohm M, Schiller M, Luger TA. Non-pigmentary actions of alpha-melanocytestimulating hormone–lessons from the cutaneous melanocortin system. Cell
Mol Biol 2006;30:61–8.
[42] Mountjoy K. Functions for pro-opiomelanocortin-derived peptides in obesity
and diabetes. Biochem J 2010;428:305–24.
[43] Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-mass index and
incidence of cancer: a systematic review and meta-analysis of prospective
observational studies. Lancet 2008;371:569–78.
[44] Shors AR, Solomon C, McTiernan A, White E. Melanoma risk in relation to
height, weight and exercise (United States). Cancer Causes Controls
2001;12:599–606.
[45] Speliotes E, Willer C, Berndt S, et al. Association analyses of 249,796
individuals reveal eighteen new loci associated with body mass index. Nat
Genet 2010;42:937–48.
[46] Iles MM, Law MH, Stacey SN, et al. A variant in FTO shows an association with
melanoma risk not due to BMI. Nat Genet 2013;45:428–32.
[47] Richards JB, Valdes AM, Gardner JP, et al. Higher Vitamin D concentrations are
associated with longer telomere length in women. Am J Clin Nutr
2007;86:1420–5.
[48] Mai XN, Cgen Y, Camargo Jr CA, Langhammer A. Cross-sectional and
prospective cohort study of serum 25-hydroxyvitamin D level and obesity in
adults: the HUNT study. Am J Epidemiol 2012;175:1029–36.
[49] Glass D, Lens M, Swaminathan R, Spector TD, Bataille V. Pigmentation and
vitamin D metabolism in Caucasians: low vitamin D serum levels in fair skin
types. PloS One 2009;4:e6477.
[50] Newton Bishop JA, Beswick S, Randerson-Moor J, et al. Serum 25hydroxyvitamin D3 levels are associated with brelsow thickness at
presentation and survival from melanoma. J Clin Oncol 2009;27:5439–44.
[51] Berger MF, Hodis E, Heffernan TP. Melanoma genome sequencing reveals
frequent PREX2 mutations. Nature 2012;485:502–6.
[52] Jin P, Cai R, Zhou X, et al. Features of missense/nonsense mutations in exonic
splicing enhancer sequences from cancer-related human genes. Mutat Res
2012;740:6–12.
[53] Gao L, Van den Oord JJ, Goeman JJ et al. Genome wide promoter methylation
analyses identiﬁes epignetic silencing of MAPK13 in primary cutaneous
melanoma. Pigment Cell Melanoma Res 2013. http://dx.doi.org/10.1111/
pcmr.12096. [Epub ahead of print].

