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Abstract 

This PhD project investigated the genetic epidemiology of melanocytic naevi in 

children of European ancestry between six and twelve years of age. Longitudinal and 

cross-sectional analyses were conducted to examine the association between counts of 

naevi on the back, face and arms, and selected single nucleotide polymorphisms (SNPs) 

of candidate melanoma susceptibility genes. 

 

Cutaneous malignant melanoma is a serious public health problem in Australia; the 

incidence of this cancer has been increasing steadily for many years here, and in other 

predominantly fair-skinned populations around the world. If diagnosed at an early stage, 

melanoma can be treated with a high level of success by excising the tumour. However, 

melanoma is resistant to radiotherapy, chemotherapy and immunotherapy, and the 

prognosis is usually very poor if the tumour metastasises.   

 

After age and sun-exposure, having a large number of melanocytic naevi is the strongest 

and most consistent risk factor for melanoma. It has been hypothesised that naevi may 

be precursors of this cancer. Therefore, investigating their causes may give an insight in 

the aetiology of melanoma. An understanding of genetic effects and their interaction 

with the environment in disease processes may lead to the development of better 

preventive interventions.  

 

The current investigation was built upon the data collected by the Kidskin intervention 

study conducted in Perth, Western Australia between 1995 and 2001. This was jointly 

carried out by the University of Western Australia and Curtin University of Technology. 

The primary aim of this previous study was to investigate whether a school-based 

programme encouraging children to reduce their exposure to intense sunlight would be 

effective in reducing the number of naevi that they develop.  

 

The 1,123 subjects who supplied data to the original Kidskin study in 2001 were invited 

to participate in this study and approximately 40% (n=443) provided DNA samples that 

were used in this study. Genotyping was successful for all of the SNPs being 

investigated and each of the SNPs were in Hardy-Weinberg equilibrium (HWE). The 

distributions of physiologic variables were comparable to those in the sampling frame 

and of those recruited into the Kidskin study in 1995. This implies that the participants 
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of this study were representative of the Western Australian population from which they 

were recruited, and potentially other fair-skinned populations of UK descent that have 

been exposed to similar levels of sun-exposure, and that the results of this study may be 

generalised to these populations.  

 

Evidence was found for associations between the subjects’ inherited genotypes and the 

development of naevi in childhood after controlling for pigmentary phenotype, 

protection-adjusted summer sun-exposure, clinical and demographic characteristics of 

the study participants. The longitudinal analyses suggested that the pattern of 

association between these genes and the number of naevi on the back may change as a 

person ages. 

 

The arginine to proline mutation in codon 72 of the tumour protein 53 (TP53) gene was 

not associated with naevus counts between six and twelve years of age. 

  

High penetrance, red hair colour alleles of MC1R were associated with fewer naevi on 

sun exposed sites, the arms and face, in the cross-sectional analyses at six, ten and 

twelve years of age, and that there was evidence that the strength of the association 

between naevus counts on sun exposed sites and the red hair colour alleles weakened 

and the size of the effect reduced with age. These polymorphisms were not associated 

with the number of naevi on the back except in the longitudinal analysis. 

 

One polymorphism of CDKN2BAS was strongly associated with higher naevus counts 

on the back in the cross-sectional analysis at twelve years of age and in the longitudinal 

analysis. However the association in the longitudinal analysis did not have an 

interaction with the subjects’ age. 

 

Depending on the melanoma susceptibility gene, between 0.2% and 73% of the subjects 

had polymorphisms that were associated with changes in naevus counts. The 

participants of this study were representative of the population who were eligible to 

participate in the original Kidskin study. This suggests that these polymorphisms may 

have a substantial effect on naevus counts and therefore melanoma risk in the Western 

Australian population. 

 



 v 

Further, the results of this study suggest that polymorphisms from a subset of melanoma 

susceptibility genes are associated with naevus development, and that naevi and 

melanoma may not share all the same genetic risk factors, and that the genetic risk 

factors that they do share may not have similar effects. This thesis lends support to the 

position that there may be more than one pathological pathway leading to melanoma 

development. 
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Glossary 

Atypical mole syndrome (AMS) – see Familial atypical mole and malignant melanoma 

syndrome. 

Autosome – A chromosome other than a sex-chromosome. 

Autosomal – Of, belonging to, or designating an autosome. 

Centimorgan (cM) – A unit of measure of genetic recombination frequency. One cM is 

equal to a 1% chance that a marker at one genetic locus will be separated from a 

marker at another locus due to crossing over in a single generation. In humans, 1 cM 

is equivalent, on average, to 1 million base pairs. 

Cutaneous malignant melanoma – A cancer arising from the melanocytes of the skin.  

Dysplastic naevi – Naevi whose appearance is different from that of a benign naevi. 

Dysplastic naevi tend to be larger than benign naevi, have more irregular borders 

and are often mixed in colour. These naevi are also known as atypical naevi. 

Electron volt – A unit of energy equivalent to 1.60217653×10
−19

 Joules  

Epistasis – The expression of one hereditary character to the exclusion of another when 

the two are controlled by alleles of different genes; also more widely, any 

interaction of non-allelic genes. 

Familial atypical mole and malignant melanoma syndrome (FAMMM or FAM-M) 

– This syndrome is defined by (1) occurrence of melanoma in one or more first or 

second-degree relatives, (2) large numbers of naevi (often greater than 50) some of 

which are atypical and often variable in size, and (3) naevi that demonstrate certain 

distinct histologic features. 

Hamartoma – A tumour-like mass resulting from the faulty growth or development of 

normal cells or tissue.  

Geometric mean – An average calculated by multiplying a series of numbers and 

taking the n
th

 root where n is the number of numbers in the series. 

Heritability – A measure of the relative contribution of genetic factors to the variance 

of a phenotypic trait. 

Heterozygote – A diploid individual that has different alleles at one or more genetic 

loci. 

Heterozygosity – The state or condition of being heterozygous; the degree or extent to 

which an organism is heterozygous with respect to its complement of genetic loci. 
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Heterozygous – Having different alleles at one or more genetic loci. This may occur 

through an inherited mutation or may be acquired through a somatic mutation at one 

or more loci. 

Homeostasis – The tendency of a system, especially physiological systems of higher 

animals, to maintain internal stability owing to the coordinated response of its parts 

to any situation or stimulus tending to disturb its normal condition or function. 

Homozygote – A diploid individual that has identical alleles at one or more genetic 

loci. 

Homozygosity – The state or condition of being homozygous; the degree or extent to 

which an organism is homozygous with respect to its complement of genetic loci. 

Homozygous – Having identical alleles at one or more genetic loci. 

Isoform – Any of several multiple forms of the same protein that differ in their primary 

structure, but retain the same function. They can be produced by different genes or 

by alternative splicing of RNA transcripts from the same gene. 

Joule – A joule is the derived unit of energy in the International System of Units. 

Karyotype – The visual appearance of the set of chromosomes of a typical somatic 

eukaryotic cell of a given species, individual, or cell strain. It is expressed in terms 

of chromosomal sizes, shapes, and number. 

Linkage disequilibrium – The preferential association of linked genes/DNA markers 

in a population; the tendency for some alleles at a locus to be associated with certain 

alleles at another locus on the same chromosome with frequencies greater than 

would be expected by chance alone. 

Loss of heterozygosity – The loss of a non-mutated allele that counteracts the effect of 

a mutated counterpart at a locus linked to disease susceptibility. See Two hit 

hypothesis. 

Melanocyte – A pigmented cell;  a mature melanin-forming cell. Also known as a 

melanophore. 

Melanocytic naevi – A benign focal proliferation of differentiated melanocytes. 

Microsatellite – Microsatellites are repetitive DNA sequences scattered throughout the 

human genome. The length of a given microsatellite repeat is unique for each 

individual and fixed in all the different tissues of that individual. 

Microsatellite instability – The variation in microsatellite pattern length between a 

tumour and its matching normal tissue is referred to as microsatellite instability 

(MSI), and tumours with such a change are labelled as having MSI. Although this 

instability is localized to the microsatellite repeats, MSI is indicative of defective 
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DNA repair mechanisms, and these have a general negative impact on the fidelity of 

replication. This negative effect may result in an increased rate of mutation in both 

oncogenes and TSGs, thereby leading to tumourigenesis. Moreover, MSI can 

generate mutations in the mutator genes. These genes have a crucial role in that they 

encode proteins involved in the repair of mismatched nucleotides. Furthermore, 

some cancer related genes, such as transforming growth factor b, have microsatellite 

repeats in their coding regions. In this regard, these simple repeats are the subjects 

for mutator specific slippage mutations. These mutations can affect cancer related 

genes and therefore promote tumourigenesis. 

Midday Hour Equivalent – A unit of sun-exposure developed in the Kidskin 

Intervention Study. 

Midday Minute Equivalent – A second unit of sun-exposure developed in the Kidskin 

Intervention Study. 

Minimal Erythemal Dose – The amount of UVR-exposure required to cause 

perceptible reddening of the skin of fair haired people. One Minimal Erythemal 

Dose (MED) is equivalent to an erythemal effective radiant exposure of 200Jm
2
.  

Mutation – A change of any magnitude in the genetic material of an organism, which 

may in certain cases be inherited by subsequent generations resulting in the 

appearance of a novel form; (also) an altered gene or phenotypic character which 

has resulted from such a change. Note: The genetic changes which constitute 

mutation may involve the alteration of individual base pairs in DNA or the deletion, 

insertion, or rearrangement of larger sections of genes or chromosomes. 

Nanometre – 1.0 10
-9

 metres. 

Penetrance – The production of the expected phenotype by a particular gene or allele; 

the frequency with which organisms having a particular genotype show the expected 

phenotype. 

Phenotype – The observable characteristics of an individual, regarded as the 

consequence of the interaction of the individual’s genotype with the environment; a 

variety of an organism distinguished by observable characteristics rather than 

underlying genetic features. 

Polymorphism – Originally: the stable and regular existence of two or more 

discontinuous phenotypes or genotypes in a population; the existence of multiple 

possible alleles at a given locus; an instance of this. Later also: variability of amino 

acid sequence in a protein or nucleotide sequence in a gene or other part of a nucleic 

acid molecule; an instance of this. See single nucleotide polymorphism. 
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Segregation analysis – A method of genetic analysis that tests whether an observed 

pattern of phenotypes in families is compatible with an explicit model of inheritance 

and produces estimates of the parameters of such models. 

Single Nucleotide Polymorphism (SNP) – A variation in the DNA sequence occurring 

when a single nucleotide - A, T, C, or G - in the genome, or other shared sequence, 

differs between members of a species, or between paired chromosomes in an 

individual. 

Stromal – The supporting framework or matrix of a cell. 

Two hit hypothesis – Most loss of function mutations that occur in tumour suppressor 

genes are recessive in nature. Thus, in order for a particular cell to become 

cancerous, both of the cell's tumour suppressor genes must be mutated. First 

proposed by Alfred Knudson in 1971. 

Ultraviolet radiation (UVR) – Electromagnetic radiation that has a wavelength ranging 

from 10 nm to 400 nm and energies from 3 eV to 124 eV per photon. This radiation 

lies just outside the visible spectrum at frequencies higher than those visible as the 

colour violet. Ultraviolet radiation is found in sunlight, and is an ionising radiation 

and can cause sunburn in human skin.  

Ultraviolet A (UVA) – Ultraviolet radiation with a wavelength between 315 nm and 

400 nm with energies from 3.10 eV to 3.94 eV per photon. Because of the 

absorption by the ozone layer, 98.7% of the ultraviolet radiation reaching the 

Earth’s surface is UVA. 

Ultraviolet B (UVB) – Ultraviolet radiation with a wavelength between 280 nm and 

315 nm with energies from 3.94 eV to 4.43 eV per photon.  

Ultraviolet C (UVC) – Ultraviolet radiation with a wavelength between 200 nm and 

280 nm with energies from 4.43 eV to 12.4 eV per photon.  
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The Caffeine Mentat Mantra 

 

It is by caffeine alone I set my mind in motion,  

It is by the beans of java that thoughts acquire speed,  

The hands acquire shaking,  

The shaking becomes a warning,  

It is by caffeine alone.... 

 

Anonymous (apologies to David Lynch) 
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1 Introduction 

1.1 Cutaneous malignant melanoma, a disease of public health 

importance 

Cutaneous malignant melanoma (hereafter melanoma) is a serious public health 

problem in Australia and other predominantly fair-skinned populations around the 

world. The incidence of melanoma has been increasing steadily for several decades 

(Diepgen and Mahler 2002; Lens and Dawes 2004). In 1982 the Australian incidence 

was 22.0 per 100,000 and it had increased to 39.8 per 100,000 by 2005 (AIHW 2008). 

 

The incidence of melanoma has also increased in the UK, Europe and the USA over an 

extended period of time. The incidence of melanoma in the USA and UK has doubled 

over a 20 to 25 year period since the early to mid 1970s  (Office for National Statistics 

2002; de Vries, Bray et al. 2003; Ries, Melbert et al. 2007). Diepgen and colleagues 

estimated that the melanoma incidence in Europe has been increasing by between 3% 

and 7% per annum. They suggest that if this trend continues, the number of new 

melanoma cases in these populations is expected to double in 10 to 20 years (Diepgen 

and Mahler 2002). Therefore, the prevention of melanoma is a major priority in these 

populations. 

 

After age, the strongest and most consistent risk factor for melanoma is melanocytic 

naevi; elevated numbers of benign naevi have been shown to increase the risk of 

melanoma between two to four times, approximately the same magnitude as sun-

exposure, which is the main environmental risk factor (Tucker and Goldstein 2003). A 

naevus is a benign focal proliferation of differentiated melanocytes known as naevus 

cells. Naevi and naevus cells may result from the mutagenic effects of ultraviolet 

radiation (UVR). There is also evidence to suggest that there is a genetic component in 

naevus development, with twin studies showing a stronger correlation in naevus counts 

between monozygotic (MZ) twins than dizygotic (DZ) twins, and familial patterns of 

inheritance in atypical or dysplastic naevi (Easton, Cox et al. 1991; Zhu, Duffy et al. 

1999; Bataille, Snieder et al. 2000). 

 

Naevi and melanoma share many of the same risk factors, including UVR-exposure 

patterns, higher environmental UVR levels, sun-exposure in childhood, sun-sensitive 
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skin, red/blonde hair and pale skin (Green, Siskind et al. 1989; Fritschi, McHenry et al. 

1994; Harrison, Buettner et al. 1999; Tucker and Goldstein 2003). As they have many 

of the same host and environmental risk factors, it is logical to hypothesise that they 

may also share some of the same genetic determinants. Plausible candidate genes for the 

regulation of naevus counts or densities include variants of genes involved in the cell 

regulation process that act as tumour suppressors or oncogenes, genes related to 

pigmentation and the DNA repair process (Bataille 2003; Heymann 2004). The range 

and role of genes that may contribute to melanoma risk suggests that there may be more 

than one pathway to the development of the disease (Whiteman, Watt et al. 2003; Rivers 

2004). Individually, the effects of these genes may be modest, but they may have a 

synergistic or cumulative effect, or interact with other host-related factors and the 

environment to cause an increase in risk. 

 

This study was designed to investigate the genetic epidemiology of melanocytic naevi in 

childhood. This involved adding genetic information to a previous study of naevi in 

childhood – The Kidskin Intervention Study. An association study of selected 

melanoma susceptibility genes and their interaction with environmental factors with 

melanocytic naevi in children was conducted. As naevi are a strong risk factor for 

melanoma, investigating their aetiology may offer new insights into the aetiology of 

melanoma. An improved understanding of genetic effects and the interaction of genes 

with the environment in melanoma development may lead to more effective and specific 

interventions to reduce the impact of the disease on the community. 

 

1.2 The original Kidskin intervention study 

This research was conducted among the participants of the Kidskin intervention study 

that had been conducted jointly by the Departments of Public Health at the University of 

Western Australia and Curtin University of Technology. The Kidskin project was a non-

randomised school-based intervention study conducted between 1995 and 2001. The 

main goal was to investigate whether a school-based programme that encouraged 

children to reduce their exposure to solar UVR would be effective in reducing the 

number of naevi that they develop (Milne, English et al. 1999).  

 

The design of the Kidskin study and the intervention has been described in Milne, 

English et al. (1999). Briefly, the study recruited a cohort of children who started 
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primary school in 1995 at five or six years of age and who were followed to 2001. 

Those who were allocated to the intervention groups received a specially designed sun 

protection curriculum that encouraged them to reduce their sun-exposure by staying 

indoors and taking protective measures when they were outdoors. Demographic, 

phenotypic and parent-reported sun-exposure and sun protection information was 

collected on four occasions, resulting in a rich longitudinal data set.  

 

At the end of the study, it was found that the intervention had a modest effect on sun 

protective behaviours and reducing the number of new naevi that developed over the six 

years of follow up (English, Milne et al. 2005; English, Milne et al. 2005; Milne, Jacoby 

et al. 2006). 

 

1.3 Aims 

There were three main aims of the current (Kidskin II: Moles and Genes) study: 

1. To estimate the potential changes in the number of naevi that may be associated 

with inherited genetic polymorphisms in selected candidate genes, adjusting for 

the effect of recorded phenotypes and solar UVR exposure. 

2. To investigate potential interactions between inherited genetic polymorphisms 

and self-reported, protection adjusted solar UVR exposure. 

3. To estimate the frequencies of inherited genetic polymorphisms associated with 

elevated naevus counts in the general Western Australian population. 

 

1.4 Structure of the thesis 

This thesis has a conventional format. The first chapter introduces the research 

undertaken providing some background to the project, setting the context for the 

investigation and establishing the reason for the investigation. The second chapter 

consists of the literature review which focuses on the genetic epidemiology of 

melanocytic naevi and melanoma, exploring the relationship between the two types of 

lesions. The third chapter gives a brief description of the original Kidskin study and the 

methods used in that study. The methods used to conduct the current PhD project are 

described in chapter four, followed by the results in chapter five, and a discussion of the 

findings and the implications and future directions for further research in the area of 
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melanoma and genetic epidemiology in chapter six and a summary of the conclusions in 

chapter seven. 

 

1.5 Candidate’s contribution to the thesis 

When considering a possible PhD topic, I made the observation from the literature that 

melanoma and naevi have many of the same risk factors in common, both 

environmental and those relating to the host. This, and evidence of significant 

heritability of both types of lesion suggest that common inherited variations may be 

involved in the development of both melanoma and naevi (Wachsmuth, Gaut et al. 

2001). The consistent finding that naevi are the main host-related risk factor for 

melanoma suggests that they may share a similar or overlapping set of genetic variants 

that may increase the risk of development of both. 

 

Clark, Elder et al. (1984) hypothesised that naevi are precursors to melanoma and that 

melanocytic cells progress through a series of stages until metastasising melanoma 

develops. This was based on histological examinations of benign and atypical naevi, and 

melanomas (Clark, Elder et al. 1984). Later work has investigated a range of genetic 

changes that may support this multistep tumourigenesis hypothesis in melanoma. These 

include loss of heterozygosity (LOH), microsatellite instability (MSI) and 

polymorphisms in oncogenes, tumour suppressor and mismatch repair genes (Hussein 

2004). Implicit in this model is the assumption that all melanoma develop through the 

same pathological process. In contrast, Whiteman and others have suggested that there 

may be multiple pathways through which melanoma may develop (Whiteman, Watt et 

al. 2003). This hypothesis may explain the observed complexity in the descriptive 

epidemiology of the disease. 

 

The information collected in the Kidskin study has provided an opportunity to carry out 

a longitudinal study into the association between a set of melanoma susceptibility genes 

and the development of naevi in a cohort of children followed for seven years from six 

to twelve years of age (English, Milne et al. 2005; Milne, Jacoby et al. 2006). The 

hypothesis tested in my PhD thesis is that individuals who have polymorphisms in 

known melanoma susceptibility genes are more likely to develop greater numbers of 

benign melanocytic naevi in childhood than those without. If these variants were found 

to increase the risk of developing elevated numbers of naevi, this would provide 
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additional support to the hypothesis that the naevi and melanoma share common genetic 

pathways. 

 

As part of my PhD candidature I have undertaken the following: 

 Preparing the ethics application documents for the Kidskin II Study. 

 Managing the recruitment and sample collection phases of the Kidskin II Study. 

 Building and maintaining study databases, data entry and quality control of these 

databases. 

 The selection of the candidate melanoma susceptibility genes and the identification 

and selection allelic variants of these genes to be investigated. 

 Data analysis of the genetic information collected in the Kidskin II Study and the 

phenotypic and sun-exposure data collected in the original Kidskin study. 

 Interpretation and presentation of results. 

 

I was not involved in the laboratory work relating to the DNA extraction, purification or 

genotyping of the samples supplied by the study participants. These activities were 

carried out by the staff of the Western Australian DNA Bank (www.wadb.org.au) at the 

PathWest laboratories, Queen Elizabeth II Medical Centre, Perth, Western Australia. 

 

The data describing the phenotype and sun-exposure information of the participants was 

extracted from the core Kidskin databases maintained by the Kidskin research group 

with the permission of the participants, the participants’ parents and guardians, and the 

Kidskin investigators. 

http://www.wadb.org.au/
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2 Literature Review 

This chapter will demonstrate that melanoma is a significant problem in Australia and 

many other predominantly fair-skinned populations. Background epidemiology and the 

risk factors that have been associated with the development of melanoma will be 

described. 

 

2.1 Background 

Melanoma results from the malignant transformation of the pigment-producing 

melanocytes which are located in the basal epidermal layer of the skin. It is currently 

classified histologically on the basis of its location and stage of progression. The early 

stages of melanoma in situ are restricted to the epidermis where they have not 

penetrated the epidermal basement membrane. They usually consist of individual cells 

or variable sized nests of atypical melanocytes exhibiting a radial growth pattern. 

Affected cells show cytologic atypia, with large abundant cytoplasm and increased 

overall size compared with normal melanocytes, the nuclei are also enlarged and 

hyperchromatic (Jhappan, Noonan et al. 2003; Chudnovsky, Khavari et al. 2005).  

 

The more aggressive and potentially more lethal invasive melanoma is characterised by 

a vertical growth phase where it penetrates the upper layer of the epidermis and the 

underlying dermal layer. At this point, it has a very high potential for metastasis with 

the metastatic melanoma colonising non-visceral organs such as other sites in the skin 

and lymph nodes, and visceral sites such as the lung, liver, bone, brain and small 

intestine (Jhappan, Noonan et al. 2003). If the melanoma metastasises, the patient’s 

prognosis is poor; melanoma is generally resistant to radiotherapy, chemotherapy and 

immunotherapy and survival is of the order of six to ten months. Surgical removal of the 

melanoma is highly successful (up to 95% of cases surviving five years after treatment) 

when removed at an early stage, however, small melanomas can be missed even by well 

trained dermatologists and can progress rapidly to the metastatic stage without a clearly 

identifiable primary lesion (Soengas and Lowe 2003). 

  

The lethality of late stage melanoma and the fact that the incidence of melanoma is 

increasing in fair-skinned populations around the world (Lens and Dawes 2004) 

signifies that it is an increasingly important worldwide public health concern. 
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2.2 Descriptive epidemiology of melanoma 

Of the three main types of skin cancer, basal cell carcinoma (BCC), squamous cell 

carcinoma (SCC) and melanoma, melanoma is the least common, but it is the most 

aggressive and accounts for the majority of skin cancer related deaths. 

 

Figure 2.1 Age-standardised incidence for melanoma internationally by gender for 

selected countries  

 

In Australia, in 2002 the incidence for BCC was 884 per 100,000
2
 and 387 per 100,000 

for SCC, often collectively referred to as non-melanoma skin cancers (NMSC) (Staples, 

Elwood et al. 2006), compared to melanoma with an incidence of 37.1 per 100,000 

population. Australian mortality rates in 2003 for SCC and BCC combined was 1.1 per 

100,000 population compared to 4.0 per 100,000 from melanoma alone (AIHW and 

AACR 2007).  

 

Australia’s melanoma incidence and mortality rates are among the highest in the world 

(Ferlay, Bray et al. 2004) (Figure 2.1). In 2003 there were 9,524 new cases of melanoma 

in Australia and 1,146 fatalities attributable to the disease (AIHW and AACR 2007). 

The incidence has been increasing steadily from 22.0 per 100,000 in 1982 to 39.8 per 

                                                 

2
 Unless otherwise stated rates have been standardised against the new WHO standard world population. 
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100,000 in 2005; an average increase of approximately 0.8 new cases per 100,000 per 

year over this period (AIHW 2008). In 2003, the lifetime risk to 75 years of age of 

being diagnosed with melanoma was 1 in 24 for males and 1 in 34 for females. Also in 

2003, the melanoma incidence among males was 44.2 per 100,000 and 31.0 per 100,000 

for females; the mortality rate for males was 5.8 per 100,000 and 2.5 per 100,000 for 

females.  (AIHW and AACR 2007).  

 

Figure 2.2 Age-standardised melanoma incidence by gender in Australia, the USA and 

UK, 1971 to 2005  

 

In 2006, in Western Australia there were 605 new cases of melanoma among males and 

447 new cases among females. In the same year, the incidence was 41.8 per 100,000 for 

males and 31.0 per 100,000 for females while the mortality rates were 4.1 per 100,000 

for males and 3.0 per 100,000 for females. The lifetime risk of being diagnosed with 

melanoma was 1 in 22 among Western Australian men and 1 in 31 for women (Threlfall 

and Thompson 2007). 

 

Increasing trends in melanoma incidence have also been identified in other fair-skinned 

populations. In the USA, melanoma incidence among males has more than tripled from 

8.5 per 100,000
3
 in 1975 to 26.8

2
 in 2005 and more than doubled for females from 7.4 

per 100,000
2
 to 17.9

2
 over the same period (Ries, Melbert et al. 2008). Similarly 
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incidence in the UK has been increasing but from lower initial rates, however the 

incidence among females has been uniformly higher than those among males. In 1971 

the incidence among males was 1.7 per 100,000
4
 which increased to 8.0

3
 per 100,000 in 

1997 and for females the incidence increased from 3.0
3
 per 100,000 in 1971 to 9.7

3
 per 

100,000 in 1997 (Office for National Statistics 2002). The annual increases in incidence 

varied between populations; Diepgen and Mahler estimate that the increase ranges 

between 3% and 7% with a lower increase in mortality rates. At these levels, melanoma 

incidence is expected to double every 10 to 20 years (Diepgen and Mahler 2002).  

 

De Vries and colleagues reported similar trends in melanoma incidence and mortality 

using cancer registry information maintained by several European countries between 

1953 and 1997. Countries in northern Europe, especially Scandinavia, had the highest 

level of melanoma incidence and it was lowest in southern and eastern European 

nations; the incidence of melanoma tended to be higher among females in these 

populations. There was a much lower degree of variation in the mortality rates between 

European countries. Mortality rates were lower in females than in males and these rates 

were highest in southern and eastern Europe and lowest in northern and western 

European countries (de Vries, Bray et al. 2003). 

 

Increases in melanoma incidence rates were more pronounced in northern European 

countries – there was a ten-fold increase among Norwegians aged 25 years or older 

between 1953 and 1997 – followed by those in western Europe and in later periods by 

southern and eastern European populations. Mortality rates also increased, but at a 

slower rate than melanoma incidence. In some countries, the rate of increase in the 

mortality of young and middle-aged groups has, since the 1980s, slowed, stopped or 

reversed. Mortality rates in cohorts born before the 1940s have continued to increase; 

however, in younger cohorts, those born in the 1960s and 1970s, mortality rates have 

stabilised or fallen in North America, Scotland, Australia, New Zealand and some 

European countries (Marks 2000; de Vries, Bray et al. 2003).  

 

These increases may be partially due to improvements in surveillance techniques, earlier 

diagnosis of less severe melanomas, improved public awareness of the disease and 

increases in recreational sun-exposure patterns. However, in some sub-populations, such 

                                                 

4
 Age standardised to the European standard population  
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as North American, Scottish and Australian birth cohorts from the 1960’s and 1970’s, 

the rate of increase has slowed. One explanation for these lower rates of melanoma 

incidence in these sub-populations is an improvement in sun-exposure patterns that are 

likely to be associated with melanoma risk (Lens and Dawes 2004). Melanoma survival 

rates are inversely related to the thickness of the tumour at the time of diagnosis. Since 

the 1980’s there has been a trend towards thinner tumours indicating earlier detection of 

melanomas (de Vries, Bray et al. 2003). This improvement in prognosis is unlikely to be 

related to improvements in melanoma treatment as there have been no major changes in 

melanoma therapy (Lens and Dawes 2004). 

 

Males tend to have higher densities of melanoma on head and trunk than females, while 

females tend to have higher densities of melanoma on the lower extremities (Pearl and 

Scott 1986; Elwood and Gallagher 1998; Clark, Shin et al. 2007). The risk of melanoma 

increases with age and this is independent of geographical location/latitude and UVR 

exposure. Aging provides more opportunities for the initiation of tumour formation (the 

induction of mutations by exposure to UVR) and for the promotion of tumour formation 

(the reparative cell proliferation after exposure to UVR or after other skin injuries). 

Aging also influences the host’s response to injury – there is an age-associated decrease 

in DNA repair capacity and a corresponding increase in the number of mutations in the 

DNA. The rate of removal of UVR-induced DNA photoproducts from skin exposed to 

UVR decreases with age, particularly in the first two decades of life (Gilchrest, Eller et 

al. 1999). 

 

Compared to other cancers, melanoma tends to be diagnosed at a younger age, probably 

due in part to the relative ease in its detection. In the USA, between 2001 and 2005, the 

median age of diagnosis among fair-skinned individuals was approximately 59 years, 10 

years earlier than other common types of cancer such as breast, lung and prostate 

(Berwick and Wiggins 2006; Ries, Melbert et al. 2008). In Western Australia (WA), in 

most years between 1982 and 2005, melanoma was the most common incident cancer 

among males aged 15 to 39 years, while breast cancer was the most common among 

women of the same age (Threlfall and Thompson 2007). The median age at death from 

melanoma in Australia between 1998 and 2002 was 69 years compared to low to mid 

70s for many other cancers (AACR 2004). 
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In Western Australia, in 2006, the age-specific melanoma incidence rates for males and 

females generally increased from 15 years of age. Until 45 to 50 years of age, females 

had higher incidence rates than males. From 50 years of age onwards, males had much 

higher incidence rates than women (Figure 2.3) (Threlfall and Thompson 2007). This 

pattern was observed in other populations; in the USA females had higher age-specific 

incidence rates than males up to approximately 45 years of age, after which males had 

higher incidence rates (Ries, Melbert et al. 2008). The reason for these age-specific 

differences is not known (Tucker and Goldstein 2003). 

 

 

Figure 2.3 Age-specific melanoma incidence, Western Australia, 2006  

 

Melanoma incidence varies geographically between and within countries, with the 

highest rates occurring in fair-skinned populations. Melanoma is rare in Asian and most 

African countries with an incidence of less than 2 per 100,000 population. The 

incidence of melanoma is much higher in populations of European descent (Ferlay, 

Bray et al. 2004). In the USA, the melanoma incidence rate for Caucasian individuals is 

between 5 and 20 times greater than among African Americans, Native American, 

Hispanic and people of Asian descent living within the same area (Elwood, Aitken et al. 

2003; Ries, Melbert et al. 2008). These differences suggest that skin pigmentation is a 

strong determinant of melanoma susceptibility where those with paler skin are at greater 

risk. African Americans, Native Americans and Asian sub-populations had a two to 
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three-fold greater risk of melanoma mortality compared to those with fair-skin; this may 

be due to these patients typically present at a more advanced stage of the disease where 

prognosis is poorer. There were differences in socioeconomic status, including access to 

health care services, type of treatment, lifestyle behaviours and social environment may 

also contribute to the higher mortality rates (Cormier, Xing et al. 2006; Ries, Melbert et 

al. 2008).  

 

Among Fair-skinned populations, melanoma incidence tends to increase with proximity 

to the equator. In Europe, the latitude gradient appears to be confounded by 

pigmentation phenotype. Populations in Southern Europe tend to have darker skin types 

and have a lower level of risk than those from Northern Europe who generally have a 

lighter phenotype. (de Vries, Bray et al. 2003; Elwood, Aitken et al. 2003). Variation in 

melanoma incidence with latitude has been observed in Australia where the northern 

states, with the exception of the Northern Territory which has a large Indigenous 

population, have the highest incidence. This gradient was first observed by Lancaster 

(Lancaster 1956) in relation to Australian melanoma mortality and indicated that 

exposure to sunlight was likely to have a role in the development of melanoma 

(Elwood, Aitken et al. 2003). Within Australia, Queensland has the highest melanoma 

incidence and mortality rates, followed by Western Australia and New South Wales 

(Table 2.1).  

 

Table 2.1 Age standardised incidence for melanoma per 100,000 population for 

Australian States and Territories by sex and latitude, 2001-2005  

Sex 
NSW 

28-37º 

Vic 

36-39º 

Qld 

11-28º 

WA 

14-35º 

SA 

26-38º 

Tas 

41-44º 

ACT 

35-36º 

NT 

11-26º 

Australia 

11-44º 

Males 59.6 43.6 78.7 66.0 47.4 49.8 52.1 38.3 58.4 

Females 38.4 32.7 53.9 41.9 34.4 42.2 39.8 25.6 39.9 

Persons 47.8 37.4 65.3 53.0 40.0 45.5 45.2 32.5 48.1 

 

The incidence of melanoma is higher among those with a high socioeconomic status. 

This association has not been thoroughly explored, but it is confounded by sun-exposure 

patterns associated with occupation, income, education, access to health care services 

and lifestyle (Cormier, Xing et al. 2006; Gruber and Armstrong 2006). It is possible that 

evidence for this relationship may be weaker after adjusting for these confounding 

factors. 

 



 13 

2.3 Risk factors of melanoma 

Melanoma has a multi-factorial aetiology resulting from the complex interactions of 

environmental, genetic and host-related factors (Lens and Dawes 2004). The primary 

known environmental risk factor is exposure to solar ultraviolet radiation (UVR), 

wavelengths of 200-400nm, although the mechanisms through which UVR acts are still 

to be established (Lens and Dawes 2004). Melanoma risk appears to be dependent on 

the pattern of exposure; intermittent or chronic exposure has been associated with 

different levels of risk of developing melanoma (Lens and Dawes 2004; Rivers 2004).  

 

Established host-related risk factors for melanoma include high numbers of benign 

melanocytic naevi and/or atypical naevi, a pale complexion, red or blonde hair, skin that 

freckles, tans poorly, or is sensitive to the sun, and a family or personal history of 

melanoma (Green, Siskind et al. 1989; Schaffer, Rigel et al. 2004). Individuals who 

have first and/or second-degree relatives diagnosed with melanoma are at a higher risk 

of melanoma; this suggests that there is a hereditary component to the disease (Ford, 

Bliss et al. 1995). These observations led to the search and identification of several 

genes that have been associated with melanoma susceptibility in high-risk families and 

the general population. However, the most important host-related risk factor for non-

familial melanoma is the number and type of naevi that an individual has. 

 

2.3.1 Exposure to solar UVR 

Melanoma is one of the few cancers that has a clear environmental risk factor. Sun-

exposure was first suggested as a risk factor for melanoma by McGovern in 1952 

(McGovern 1952). Later epidemiological studies have confirmed this observation and it 

is now accepted that the majority of all melanomas are caused, at least in part, by 

exposure to sunlight (Jhappan, Noonan et al. 2003).  

 

In fair-skinned populations, the incidence of melanoma is higher in regions that receive 

higher levels of solar irradiance. This pattern is clearly seen in Australia, where the 

majority of the fair-skinned population is of UK ancestry, and higher rates of melanoma 

incidence have been reported in States and territories in closer proximity to the equator 

(Table 2.1) (AIHW and AACR 2007). This latitudinal pattern is also evident when 

comparing the population wide incidence of Australia and the UK, the incidence in 
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Australia in 2005 was approximately three times that of the UK (Figure 2.2) (AIHW 

2008; Cancer Research UK 2009).  

 

In a Western Australian case-control study (511 melanoma cases and 511 controls) it 

was found that, compared to native born Western Australians, those who emigrated 

from the UK before 10 years of age had an a odds ratio (OR) of 0.89 (0.44, 1.80) for 

developing melanoma, while those who emigrated between the ages of 10 to 29 years of 

age had a lower risk of developing melanoma, OR of 0.34 (0.16, 0.72), and as did those 

who moved after 30 years of age had an OR of 0.30 (0.08, 1.13) (Holman and 

Armstrong 1984).  

 

A similar pattern was observed in a study comparing melanoma mortality rates among 

immigrants to Australia to investigate the effect of duration of residence and age at 

migration on the risk of melanoma mortality using data for all cancer deaths in Australia 

from 1964 to 1985 (Khlat, Vail et al. 1992). The risk of melanoma was associated with 

both duration of residence and age at migration; however, age at migration was the 

more important of the two factors. Melanoma mortality increased with duration of stay 

and decreased with age at migration in Australia. Compared to the Australian-born 

subjects, those who emigrated from England before 15 years of age had a similar risk of 

developing melanoma to native born Australians, OR of 0.90 (0.74, 1.10), while those 

who emigrated at 25 years or older had a lower level of risk of melanoma, OR of 0.32 

(0.27, 0.39) (Khlat, Vail et al. 1992).  

 

A European case-control study (412 case, 445 controls) compared the risk of developing 

melanoma among those who had lived for at least one year in a sunny location (Africa, 

the Mediterranean coast, southern USA, Australia, Central America and South America) 

and returned to northern western Europe with those who had never left Germany, 

France or Belgium (Autier and Dore 1998). Those who had first moved to a sunny area 

before they were ten years old had four times the risk of melanoma compared to those 

who had never lived in a sunny location. There was a decreasing gradient in risk as age 

at first year of emigration increased; however, those who had moved always had a 

higher risk than those who had not (Autier and Dore 1998). 

 

Mack and Floderus conducted a population study investigating the effect of migration 

within the USA to Los Angeles County (Mack and Floderus 1991). California and 
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Arizona were classified as areas of high sun-exposure. A strong effect of birthplace was 

seen for both males and females residing in Los Angeles. Compared to those born 

elsewhere, individuals born in either California or Arizona had a high age-adjusted 

proportional incidence. Those who had at least spent their teens or early twenties in 

California or Arizona had a higher risk than those who migrated to Los Angeles at an 

older age (Mack and Floderus 1991). 

As sunlight passes through the atmosphere, all UVC and approximately 90% of the 

UVB is absorbed by ozone, water vapour, oxygen and carbon dioxide, while UVA 

passes through more easily. Locations at higher altitudes and/or in closer proximity to 

the equator receive higher levels of UVB at ground level, as it would have has passed 

though less atmosphere to filter it. In these studies, latitude is being used as a proxy for 

the amount of solar UVB that reaches the Earth’s surface, but this measure does not take 

into account seasonal variation, the effect of cloud cover or time of day. The less precise 

measure of solar UVB may bias the results towards the null. Geographic areas that 

receive higher levels of ambient UVB have been reported to have higher rates of 

melanoma as indicated by latitude studies. For example, Slaper and colleagues 

calculated the UVR dose likely to be received at ground level in the USA (40º N) and in 

north-west Europe (52º N). They concluded that because of the lower natural UVR 

doses received in Europe, the excess risk of melanoma attributable to UVR would be 

50% to 55% of the excess risk in the USA as the European sites receive approximately 

half the UVR dose than the USA sites (Slaper, Velders et al. 1996).  

 

The National Cancer Institute showed that the average annual intensity of UVB 

exposure, cumulative intensity of UVB, and, for individuals who could tan easily, time 

spent outdoors, were significant factors in increasing the risk of melanoma. However, 

they concluded that the age at which UVR-exposure occurred was not an important 

factor (Fears, Bird et al. 2002). 

   

Whiteman and colleagues (Whiteman, Whiteman et al. 2001) conducted a review of 

studies reporting melanoma risk associated with sun-exposure at two or more age 

groups to investigate the evidence that childhood was a period of particular 

susceptibility to the carcinogenic effects of sun-exposure. They found that the personal 

measures of exposure varied between studies and that the methodologies employed to 

measure sun-exposure led to widely different conclusions on the association between 

the age-specific sun-exposure and melanoma risk. This would not only affect 
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interpretations concerning the aetiology of melanoma, but would also have important 

implications for strategies for primary prevention of the disease. The majority of the 

studies that were reviewed compared subjects emigrating between areas with different 

levels of ambient sunlight. They observed that migrants moving to sunnier areas had 

lower levels of melanoma risk compared to the native-born of the migrants’ adopted 

country, and that there was a decreasing trend in melanoma risk as age at migration 

increased. There were some exceptions. One exception was an Israeli study (Anaise, 

Steinitz et al. 1978) where the risk of melanoma among European migrants was 

approximately 30% higher than the native population. Another was a Hawaiian study 

(Hinds and Kolonel 1980) where the migrants had twice the melanoma risk of the 

Hawaiian-born residents of European descent; an increase in melanoma risk was 

associated with longer duration of residence. 

 

There was considerable variation in the way past individual sun-exposure was recorded, 

including total, recreational or occupational sun-exposure, episodes of severe sunburn, 

place of residence, number of beachside or sunny vacations or composite sun-exposure 

indices. The classification of period of life also varied, including the use of age-specific 

categories to undefined periods such as ‘childhood’, ‘adolescence’ and ‘adulthood’ or 

specific periods of diagnosis. The net effect of this diversity was that the non-sunburn-

related measures could not be combined into a formal meta-analysis and collectively 

they could not provide evidence that sun-exposure measured during one or other age 

periods conferred a high-risk of melanoma (Whiteman, Whiteman et al. 2001).  

 

No consistent effect of age-specific sunburns was observed in the studies reviewed by 

Whiteman and colleagues. Some studies suggested that sunburns occurring in childhood 

were associated with a higher risk of melanoma, while others indicated that sunburns in 

adulthood were also associated with melanoma; Summary ORs associated with 

sunburns during childhood and adulthood were 1.8 (1.6, 2.2) and 1.5 (1.3, 1.8) 

respectively, although there was significant heterogeneity among the studies for the 

estimates of childhood sunburns (Whiteman, Whiteman et al. 2001). 

 

Sunlight is ubiquitous, and since most people do not pay attention to their incidental 

sun-exposure, a person’s lifetime dose of solar UVR can be extremely difficult to 

quantify (Whiteman, Whiteman et al. 2001). Nevertheless, attempts have been made to 

measure it in several ways. The authors found that the way in which sun-exposure is 
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measured leads to potentially different conclusions regarding the association between 

sun-exposure at specific ages and risk of melanoma (Whiteman, Whiteman et al. 2001). 

 

Higher levels of melanoma risk have been consistently observed among those who were 

exposed to levels of intense sunlight in early life, even if the period of exposure was 

relatively brief. This was observed in almost all migrant populations regardless of the 

direction of migration or where the study was conducted. There was little consistency in 

the findings from studies recording personal patterns of sun-exposure. Some of these 

studies reported strong effects of sun-exposure in early life and no effect of sun-

exposure in adulthood, while others reported the opposite (Whiteman, Whiteman et al. 

2001). 

 

In migration studies it is assumed that the migrating population differs from the native-

born population of the adopted country only in the magnitude of sun-exposure received 

prior to their emigration, and it is the difference in sun-exposure that accounts for the 

differences in melanoma rates. For studies of British immigrants to Australia and New 

Zealand, where approximately 85% of the population are of Anglo-Celtic ancestry, and 

for internal migrations within the continental USA, this assumption appears to be sound. 

However, these types of studies are complicated if the ethnic diversity or phenotype of 

the populations being compared are dissimilar. The Israeli studies reviewed by 

Whiteman et al. are an example of this. A high proportion of Israelis trace their ancestry 

to Eastern Europe, Africa and the Middle East and, as such, are likely to have darker 

skin and a lower incidence of melanoma than would be expected if they had a similar 

phenotype to the European and American migrants. This would lead to an underestimate 

of the magnitude of the association between sun-exposure and melanoma (Whiteman, 

Whiteman et al. 2001).    

 

The results of migration studies suggest that the level of sun-exposure in childhood is 

particularly important in the development of melanoma. Migration studies have also 

shown that those who migrate from sunnier areas to less sunny areas have more naevi 

and a higher risk of melanoma compared to natives of their adopted country (Ivry, Ogle 

et al. 2006). 

 

While childhood and adolescent exposures are important, adult sun-exposure should not 

be dismissed. Adults who migrate to sunnier locations still develop melanoma at a 
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higher rate than if they had stayed in their birth country, and there is still a latitudinal 

effect to their risk. Also, those moving to areas with high levels of sunlight have a 

higher risk than those who move to areas with more moderate levels of sunlight, and, 

risk increases with duration of residence in the sunnier location. 

 

While place of birth, place and duration of residence are crude measures of sun-

exposure, they are easy to classify. An increase in the duration of residence of migrants 

to sunnier countries is associated with an increase in melanoma incidence, suggesting 

that chronic exposure to sunlight is also associated with melanoma risk. (Diffey and 

Gies 1998; Whiteman, Whiteman et al. 2001). Moreover there is substantial evidence 

that latitude is a reasonable proxy for solar UVR-exposure when comparing populations 

(Whiteman, Whiteman et al. 2001). 

 

Duration of residence and age at migration are inextricably linked in the low to high 

sun-exposure migration studies, and it can be difficult to disentangle the relationship. 

Two studies conducted by Holman et al and Khlat et al specifically addressed this 

relationship and both found that age at migration was more strongly associated with 

melanoma risk than duration of residence (Holman and Armstrong 1984; Khlat, Vail et 

al. 1992). A migration study from areas of high to low sun-exposure by Autier and 

colleagues (Autier, Doré et al. 1997) was not subject to the tangled relationship between 

duration of residence and age at migration. Those who were born in areas such Africa, 

the Mediterranean coast or Asia and who moved to Belgium, France or Germany had 

6.6 (1.8, 23.4) times the risk of melanoma compared to natives of these three European 

countries, notwithstanding any additional effects of exposure later in life. This result is 

biologically plausible. There are well documented precedents in radiation biology for 

age-specific exposure to nuclear fallout and ionising radiation leading to higher rates for 

specific types of cancer. Most tissues that undergo postnatal development are postulated 

to be especially vulnerable to environmental carcinogen exposure in childhood (Bearer 

1995; Miller 1995; Ferrari, Bono et al. 2005). With respect to melanoma, there are 

grounds for inferring that the period of peak melanocyte activity occurs in early life and 

therefore this is a period of vulnerability to the adverse effects of solar radiation 

(Gilchrest, Eller et al. 1999). 

 

A pooled analysis of 15 case-control studies (5,700 melanoma cases and 7,216 controls) 

across a range of latitudes suggested that this may not be the case  (Chang, Barrett et al. 
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2009). The primary aim of the pooled analysis was to investigate the relationship 

between sun exposure and melanoma risk at different latitudes. The contributing studies 

were classified into three geographic groups based on the average latitude of the region 

covered by the study. These were ‘high latitudes’, > 45º north; ‘middle latitudes’, 45-

35º north; and ‘low latitudes’, 20-34º north or south. The authors investigated the effect 

of recreational, occupational and total sun exposure on the risk of developing melanoma 

and latitudes. Sun bathing, recreational sun exposure and sunburns in childhood up to 

15 years of age were found to be important risk factors for melanoma on sites normally 

protected by the sun. The risks associated with these factors were consistent across 

latitude categories, indicating that ambient UVR may not have an influence on the level 

of risk.  

 

This result has important implications for sun protection messages that discourage 

exposure to the sun during the middle of the day when UVR is most intense. If this 

latitude result of the pooled analysis is correct, then the basis of these public health 

messages may be related primarily to reducing the chance of a sunburn and the 

associated UVR-induced DNA damage. 

 

The epidemiological data suggests that sun-exposure has both early and late effects on 

the development of melanoma; initiation, promotion and progression, with sunlight 

having the greatest effect on these processes during the peak of melanocytic activity 

(Whiteman, Whiteman et al. 2001). This model is compatible with solar-induced 

initiation of melanocytes at older ages (adolescence and adulthood), but predicts that the 

yield of initiated cells per unit of solar dose will diminish with age – populations 

exposed to high levels of sunlight in childhood will have a higher proportion of people 

harbouring initiated melanocytes than populations exposed to lower levels of sunlight at 

the same age. Migrant studies indicate that this ‘melanoma potential’ is carried with 

people when they move to a different environment (Whiteman, Whiteman et al. 2001).  

 

2.3.1.1 Intermittent exposure hypothesis 

Epidemiological studies have examined patterns of sun-exposure to determine the 

significance of intermittent versus chronic sun-exposure on melanoma risk (Ivry, Ogle 

et al. 2006; Oliveria, Saraiya et al. 2006). 
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Sun-exposure has been accepted as the main cause of melanoma, but the evidence has 

been described as weak or contradictory (Elwood and Jopson 1997). Descriptive 

epidemiological studies and clinical observations led in the early 1980s to the 

hypothesis that melanoma is related specifically to intermittent sun-exposure, 

contrasting with other types of skin cancer which were assumed to be related to chronic 

or continued exposure (Elwood and Jopson 1997).  

 

An increase in sun-exposure stimulates melanin production and the increase in melanin 

provides protection from further UVR-induced damage which would otherwise 

potentially lead to more skin cancers, including melanoma (Elwood and Jopson 1997). 

Under the intermittent exposure hypothesis, the effect of UVR-exposure on melanoma 

development is not just attributable to the cumulative dose, but is more strongly 

influenced by the dose per exposure and the pattern of exposure (Elwood and Jopson 

1997).  

 

Gilchrest and colleagues (1999) proposed a mechanism of UVR-induced DNA damage 

that may provide an explanation for the observed epidemiological data for the 

development of melanoma, BCC and SCC. A high-dose of sun-exposure after a 

prolonged period of avoiding the sun can cause substantial damage to DNA in 

melanocytes and keratinocytes, both of which have a relatively low baseline capacity 

for DNA repair and melanin content. Melanomas arise from epidermal melanocytes, 

while BCC and SCC originate from epidermal keratinocytes. Melanocytes are less 

likely to be destroyed as a result of UVR-exposure than keratinocytes, possibly because 

of a higher level of anti-apoptotic proteins found in melanocytes (Gilchrest, Eller et al. 

1999).  

 

Under this model, after an initial high-dose exposure to UVR, the most severely 

damaged keratinocytes undergo apoptosis, while the less damaged cells increase their 

DNA repair ability and are nearly perfectly repaired. The skin tans providing protective 

melanin for the surviving cells (Gilchrest, Eller et al. 1999). Frequent subsequent 

exposure to UVR stimulates DNA repair capacity of the remaining keratinocytes and an 

increase in melanin content in the skin, minimising, but not eliminating cumulative 

mutational damage. After subsequent exposures, the most severely damaged 

keratinocytes undergo apoptosis and less damaged cells accumulate in the skin 

(Gilchrest, Eller et al. 1999). If this process is correct, intermittent high-dose exposures 
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to UVR would not play a large role in the development of BCC and SCC. Instead, 

repeated low-dose exposures would be expected to cause multiple mutations despite 

induced photoprotective responses of tanning and increase DNA repair capability 

(Gilchrest, Eller et al. 1999). 

 

In contrast, an initial high-dose of UVR may cause substantial damage to melanocytes, 

but not trigger apoptosis (Gilchrest, Eller et al. 1999). The melanocytes survive, either 

extensively damaged by intermittent high-dose exposures to UVR, or slightly damaged 

during frequent low-dose exposures to UVR. Therefore intermittent high-dose 

exposures are expected to result in more melanomas than frequent low-dose exposures 

(Gilchrest, Eller et al. 1999). 

 

This model correlates well with the observation that BCC and SCC occur most 

commonly on body sites that receive the highest level of sun-exposure, such as the face, 

the back of the hands and forearms, and among those with almost daily and substantial 

lifetime exposure to UVR (Gilchrest, Eller et al. 1999). It also correlates with the 

observation that among individuals who are not chronically exposed to the sun, 

melanoma occurs often on areas of the body exposed to the sun intermittently, such as 

the back in men and the lower legs in women, and relatively less frequently on exposed 

sites such as the face, hands, and forearms (Ivry, Ogle et al. 2006; Oliveria, Saraiya et 

al. 2006; Whiteman, Stickley et al. 2006).  

 

Elwood and colleagues conducted a meta-analysis of 23 studies that provided 

information on measures of intermittent exposure, defined as exposure while on 

vacation or during recreational activities. They found an overall increase in melanoma 

risk, ORoverall 1.71 (1.54, 1.90), associated with intermittent sun-exposures, compared to 

a decrease in melanoma risk, ORoverall of 0.76 (0.68, 0.86), for occupational sun-

exposures and an increase in melanoma risk, ORoverall of 1.18 (1.02, 1.38), associated 

with total sun-exposure (Elwood and Jopson 1997).  The physical dose of UVR varies 

with geographical location and time of year, while the absorbed dose varies with 

personal skin characteristics, clothing and other protective measures used on an 

individual basis. When comparing the subset of studies that measured both intermittent 

and occupational measures, intermittent exposure had a higher level of melanoma risk 

and occupational exposure was protective against the development of melanoma. Risk 

associated with occupational exposure may not increase linearly, as relatively large 
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increases in risk were observed with small levels of occupational exposure, and there 

was a reduction in risk with chronic exposure (Elwood, Gallagher et al. 1985). The 

initial increase in risk may be due to intermittent exposure associated with small 

amounts of outdoor work while the decreased risk associated with chronic exposures 

suggests that a constant irradiation pattern results in an adequate protective amount of 

melanin and a lower level of risk (Elwood and Jopson 1997). With respect to 

intermittent exposure, the repeated stimulation of the unprotected skin provides more 

opportunities for extensive DNA damage to occur leading to a high probability of 

melanoma developing. Chronic sun-exposure may result in fewer opportunities to 

damage unprotected melanocytes than does repeated intermittent exposure, and it may 

also lead to epithelial thickening, providing protection against episodes of increased 

sun-exposure (Elwood, Gallagher et al. 1985). If intermittent exposure increases the risk 

of melanoma and occupational exposure is neutral or protective, then it is 

understandable that the association with total exposure is weaker than with intermittent 

exposures (Elwood and Jopson 1997). 

 

Other factors that could have contributed to the weaker association between total sun-

exposure and melanoma risk observed in Elwood’s meta-analysis include the 

considerable differences in how personal sun-exposure was defined across studies. 

These differences made it difficult to combine the results of these studies into a meta-

analysis. There is also the potential for incorrect estimates of sun-exposure due to recall 

bias and inaccurate recall of exposures that may have occurred decades in the past. This 

definition of intermittent exposure also does not take into account the duration or 

intensity of either occupational or intermittent exposures. 

 

A clear association between the level of sun-exposure and melanoma was seen with a 

history of sunburn (Gilchrest, Eller et al. 1999). Sunburn is the result of an 

overexposure to the sun without adequate protection, and can be considered as a 

surrogate measure of intermittent and/or intense exposure of unadapted or unadaptable 

skin (Gilchrest, Eller et al. 1999). Elwood’s meta-analysis also examined the association 

between sunburn history at different ages and melanoma risk. The ORs for sunburn in 

childhood, adolescence and adulthood in this meta-analysis were similar and consistent 

with the intermittent exposure hypothesis – that melanoma is increased primarily by 

intermittent unaccustomed sun-exposure (Elwood and Jopson 1997).  
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Other data suggests that chronic exposure to sunlight, as evidenced in migration studies, 

is a more important risk factor for melanoma than intermittent exposure. A population 

level retrospective study in New Zealand that adjusted for body surface area concluded 

that the incidence of melanoma was greater on highly sun-exposed areas like the head 

and neck (Bulliard 2000). The migration studies support this, as the length of residence 

is associated with an increase in melanoma risk. 

 

2.3.1.2 Ultraviolet radiation and melanin production 

Melanocytes, which are derived from the neural crest, migrate to the epidermis during 

embryogenesis. They are located in the basal layer, in contact with approximately 36 

adjacent keratinocytes, forming a structural and functional ‘epidermal melanin unit’ 

(Gilchrest, Eller et al. 1999). Only a small percentage migrate to other sites of the body 

that are pigmented, for example the eyes and hair follicles. Melanocytes synthesize two 

types of melanin: eumelanin, a brown–black pigment, and phaeomelanin, a red-yellow 

pigment. Both types are distributed to surrounding keratinocytes in the skin via 

dendritic projections. Melanin has a photoprotective function in the skin, directly 

absorbing ultraviolet photons and reactive oxygen species before they can interact with 

other cellular components. Of the two types, eumelanin offers a higher level of 

protection than phaeomelanin (Gibbs, Brady et al. 2002; Fargnoli, Altobelli et al. 2006).  

Within cells, melanin tends to be distributed in supranuclear ‘caps’ that protect the 

nuclei from injury caused by ultraviolet radiation (Gilchrest, Eller et al. 1999). In dark 

coloured skin this organised presentation of the melanosomes is reminiscent of a shield 

designed to absorb and scatter UVR (Jhappan, Noonan et al. 2003). 

 

UVR stimulates the normal function of melanocytes causing them to increase the 

production of melanin in the epidermis. This effect is demonstrated by the tanning of 

the skin (Gilchrest, Eller et al. 1999). Tanning occurs within days of UVR-exposure and 

results mainly from increased melanogenesis together with an increased rate of transfer 

of melanin to surrounding keratinocytes (Gilchrest, Eller et al. 1999). The increased 

level of melanin then provides protection from further UVR-induced injury to the skin, 

by protecting the genomes of dividing basal/keratinocytes and melanocytes (Gilchrest, 

Eller et al. 1999). 

 

Melanocytes have limited ability to proliferate by mitosis (Gilchrest, Eller et al. 1999). 

However, repeated UVR-exposure will induce them to do so, further increasing melanin 
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production. Long-term, constant exposure may involve less melanocyte stimulation and 

also lead to a persistent level of tanning and epithelial thickening, both of which further 

protect from damage (Elwood and Jopson 1997). 

 

Investigations into the mechanism by which sun-exposure initiates and progresses the 

development of melanoma have been carried out using UVR responsive animal models 

and xenografts of human skin. These investigations can potentially provide information 

on the cellular and genetic targets vulnerable to damage from UVR, the pathways 

responsible for repairing UVR-induced DNA damage and molecular interactions 

between melanocytes and other skin cells in response to UVR-exposure (Jhappan, 

Noonan et al. 2003; Benjamin, Melnikova et al. 2007).  

 

2.3.1.3 Ultraviolet radiation induced DNA damage 

The UVR portion of the electromagnetic spectrum consists of wavelengths in the range 

of 200-400nm, just outside the visible light portion of the spectrum. The UV part of the 

spectrum can be subdivided into UVA (320-400nm), UVB (280-320nm) and UVC 

(200-280nm). Investigations into the effect of UVR have concentrated on exposure to 

UVB (280-320nm) and UVA (320-400nm), since both reach the Earth’s surface in large 

enough amounts to cause harmful biological effects to the skin. The contribution of 

UVC in melanoma development is considered negligible because it is prevented from 

reaching the surface of the Earth by absorption of stratospheric oxygen,  which blocks 

UVR with wavelengths shorter than 300nm (Jhappan, Noonan et al. 2003). The 

decomposed oxygen recombines to form ozone which blocks up to 95% of UVB from 

reaching the Earth’s surface     

 

The UVB range of the spectrum is most strongly associated with skin cancer as it has a 

higher energy level than UVA, induces sunburn and has been historically associated 

with skin cancer risk. Nucleic acids and proteins both absorb light in the UVB range 

with peak absorption at 260nm and 280nm respectively. Exposure to UVB causes the 

formation of two types of DNA lesion: cyclobutane or pyrimidine dimers and 

pyrimidine (6-4) pyrimidone photoproducts (Gilchrest, Eller et al. 1999; Jhappan, 

Noonan et al. 2003; Ibrahim and Brown 2008). The pyrimidine dimers are considered to 

be more carcinogenic than the pyrimidine 6-4 photoproducts as they are formed nearly 

three times more often than te 6-4 photoproducts and are repaired less efficiently. Both 

types of damage can lead to mutations including C → T and CC → TT transitions with 
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the CC → TT transition being characteristic of UVB induced mutagenesis. UVB can 

also cause C → A and G → T transversions and breaks in the DNA strand (Jhappan, 

Noonan et al. 2003).  

 

The role of UVA in skin cancer development is not as well documented as UVB. 

Because UVA has longer wavelengths than UVB, it can penetrate more deeply into the 

skin and has the potential to reach a greater proportion of the melanocytes than UVB. It 

is also more able to penetrate summer-weight clothing, for example cotton T-shirt 

material, than UVB, so that a higher percentage of UVA is transmitted to the skin 

(Wang, Kopf et al. 2001).  

 

Exposure to UVA can indirectly lead to mutations. This part of the spectrum is absorbed 

by non-DNA endogenous sensitisers which generate reactive oxygen species. These 

radicals cause oxidative DNA damage and breaks, leading to mutations (Gilchrest, Eller 

et al. 1999; Jhappan, Noonan et al. 2003; Ibrahim and Brown 2008). UVA is also 

thought to contribute substantially to the immunosuppression that, at least in mice, 

prevents immunologic rejection of nascent UVR–induced skin cancers (Gilchrest, Eller 

et al. 1999).  

 

2.3.1.4 Repair of UVR-induced DNA damage 

The DNA damage caused by UVR-exposure can be considered as initiating events for 

the development of skin cancers. These initiators may remain dormant for a prolonged 

time until additional mutations accumulate or exposure to other agents trigger the cancer 

to enter a more active state (de Gruijl, van Kranen et al. 2001). Specific mutations in 

oncogenes and tumour suppressor genes might lead to tumourigenesis (Besaratinia and 

Pfeifer 2008). DNA repair systems are responsible for maintaining the integrity of the 

genome and are therefore critical in preventing the development of melanoma and other 

skin cancers (de Gruijl, van Kranen et al. 2001; Jhappan, Noonan et al. 2003). Skin cells 

have a variety of DNA repair pathways to repair this damage, depending on the type of 

lesion. Damage caused by UVA and UVB exposure is repaired by separate pathways. 

The oxidative damage induced by UVA exposure is repaired by base excision repair 

(BER), while cyclobutane dimers and 6-4 photoproducts is removed by nucleotide 

excision repair (NER) (Jhappan, Noonan et al. 2003). Two distinct sub-pathways of 

NER exist and are selectively activated depending on the type of DNA lesion and how 

rapidly it needs to be repaired. Transcription-coupled repair (TCR) rapidly repairs DNA 
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that is transcriptionally active, and the global genome repair pathway (GGR) removes 

the larger UVR-induced lesions at a slower rate (Jhappan, Noonan et al. 2003).     

 

2.3.2 Exposure to artificial sources of UVR 

To date, epidemiological studies investigating the association between melanoma risk 

and artificial sources of UVR, have focused on fluorescent lights, devices used 

primarily for tanning, and long wave UVA, in combination with psoralen 

photochemotherapy, for the treatment of skin conditions such as acne or psoriasis 

(Gruber and Armstrong 2006).  

 

The emission spectra of incandescent, fluorescent and halogen lamps available via retail 

outlets in the USA included appreciable levels of UVA and UVB and measurable levels 

of UVC (Sayre, Dowdy et al. 2004). A meta-analysis of studies that adjusted for 

exposure to fluorescent lighting as a confounder of sun-exposure suggested an increase 

in risk among those receiving the highest levels of exposure (OR 1.52 (1.14, 2.04)). 

This suggests that exposure to UVR produced by fluorescent lighting  may increase the 

risk of developing melanoma (Gruber and Armstrong 2006).  

 

There has been some concern for nearly twenty years that the use of artificial sources of 

UVR for tanning purposes may increase the risk of developing melanoma, especially 

since by its nature, these exposures are intermittent in character and the UVR emissions 

are often equivalent to or greater than levels received from the midday sun in southern 

Europe. Surveys have indicated that they are being used by an increasing proportion of 

the population, especially among women and people younger than 35 years of age, and 

most users exceeding recommended exposure times (The International Agency for 

Research on Cancer Working Group on Artificial Ultraviolet Light and Skin Cancer 

2007).  

 

A review of the literature and a meta-analysis of seven epidemiological studies 

investigating the association between the use of indoor tanning devices and melanoma 

risk found a positive association between ever using indoor tanning equipment and 

melanoma risk (The International Agency for Research on Cancer Working Group on 

Artificial Ultraviolet Light and Skin Cancer 2007). Individuals who had ever used a 

tanning device had a slightly higher level of risk (summary RR 1.15 (1.00, 1.31)) 
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compared to those who had never used an indoor tanning device. First use of these 

devices ‘in youth’, before 35 years of age, was also associated with a higher level of risk 

(summary RR 1.75 (1.35, 2.26)). The risk of melanoma may also differ with time since 

exposure, with higher levels of risk appearing to be associated with exposures further in 

the past, for example 15 to 20, although these associations were relatively weak 

(summary RRrecent use 1.10 (0.76, 1.60); summary RRnon-recent use 1.49 (0.93, 2.38)). The 

results of the studies included in the analysis consistently showed a positive association 

between various measures of tanning device use and a moderate increase in melanoma 

risk. (The International Agency for Research on Cancer Working Group on Artificial 

Ultraviolet Light and Skin Cancer 2007).  

 

Ultraviolet-A radiation photochemotherapy in combination with orally administered 5- 

or 8-methoxypsoralen or baths of trimethoxypsoralen (PUVA) are used as a treatment 

for psoriasis, severe acne and other skin diseases. The psoralen compounds are 

photosensitising agents that allow the use of a relatively lower dose of UVA in the 

treatment. However, the PUVA therapy is mutatgenic, stimulates melanocytic 

hyperplasia and induces clinically atypical pigmented lesions. A potential side effect of 

sensitising the skin to UVR is an increase in skin cancer risk, especially since these 

therapies require multiple treatments (Stern 1997; Gruber and Armstrong 2006).  

 

Because of this potential for an increase in risk, Stern and colleagues established a 

multicentre prospective study in 1975 (The PUVA Follow-up Study) to investigate 

long-term benefits and risks of the PUVA therapy. In 1974 and 1975 1,380 participants 

were recruited and 984 were alive in 1996. At the initial follow up the median interval 

from first treatment to interview was 19 years. Over the first 15 years of follow-up the 

overall incidence of melanoma in the cohort was nearly identical to Caucasians of 

similar age and sex in the general US population, RR 1.1 (0.3, 2.9). However after 1990, 

15 to 16 years of follow up; there was a five-fold increase in the melanoma incidence 

rate ratio, IRR 5.4 (1.8, 15.7), between 1991 and February 1996 and a nine-fold 

increase, IRR 9.3 (3.2, 26.6), between March 1996 and 1999. Individuals who had 

higher frequencies of treatments (≥ 200) had a two-to-three-fold increase in melanoma 

risk compared to other members of the cohort in each of the three periods (Stern 1997; 

Stern and PUVA Follow up Study 2001).  
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In contrast, the results from a larger Swedish PUVA cohort (2,343 males, 2,456 

females) did not show an increase in melanoma risk (RRmale 1.1 (0.5, 2.2); RRfemale 1.1 

(0.4, 2.3)) after approximately 16 years of follow up. A sub-cohort followed for 21 

years also showed little evidence of an increase in melanoma risk (RRmale 1.7 (0.7, 3.4); 

RRfemale 1.4 (0.4, 3.6)). The inconsistency in results has not been adequately explained: 

The design of the American study has been criticised and differences in treatment 

regimens, such as a higher proportion of patients in the Swedish study taking psoralen 

baths, may have contributed to the differences in findings (Whitmore and Morison 

1997; Lindelof, Sigurgeirsson et al. 1999). 

 

Narrow band UVB (NB-UVB) therapy is also used to treat psoriasis and it also has the 

potential to increase the risk of skin cancer. Several small studies have been conducted 

and currently it does not appear that NB-UVB alone is associated with an increase in 

skin cancer risk, but in a Scottish study of 3,867 patients, those who had previously 

undertaken PUVA treatments appeared to have a higher risk of developing BCC (Hearn, 

Kerr et al. 2008). 

 

2.3.3 Phenotype 

Melanoma is primarily a cancer of fair-skinned populations throughout the world. 

Among non-fair-skinned populations estimates of incidence rates are extremely variable 

because of the small number of cases. Incidence rates in nations with a predominantly 

fair-skinned population are between 5 and 50 times higher than the incidence rates in 

countries in Asia, Africa and South America with predominantly non-fair-skinned 

populations (Ferlay, Bray et al. 2004). 

 

The distribution of melanoma by body site also varies considerably with ethnic group. 

In Caucasians, most melanomas occur on the trunk followed by the head and neck, and 

limbs. Among those of Asian or African descent/ethnicity, the highest frequency of 

melanoma is on the lower limbs followed by the trunk, head and neck, with a much 

lower frequency on the upper limbs (Gruber and Armstrong 2006).  

 

Nearly every epidemiological study investigating risk factors of melanoma has found 

that pigmentation is a risk factor for melanoma. Phenotypes associated with melanoma 

include pigmentary traits such as fair skin, light or red hair, blue eyes, a high degree of 
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freckling and poor tanning ability and a tendency to sunburn (Elwood, Aitken et al. 

2003; Tucker and Goldstein 2003; Berwick and Wiggins 2006). 

 

A model attributed to Armstrong and Kricker describes melanoma risk varying by skin 

type which is consistent with observations from other epidemiological studies. In this 

model the risk of melanoma among individuals who tan easily increases with a small 

amount of sun-exposure after which the risk of melanoma decreases with continued 

exposure. Among those who have an intermediate level of tanning ability, the risk of 

melanoma increases with sun-exposure and then at some point risk declines with 

increased exposure. In contrast those who do not tan easily or tan at all have an almost 

linear increase in risk with increasing sun-exposure (Berwick and Wiggins 2006). 

 

However, questions have been raised about the validity of self-reported skin type since 

it can be biased by a diagnosis of melanoma or sunburn history, which would bias the 

observed relationship between the risk of melanoma sunburn and self-reported skin 

phenotype (Weinstock, Colditz et al. 1991; Blizzard, Dwyer et al. 1997; Parr, Hjartaker 

et al. 2009). 

 

2.3.4 Number of melanocytic naevi 

Clinically naevi have a homogeneous surface, uniform pigmentation, round or oval 

outline and sharp circumscription. They may range in colour from pink, to skin tone or 

brown/black. In general, darkly pigmented naevi occur in those with deeply pigmented 

skin (Tsao and Sober 2003).  

 

After age, the strongest and most consistent risk factor for melanoma is melanocytic 

naevi (hereafter naevi); elevated numbers of naevi have been shown to increase the risk 

of melanoma between two to four times, approximately the same magnitude as sun-

exposure which is the main environmental risk factor (Tucker and Goldstein 2003). 

Studies using a variety of counting methods and size classifications have consistently 

shown that an increased risk of melanoma in association with an increased number of 

naevi (Elwood, Aitken et al. 2003). Because of this strong association, it has been 

hypothesised that they are a marker of melanoma risk and may also be an intermediate 

precursor lesion of melanoma (Dwyer, Prota et al. 2000).  
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Naevus remnants have been found in histological contiguity with between 20 to 30% of 

melanoma and in at least one study with up to 72% of melanomas, suggesting that some 

naevi are precursors for some melanoma. The prevalence of the remnants decreases as 

the thickness of the melanoma increases, most likely due to the obliteration of the naevi 

as the tumour grows (Armstrong and English 1996; Dwyer, Prota et al. 2000). The 

progression from normal skin to atypical naevi and histologically confirmed melanoma 

has been observed clinically in a higher than expected number of individuals from 14 

families predisposed to melanoma over eight years of prospective follow-up  (Greene, 

Clark et al. 1985).  

 

One hypothesis is that naevi may be benign neoplasms of cutaneous melanocytes, 

collections or clones of melanocytes that have taken the initial step on the pathway to 

malignant melanoma, where the change from melanocyte to naevus cell may be initiated 

by UVR damage. Clark and colleagues suggested a model of tumour progression of 

normal melanocytes to metastatic melanoma where the cells progress through a series of 

at least six types of lesion (Clark, Elder et al. 1984). The progression to metastatic 

melanoma could encompass many more steps than these six, and that at each step both 

the precursor lesions and melanoma are characterised by the acquisition of properties 

not observed in the preceding steps.  

 

The common acquired melanocytic naevus is a focal proliferation of melanocytes. In 

most instances these will follow a programmed pathway of differentiation that leads to 

the disappearance of the naevus. If this pathway of differentiation is not followed, then 

characteristic lesions result which are regarded as melanoma precursors. Such a 

developmental flaw is termed aberrant differentiation and the resulting precursor lesion 

is designated melanocytic dysplasia. The vast majority of these melanocytic naevi 

showing melanocytic dysplasia will not progress to melanoma. However, if melanoma 

is to develop via a precursor lesion, then a naevus with melanocytic dysplasia is that 

precursor (Clark, Elder et al. 1984). Under this model, melanomas develop focally 

within the precursor lesion. Primary melanomas, with the exception of nodular 

melanoma, also progress in a stepwise fashion. The first of these steps is termed the 

radial growth phase which is characterised by a net enlargement of the tumour at its 

periphery. Tumours at this stage of development show a characteristic pattern of growth 

within the epidermis and a distinctive form of invasion of the papillary dermis. This 

type of melanoma is not associated with metastasis and it may be incapable of 
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metastasising. For melanoma to metastasise, it must progress to the vertical growth 

phase which is characterised by the appearance of a new population of cells within the 

tumour. This new cell population grows vertically in both directions and may be 

responsible for metastasis of the tumour (Clark, Elder et al. 1984). Genetic and 

epigenetic changes are expected at each transition between melanocytic lesions; from 

melanocyte to acquired naevus, dysplastic naevus, radial growth phase melanoma, 

vertical growth phase melanoma and metastatic melanoma.    

 

If exposure to sunlight is the chief modifiable cause of non-familial melanoma, it does 

not adequately explain the apparent paradoxes posed by the intermittent exposure 

hypothesis and increasing evidence that somatic polymorphisms in melanomas also vary 

by anatomic site (Maldonado, Fridlyand et al. 2003; Curtin, Fridlyand  et al. 2005). 

Whiteman and colleagues suggested an alternative ‘divergent pathway’ model to 

explain these paradoxes (Whiteman, Parsons et al. 1998; Whiteman, Watt et al. 2003). 

While melanoma incidence has been shown to increase with proximity to the equator, 

measures of individual sun-exposure have been inconsistently associated with 

melanoma. The role of early and later life sun-exposure may explain these individual 

differences. Under the ‘divergent pathway’ hypothesis, UVR-exposure is necessary to 

initiate the transformation process of the melanocytes early in life and the factors that 

promote and drive the development of the tumours vary according to phenotype and 

environmental conditions experienced by the individual. There are at least two pathways 

in this model; one is associated with sun sensitivity and high levels of lifetime UVR 

exposure. The second pathway is characterised by melanocyte proliferation expressed as 

having a tendency to have more naevi. In those who do not tend to develop naevi, the 

transformed melanocytes require chronic sun-exposure for the transformation into 

melanoma and, therefore, melanomas will tend to develop on exposed body sites such 

as the face and head. Among individuals who tend to have many naevi, sun-exposure is 

only required in early life and host-related factors will drive melanoma development. 

These people tend to develop melanoma at a younger age and on sun protected sites, 

such as the trunk. 

 

The relationship between the number of naevi and melanoma persists after controlling 

for other factors known to be related to melanoma (see Table 2.2). A pooled analysis of 

the original data from 15 case-control studies was conducted to better quantify the risk 

of developing melanoma associated with naevus phenotype, and to determine whether 
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relative risk varied by latitude (Chang, Newton-Bishop et al. 2009). Where whole body 

naevus counts were made, cases had a higher total number of naevi than controls and 

risk estimates for studies closer to the equator were similar to those from studies further 

from the equator. The data was stratified by the participants’ age, into those aged <50 

and ≥50 years. This was done because naevi are thought to develop in earlier years of 

life and then involute (MacKie, English et al. 1985). The authors selected 50 years as 

the cut-off, which also provided reasonable numbers of cases and controls in each age 

subgroup (Chang, Newton-Bishop et al. 2009). The risk of melanoma increased as the 

number of naevi increased; those with the greatest number of naevi (highest quartile) 

who were less than 50 years of age had a pooled odds ratio (pOR) of 6.9 (4.4, 11.2), 

while those aged 50 years or more had a pOR of 5.1 (3.6, 7.5) compared to those in the 

lowest quartile. A similar pattern in pOR was observed for naevi on the arms. Those in 

the highest quartile had a pOR of 5.8 (3.8, 9.1) if they were aged less than 50 years and 

a pOR of 4.0 (2.5, 6.4) among those aged 50 years or more. Melanoma risk was higher 

among those who had clinically atypical or large naevi. The pOR for the presence 

versus absence of any clinical atypical naevi was 4.0 (2.8, 5.8). Compared to those who 

did not have any large naevi on the body, those with 1 or 2 large naevi had a  pOR of 

2.9 (1.9, 4.3) and those with 3 or more large naevi had a pOR of 7.1 (4.7, 11.6)  (Chang, 

Newton-Bishop et al. 2009). 
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Table 2.2 Case-control studies examining the prevalence of melanocytic naevi in relation to risk of melanoma 
Reference Country Number of 

cases/controls 

Type of 

naevi 

Body sites 

assessed 

Naevus 

count 

Unadjusted Adjusted Notes, adjustment or matching 

Naldi, Imberti et 

al. 2000  

Italy 542/538 ≥ 2mm 

 

 

 

 

 

Whole body 

except scalp 

and genitals 

≤ 5 

6 – 15 

16 – 30 

31 – 45 

≥ 46 

 

 1 

1.7 (1.3, 2.4) 

2.2 (1.5, 3.2) 

2.8 (1.7, 4.8) 

9.7 (5.4, 17.4) 

 

Adjusted for age, gender, height, weight, 

education, marital status, pigmentary 

characteristics, and history of sunburns 

Mastrangelo, 

Rossi et al. 2000  

Italy 99/104 ≥ 2mm Arms < 2 

3 – 4 

5 – 9 

≥ 10 

 

 1 

2.92 (1.32, 6.48) 

2.76 (1.26, 6.08) 

1.04 (0.48, 2.25) 

Matched for age, sex and skin colour. 

 

 

Loria and Matos 

2001  

Argentina 101/246 ≥ 2mm Arms 

 

 

< 10 

10 – 19 

≥ 20 

 

 1 

2.3 (1.0, 5.3) 

6.3 (1.3, 29.9) 

trend, p = 0.005 

 

Matched for age, sex and hospital of 

recruitment, adjusted for eye and skin colour, 

skin type, childhood sunburns and sun-exposure 

during sport and beach side holidays. 

Cockburn, Black 

et al. 2001   

USA 185 twin pairs Larger 

than a 

‘pencil 

eraser’ 

Whole body  

0 

1 – 2 

≥ 3 

 

Adjusted MZ 

twins 

1 

2.3 (1.0, 5.3) 

1.4 (0.6, 3.2) 

 

Adjusted DZ 

twins 

1 

15.2 (3.1, 74.2) 

26.6 (4.2, 170.8) 

 

Adjusted for sex, hair and eye colour for 

dizygotic twins 

Youl, Aitken et 

al. 2002  

Australia 201/205 ≥ 2mm 

 

 

 

 

 

Whole body 

except scalp 

and sites 

covered by 

underwear 

 

< 26 

26 – 50 

51 – 100 

> 100 

 1 

2.9 (0.8, 10.2) 

17.3 (4.2, 69.7) 

46.5 (11.4, 190.8) 

Matched for age, gender and location of 

residence 

Fargnoli, Piccolo 

et al. 2004  

Italy 100/200 ≥ 2mm 

 

 

 

 

Whole body 

except scalp 

and 

genitalia 

 

< 10 

10-50 

> 50 

 

 

 1 

1.36 (0.79, 2.38) 

4.68 (2.44, 9.23) 

 

 

Adjusted for hair and eye colour and skin type. 

Naevus counts were adjusted for presence of 

atypical naevi, and the presence of atypical 

naevi was adjusted for naevus counts  

Nijsten, Leys et 

al. 2005   

Belgium 132/289 ≥ 2mm 

 

 

 

Arms 

 

 

 

1 

2 – 5 

6 – 15 

> 15 

 

 1 

0.70 (0.37, 1.35) 

0.92 (0.50, 1.69) 

0.85 (0.44, 1.65) 

 

Stratified by 6 or more months residence in a 

sunny climate 

 

Adjusted for age, sex and skin phototype 
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Table 2.2 Case-control studies examining the prevalence of melanocytic naevi in relation to risk of melanoma (continued) 

Reference Country Number of 

cases/controls 

Type of 

naevi 

Body sites 

assessed 

Naevus 

count 

Unadjusted Adjusted Notes, adjustment or matching 

Blankenburg, 

König et al. 2005  

Germany 294/375 ≥ 2mm Arms Not stated  1.04 (1.03, 1.05) Adjusted for sex, age, hair and eye colour, skin 

type, number of naevi, family history of 

melanoma, type and location of melanoma, 

primary tumour thickness and the presence of 

dysplastic naevi 

  

Naldi, Altieri, et 

al.  2005  

Italy 316/308 

Women only 

≥ 2mm 

 

 

 

 

 

Whole body 

except scalp 

and 

genitalia 

 

 

< 6 

6 – 15 

≥ 16 

 

 

 

 1 

1.95 (1.30, 2.93) 

3.39 (2.15, 5.35) 

χ2 trend, p < 0.001 

 

 

Adjusted for age, education, BMI, history of 

sunburns, skin sensitivity, number of naevi, 

freckling, skin, hair and eye colour 

Zanetti, Rosso et 

al. 2006  

Western 

Europe and 

Argentina  

214/349 

Men only 

All Whole body No naevi 

Some 

Several 

1 

3.0 ( 1.92, 4.79) 

12.8 (6.88, 

23.74) 

trend, p < 0.001 

 

1 

2.4 (1.42, 4.14) 

8.4 (3.92, 18.13) 

trend, p < 0.001 

 

Adjusted for age, country of interview, hair and 

eye colour, ability to tan, tendency to sunburn 

and freckling 

Fargnoli, 

Altobelli et al. 

2006  

Italy 100/100 ≥ 2mm 

 

 

 

 

 

Whole body 

except scalp 

and 

genitalia 

 

≤ 50 

> 50 

 

 

 

 1 

3.21 (1.27, 9.24) 

 

 

 

 

Adjusted for hair and eye colour, skin type, 

naevi, atypical naevi, family history of 

melanoma, history of sunburns, recreational 

and occupational sun-exposure, use of 

sunscreen and presence of solar lentigines or 

actinic keratoses 

 

Lea, Holly et al. 

2007  

USA 318/395 

Women only 

≥ 2mm 

 

 

 

 

 

Total count ≤ 100 

 

> 100 

 

 

 

82% of cases v  

95% of controls 

18% of cases v 

5% of controls 

 

 

p < 0.01 

 

p = 0.2 

 

 

 

Adjusted for history of sun-exposure, 

occupation, residence, medication use, 

reproductive history and family history of 

melanoma, freckling, education, age, hair and 

eye colour 

 

p values for tests for differences in proportions 

Nikolaou, Sypsa 

et al. 2008  

Greece 200/200 All 

 

 

 

 

 

Total count 0 

1 – 10  

11 – 49  

≥ 50 

 

  

 1 

3.41 (1.69, 6.91) 

8.61 (3.63, 20.44) 

10.91 (4.18, 

28.44) 

 

 

Adjusted for age, history of sun-exposure as an 

adult and in childhood, occupation, ethnic 

background, residence, history of sunburn and 

use of sun protection measures, tendency to 

sunburn, ability to tan, hair and eye colour 
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Table 2.2 Case-control studies examining the prevalence of melanocytic naevi in relation to risk of melanoma (continued) 

Reference Country Number of 

cases/controls 

Type of 

naevi 

Body sites 

assessed 

Naevus 

count 

Unadjusted Adjusted Notes, adjustment or matching 

Parr, Hjartåker et 

al. 2009  

Norway 208/2080 Atypical  

> 5mm 

Legs  

0 

1 

2 – 6 

≥ 7 

 

(i) Prospective 

estimate 

1 

1.41 (0.73, 2.71) 

2.07 (1.02, 4.17) 

6.84 (2.28, 20.6) 

trend, p < 0.001 

 

(ii) Retrospective 

estimate 

1 

1.52 (0.73, 3.17) 

3.18 (1.78, 5.69) 

28.47 (7.79, 104) 

trend, p < 0.001 

 

Adjusted for hair and eye colour, age, skin 

colour after acute and chronic sun-exposure 

history in terms of sunburns, sunbathing 

vacations and solarium use. 

 

Chearugi, Ceroti 

et al. 2009  

Italy 143/102 > 2mm 

 

 

 

 

Total body 

count 

Tertiles 

1st (low) 

2nd 

3rd 

 

  

1 

2.58 (1.31, 5.07) 

9.80 (4.37, 21.96) 

 

Adjusted for age, sex, skin colour, and skin 

sensitivity 
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Table 2.3 Case-control studies examining the prevalence of atypical naevi in relation to risk of melanoma 
Reference Country Number of 

cases/controls 

Type of 

naevi 

Body sites 

assessed 

Naevus 

count 

Unadjusted Adjusted Notes, adjustment or matching 

Fargnoli, Piccolo 

et al. 2004  

Italy 100/200 Atypical 

≥ 5mm 

 

 No 

Yes 

 1 

4.92 (2.50, 9.99) 

Adjusted for hair and eye colour and skin type. 

Naevus counts were adjusted for presence of 

atypical naevi, and the presence of atypical 

naevi was adjusted for naevus counts  

 

Nijsten, Leys et 

al. 2005   

Belgium 132/289 Atypical  Whole body 0 

1 – 2 

≥ 3 

 1 

2.97 (1.57, 5.62) 

11.40 (4.79, 

17.53) 

 

Stratified by 6 or more months residence in a 

sunny climate. Adjusted for age, sex and skin 

phototype 

 

Fargnoli, 

Altobelli et al. 

2006  

Italy 100/100 Atypical  

≥ 5mm  

Whole body 

except scalp 

and 

genitalia 

No 

Yes 

 1 

5.41 (2.45, 13.30) 

 

Adjusted for hair and eye colour, skin type, 

naevi, atypical naevi, family history of 

melanoma, history of sunburns, recreational 

and occupational sun-exposure, use of 

sunscreen and presence of solar lentigines or 

actinic keratoses 

 

Lea, Holly et al. 

2007  

USA 318/395 

Women only 

Atypical Total count Absent 

 

Present 

55% of cases v 

89% of controls 

45% of cases v 

11% of controls 

p < 0.1 

 

p < 0.1 

 

 

Adjusted for history of sun-exposure, 

occupation, residence, medication use, 

reproductive history and family history of 

melanoma, freckling, education, age, hair and 

eye colour 

 

Nikolaou, Sypsa 

et al. 2008  

Greece 200/200 Atypical 

> 5mm 

Total count 0 

1 – 10 

> 10  

 1 

5.18 (2.71, 9.88) 

- 

Adjusted for age, history of sun-exposure as an 

adult and in childhood, occupation, ethnic 

background, residence, history of sunburn and 

use of sun protection measures, tendency to 

sunburn, ability to tan, hair and eye colour 

 

Parr, Hjartåker et 

al. 2009  

Norway 208/2080 Atypical  

> 5mm 

Legs  

0 

1 

2 – 6 

≥ 7 

 

(i) Prospective 

estimate 

1 

1.41 (0.73, 2.71) 

2.07 (1.02, 4.17) 

6.84 (2.28, 20.6) 

trend, p < 0.001 

 

(ii) Retrospective 

estimate 

1 

1.52 (0.73, 3.17) 

3.18 (1.78, 5.69) 

28.47 (7.79, 104) 

trend, p < 0.001 

 

Adjusted for hair and eye colour, age, skin 

colour after acute and chronic sun-exposure 

history in terms of sunburns, sunbathing 

vacations and solarium use. 

 

Chearugi, Ceroti 

et al. 2009  

Italy 143/102 Atypical 

> 5mm 

Total body 

count 

No 

Yes 

 1 

7.45 (3.43, 16.21) 

Adjusted for age, sex, skin colour, and skin 

sensitivity 
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Melanoma risk is strongly related to the number of naevi which are more common in 

populations and individuals with high levels of sun-exposure. The mechanism by which 

sun-exposure initiates and progresses the development of melanoma is not well 

understood, but it may relate to the induction and/or transformation of naevi, or of 

melanocytes unrelated to naevi. It seems likely that the neutral or protective effect of 

chronic exposure is related to protective mechanisms such as tanning and skin 

thickening, but this may not be the whole explanation (Elwood and Jopson 1997).  

 

Atypical or dysplastic naevi are also markers of increased risk of melanoma. They differ 

from benign naevi in that they tend to have a larger diameter (≥ 5mm), are asymmetric 

with an irregular or ill-defined border and have variegated pigmentation. There is some 

controversy about their prevalence and relevance because of the difficulties in defining 

the lesions clinically and histologically (Gruber and Armstrong 2006).  

 

A review by Hussein (2005)   outlined the evidence supporting the hypothesis that 

atypical naevi are at least markers for an increased risk of melanoma. For example, the 

prevalence of atypical naevi in the general population has been estimated to be between 

approximately 5% and 15% among patients with melanoma while atypical naevi were 

associated with almost 100% of familial melanoma cases and approximately 60% of 

non-familial melanoma cases; they appear to have an intermediate morphology between 

naevi and melanoma, sharing some morphological features of radial growth phase 

melanoma; it has been observed that the expression of proliferation markers, mismatch 

repair proteins, and the accumulation of p53 protein in atypical naevi were at an 

intermediate level between naevi and melanoma; atypical naevi have an intermediate 

level of microsatellite instability patterns between naevi and melanoma, and atypical 

naevi had similar allelic losses in the 1p, 9q and 17p chromosomal regions as 

melanoma. 

 

Some studies have indicated a stronger association with melanoma risk with the number 

of atypical naevi than with the number of benign naevi, while others do not show any 

great difference (see Table 2.3). There are differences in the categorisation and 

definition of reference groups among these studies, so it is difficult to compare results. 

Studies that have assessed the association with both types of naevi with mutual 

adjustment have shown that both are independent risk factors for melanoma, but the 
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total number of benign naevi remains the main determinant of melanoma risk 

irrespective of the number of atypical naevi (Elwood, Aitken et al. 2003; Fargnoli, 

Piccolo et al. 2004; Fargnoli, Altobelli et al. 2006; Nikolaou, Sypsa et al. 2008; 

Chiarugi, Ceroti et al. 2009). 

 

2.3.5 Familial history and genetic susceptibility 

Family history as a risk factor for melanoma was first reported by Norris in 1820 

(Norris 1820). In general, melanomas in family members are histologically 

indistinguishable from sporadic melanomas and have a similar prognosis. Family 

members with melanoma, however, usually have an earlier age of onset, have thinner 

melanomas, and are more likely to develop multiple primary melanomas (Tucker and 

Goldstein 2003). Care is needed when assessing of the risk associated with a family 

history of melanoma because it could be due to shared genetic susceptibility, shared 

(familial) exposures to risk factors or a combination of both.  

 

Ford, Bliss et al. (1995) conducted a meta-analysis of eight case-control studies which 

included over 3,500 cases and nearly 3,000 controls investigating the risk of developing 

melanoma associated with having a family history of the disease. They estimated that 

the relative risk associated with having at least one first-degree relative with melanoma 

was RR = 2.2 (1.8, 2.9). This association was independent of hair and eye colour, 

number of naevi, and degree of freckling. Each of the eight case-control studies 

included in the meta-analysis indicated that a family history of melanoma was 

associated with an increased risk of melanoma.  

 

Aitken, Duffy et al. (1994) investigated population-level differences in melanoma risk 

in unrelated families, recruiting 1,149 melanoma cases and 7,666 first degree relatives. 

They found that some families had higher levels of risk compared to what would be 

expected from population rates; nearly 5% of the unrelated families had significantly 

more melanoma cases than expected when taking into account the size of the families, 

and the age, sex and birth cohort distributions of the family members. Rutter, Bromley 

et al. (2004) carried out a multi-centre, clinic-based case-control study (737 cases, 1,021 

outpatient controls) to assess melanoma risk according to family history of melanoma 

and other malignancies associated with melanoma, as well as evaluating the familial 

heterogeneity of melanoma, pancreatic and gastrointestinal cancers. After adjusting for 
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age, gender, atypical naevi and study site, they found that having at least one first-

degree relative diagnosed with melanoma was associated with a nearly two-fold 

increase in the risk of melanoma (OR 1.7 (1.10, 2.66)). Youl, Aitken et al. (2002) 

conducted a population-based case-control study investigating the risk factors for 

melanoma in Australian adolescents (201 cases, 196 controls). They found that a family 

history of melanoma was associated with an unadjusted OR of 3.8 (1.6, 9.4). However, 

after adjusting for sun-exposure and phenotypic factors the OR was 4.0 (0.8, 18.9). This 

suggests a stronger effect in adolescents than adults, consistent with the observation of a 

younger age of onset of melanoma in familial cases. 

 

Population-based cohort, case-control and family studies suggest that a family history of 

melanoma is associated with a two-to-three-fold increase in risk. In Queensland a 

population-based segregation analysis involving 1,912 unrelated families was carried 

out to investigate whether the observed familial clustering of melanoma was consistent 

with Mendelian inheritance of a major autosomal gene. The analysis indicated that 

melanoma was not inherited via a single major locus segregated in a Mendelian fashion  

(Aitken, Bailey-Wilson et al. 1998). A cohort study following nearly 70,000 participants 

from the US Radiologic Technologist Study over a ten year period found a 4.5 fold 

increase in melanoma risk (RR  4.5 (2.5, 7.9)) associated with a family history of 

melanoma among first-degree relatives (Freedman, Sigurdson et al. 2003). An analysis 

of familial risk using the Swedish Family Cancer Database found that adult children of 

parents with one invasive melanoma had a standardised incidence ratio (SIR) of 2.41 

(2.10, 2.76) for developing melanoma, while adult children of parents with a history of 

two invasive and in situ melanomas had a SIR of 23.18 (4.37, 68.63) (Hemminki, Zhang 

et al. 2003). A population-based, international melanoma case-control study, the Genes, 

Environment and Melanoma (GEM) study, provided further evidence that melanoma 

aggregates in families and that this pattern is consistent in widely separated fair-skinned 

populations (Begg, Hummer et al. 2004). Familial age-specific incidence rates were 

consistently higher than the corresponding rates in the general population, and the 

familial rates reflected incidence trends of the population they originated from  (Begg, 

Hummer et al. 2004). Most of these studies relied on participant or relative-reported 

family history of melanoma which is subject to measurement error. Aitken and 

colleagues (1996) have reported that patient reported family histories of melanoma are 

not as reliable as family histories of other cancers, and that family histories of 

melanoma should be confirmed using pathology records; however, family histories 
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restricted to first-degree relatives are more reliable than information on the health of 

more distant relatives. 

 

Several specific genetic syndromes are also associated with a high risk of melanoma. 

Dysplastic naevus syndrome, also known as BK mole syndrome or familial atypical 

mole-malignant melanoma (FAMMM) syndrome, is characterised by autosomal 

dominant inheritance of susceptibility to melanoma and multiple atypical naevi (Gruis, 

Sandkuijl et al. 1995). Individuals with Li-Fraumeni syndrome are at increased risk of 

developing multiple primary tumours for a range of malignancies including melanoma. 

Diagnosis is by a set of clinical criteria; more than 50% of those with a clinical 

diagnosis have an identifiable disease causing mutations in the tumour protein 53 gene 

(TP53) (Benjamin, Meinikova et al. 2008; Benjamin, Ullrich et al. 2008; Upton 2009). 

Xeroderma pigmentosum is an autosomal recessive genetic disorder where nucleotide 

excision repair capability is reduced. As a result, the ability to repair damage caused by 

UVR is significantly diminished. The condition is characterised by sometimes extreme 

photosensitivity, pigmentary changes, premature skin aging, and early onset of 

melanoma, BCC and SCC and a 1,000-fold increase in developing melanoma 

(Gilchrest, Eller et al. 1999; Limoli, Giedzinski et al. 2002; Limoli, Laposa et al. 2002; 

Blankenburg, König et al. 2005).  

 

2.4 Genetic studies of melanoma susceptibility 

2.4.1 Melanoma segregation analyses 

Segregation analyses suggest that when the trait was defined as either melanoma or the 

atypical mole syndrome, an autosomal dominant mode of inheritance best fits the data 

(Greene, Goldin et al. 1983; Lynch, Fusaro et al. 1983; Bale, Chakravarti et al. 1986; 

Bergman, Palan et al. 1986). However, other authors have found evidence that a 

polygenic mode of inheritance may be more appropriate (Wallace, Lesley et al. 1971; 

Duggleby, Stoll et al. 1981; Speer, Haynes et al. 1992; Aitken, Bailey-Wilson et al. 

1998). 

 

Greene and colleagues (1983) carried out segregation and linkage analyses in 14 

families with multiple cases of melanoma and/or atypical mole syndrome (Greene, 

Goldin et al. 1983). Fourteen kindreds totalling 401 individuals were recruited from The 

Cancer-Prone Family Registry maintained by the USA National Cancer Institute. The 

http://en.wikipedia.org/wiki/Autosomal_recessive
http://en.wikipedia.org/wiki/Genetic_disorder
http://en.wikipedia.org/wiki/Nucleotide_excision_repair
http://en.wikipedia.org/wiki/Nucleotide_excision_repair
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segregation analysis tested the hypothesis of a single gene Mendelian transmission of 

melanoma alone and melanoma or the atypical mole syndrome compared to the general 

alternative of arbitrary transmission probabilities (Greene, Goldin et al. 1983).  

 

The results of the segregation analysis for melanoma in combination with the atypical 

mole syndrome were not consistent with the segregation of a single gene or a purely 

random environmental effect, suggesting a familial component to the transmission.  In 

contrast, the authors found evidence of an autosomal dominant mode of inheritance for 

melanoma alone  (Greene, Goldin et al. 1983).  

 

Lynch and colleagues (1983) carried a segregation analysis for melanoma in a set of 

four North American kindreds (80 affected or at risk individuals) with the FAMMM 

syndrome. Cases were defined as having melanoma, verified cases of atypical mole 

syndrome, or both. They found evidence that the FAMMM syndrome is inherited as an 

autosomal dominant trait and displays variable expressivity and reduced penetrance 

(Lynch, Fusaro et al. 1983). 

 

Bale et al. (1986) investigated the segregation of melanoma in 14 melanoma-prone 

families that had at least two pathologically confirmed cases of melanoma. The results 

of their analyses also provided support for the hypothesis that familial melanoma, and 

the combined trait of familial melanoma and atypical mole syndrome, both have an 

autosomal dominant mode of inheritance and incomplete penetrance (Bale, Chakravarti 

et al. 1986). 

 

Bergman and colleagues (1986) found a similar result in six Dutch kindreds with the 

atypical mole syndrome. These six kindreds had at least three individuals with 

melanoma in at least two consecutive generations. An investigation of the pedigrees 

indicated that melanoma and the prevalence of atypical naevi in these families had an 

autosomal dominant mode of inheritance, with variable expressivity and incomplete 

penetrance (Bergman, Palan et al. 1986). 

 

The Queensland Melanoma Project was used to make an estimate of the heritability of 

melanoma. Melanoma patients presenting at the major teaching hospitals in Brisbane, in 

1967 and January and February of 1968, living within 100 miles of Brisbane were 

invited to participate (Wallace, Lesley et al. 1971). One hundred and twenty five 
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melanoma probands from 113 families were recruited into the study, and they, or their 

relatives were interviewed to provide information concerning first-degree relatives. 

Cases of melanoma among family members identified during the interviews were 

verified by the investigators. The incidence of melanoma in the first-degree relatives of 

the probands was 1.19% compared to 0.72% in the Queensland population. The authors 

concluded that, while it is not possible to exclude the influence of a major gene, the 

results of their analysis suggest a polygenic mode of inheritance.  

 

In a melanoma case-control study (214 cases and 193 controls) conducted in New York 

State, Duggleby and colleagues (1981) found evidence that the distribution of 

melanoma in the relatives of the probands may be the result of both single genes that 

have a major effect and the additive effect of many genes with small effect (Duggleby, 

Stoll et al. 1981). 

 

Speer and colleagues (1992) conducted a segregation analysis for a major gene for 

melanoma and total naevus counts by examining several modes of transmission on a set 

of Utah melanoma and/or atypical mole syndrome kindreds. They did not find evidence 

for a major gene segregating with either melanoma or total naevus counts. However, the 

parent-offspring correlations suggested that total naevus counts had a strong familial 

component that was not consistent with a Mendelian mode of inheritance (Speer, 

Haynes et al. 1992). 

 

Aitken and colleagues (1998) tested the hypothesis that the familial clustering of 

melanoma is consistent with Mendelian inheritance of a major autosomal gene at a 

population level. Most of the other segregation analyses recruited participants from 

relatively few melanoma-prone families, and/or families with the atypical mole 

syndrome (AMS). In contrast, this Australian segregation analysis, was population-

based recruiting 1,912 Queensland families ascertained through melanoma probands, 

selected from all incident cases of melanoma diagnosed in Queensland residents 

between 1982 and 1990 (Aitken, Bailey-Wilson et al. 1998). The results of the analysis 

rejected the hypotheses of either a single major gene or solely environmental exposures, 

but there was still a familial component in the occurrence of melanoma. This suggests 

that other familial factors, such as pigmentation, skin type and sun-exposure habits, may 

play an important role in the familial clustering of melanoma. This may also be 
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interpreted as the effect of many genes of small effect that may be associated with these 

familial phenotypes (Duggleby, Stoll et al. 1981).  

 

The most probable reason for the difference between the results of the Australian study 

and other segregation studies is the selection of the melanoma probands from a state 

wide cancer registry. Aitken and colleagues suggested that if a major gene is 

segregating melanoma in the high risk families, its effect may have been masked in a 

background of high, apparently non-familial levels of incidence (Aitken, Bailey-Wilson 

et al. 1998). They also suggest that the underlying assumptions of the segregation 

analysis may not be correct or appropriate: If two or more major genes are segregating 

melanoma with different modes of inheritance, the results of a segregation analysis 

would be extremely difficult to interpret. 

 

Overall, the results of these segregation analyses suggested that in a minority of families 

there is a strong evidence of a single gene associated with melanoma risk that is likely 

to have an autosomal dominant mode of inheritance. But in the majority of cases of 

familial melanoma, a polygenic mode of inheritance and/or other familial factors may 

be a better explanation of the observed clustering of melanoma in these families. 

 

2.4.2 Melanoma linkage analyses 

Linkage analyses have indicated that melanoma susceptibility genes may exist on 

chromosomes 1 and 6, which have not been confirmed, and on chromosome 9, 

contributing to the discovery of the CDKN2A tumour suppressor gene. 

 

Greene and colleagues performed a linkage analysis on 14 families and found 

moderately strong evidence of linkage between the melanoma-AMS phenotype and the 

Rh blood group locus on chromosome 1 (Greene, Goldin et al. 1983). Follow-up 

analyses refined the estimate of the location of the linkage to the vicinity of 

chromosome on 1p36 (Goldstein, Dracopoli et al. 1993). No candidate genes have been 

identified at this locus and other investigators have not been able to confirm the linkage. 

Inconsistencies in the aetiologic and diagnostic definitions of the cases in subsequent 

studies have been suggested as explanation for the failure to replicate these results 

(Greene 1997).  
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A second locus was identified on chromosome 9p by studies performed on melanoma 

cell lines which identified this locus as an area of frequent cytogenetic abnormalities. 

Cannon-Albright and colleagues found strong evidence in a study on 11 families for a 

dominant partially penetrant melanoma susceptibility locus on chromosome 9p21, and 

the penetrance of the gene was estimated to be 53% at 80 years of age (Cannon 

Albright, Goldgar et al. 1992; Cannon Albright, Goldgar et al. 1994). The locus was 

subsequently confirmed as the site a candidate gene now known as the Cyclin-

dependent kinase inhibitor 2A (CDKN2A) which acts as a tumour suppressor by 

regulating the cell growth (Goldstein, Dracopoli et al. 1993; Nancarrow, Mann et al. 

1993; Kamb, Gruis et al. 1994). 

 

Investigators had also speculated that a melanoma susceptibility gene may be on 

chromosome 6, possibly linked to the human leukocyte antigen (HLA) complex. 

However, a study involving 30 families investigated the possibility of linkage between 

the HLA locus and either melanoma, or the melanoma-atypical mole syndrome 

phenotype did not support this hypothesis (Bale, Greene et al. 1985). In contrast, 

Walker and colleagues (1994) investigated the possible linkage between melanoma and 

chromosome 6 with an analysis of 16 melanoma-prone families from Queensland. They 

found a moderate level of evidence for linkage to this locus (Walker, Nancarrow et al. 

1994). However, the existence of a melanoma susceptibility gene near the HLA locus 

complex still remains to be determined. Cytogenetic studies have also suggested that 

one or more genes on chromosomes 2, 3, 10 and 11 may be involved in the development 

of melanoma, however, no definitive evidence for these associations have been reported 

(Greene 1997). Evidence from recent genome wide association studies for melanoma 

have not identified linkage peaks at these loci, and do not appear to support this 

hypothesis (Brown, MacGregor et al. 2008; Bishop, Demenais et al. 2009). 

 

2.4.3 Candidate gene studies of melanoma susceptibility 

2.4.3.1 High penetrance melanoma susceptibility genes 

Two high penetrance and one low penetrance melanoma susceptibility genes with 

germline mutations have so far been identified. The first high penetrance gene to be 

identified was the cyclin-dependent kinase inhibitor 2A (CDKN2A) gene on 

chromosome 9p21 locus. This gene is currently unique among mammals in that it 

encodes two unrelated proteins, p16INK4a (p16) and p14ARF (p14), through an 
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alternative reading frame. The two proteins are transcribed from different first exons but 

share the same second and third exons. Mutations in exon 1α affect only the transcript 

of p16, while those in 1β will affect p14. Mutations occurring in exon 2 or 3 will affect 

both proteins (Hayward 2003; Pollock, Weeraratna et al. 2003; Chudnovsky, Khavari et 

al. 2005). The second high penetrance gene is cyclin-dependent kinase 4 (CDK4). 

Mutations in these genes are inherited in an autosomal dominant fashion and confer a 

high-risk of developing melanoma (Pho, Grossman et al. 2006).  

 

2.4.3.1.1 Cyclin-dependent kinase inhibitor 2A 

The cyclin-dependent kinase (CDK) inhibitor protein, p16, acts as a tumour suppressor 

by regulating cell growth, functioning as a negative regulator of the cyclin 

D/CDK4/p16/retinoblastoma protein (pRb) signalling pathway. This is the major 

growth control pathway controlling entry of the cell into the cell cycle (Chudnovsky, 

Khavari et al. 2005). For cells to divide, cyclin D/CDK4 must phosphorylate pRb, 

allowing the cells to progress through the G1 phase into the S phase of the cell cycle. 

The p16 protein negatively regulates this pathway by binding to CDK4 and blocking the 

assembly of the CDK4/cyclin D complex which inhibits progression through the cell 

cycle (Chudnovsky, Khavari et al. 2005). By Sequestering CDK4 and CDK6 it inhibits 

the phosphorylation of pRb by these kinases. In the absence of a functional p16 protein, 

pRb is hyperphosphorylated by CDK4. The E2F transcription factors that are normally 

sequestered by the unphosphorylated pRb, constitutively activate the genes involved in 

entry of the cell into the S phase, leading to uncontrolled cell growth (Chudnovsky, 

Khavari et al. 2005). 

 

There have been several reports of germline mutations occurring in melanoma-prone 

families and among melanoma cases that are associated with a younger age of diagnosis 

and/or multiple primary tumours Mutations in the general population are rare; Aitken 

and colleagues examined six relatively common variants in 482 families, and 

sequencing the coding region of CDKN2A in participants from a subset of 91 high risk 

families. They estimated that only 0.2% of melanoma cases in Queensland, Australia 

are attributable to CDKN2A (Aitken, Welch et al. 1999). Given a lifetime risk of 

melanoma of 1:15 to 1:20, it has been extrapolated that approximately 1 in 10,000 of the 

general Queensland population are germline carriers of CDKN2A mutations (Hayward 

2003). However, 10.3% of a population sample of high-risk families identified in their 



 46 

study had germline mutations of CDKN2A (Aitken, Welch et al. 1999). Berwick and 

colleagues carried out a variant of a case-control study recruiting 1,189 multiple 

primary melanoma (MPM) ‘cases’ and 2,424 single primary melanoma (SPM) 

‘controls’ from the Genes Environment and Melanoma (GEM) Study, an international 

multiple centre study. The authors sequenced all known variants of CDKN2A coding 

for p16 on exons 1α, 2 and 3, but did not sequence exons 1β, 2 or 3 for variants of p14. 

They found 32 different functional p16 mutations in 63 participants – 30 (1.2%) of the 

SPM controls 35 (2.9%) of the MPM cases. Two of these 63 individuals crossed over 

from being controls to cases during the study and were regarded as both controls and 

cases. The frequency of variants in the SPM control group is much higher than that 

estimated in the Aitken study. The authors attributed this difference to the fact that this 

study sequenced the whole region coding for p16, while the Aitken study genotyped 

only six variants in the majority of participants and fully sequenced the region in the 

high risk participants (Berwick, Orlow et al. 2006).  

 

Orlow, Begg et al. (2007) sought to devise a method to predict the types of variants 

most strongly associated with the risk of melanoma using a large sample from the GEM 

study – potentially the same sample as that used in the Berwick study described above. 

Variants were labelled as ‘functional’ if they caused an amino acid change in p16 and/or 

p14, or if they were in a non-coding region and were known to inhibit transcription of 

the wild type p16. The authors identified 44 different variants, 33 of which were 

‘functional’, and at the time of writing, six had not been previously been reported. Most 

of the variants were rare, appearing in one or only a few of the participants. The risk of 

melanoma was much higher in individuals with a functional variant. But further sub-

classification of the variants failed to provide strong evidence of differences in 

melanoma risk between identified variants. Multiple primary melanomas were more 

frequent in the participants with variants that had been previously identified in 

melanoma prone families. The incidence of melanoma in the relatives of the MPM 

patients was twice as high as the relatives of SPM probands (Orlow, Begg et al. 2007). 

 

The likelihood of finding a mutation in CDKN2A is dependent on the number of family 

members who have been diagnosed with melanoma. Mutations in CDKN2A have been 

found in 5% of families that have two or more affected family members, and 20% to 

40% of families with three or more melanoma cases (Goldstein and Tucker 2001; Stahl, 

Bar-Meir et al. 2004; de Snoo, Hottenga et al. 2008). The proportion of mutations in 
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cases with more than one primary tumour was also low, ranging between 9% and 15%, 

but many of these mutation carriers also had a documented family history of melanoma 

(MacKie, Andrew et al. 1998; Monzon, Liu et al. 1998; Hashemi, Platz et al. 2000; 

Auroy, Avril et al. 2001).  

 

The Melanoma Genetics Consortium estimated the penetrance of melanoma among 

carriers of CDKN2A mutations in 80 high-risk families from Europe, Australia and the 

USA. The total cumulative risk of developing melanoma by 50 years of age was 30% 

(12%, 62%) and 67% (31%, 96%) at 80 years of age (Bishop, Demenais et al. 2002). 

The penetrance of melanoma at 80 years of age varied by location; higher levels of 

penetrance were found in the Australian (91%) and American (76%) samples compared 

to the Europeans (58%). This variation by location suggests that the penetrance of 

CDKN2A mutations varied with the incidence of melanoma, indicating that there may 

be a gene-environment interaction (Bishop, Demenais et al. 2002). Newton-Bishop and 

colleagues estimated a cumulative incidence of melanoma of 64% by 85 years of age 

with a LOD-1 support interval of 22% to 98% among 6 families recruited from England 

and Wales (Newton-Bishop, Wacsmuth et al. 2000). This level of penetrance is 

comparable with the European penetrance at 80 years of age reported by Bishop and 

colleagues (Bishop, Demenais et al. 2002). 

 

The p16 protein may have an additional role at the G2/Mitosis transition in melanocytes 

in response to UVR exposure. An accumulation of p16 has been observed 12 hours after 

moderate levels of UVC exposure, which was correlated with a delay in the S/G2 phase 

transition in both HeLa cells and melanoma cell lines with non-mutated p16, but not in 

cell lines with mutations in p16 or CDK4 (Wang, Gabrielli et al. 1996; Milligan, 

Gabrielli et al. 1998). After UVC exposure, p16 association with CDK4 was elevated. 

As a consequence, cyclin D3-CDK4 activity was inhibited in the UV-irradiated G2 

delayed-cells, which was dependent on the binding of p16 (Gabrielli, Sarcevic et al. 

1999). Pavey, and colleagues (1999) examined the role of p16 in human skin cell 

cultures in response to UVR. Compared to the control samples, the cultures that were 

irradiated with suberythymal doses of UVB or UVC had a three- to ten-fold increase in 

p16 expression 16 hours after irradiation, with a peak at 24 hours and decline by 72 

hours. These data suggest that p16 may have a dual function in the cell cycle regulation 

process that may have an effect on susceptibility to melanoma. 
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The p14 gene may play an important role in tumour surveillance, acting as a tumour 

suppressor as part of the p14/ Mdm2 p53 binding protein homolog (mouse) 

(MDM2)/p53 pathway (Rizos, Puig et al. 2001). It sequesters the p53 specific ubiquitin 

ligase human double minute 2 (HDM2), a proto oncogene, and targets the transcription 

factors E2F1, E2F transcription factor 2 (E2F2) and E2F transcription factor 3 (E2F3). 

Without p14, HDM2 inactivates p53 by ubiquitination. The subsequent degradation and 

the loss of p53 impairs mechanisms that normally target genetically damaged cells for 

cell cycle arrest and/or apoptosis, which consequently leads to the proliferation of 

damaged cells. HDM2 also functionally inactivates pRb which stimulates the activity of 

the E2F1 and E2F3 transcription factors which are positive regulators of cell cycle 

progression. Loss of p14 function contributes to tumourigenesis by disruption of both 

the pRb and p53 pathways, but remains effective when only one of these pathways have 

been inactivated (Goldstein and Tucker 2001; Rizos, Puig et al. 2001; Chudnovsky, 

Khavari et al. 2005). 

 

However, assessing the role of p14 in melanoma susceptibility is controversial and 

difficult to resolve because of the significant overlap in genomic structure with p16. The 

p16 and p14 genes have unique first exons (exon 1α and 1β respectively), but share 

exons 2 and 3. Therefore, polymorphisms in the first exons of the genes will be unique 

to p16 or p14, but variations in exons 2 and 3 will affect both. Variations in the shared 

exons occur in approximately 40% of the tumours, and so the relative contribution of 

p14 in the initiation of cancer is not known (Rizos, Puig et al. 2001). Also, families with 

mutations in CDKN2A that affect only p14 are much less common than mutations that 

affect p16 with or without affecting p14 (Randerson-Moor, Harland et al. 2001; Rizos, 

Puig et al. 2001; Bishop, Demenais et al. 2002).  

 

Some reports have indicated that p14 may be aberrant in some melanoma families, but it 

is unknown whether these aberrations contribute to causing melanoma or if they 

increase the penetration of p16 mutations. Reports include an allele expression analysis 

in Australian melanoma families where three individuals demonstrated approximately 

equal expression of the two CDKN2A alleles but low expression of one p14 allele. A 

lack of polymorphisms in other family members prevented confirmation that this 

aberration segregates with melanoma (Rizos, Becker et al. 1997). There have been 

several families with predisposition to melanoma and nervous system tumours (NST) 

reported with germline mutations that affect both p16 and p14; however, it was 
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presumed that melanoma susceptibility was due to the concomitant deletion of p16. One 

family with melanoma and NST predisposition has been reported to carry only a 

germline deletion encompassing the 1β exon but not the coding sequence or minimal 

promoter sequence of either CDKN2A (p16 transcript) or CDKN2B; however, aberrant 

expression of p16 could not be ruled out  (Pollock, Weeraratna et al. 2003). 

 

A case study of a Spanish woman with multiple primary melanomas diagnosed at age 

37 and 43 years has provided evidence that p14 may have a small role in melanoma. 

This individual was found to carry a germline insertion on exon 1β that specifically 

alters p14 with a frame shift, so that it was unable to induce p53-dependent cell cycle 

arrest (Rizos, Puig et al. 2001). 

 

Perhaps the most persuasive evidence for a role of p14 in melanoma predisposition may 

be a frame shift mutations in exon 2 preventing the localisation of p14 to the nucleus, so 

diminishing its ability to stabilise p53 (Zhang and Xiong 1999). Given that p14 is 

involved in tumour surveillance, then it is reasonable to hypothesise that germline 

mutations in the shared exons that inactivate p16 and p14 may have a more severe 

clinical presentation for example, lower age of onset and/or increase in the number of 

primary tumours  (Zhang and Xiong 1999). 

 

2.4.3.1.2 Cyclin-dependent kinase 4 

Cyclin-dependent kinase 4 (CDK4) has been mapped to the 12q13 chromosome. 

Mutations in this gene are extremely rare, having only been found in five families 

worldwide (Goldstein, Chan et al. 2006). All of the known mutations occur in codon 24, 

either an arginine to cysteine activation mutation or an arginine to histidine substitution 

resulting in a missense mutation (Zuo, Weger et al. 1996; Soufir, Avril et al. 1998; 

Hayward 2003; Molven, Grimstvedt et al. 2005). The arginine normally in codon 24 is 

critical in allowing p16 to bind to the kinase; hence, substitutions of this amino acid 

disrupt the capacity for p16 to associate with and inactivate CDK4. These activating 

mutations have the effect of making CDK4 resistant to normal inhibition by p16, so the 

CDK4 protein is constantly activated promoting the pRb pathway and subsequent 

cellular division, thus the mutated CDK4 gene functions as an oncogene (Williams and 

Ouhtit 2005).  Mutations in CDK4 and p16 influence the same downstream cycle 

processes, so clinical characteristics such as mean age of melanoma diagnosis, mean 
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number of melanomas and naevi associated with these mutations are indistinguishable 

(Hayward 2003; Pollock, Weeraratna et al. 2003). 

        

2.4.3.2 Low penetrance melanoma susceptibility genes 

Suspected low-penetrance melanoma susceptibility genes include the melanocortin 1 

receptor (MC1R), epidermal growth factor (EGF), vitamin D receptor gene (VDR), a 

DNA repair gene (XRCC3), cytochrome P450 debrisoquine hydroxylase (CYP2D6), 

glutathione S-transferase μ-1 (GSTM1) and glutathione S-transferase θ-1 (GSTT1) 

(Hayward 2003; Gruber and Armstrong 2006). 

 

2.4.3.2.1 Melanocortin-1 receptor 

The melanocortin-1 receptor (MC1R) is the first low-penetrance susceptibility gene 

found for melanoma, and has been mapped to the chromosome 16q24.3 locus. It 

encodes the G protein coupled receptor for α-melanocyte stimulating hormone (α-MSH) 

(Box, Duffy et al. 2001). MC1R regulates the production of two distinct types of 

melanin: red/yellow phaeomelanin to brown/black eumelanin. Hormonal stimulation of 

MC1R after the skin is exposed to UVR normally leads to a switch in production from 

phaeomelanin to eumelanin via a complex pathway involving cyclic adenosine 

monophosphate (cAMP), protein kinase A microphthalmia transcription factor (MITF), 

TYR, tyrosinase related protein 1 (TYR1) and other undescribed proteins. The 

activation of MC1R is required for synthesis of eumelanin, which has been shown to 

protect melanocytes from UVR-induced apoptosis and to reduce the accumulation of 

DNA photoproducts, while phaeomelanin is photolabile and associated with oxidative 

stress on DNA  (Gerstenblith, Goldstein et al. 2007). 

 

In humans, variants in MC1R are of key significance in determining pigmentary 

phenotype and the response of the skin after exposure to UVR (Wong and Rees 2005). 

It is highly polymorphic in fair-skinned populations and many polymorphisms have 

been associated with red hair, pale skin, sun-sensitive skin and a higher risk of 

developing melanoma and non-melanoma skin cancer; features sharing an underlying 

sensitivity to UVR-exposure and a lack of constitutive melanin. No gain of function 

mutations for MC1R have yet been found (Wong and Rees 2005; Gerstenblith, 

Goldstein et al. 2007).   
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Among fair-skinned populations many of the MC1R variants are causally associated 

with the red hair/pale skin phenotype. These mutations are associated with varying 

levels of quantitative loss of function, leading to varying degrees of risk and/or 

penetrance of the phenotype, instead of the more usual complete loss of function. 

Variants in MC1R associated with changes in the pigmentation have been classified in 

two broad categories, ‘strong’ (R) red hair colour (RHC) alleles or ‘weak’ (r) red hair 

colour alleles based on the higher odds ratio associated with the red hair/pale skin 

phenotype (Sturm, Duffy et al. 2003; Wong and Rees 2005). The risk of the red 

hair/pale skin phenotype occurs as a result of either homozygous or compound 

heterozygous genotypes for alleles that are known to impair the function of MC1R, such 

that the phenotype approximates a recessive trait (Wong and Rees 2005). Different 

combinations of MC1R polymorphisms may contribute to the observed variation in 

shades of red hair and melanin composition within various fair-skinned populations 

(Naysmith, Waterston et al. 2004; Wong and Rees 2005).  

 

Polymorphisms of MC1R are less common in non-fair-skinned populations and the 

frequency of polymorphisms also varies between fair-skinned populations. A review of 

studies that sequenced MC1R and catalogued allele frequencies of MC1R 

polymorphisms across various non-fair-skinned populations and fair-skinned 

populations with varying phenotype was carried out by Gerstenblith and colleagues 

(2007). This review indicated that there were substantially fewer non-synonymous 

MC1R polymorphisms in Asian Indian, African and Papua New Guinean samples 

compared to the predominantly fair-skinned samples from Europe, Australia and North 

America. This is consistent with the hypothesis that there is a strong functional 

constraint on MC1R in non-fair-skinned populations indigenous to regions that are 

routinely exposed to high levels of UVR, and that in areas with less intense UVR-

exposure there is either a relaxation of these constraints or selection for functionally 

relevant variants that lead to lighter skin phenotypes (Harding, Healy et al. 2000; 

Gerstenblith, Goldstein et al. 2007). The review also found evidence suggesting a 

geographic gradient in the allele frequency of the combined high penetrance RHC 

variants in Europe with decreasing frequency as latitude decreased: 21.5% in 

Britain/Ireland, 16% in Holland, 9.6% in France, 8.5% in Italy and 2.9% in Greece. In 

Philadelphia, USA it was 16%. In Celtic populations, many of the MC1R variants 

associated with skin cancer are the RHC variants. However, in darkly pigmented 

European populations, e.g. from southern Europe and the Mediterranean, non-RHC 
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variants appear to influence melanoma risk, suggesting that the MC1R signalling 

pathway may have an additional role in skin physiology and carcinogenesis beyond the 

UV filtering differences between dark and light pigmentation (Gerstenblith, Goldstein et 

al. 2007).  

 

Kanetsky and colleagues conducted a case-control study enrolling participants from the 

GEM study – controls were individuals diagnosed with one primary melanoma and 

cases were those with who had two or more primary melanomas. Participants were 

Caucasian and were recruited from eight population based cancer registries from 

Australia, Canada, Italy, the United States and one large hospital based centre that treats 

approximately half of the melanoma cases diagnosed in the US State of Michigan. The 

authors sequenced the entire MC1R coding region and in this sample of melanoma 

patients, carriage of synonymous variants alone was rare, 86% of the individuals in this 

study had at least one MC1R variant, while 84% of the participants carried at least one 

nonsynonymous variant (Kanetsky, Rebbeck et al. 2006). The cases were more likely to 

carry strong RHC alleles and R142H variants compared to controls. Cases were not 

associated with the carriage of nonsynonymous SNPs that had minor allele frequencies 

of less than one per cent, with the carriage of insertion/deletion variants of MC1R, weak 

RHC alleles in the absence of a strong RHC allele. When the total number and type of 

RHC allele (R or r) is taken into account there was a statistically significant trend 

toward carrying multiple and higher risk alleles among cases (Kanetsky, Rebbeck et al. 

2006).   

  

Several studies of MC1R and skin cancer have shown an influence of MC1R on 

melanoma and non-melanoma skin cancer risk, even after adjustment for pigment 

variation (Gerstenblith, Goldstein et al. 2007). This association was primarily with 

strong RHC alleles ranging between a two and 17-fold increase in risk (Valverde, Healy 

et al. 1996; Kennedy, ter Huurne et al. 2001; Stratigos, Dimisianos et al. 2006). There 

may also be a non-linear increasing gradient in risk as the number of RHC 

polymorphisms increases. Two small case-control studies from Spain (116 melanoma 

patients and 188 controls) (Fernandez, Milne et al. 2007), Greece (123 cases and 155 

controls) (Stratigos, Dimisianos et al. 2006) and a moderately sized Australian case-

control studies (432 cases; 386 controls) (Palmer, Duffy et al. 2000) reported that 

individuals with at least one MC1R polymorphism had approximately twice the risk of 

developing melanoma compared to those who do not, while those with two or more 
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polymorphisms had between a four and ten-fold increase in risk. In contrast, two 

smaller Italian case-control studies (Landi, Kanetsky et al. 2005; Fargnoli, Altobelli et 

al. 2006), carriers of one or more of the high penetrance RHC alleles had approximately 

twice the risk of developing melanoma compared to those who were not carriers. Palmer 

and colleagues (2000) hypothesised that higher levels of phaeomelanin associated with 

MC1R polymorphisms, its precursors or photoproducts are mutagenic, or that MC1R is 

involved in the melanocyte growth and differentiation process. Under this hypothesis, 

those with darker skin would normally have a lower risk of melanoma, but if they have 

a polymorphism that predisposes them to the production of phaeomelanin, this 

protection might be negated. If there is a dose-response relationship with the number of 

MC1R polymorphisms, they may produce more phaeomelanin than an individual with 

fair skin carrying the same polymorphism (Palmer, Duffy et al. 2000).  

 

Variants of MC1R may also affect the penetrance of CDKN2A mutations. This is one of 

the few examples of gene-gene interactions on disease-risk documented to date. Four 

studies from Australia (15 pedigrees) (Box, Duffy et al. 2001), the Netherlands (6 

families) (van der Velden, Sandkuijl et al. 2001), the United States (16 CDKN2A 

families) (Goldstein, Landi et al. 2005) and France (20 families) (Chaudru, Laud et al. 

2005) investigated the relationship between MC1R and the risk of melanoma in 

CDKN2A carriers in melanoma prone pedigrees. The results of these studies indicated 

that CDKN2A mutation carriers with MC1R polymorphisms had a higher proportion of 

melanoma cases than CDKN2A carriers without the MC1R variants. Two of the studies 

(Box, Duffy et al. 2001; Goldstein, Landi et al. 2005) also reported a lower age of 

melanoma diagnosis among the CDKN2A carriers with MC1R polymorphisms 

compared to CDKN2A carriers without MC1R polymorphisms. 

 

Box et al. (2001)   investigated the effect of MC1R variants on the penetrance and 

clinical characteristics of CDKN2A mutations on melanoma in 15 Australian melanoma 

pedigrees. However, they did not take into account the effects of other melanoma risk 

factors when assessing the effect of MC1R. Carriers of both an MC1R variant and a 

CDKN2A mutation had a higher level of raw penetrance (84% by 50 years of age) 

compared to those with just the CDKN2A mutation (50% by 50 years), and a decrease 

in the average age of melanoma diagnosis of 20 years (58 versus 38 years) compared to 

those who carried CDKN2A mutations alone. Family members who had a CDKN2A 

mutation were 13.3 (6.0, 29.7) times more likely to develop melanoma than those 
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without these mutations. Carrying MC1R polymorphisms increased the likelihood of 

melanoma by a further 3.7 (1.5, 9.4) times. The authors suggested that the majority of 

the increase in risk associated with MC1R polymorphisms was mediated through the 

action of the RHC alleles R151C, R160W and D294H (Box, Duffy et al. 2001). 

 

Van der Velden and colleagues (2001) investigated the relationship between the 

CDKN2A p16-Leiden mutation and MC1R polymorphisms in six Dutch families with 

the FAMMM syndrome (van der Velden, Sandkuijl et al. 2001). In this study, age of 

diagnosis of melanoma did not vary by MC1R genotype, but the penetrance of the p-16-

Leiden mutation did: Overall, 38% of the p16-Leiden carriers had been diagnosed with 

melanoma, 18% of the p16-Leiden carriers without MC1R polymorphisms had the 

disease while 35% of those with one MC1R polymorphism and 55% of those with two 

MC1R polymorphisms were diagnosed with melanoma. (van der Velden, Sandkuijl et 

al. 2001). 

 

Goldstein and colleagues (2005) evaluated the relationship between MC1R and the risk 

of developing melanoma in 16 melanoma-prone American families with CDKN2A 

mutations. When adjusting for age, CDKN2A polymorphism, pigmentation phenotype 

and total naevus counts, the presence of at least two MC1R polymorphisms was 

associated with an increase in melanoma risk. The adjusted risk of melanoma associated 

with MC1R also increased with the number and type of variants, with RHC 

polymorphisms conveying a higher level of risk. Age at melanoma diagnosis among the 

CDKN2A carriers with multiple primary tumours also decreased with the number and 

type of MC1R polymorphisms (Goldstein, Landi et al. 2005).  

 

The French study conducted by Chaudru and colleagues (2005) recruited participants 

from 20 melanoma-prone French families to examine the joint effect of MC1R, naevus 

count, pigmentary phenotypes, sun-exposure history and skin sensitivity to sunlight on 

CDKN2A penetrance. Among CDKN2A carriers, 31% of the participants with one 

MC1R polymorphism had melanoma compared to 70% of those who had at least two 

MC1R variants. The mean age at diagnosis of melanoma patients compared to the mean 

age of examination of the unaffected individuals did not differ by the number of MC1R 

polymorphisms in both CDKN2A carriers and non-carriers. Among the CDKN2A 

carriers only two polymorphisms, D294H and R163Q, of the seven common MC1R 

polymorphisms considered individually were associated with an increase in melanoma 
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risk. When investigating the association between multiple RHC variants and melanoma 

risk among CDKN2A mutation carriers, those who had the MC1R variants were at 

greater risk of developing melanoma. CDKN2A carriers with one MC1R variant had an 

OR of 1.57 (0.45, 5.46) compared to those without MC1R variants, while CDKN2A 

carriers with two or more MC1R variants had an OR of 3.58 (1.20, 10.67) (Chaudru, 

Laud et al. 2005). 

 

The MC1R gene regulates the production of phaeomelanin and eumelanin in response to 

UVR-exposure and has an important role in the range of pigmentary phenotypes in fair-

skinned populations. The gene is highly polymorphic, with many of the variants 

associated with features that share an underlying sensitivity to UVR-exposure and lower 

proportions of constitutive eumelanin and are associated with increased melanoma risk 

(Naysmith, Waterston et al. 2004; Wong and Rees 2005). MC1R polymorphisms have a 

rare quality of being associated with quantitative loss of function instead of the more 

usual complete loss of function. The gradient in the allele frequencies observed in 

European populations with latitude may be due to the relaxation of selection pressures 

associated with higher UVR exposures at lower latitudes, rather than an adaptation to 

induce increased vitamin D synthesis (Harding, Healy et al. 2000). MC1R appears to 

have an effect on the risk of melanoma and non-melanoma skin cancers that is 

independent of its effect on pigmentary phenotype (Palmer, Duffy et al. 2000) and 

appears to also affect the penetrance of CDKN2A mutations, one of the few examples 

of gene-gene interactions on disease-risk (Goldstein, Landi et al. 2005). These factors 

and the relatively high allele frequency of RHC polymorphisms suggest that MC1R has 

the potential to affect the risk of melanoma in a large proportion of fair-skinned 

populations. 

 

2.4.3.2.2 Epidermal growth factor 

Epidermal growth factor (EGF) was considered a candidate gene for this study because 

of its role in mitogenesis, tumourigenesis, proliferation of epidermal tissues and wound 

healing. Shahbazi and colleagues (2002)   conducted a UK-based case-control study 

(135 cases, 99 controls) to investigate whether variants of EGF were associated with 

melanoma risk. Individuals who were homozygous for a risk allele at position 61 in the 

5’ untranslated region produced increased in vitro EGF protein production, than those 

who had other genotypes. The G/G genotype was associated with a higher risk of 
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melanoma (OR 4.9 (2.3, 10.2)) and greater Breslow thickness scores (≥ 3.5mm) (OR 3.7 

(1.0, 13.2)). These odds ratios were reduced after adjusting for age at presentation, sex, 

hair and eye colour. These results were not replicated in subsequent larger studies. 

Another UK-based case-control study (159 cases, 310 controls) investigated the effect 

of this polymorphism on melanoma susceptibility (McCarron, Bateman et al. 2003). In 

the UK study the G/G genotype and G allele frequencies were associated with increased 

EGF production and with tumours ≥ 3.5mm, but not with melanoma risk. A third case-

control study based in the USA also investigated this polymorphism with respect to 

melanoma risk, and to test the hypothesis that it is associated with Breslow thickness. 

The allele was not associated with melanoma risk after adjusting for age, sex and 

pigmentary phenotypes (OR 1.61 (0.70, 3.69)) or Breslow thickness of the tumour (OR 

0.54 (0.12, 2.35)) (Amend, Elder et al. 2004).  

 

2.4.3.2.3 Vitamin D receptor 

Vitamin D receptor (VDR) may be a candidate for melanoma risk as the VDR ligand 

calcitriol has anti-proliferative and pro-differentiation effects on VCR-expressing cell 

types and has been associated with susceptibility to, and prognosis of, other cancers 

such as cancers of the breast, colon and prostate (Hutchinson, Osborne et al. 2000). The 

adjusted OR for the consensus homozygote of the Fok-1 restriction site was associated 

with a protective effect against melanoma (OR 0.59, p-value = 0.029). Individually, 

homozygotes of the risk alleles at the Fok-1 and Taq-1 restriction sites were weakly 

associated with a higher proportion of thick (≥ 3.5mm) tumours, and in combination 

with melanomas ≥ 1.5mm or ≥ 3.5mm thick. Polymorphisms of VDR alleles A-1012G 

and A-1012G in combination with Fok-1 were associated with higher hazard-ratios for 

melanoma metastasis in a second UK case-control study by the same group (Halsall, 

Osborne et al. 2004). The homozygote of the Taq-1 risk allele was associated with 

melanomas ≥ 1.5mm thick after correcting for age at presentation, sex, skin type, hair 

and eye colour, and site of the melanoma (OR 3.1 (1.2, 8.3)), but the Fok-1 homozygote 

was not (OR 1.4 (0.6, 3.5)). The Taq-1 and Fok-1 risk homozygotes, in combination, 

were associated with tumours ≥ 3.5mm thick (OR 24 (3, 255)).    

 

2.4.3.2.4 DNA repair gene XRCC3 

DNA repair systems are critical in protecting against mutations that can result in the 

development of cancer. Deficient or incorrect DNA repair can initiate the development 
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of cancer through the activation of oncogenes, the inactivation of tumour suppressor 

genes, or the loss of heterozygosity (Winsey, Haldar et al. 2000). A number of 

polymorphisms in genes encoding DNA repair proteins have been described, including 

XRCC3 on the homologous double-stranded repair pathway. A polymorphism of 

XRCC3 was reported to increase the risk of melanoma in a small UK case-control study 

(OR 2.4 (1.4, 3.9)) (Winsey, Haldar et al. 2000), but other investigations have not found 

any association between this allele and melanoma risk, possibly because of the small 

sample-size in the UK study (Duan, Shen et al. 2002; Bertram, Gaut et al. 2004). 

 

2.4.3.2.5 Metabolic enzyme Cytochrome P450 

Reactions modulated by cytochrome P450 (CYP2D6) involve the incorporation of 

molecular oxygen which increases the hydrophilicity of the compounds, facilitating 

further metabolic processing and extraction (Wolf, Smith et al. 1992). One consequence 

is that certain chemicals are not detoxified, but are activated to a carcinogenic form. 

Individuals who have inactivating mutations in CYP2D6 are classified as ‘poor 

metabolisers’ as they have a much lower ability metabolise certain compounds. If this 

locus is associated with cancer risk, it would be expected that the poor metabolising 

phenotype would be associated with a reduction in cancer risk, including melanoma 

(Wolf, Smith et al. 1992). 

 

Cytochrome P450 (CYP2D6) has the potential to either detoxify lipophilic compounds 

or to activate them to carcinogenic forms. Hence, polymorphisms of cytochrome P450 

family members are likely to be associated with genetic susceptibility to a wide variety 

of cancers including melanoma. Reports of associations between this gene and 

melanoma have been inconsistent, possibly due to problems with identifying individuals 

with the poor metaboliser phenotype. Initially, data suggested that there was a weak 

association but subsequent investigations found no evidence of this relationship (Wolf, 

Smith et al. 1992). Wolf and colleagues conducted a case-control study recruiting 

patients with a variety of cancers attending chemotherapy, radiotherapy or surgical 

clinics at hospitals within the UK. This sample included 127 melanoma patients. They 

found that with the exception of leukaemia, the poor metaboliser genotypes were not 

associated with cancer risk, including melanoma. However, they did find a weak 

association between other polymorphisms and the risk of leukaemia, bladder cancer and 

melanoma (Wolf, Smith et al. 1992). Similarly another small case-control study of 
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Slovenian participants did not find an association between polymorphisms of this gene 

and melanoma (Dolzan, Rudolf et al. 1995). In contrast, Strange and colleagues found 

that homozygous or compound heterozygous polymorphisms in three SNPs from 

CYP2D6 (CYP2D6*1, CYP2D6*4 and CYP2D6*6) were associated with melanoma, 

ORCYP2D6 2.6 (1.4, 4.5) as were homozygotes of CYP2D6*4, OR 2.2 (1.2, 3.9). 

However, these polymorphisms may not be associated with melanoma prognosis, as 

there was no association between them and Breslow thickness of the tumours at 

diagnosis (Strange, Ellison et al. 1999).   

 

2.4.3.2.6 Metabolic enzyme Glutathione S-transferase μ-1 and θ-1 

Glutathione S-transferase, μ-1 (GSTM1) encodes an enzyme that catalyses the 

detoxification of various compounds, including potentially carcinogenic polyaromatic 

hydrocarbon epoxides. Approximately half of the fair-skinned population have a 

complete lack of this protein as a result of homozygous deletions at this locus 

(genotypically null or null zygosity). Individuals who are genotypically null appear to 

have a heightened level of cancer susceptibility, and be over-represented among cancer 

patients including melanoma. However, reports of associations with melanoma have 

been inconsistent. 

 

A small Australian (Shanley, Chenevix-Trench et al. 1995) and a moderately sized UK 

(Heagerty, Fitzgerald et al. 1994) case-control study initially did not support the 

hypothesis of higher levels of cancer susceptibility among individuals genotypically null 

for GSTM1; similar frequencies of individuals who were null for GSTM1 were found 

among the cases and controls. However, in the UK study, null zygosity was associated 

with multiple cutaneous tumours and, in the Australian study, there was the suggestion 

that null zygosity may be associated with an earlier age of onset of melanoma.    

 

Kanetsky and colleagues found that GSTM1 alone may not be strongly associated with 

the risk of melanoma. They did not find an increase in melanoma risk associated with 

either GSTM1 or Glutathione S-transferase, θ-1 (GSTT1) genotype, but after stratifying 

by pigmentation phenotype, they did find an association between GSTM1 null zygosity, 

GSTT1 null zygosity and melanoma among persons with light coloured (red, red-brown 

and blonde) hair (ORGSTM1 null and GSTT1 null 9.5 (1.2, 73); ORGSTM1 null 2.2 (1.2, 4.2)). 
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Therefore, the effect of GSTM1 null zygosity on melanoma risk may be modified by 

other genes associated with pigmentation (Kanetsky, Holmes et al. 2001) 

 

In contrast, a Spanish case-control study (Lafuente, Molina et al. 1995) found that the 

GSTM1 null genotype was associated with melanoma risk (OR 1.99 (1.56, 2.41)) and 

that this association remained after adjusting for gender, skin phototype, smoking and 

age at diagnosis. The results also suggested that the null genotype was more common 

among patients with thicker (Breslow index ≥ 1.5mm) and more aggressive (grade IV-V 

Clark levels) melanomas (Lafuente, Molina et al. 1995).   

 

2.4.3.2.7 Tumour protein p53 

Tumour protein p53, located on chromosome 17p13.1, acts as a tumour suppressor and 

has a role in both cell cycle arrest and apoptosis (Bourdon 2007). Under normal 

circumstances the p53 protein is expressed at low levels; however, the p53 pathway is 

activated by cellular stresses that alter the normal cell cycle progression, or induce 

mutations that could lead to carcinogenesis. Depending on the tissue type and the extent 

of the DNA damage, the activated p53 protein either stops the cell cycle for repair prior 

to cell division, or activates the apoptosis pathways. It has a role in preventing the 

multiplication of damaged cells that are likely to have mutations and to exhibit 

abnormal cellular growth than undamaged cells. The mechanisms involved are not well 

understood, but it is thought that as a transcription factor, it can activate genes further 

downstream in the pathway that can induce cell cycle arrest. It can also trigger apoptosis 

independently of its transcription activity through sub-cellular translocation and 

activation of the pro-apoptotic Bcl-2 family members (Bourdon 2007). Tumour protein 

53 may also have a direct role in promoting a tanning in response to UVR-exposure Cui 

and colleagues demonstrated that p53 promotes tanning following UV irradiation by 

direct transcriptional activation of the proopiomelanocortin (POMC) gene which 

encodes the α-melanocyte stimulating hormone, the ligand for MC1R, leading to 

melanin production (Cui, Widlund et al. 2007).  

 

Much of the investigation into the possible association between p53 and melanoma has 

focused on a common polymorphism, rs1042522 at codon 72. This codon codes either 

an arginine or proline at this location. The arginine variant is better at suppressing 

cellular transformation, and induces apoptosis up to five times faster than the proline 
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variant (Murphy 2006). However, reports of the association between p53 and melanoma 

have been inconsistent. 

 

A case-control study from the USA (289 cases and 308 healthy controls) found that 

compared to the proline homozygote, the arginine homozygous genotype was associated 

with a modest increase in melanoma risk, OR 1.43 (1.02, 2.02), and that this association 

was somewhat more pronounced among persons 50 years or older, OR 2.32 (1.39, 

3.88), and marginally higher among those with skin phototypes that were less sensitive 

to exposure to the sun (types III and IV on the Fitzpatrick scale), OR 1.69 (1.11, 2.59), 

(Shen, Lui et al. 2003). Following these findings, Li, Chen and colleagues conducted a 

larger case-control study (805 cases, 838 controls), and found that the arginine 

homozygote was weakly associated with melanoma risk (OR 1.21 (0.95, 1.56) after 

adjustment for age, sex, hair, eye and skin colour, tanning ability, lifetime counts of 

severe sunburns, freckling, atypical and benign naevi, and family histories of cancer (Li, 

Chen et al. 2008).  

 

In contrast, Han and colleagues conducted a nested case-control study within the 

Nurses’ Health Study (219 melanoma, 286 SCC, 300 BCC patients and 874 controls). 

They found that, compared to participants who were homozygous for the arginine allele, 

those who had the proline homozygote appear to have a modestly increased risk of 

developing melanoma, ORadjusted 1.57 (0.81-3.06) (Han, Cox et al. 2006). A smaller 

Greek hospital-based case-control study also found that those with the proline 

homozygote compared to those who were homozygous for the arginine allele were at an 

increased of melanoma, OR 3.17 (1.03, 9.78). The level of risk was the same or higher 

when restricted to those with the type III and IV Fitzpatrick scale skin phototypes, OR 

9.56 (1.56, 58.46), dark skin, OR 10.96 (1.64, 73.28), dark eyes, OR 8.56 (1.69, 46.52), 

dark hair, OR 3.17 (1.01, 9.85), and those who did not carry RHC MC1R 

polymorphisms, OR 2.99 (1.02, 8.78) (Stefanaki, Stratigos et al. 2007). A Scottish case-

control study of 596 melanoma cases and 441 population based controls investigating 

genes involved in the repair of oxidative DNA damage did not find an association 

between the Arg72Pro polymorphism and melanoma risk (Povey, Darakhshan et al. 

2007). A small German case-control study investigated the association between the 

Arg72Pro allele and the risk of developing mucosal and cutaneous melanomas.  This 

study found that having at least one proline allele was associated with a higher level of 

melanoma risk, OR 2.49 (1.30, 4.75) (Gwosdz, Scheckenbach et al. 2006).  
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One possible reason for the variation in the results between the Arg72Pro polymorphism 

and melanoma risk, is that the frequency of the allele varies with ethnicity and 

geographic location, with populations closer to the equator having a higher frequency of 

the proline variant (Stefanaki, Stratigos et al. 2007). Another is that the tumour protein 

p53 gene may not harbour a mutation, but may potentially be deactivated by mutations 

in genes upstream within the p14ARF/MDM2/p53 pathway (Chudnovsky, Khavari et 

al. 2005). 

 

2.4.3.2.8 CDKN2B antisense RNA (non-protein coding) 

CDKN2B antisense RNA (non-protein coding) (CDKN2BAS) was discovered by 

Pasmant, Laurendeau and colleagues (Pasmant, Laurendeau et al. 2007) and was 

originally designated as the ‘antisense non-coding RNA in the INK4 loci’ (ANRIL) 

gene in 2007. The gene overlaps the 5’ end of the first two exons of CDKN2B, but does 

not share any nucleotide sequences. The 5’ end of CDKN2BAS is located 

approximately 300bp upstream of the transcription site of p14, suggesting that these two 

genes may share a bidirectional promoter. Pasmant et al. initially found that the 

expression of CDKN2BAS was co-clustered with p14, p16 and p15INK4b (p15) in 

normal human tissues, with a stronger positive association between CDKN2BAS and 

p14 than with p16 and p15 in a series of breast cancer tissues. In a series of 

neurofibromatosis type 1 (NF1) associated tumours there was a link between 

CDKN2BAS and p14, as well as with p16 and p15. This suggests a coordinated 

transcriptional regulation of CDKN2BAS and p14, and possibly with p16 and p15, 

under both physiologic and pathologic conditions. The mechanism of action for non-

coding RNA has not been determined but it has been suggested that the non-coding 

RNAs may constitute a ‘hidden layer of gene regulation in complex organisms’ 

(Pasmant, Laurendeau et al. 2007). Pasmant and colleagues hypothesise that 

CDKN2BAS could regulate the p14, p16 and p15 loci via RNA interference, gene co-

suppression, gene silencing, chromatin structure maintenance, imprinting, or by DNA 

demethylation. It may be able to produce mature micro RNAs or encode a small 

peptide. CDKN2BAS may have an important role in cancer pathology, as in hereditary 

predisposition to melanoma or somatic alteration of the p14, p16 and p15 cluster 

observed in a large proportion of cancers, but also in the physiology of breast cancer 

tissues since this locus has a key role in replicative senescence (Pasmant, Laurendeau et 
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al. 2007). Pasmant and colleagues investigated large germline deletions reported in 

families with a hereditary predisposition to melanoma with or without neural system 

tumours (NST). CDKN2BAS was either entirely or partially deleted in this set of 

families from France, UK and the USA (Pasmant, Laurendeau et al. 2007).  

 

This gene has been associated with cardiovascular disease (Broadbent, Peden et al. 

2008), and has recently been associated with melanoma through a genome-wide 

association study (GWAS) (Bishop, Demenais et al. 2009). This, and the close 

proximity of the gene to two hereditary melanoma susceptibility genes, suggests that it 

may have a role in melanoma development.   

 

2.4.4 Genome-wide association studies of melanoma susceptibility 

2.4.4.1 Queensland GWAS of melanoma risk 

Brown and colleagues (2008) conducted a GWAS to identify low penetrance melanoma 

risk alleles in addition to those from melanoma susceptibility genes – CDKN2A, 

p14ARF or p14, CDK4, a locus on 1p22 and MC1R – that may be associated with 

melanoma susceptibility (Brown, MacGregor et al. 2008). The study was of 864 cases 

and 864 controls recruited from the Queensland study of Melanoma: Environment and 

Genetic Associations.  The SNPs were ranked in order of the strength association. The 

authors focused on the SNPs with the strongest associations from the pooling. The first 

(rs17305657) and fourth (rs4911442) ranked SNPs associated with melanoma had loci 

on chromosome 20. This region between 20q11.21 and 20q11.22 was fine-mapped in 

the original or discovery sample (Q1) (789 cases, 854 controls) and in two other 

Australian replication samples: One from the Australian Family Melanoma Study (A1) 

(505 cases, 454 controls) and a second sample drawn from the Queensland study of 

Melanoma: Environment and Genetic Associations (Q2) (725 cases, 797 controls). The 

most strongly associated region on chromosome 20 was the 400kb between rs910873 

and rs1885120. These two SNPs had the strongest signal and were highly correlated; 

that is, were in strong LD (r
2 

> 0.9). When either of these SNPs was included in the 

logistic regression, all other SNPs in the vicinity became redundant, but there was some 

residual association near rs17305657, suggesting that there may be two independent 

signals on chromosome 20 (Brown, MacGregor et al. 2008).   
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Two biologically plausible melanoma candidate genes, E2F transcription factor 1 

(E2F1) and agouti signalling protein, non-agouti homolog (mouse) (ASIP), lie between 

the loci of rs17305657 and rs4911442 on chromosome 20 (Brown, MacGregor et al. 

2008). Two genotyped SNPs in the Q1 sample in the vicinity of rs910873 were in or 

near E2F1. The E2F1gene produces a transcription factor that is regulated by 

retinoblastoma protein which is part of the cyclin- D/CDK4/p16/retinoblastoma protein 

signalling pathway which has been associated with melanoma risk. Neither SNP showed 

an association when rs910873 or rs1885120 were included in the model. Three other 

SNPs in or near ASIP also showed little association after adjusting for the two dominant 

SNPs.  

 

ASIP is of interest as it involved in the regulation of melanin production since it 

encodes an antagonist of the α-melanocyte stimulating hormone which is the ligand of 

MC1R products. ASIP has been associated with human pigmentation (Kanetsky, 

Holmes et al. 2001), but it has not yet been associated with melanoma risk or naevi 

(Brown, MacGregor et al. 2008). The rs1885120 SNP maps to an intron of myosin, 

heavy polypeptide 7B, cardiac muscle, beta (MYH7B) which does not appear to be 

expressed in a large number of melanoma cell lines. The rs910873 SNP is located in the 

phosphatidylinositol glycan anchor biosynthesis, class U (PIGU) gene which has been 

expressed in melanoma cell lines. Other genes in this region that have been expressed in 

melanoma cell lines include tumour protein p53 inducible nuclear protein 2 

(TP53INP2), nuclear receptor coactivator 6 (NCOA6), gamma-glutamyltransferase-like 

3 (GGTL3), acyl-CoA synthetase short-chain family member 2 (ACSS2) and 

glutathione synthetase (GSS) (Brown, MacGregor et al. 2008).  

 

The association between age of onset of melanoma and the rs910873 SNP in the Q1 

sample was also investigated in the two replication samples. In the Q1 sample, age of 

onset was not significantly associated with this SNP, but, it was associated in the two 

replication samples. In the Queensland-based replication sample (Q2), there was a 

difference in ORs in melanoma risk by age associated with this SNP. Those aged 40 

years or younger had a higher level of risk (OR≤40 1.83 (1.39, 2.41)) than those aged 

older than 40 years (OR>40 1.30 (1.00, 1.69)). In the second replication sample (A1), the 

age of onset of all cases was less than 40 years and the sample was partitioned into two 

groups at 30 years of age. In this sample there appeared to be no difference in 
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melanoma risk by age associated with this SNP (OR≤30 1.77 (1.22, 2.57); OR>30 1.87 

(1.40, 2.51)) (Brown, MacGregor et al. 2008).  

 

The information from the two replication samples was combined to provide unbiased 

estimates of the OR and population attributable fraction (PAF) associated with 

rs910873. In the combined sample, the OR for melanoma risk was 1.72 (1.48, 2.14) and 

1.81 (1.52, 2.17) among those with an age of onset of 40 years or younger. The PAF for 

melanoma associated with rs910873 in the whole sample was 11% (8%, 16%) 

compared to 12% (8%, 17%) among those with an age of onset of 40 years or younger 

(Brown, MacGregor et al. 2008).  

 

This GWAS identified a new common melanoma risk locus on chromosome 22q11.22, 

where the level risk of melanoma associated with this locus is similar to that associated 

with MC1R (Brown, MacGregor et al. 2008). 

  

2.4.4.2 The Melanoma Genetics Consortium GWAS of melanoma risk 

The Melanoma Genetics Consortium (GenoMel) conducted a GWAS of melanoma risk 

across a number of populations (Bishop, Demenais et al. 2009). The study included 

population-based samples collected by GenoMel participants with the aim of identifying 

common genetic variants that may contribute to melanoma risk in populations of 

European ancestry at different latitudes. Ten GenoMel groups contributed 1,650 cases 

and 1,065 controls to the study. Cases were enriched with individuals who may have a 

greater genetic predisposition to melanoma through a positive family history, multiple 

primary tumours or an early onset of melanoma. Genotype information was available 

for an additional 1,824 French controls from the Centre National de Genotypage and 

1,447 British controls from the 1958 Birth Cohort held by the Wellcome Trust Case-

Control Consortium. These controls were included in this GWAS, increasing the sample 

size to 4,336 controls after some samples were excluded due to poor quality or apparent 

non-European ancestry. Two replication samples were also used; a second independent 

sample from GenoMel of 1,149 enriched cases and 964 controls, and a set of 1,163 

cases and 903 controls from population-based studies in Leeds, UK. The replication 

samples were genotyped at the SNPs with the smallest p-values from the discovery 

sample and any imputed SNPs that showed a stronger association (Bishop, Demenais et 

al. 2009).  
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Analyses were carried out on the unstratified discovery sample to maximise statistical 

power, and data were stratified by geographic region to protect against population 

stratification. Five regions on chromosomes 2, 5, 9, 11 and 16 had at least one SNP that 

achieved a genome-wide significance. The results from chromosome 2 only had an 

association with melanoma in the unstratified analysis and were not followed up; those 

from chromosome 5 were not reproduced in the replication samples. The strongest 

associations were in the telomere of chromosome 16q, a region that includes several 

candidate genes, including MC1R, cyclin-dependent kinase 10 (CDK10) and Fanconi 

anemia, complementation group A (FANCA). The region on chromosome 11 includes 

the tyrosinase (TYR) gene which has been previously associated with melanoma. The 

strongest association with chromosome 9p21 was with a SNP located in the 

methylthioadenosine phosphorylase (MTAP) gene, which is adjacent to CDKN2A. 

Analysis of tagging SNPs in this region indicated an association with a SNP located in 

the CDKN2B antisense RNA (non-protein coding) (CDKN2BAS) gene, formerly the 

antisense non-coding RNA in the INK4 loci (ANRIL) gene, which starts in the promoter 

region of p14ARF and overlaps with cyclin-dependent kinase inhibitor 2B (CDKN2B) 

(Bishop, Demenais et al. 2009). 

 

The authors also attempted to replicate the results of two other GWAS, one with 

melanoma described above (Brown, MacGregor et al. 2008), and the other with naevi 

(Falchi, Bataille et al. 2009). The SNPs in these regions (9p21, 20q11.22 and 22q13) did 

not achieve genome-wide significance in this GWAS, but there was evidence to suggest 

that these loci may contain melanoma susceptibility genes. In particular, the two loci 

identified in the naevi association study, the chromosome 9p21 locus which overlaps 

with the chromosome 9 region in this GWAS and the chromosome 22q13 locus. 

Logistic regression of the three loci on chromosomes 9, 11 and 16 indicated that 6 SNPs 

were associated with melanoma risk, no pair-wise interactions between these loci were 

found (Bishop, Demenais et al. 2009).  

 

The results of these GWAS suggest that low penetrance melanoma susceptibility genes 

lie primarily on chromosomes 9, 11, 16, 20 and 22, including previously associated 

genes such as MC1R and TYR, new candidate susceptibility genes such as MTAP and 

CDKN2BAS on chromosome 9p21 that need to be confirmed, and newly identified  loci 

such as chromosomes 20q11.22 and 22q13. 
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2.5 Risk factors for melanocytic naevi 

Naevi are common in fair-skinned populations and there are few adults or children who 

have none (Clark, Elder et al. 1984). Naevi are usually brown, but may range in colour 

from pink to skin tone to brown/black. They can be any shape and size and may be 

found on any site of the body. Clinically, naevi have a homogeneous surface, uniform 

pigmentation and well defined boundaries (Clark, Elder et al. 1984; Elder 1989). A 

naevus is a benign focal proliferation of differentiated melanocytes known as naevus 

cells (Clark, Elder et al. 1984). Naevi can arise from nested proliferations of 

melanocytes at the junction of the dermis and epidermis. Nests of cells then extend 

vertically into the dermis, forming a compound naevus. In the next phase of 

development, the naevus cells lose the junctional component and become intra-dermal, 

appearing paler. In the final stage of their natural history, naevi are thought to migrate 

more deeply into the dermis and eventually involute completely (Elder 1989).  

 

Naevus cells are generally larger than normal melanocytes and do not have dendrites. 

The nuclei of the naevus cells are larger, they have a larger amount of cytoplasm, and 

the nuclei may contain pigment granules. A naevus generally consists of a collection or 

nest of naevus cells, while the normal configuration of melanocytes is to be located 

singly along the basal layer, in contact with approximately 36 adjacent keratinocytes 

forming a structural and functional ‘epidermal melanin unit (Elder, Greene et al. 1981; 

Gilchrest, Eller et al. 1999).  

 

2.5.1 Age 

Naevi have been classified according to the stage of life when they appear: those that 

are present at birth or in the first six months of life are known as ‘congenital’ naevi 

(Green and Swerdlow 1989). Those that develop later in life are referred to ‘acquired’ 

naevi. Congenital naevi are present in one to two per cent of children at birth. Acquired 

naevi begin to develop through childhood and adolescence with higher numbers of 

naevi among males. Cross-sectional studies from Australia, the UK and France have 

reported similar increases in the prevalence of naevi with age. English and Armstrong 

(1994) recruited 2,595 children in a study that found that the geometric mean naevus 

counts on the back increased from six to twelve between five and nine years of age, 

while average whole body counts increased from 40 to 73. In a sample of 2,140 UK 

children, Pope and colleagues reported that boys and girls aged five years had an 
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average of 14.8 and 13.7 naevi respectively and that these means increased to 42.5 and 

34.4 naevi at nine years of age (Pope, Sorahan et al. 1992). A French study reported a 

similar increase in the number of naevi 2 to 5mm with age. In both boys and girls the 

median number of naevi was one at three to four years of age, a median of six and five 

at six to seven years of age, 11.5 and 8.5 at eight to ten years, 20.5 and 21.5 at 11 to 14 

years and 34 and 18 at 15 years and older  (Daures, Sanch-Garnier et al. 1995). Luther 

and colleagues conducted a longitudinal study following children for five years. At one 

to six years of age, the average number of naevi ≥ 1 mm in diameter was nine, five 

years later the mean had increased to 40 (Luther, Altmeyer et al. 1996). 

 

The density of naevi appears to peak between nine and 14 years of age (Gallagher, 

McLean et al. 1990; Pope, Sorahan et al. 1992; English and Armstrong 1994; Daures, 

Sanch-Garnier et al. 1995), after which the appearance of new naevi appears to parallel 

with body growth. In contrast, an Australian study found an increase in both the number 

and density of naevi in children initially aged 11 or 12 years and followed up annually 

for four consecutive years (Green, Siskind et al. 1995). The number of naevi peaks 

between 30 and 40 years of age after which it starts to decrease due to the involution 

process described above. However, there have been few follow up studies to confirm 

whether this is a true decrease or whether it represents a birth cohort effect where older 

individuals have fewer naevi due to different lifetime experiences with risk factors such 

as sun-exposure (Williams and Pennella 1994). 

 

2.5.2 Gender and distribution by anatomic site 

The anatomic distribution of naevi by gender have been reported in several studies, 

however the methods and definitions used have varied considerably. Most of the studies 

investigating naevi in fair-skinned children have found that the prevalence of naevi is 

higher among boys, and a few studies have found no significant differences between 

boys and girls. Most took into account differences in body size and found that boys had 

a higher naevus density as well (Green, Siskind et al. 1989; Pope, Sorahan et al. 1992; 

English and Armstrong 1994; Fritschi, McHenry et al. 1994; Kelly, Rivers et al. 1994; 

Green, Siskind et al. 1995; Harrison, Buettner et al. 1999). The prevalence of naevi 

among adult males and females appears to vary between fair-skinned populations with 

most studies reporting a higher prevalence in males (Nicholls 1973; Graham, Fuller et 

al. 1999; Abeck, Feucht et al. 2000). Some found no overall difference between 
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genders, and others found a higher overall prevalence in women (MacKie, English et al. 

1985).  

 

Naevi tend to occur most often on the face, neck, arms and trunk, although the 

distribution differs by gender and age. Several studies have observed that both boys and 

girls have similar and low prevalence of naevi on the legs, and several other studies 

have found that in adolescents, naevi are more prevalent on the thighs and lower legs 

among females than males (Augustsson, Stierner et al. 1992; Harrison, Buettner et al. 

1999; Kallas, Rosdahl et al. 2006; Valiukeviciene, Gollnick et al. 2007). While boys 

have been observed to have higher whole body naevus counts, and more naevi on the 

face, head, neck and trunk than girls (English and Armstrong 1994; Harrison, Buettner 

et al. 1999; Synnerstad, Nilsson et al. 2004; Kallas, Rosdahl et al. 2006; Valiukeviciene, 

Gollnick et al. 2007). Females also appear to have a higher density of naevi on the backs 

of the hands, scalp, soles, palms and genital regions than males do (Armstrong and 

English 1988; Farinas-Alvarez, Rodenas et al. 1999). Males tend to have more naevi on 

the trunk than females, while adult females, had more naevi on the arms than males do 

(Nicholls 1973). The higher prevalence of naevi on women’s arms may occur in 

adolescence.  

 

2.5.3 Phenotype 

Many epidemiological studies have examined the relationship between naevus counts 

and phenotypic characteristics, but the results have been inconsistent. A review by 

Green and Swerdlow (1989) reported that most studies found a higher total naevus 

count in subjects with paler skin, while a more recent study of 2,595 children from 

Queensland Australia (English and Armstrong 1994) found fewer naevi in children with 

the paler skin. All the studies found a strong association between naevus count and a 

tendency to sunburn, and most report that those who freckle more easily also have 

higher counts (Green and Swerdlow 1989). In contrast, two other studies found that 

those with an intermediate level of freckling had the highest number of naevi. Lower 

naevus counts were found among those with the highest level of freckling but were not 

thought to be due to difficulties in distinguishing naevi from freckles (English and 

Armstrong 1994). 
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The relationship between the number of naevi and hair and eye colour is unclear. Most 

studies have not found an association between naevus counts and these pigmentary 

traits, although, some have found that children with red hair have fewer naevi and 

children with lighter eye colours tend to have higher naevus counts. These inconsistent 

results may be due in part to the fact that sun-related behaviour is largely determined (or 

confounded) by phenotype; individuals who have pale skin, red hair, and are freckled, 

tend to avoid or are better protected from exposure to the sun and therefore develop 

fewer naevi (Graham, Fuller et al. 1999). Another cause for the observed discrepancies 

may be due to differences in definitions of countable lesions and methods used, and 

difficulties in measuring phenotypic characteristics such as hair, eye and skin colour, 

level of freckling and the skin’s reaction to sun-exposure (English, Swerdlow et al. 

1987; Pope, Sorahan et al. 1992; English and Armstrong 1994; Fritschi, McHenry et al. 

1994; Kelly, Rivers et al. 1994; Graham, Fuller et al. 1999).    

 

2.5.4 Sun-exposure 

Sun-exposure is thought to play an important role in the development of naevi. Several 

studies have shown that among populations of similar ethnicity, the prevalence of naevi 

increases with proximity to the equator, where ambient UVR is higher. Bataille and 

colleagues established two case-control studies in the UK, recruiting 117 cases and 163 

controls, and New South Wales with 183 melanoma patients and 162 controls. The 

authors reported a higher occurrence of multiple naevi in Australian controls compared 

to English controls (Bataille, Grulich et al. 1998). A migrant study by Cooke and Fraser 

found that British immigrants to New Zealand had a lower prevalence of naevi 

compared to locally born fair-skinned participants (Cooke and Fraser 1985). 

 

The prevalence of naevi in adulthood appears to be associated with personal history of 

sun-exposure, with almost all studies reporting high naevus counts in subjects who had 

higher life time levels of exposure. Higher naevus counts among adults have been 

associated with a history of multiple sunburns and high levels of sun-exposure; 

sunburns in childhood appear to play a role also (Armstrong, de Klerk et al. 1986; 

Rampen, Fleuren et al. 1988; Richard, Grob et al. 1993; Dennis, White et al. 1996; 

Breitbart, Garbe et al. 1997; Crijns, Klaver et al. 1997; Farinas-Alvarez, Rodenas et al. 

1999). 
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Areas that receive higher levels of ambient UVR appear to be associated with a higher 

prevalence of naevi in children. Fritschi and colleagues found that Australian children 

(n=111) aged 13 to 15 years had more naevi on their forearms than Scottish children of 

the same age and similar ancestry (n=222) (Fritschi, McHenry et al. 1994). A study of 

school-aged Australian children from Melbourne, Sydney and Townsville, found a 

strong association between a higher prevalence of naevi and proximity to the equator. 

The change with latitude was independent of associations with light pigmentation and 

freckling. It decreased with age having a small effect by 15 years of age (Kelly, Rivers 

et al. 1994). These results are consistent with other studies, demonstrating similar 

associations between naevi in children or adults and correlates of sun-exposure similar 

to those used in melanoma studies.  

 

Higher densities of naevi have been found on sun-exposed parts of the body, the face, 

neck, arms and upper trunk, than unexposed parts of the body in both adults and 

children. Studies that have investigated the anatomical distribution of naevi have found 

higher densities on body sites that are intermittently exposed to the sun than on sites that 

are either rarely, or chronically exposed in both adults and children (Augustsson, 

Stierner et al. 1992; Farinas-Alvarez, Rodenas et al. 1999). Naevi on completely 

unexposed sites are unusual. Naevi on exposed sites also develop at an earlier age on 

sun-exposed sites than others sites of the body (Gallagher, McLean et al. 1990; 

Augustsson, Stierner et al. 1992; English and Armstrong 1994; Harrison, Buettner et al. 

1999). 

 

The relationship between sun-exposure and naevi may not be linear (Elwood, Gallagher 

et al. 1985). Like melanoma, naevus development may be more strongly related to the 

pattern of exposure than to cumulative dose of sun-exposure or UVR. A Spanish study 

of 146 patients reported that naevus density in adults was related to vacation sun-

exposure but occupational exposure had a negative correlation with naevus counts, 

suggesting that intense intermittent exposure has a stronger naevogenic effect (Farinas-

Alvarez, Rodenas et al. 1999). The difference in densities was more pronounced in 

younger children than in adolescents, suggesting that sun-exposure in early childhood is 

particularly important in the development of naevi (MacKie, English et al. 1985; 

Armstrong, de Klerk et al. 1986; Gallagher, McLean et al. 1990; Augustsson, Stierner et 

al. 1992; Stierner, Augustsson et al. 1992; Farinas-Alvarez, Rodenas et al. 1999). 
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Measurement error in quantifying past sun-exposures (e.g. over months or years) has 

made the examination of the association between sun-exposure and naevus counts 

difficult. As a consequence, it may be that studies that investigate the prevalence of 

naevi in relation to the intensity of ambient solar radiation provide the best information 

about the magnitude of differences in exposure required to have an impact on naevus 

development (English, Milne et al. 2006). However, the definition of countable lesions 

was not the same in all studies so the results are not directly comparable (Sorahan, Ball 

et al. 1990; Pope, Sorahan et al. 1992; Kelly, Rivers et al. 1994). 

 

2.5.5 Familial correlations in naevus counts 

Zhu and colleagues conducted a twin-study to investigate the relative contribution of 

hereditary and environmental factors to naevus counts. Participants were 352 twin pairs 

close to 12 years of age, recruited from schools in Brisbane and the surrounding areas of 

south-eastern Queensland (Zhu, Duffy et al. 1999). Their analysis compared whole body 

mole counts between twin pairs while taking into account summertime sun-exposure, 

sunburns over the previous six months, hair and skin colour, freckling and body surface 

area. They found a higher correlation in naevus counts between MZ twins, with a 

correlation of 0.94 (0.92, 0.96) than between DZ twins, with a correlation of 0.60 (0.50, 

0.68), suggesting major genetic influences on total naevus counts in this population. 

Wachsmuth and colleagues replicated the Australian study recruiting 103 MZ and 118 

DZ twin pairs from Yorkshire and Surrey in the UK. The correlations in whole body 

naevus counts between the twins of different types was very close to the results of the 

Australian study; MZ twins had a correlation of 0.94 (0.92, 0.96) while DZ twins had a 

correlation of 0.61 (0.49, 0.72) despite the Australian subjects having between 30% and 

50% more naevi than the UK subjects (Wachsmuth, Gaut et al. 2001). Bataille and 

colleagues conducted an investigation into the relative contribution of genetic and 

environmental effects on the expression of naevi and freckling. The study recruited 127 

MZ and 323 DZ adult female twin pairs from the St Thomas UK Adult Twin Register. 

They found that the intraclass correlation for total naevus counts were higher in the MZ 

twins (0.83) than the DZ twin pairs (0.51). Monozygotic twins had higher intraclass 

correlations than the DZ twins for both sun protected (0.72 versus 0.49) and sun 

exposed body sites (0.56 versus 0.33) (Bataille, Snieder et al. 2000).  Furthermore, 

children have been shown to be more likely to have naevi if their mother had an 
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elevated number of naevi, and this relationship was more predictive of the child’s 

naevus count than were their phenotypic characteristics (Green, Siskind et al. 1989). 

 

A study by Crijns and colleagues (1991) recruited 31 Dutch probands with 

histologically verified, sporadic atypical naevi, and 156 first-degree family members 

through the Leiden Pigmented Lesion Clinic. Nearly two thirds (60%) of the probands 

had one or more family members with atypical naevi (Crijns, Vink et al. 1991). The 

authors used data from a concurrent survey of 400 control subjects to estimate the 

prevalence of atypical naevi in the general Dutch population. They estimated that 

relatives of probands with atypical naevi, had four times the relative risk of themselves 

having atypical naevi compared to relatives of the controls (Crijns, Vink et al. 1991). 

Newton and colleagues (1993) also found that patients who had the atypical naevi 

syndrome had a higher proportion of first-degree relatives (39%) with the syndrome 

compared to the first-degree relatives of melanoma patients (15%) and people from the 

general population (2%) (Newton, Bataille et al. 1993). A formal genetic analysis of the 

mode of inheritance was not carried out, but the authors concluded that the mode of 

inheritance was consistent with a single autosomal gene, with the AMS phenotype and 

melanoma as two possible expressions of the same gene. (Newton, Bataille et al. 1993).  

 

A nested case-control study for atypical naevi conducted by Tucker and colleagues 

(1993) recruited participants unselected for a family history of melanoma; 25 cases with 

atypical naevi and 28 controls without were used as probands in the study. All first-

degree relatives of the cases and controls were also examined for atypical naevi. 

Atypical naevi were found in 80% of the cases’ relatives, compared to 4% of the 

relatives of the controls; the relative risk of having atypical naevi was 7.2 (21, 24.0) if 

one or more relatives had atypical naevi. Three of the atypical mole syndrome cases 

also had first-degree relatives with melanoma (Tucker, Crutcher et al. 1993). This result 

suggested that relatives of people unselected for melanoma, but with atypical naevi, are 

themselves likely to have atypical naevi and may also be at higher risk of developing 

melanoma. 
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Table 2.4 Summary of non-genetic risk factors for melanocytic naevi 
Risk factor Effect References 

Age  Relatively few naevi in first decade of life; 

 Rapid increase in the second decade of life to a maximum in the third decade; 

 Thereafter a slow decline in the number of naevi to the ninth decade of life. 

 

(MacKie, English et al. 1985) 

  Rate of appearance of naevi increases with age to a peak density between nine 

and 14 years of age; 

 Thereafter the appearance of new naevi parallels the rate of body growth. 

 

(English and Armstrong 1994; Williams and Pennella 1994) 

Gender Adults: 

Men and women had similar total counts of naevi. 

 

Children: 

Boys had higher naevus counts or densities than girls. 

 

 

(Augustsson, Stierner et al. 1992; Farinas-Alvarez, Rodenas et al. 1999) 

 

 

(Pearl and Scott 1986; Green and Swerdlow 1989; English and 

Armstrong 1994; Harrison, Buettner et al. 1999; Autier, Boniol et al. 

2001; Autier, Boniol et al. 2004; Kallas, Rosdahl et al. 2006) 

 

 

Phenotype Skin type – inconsistent results 

 Higher naevus counts in subjects with paler skin 

 Lower naevus counts in subjects with paler skin 

 

Tendency to sunburn associated with higher naevus counts 

 

Higher levels of freckling are associated with higher naevus counts however 

naevus counts were lowest among those with the highest level of freckling 

 

Hair an eye colour – inconsistent results, likely to be confounded by sun-

exposure behaviours and inconsistent data collection: 

Suggestion that red hair colour is associated with fewer naevi and light eye is 

associated with higher naevus counts 

 

 

(Green and Swerdlow 1989) 

(English and Armstrong 1994) 

 

(Green and Swerdlow 1989) 

 

(English and Armstrong 1994) 

 

 

(English, Swerdlow et al. 1987; Pope, Sorahan et al. 1992; English and 

Armstrong 1994; Fritschi, McHenry et al. 1994; Kelly, Rivers et al. 

1994; Graham, Fuller et al. 1999) 
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Table 2.4 Summary of melanocytic naevi risk factors (continued) 
Risk factor Effect References 

Sun exposure Non-linear dose response relationship with solar UVR exposure. The pattern of 

exposure, rather than cumulative solar UVR exposure may be important 

Body sites that were intermittently exposed to solar UVR had higher densities 

of naevi than rarely or chronically exposed sites. 

 

Personal history of sun exposure associated with higher naevus counts: 

 Higher life time exposure, 

 History of total and childhood sunburns, 

 Higher ambient sun exposure is associated, 

 Higher exposure to solar UVR in childhood. 

 

(Augustsson, Stierner et al. 1992; Farinas-Alvarez, Rodenas et al. 1999) 

 

 

 

(Armstrong, de Klerk et al. 1986; Rampen, Fleuren et al. 1988; Richard, 

Grob et al. 1993; Fritschi, McHenry et al. 1994; Kelly, Rivers et al. 

1994; Dennis, White et al. 1996; Breitbart, Garbe et al. 1997; Crijns, 

Klaver et al. 1997; Farinas-Alvarez, Rodenas et al. 1999) 

Familial 

correlations 

Potential genetic effects 

 Higher correlation in naevus counts between MZ twins than DZ twin pairs. 

 Children are more likely to have naevi if their mother had elevated naevus 

counts. 

 Probands diagnosed with atypical naevus syndrome were more likely to have 

first degree relatives with atypical naevi. 

 

(Zhu, Duffy et al. 1999; Wachsmuth, Gaut et al. 2001) 

(Green, Siskind et al. 1989) 

 

(Crijns, Vink et al. 1991; Newton, Bataille et al. 1993; Tucker, Crutcher 

et al. 1993) 
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2.6 Genetic studies of naevi 

2.6.1 Segregation analyses of naevi 

Segregation analyses of naevi have tended to focus on the dysplastic naevus syndrome 

(DNS) either alone or in combination with melanoma. Several studies have suggested 

that DNS has an autosomal dominant mode of inheritance, while other studies have not 

found evidence of a single major gene being involved with the mode of inheritance of 

this trait (Greene 1997). Instead, they suggest a polygenic mode of inheritance or 

familial pattern of transmission. These differences in results may be due to 

inconsistencies in the definitions of atypical naevi (Newton 1994; Greene 1997).  

 

A segregation analysis using the sample from the nested case-control study conducted 

by Tucker and colleagues (Tucker, Crutcher et al. 1993) calculated a segregation ratio 

of 0.52, consistent with an autosomal mode of inheritance (reported by Greene (1997)). 

 

Lynch and colleagues (1983) conducted a genetic analysis of the mode of inheritance of 

melanoma and atypical mole syndrome was conducted in four FAMMM kindreds. They 

found that the sample had a segregation ratio of 0.47 for the FAMMM phenotype with 

is consistent with an autosomal dominant mode of inheritance for the trait (Lynch, 

Fusaro et al. 1983).  

   

Bale and colleagues (1986) also investigated the mode of inheritance of familial 

melanoma and/or the atypical mole syndrome within 14 North American melanoma-

prone families, and found evidence an autosomal dominant mode of inheritance for the 

atypical mole syndrome (Bale, Chakravarti et al. 1986).  

 

Zhao and colleagues proposed an analytic methodology for estimating correlations 

between members of specified relationships in complex pedigrees. They demonstrated 

the technique by investigating the correlation of total naevus counts between family 

members of 28 melanoma and/or atypical mole syndrome kindreds from Utah. Using 

the technique, they found that the familial aggregation in total naevus counts was due to 

shared environment or genes (Zhao, Grove et al. 1992).  
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Goldgar and colleagues (1991) investigated the segregation of total naevus counts and 

densities in 26 melanoma-prone families from Utah, USA. Their analysis suggested that 

a major gene accounted for approximately 55% of these two naevus phenotypes in 

families with a single case of melanoma, with total naevus densities having a better fit 

with a Mendelian model of inheritance than total naevus counts (Goldgar, Cannon 

Albright et al. 1991). In contrast, Speer and colleagues (1992) did not find evidence for 

a single major gene segregating total naevus counts “...including all data provided in the 

Utah dataset...” of melanoma-prone families (Speer, Haynes et al. 1992). But, they did 

find evidence of either a polygenic mode of inheritance or familial transmission for the 

naevus counts  (Speer, Haynes et al. 1992). The difference in results in these two studies 

may be due to differences in the samples used and the different sib-ship correlations 

used in the analyses of the two studies, as described by Bonney and colleagues (Bonney, 

Opitz et al. 1984).  

 

A segregation analysis on naevus counts in 295 French families, involving 2,255 

individuals was conducted by Briollais and colleagues (1996). Whole body naevus 

counts were dichotomised into < 50 and ≥ 50 naevi, and a class D regression model as 

described by Bonney et al. (1986) was fitted. In three of the four segregation analyses, a 

recessive major factor was detected; however, in two of these analyses this major factor 

did not appear to have a Mendelian mode of inheritance (Briollais, Chompret et al. 

1996).  

 

The genetic analyses have provided a considerable amount of evidence to support the 

hypothesis that both the common acquired or benign naevi, and atypical naevi syndrome 

phenotypes are under genetic control. The mode of inheritance of benign naevi is not 

well known, but an autosomal dominant model seems to be the most plausible for the 

atypical mole syndrome. 

 

2.6.2 Linkage analyses for naevi 

For the most part, linkage analyses involving naevi as a phenotype have focussed on 

atypical naevi in combination with melanoma or as part of the FAMMM syndrome. One 

set of analyses of 14 high risk families (401 people) linked the melanoma-

AMS/FAMMM phenotypes to the vicinity of chromosome 1p36 (Greene, Goldin et al. 

1983), which could not be reproduced by several other research groups (Bergman, Gruis 
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et al. 1994). Two studies have found weak evidence of a quantitative trait locus (QTL) 

linkage between markers on chromosome 9p21 in the region of the CDKN2A gene and 

total body naevus density (Zhu, Duffy et al. 1999; Barrett, Gaut et al. 2003). The 

atypical naevus phenotype has not been found to segregate with CDKN2A mutations in 

melanoma prone families, but there is evidence that counts of normal naevi may have a 

linkage with the CDKN2A locus (Zhu, Duffy et al. 1999).   

 

Cannon-Albright and colleagues (1994) compared carriers of CDKN2A mutation to 

non-carriers to test the association between CDKN2A and total naevus counts and 

density. Gene carriers diagnosed with melanoma were compared to those without 

melanoma to determine differences in naevus and skin phenotypes (Cannon-Albright, 

Meyer et al. 1994). Three kindreds with very strong evidence of linkage to chromosome 

9p were selected from 11 melanoma prone kindreds originating from Utah. Individuals 

in the three families who had CDKN2A mutations had more naevi, and higher naevus 

densities than those who were not carrying the mutations. A similar result was found 

when melanoma cases were excluded from the analyses (Cannon-Albright, Meyer et al. 

1994). When compared to the controls, members of the kindreds without CDKN2A 

mutations had more naevi and higher naevus densities, suggesting that more than one 

gene may be responsible for the overall naevus phenotype (Cannon-Albright, Meyer et 

al. 1994).  

 

A study conducted by Zhu et al. (1999) recruited 153 MZ and 199 DZ twin pairs twelve 

years of age, their parents and available siblings from Brisbane and surrounding areas of 

south east Queensland. The goal of the study was to investigate the relationship between 

total naevus counts and a highly polymorphic (CA)n repeat marker D9S942, 

approximately 9kb upstream of the CDKN2A gene. All twins and all available siblings 

and parents were typed for this marker. The correlations between the allele frequencies 

of D9S942 among the DZ twins were consistent with the hypothesis of a gene of major 

importance for naevus counts in the vicinity of D9S942, and the differences in 

correlations of the MZ twins, DZ twins and sibs indicated that there may also be 

polygenic variation elsewhere in the genome (Zhu, Duffy et al. 1999). Analysis of the 

linkage to D9S942 detected QTL effects accounting for 27% of the variance in total 

naevus counts, and 33% of the variance in the number of flat naevi. The effect of the 

QTL linkage did not contribute to the heritability of raised naevi, but it accounted for 

80% of the heritability of flat naevi. Also, the predominant aetiological factor for raised 
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naevi appeared to be polygenic suggesting that the aetiologies of the two naevus types 

are quite distinct (Zhu, Duffy et al. 1999). No evidence of linkage to D9S942 linked 

QTL effect for atypical naevi was found, although there was evidence of a polygenic 

effect (Zhu, Duffy et al. 1999). 

 

Wachsmuth and colleagues (2001) carried out a twin study to investigate the relative 

contribution of heredity and environment on the number of naevi. By using the same 

phenotype definition used by Zhu et al. (1999), the findings of this UK study could be 

compared with those of the Australian study; taking advantage of the differences in 

UVR-exposure in assessing the genetic and environmental factors underlying the 

development of naevi in adolescence (Wachsmuth, Gaut et al. 2001). A total of 103 MZ 

and 118 DZ twins aged 10 to 18 years, and their parents from Yorkshire and Surrey, UK 

were recruited (Wachsmuth, Gaut et al. 2001). The authors found a strong effect of 

genotype on naevus density, especially for naevi < 5mm in diameter (Wachsmuth, Gaut 

et al. 2001). Barrett and colleagues (2003) later reported on the linkage and association 

analysis between the D9S942 marker on chromosome 9 and naevus densities in this 

sample of UK children. In contrast to the Australian study, the linkage analysis in the 

UK sample did not provide strong support for the hypothesis of a QTL linkage 

influencing naevus densities in the region of the D9S942 marker (Barrett, Gaut et al. 

2003). The observed pattern of correlations in naevus counts in twins sharing 0, 1 and 2 

haplotypes identical by descent (IBD) was opposite to what would be expected in the 

presence of such a locus. There was weak evidence of an association between naevus 

density and the D9S942 marker where greater allele lengths of this marker were 

associated with higher naevus densities (Barrett, Gaut et al. 2003). The mean allele 

length only accounted for 1% of the overall variation in phenotype; it explained 4% of 

the within pair variation and less than 1% of the between-pair variation (Barrett, Gaut et 

al. 2003). 

 

The discrepancy between this result and that found by Zhu et al. (1999) may be due a 

lack of statistical power since the sample is not large enough to rule out the existence of 

a QTL of modest effect. There may also be differences between the Australian and UK 

children in the genes at 9p21 that may be associated with naevus density, but this is 

unlikely because of the common ancestry and the similarity in heritability estimates 

from the two populations. Alternatively, the linkage in the Australian twins and the 

weak evidence of an association in both studies could be a false-positive result. The 
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evidence for the association is not strong. In both studies only a modest effect on 

phenotypes was found. It is also possible that the observed association is due to LD 

between D9S942 and another functional locus. 

 

Falchi and colleagues recruited 1,730 healthy females from the UK Adult Twin Registry 

with a median age of 43 years. A genome-wide linkage analysis on naevus density was 

performed on a subset of 1,238 individuals. The participants were asked to complete a 

questionnaire on common diseases and traits and a second questionnaire on sun and 

sun-bed exposure. Trained nurses examined the participants, recording total body 

naevus counts, but did not distinguish between raised and flat naevi. The nurses also and 

collected phenotypic information similar to that collected in the Australian study 

(Falchi, Spector et al. 2006). 

 

The participants were subdivided into two age groups (< 35 years and  35 years) to 

investigate possible age-related genetic influences on the induction and involution of 

naevi. Naevus density and counts have been observed to increase with age to 

approximately 30 to 35 years, and then to decrease. It has been suggested that this may 

be due to differences in gene expression and/or genetic-environmental interactions that 

are involved in the induction and involution processes. 

 

Quantitative trait linkage (QTL) analyses were performed on both age groups separately 

and on the pooled sample in the UK study. A novel linkage to chromosome 5q31-32 

was found among the twins in the younger age group at marker D5S638 (LOD = 3.47). 

There were also two peaks on chromosome 9q21 at markers D9S157 (LOD = 2.54) and 

D9S167 (LOD = 2.55). In the older age group there was no evidence of linkage to the 

same loci; instead, a linkage was found on chromosome 2p25 (LOD = 2.75). The 

analysis of the pooled sample showed a decrease in the LOD scores on chromosome 

2p25 (LOD = 2.27) and on chromosome 9p21 (LOD = 1.12). However, these decreases 

are likely to be predominantly due to the older twins in the samples because of the 

larger sample size of this age group and their stronger additive genetic effects. 

 

The 5q31-32 region identified by Falchi and colleagues (Falchi, Spector et al. 2006) 

includes two genes that have an altered expression in melanoma cells, the α-catenin 

(CTNNA1) and protocadherin (PCDHB11) genes. The linkage peak on 9p21 at D9S157 

was close to the location of the CDKN2A tumour suppressor gene. A QTL for naevi 
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density in this region has been previously identified by Zhu et al. (1999) and this result 

was partially replicated by Barrett et al (2003). The support interval (SI) for the D9S157 

linkage peak was approximately 23cM wide and encompasses the region occupied by 

the CDKN2B gene and other regions sharing LOH in malignant melanoma tumours, 

therefore, there are potentially other candidate genes in this region. The second linkage 

peak on chromosome 9p21 at marker D9S167 was coincident with a loci associated 

with ocular and cutaneous melanoma, identified by Jonsson, Bendahl et al. (2005). The 

results in the older age group suggest a linkage to the p-ter region of chromosome 2. 

However, this is a wide region spanning approximately 40cM and so further mapping is 

needed to identify candidate genes in this location, but one possible candidate gene in 

this region is the melanoma-associated gene 50 (MG50) which has a role in p53 

dependent apoptosis (Falchi, Spector et al. 2006) and is also known as the p53-

responsive gene 2 (PRG2). 

 

The subjects of an Australian genome-wide scan for naevus counts was conducted by 

Zhu et al. (2006) who recruited 1,024 healthy adolescent twins, their siblings and 

genotypes for 690 parents from 424 families. These Australian twins were examined 

close to their 12
th

 birthday; their siblings were also examined on the same occasion if 

they were less than 20 years of age. Total body naevus counts, distinguishing between 

flat, raised and atypical naevi, pigmentation and other phenotypic data were collected by 

trained nurses. The twins and their parents were also asked to complete a questionnaire 

on sun-exposure during a normal week in summertime, and the number of painful 

sunburns they had in the previous six months (Zhu, Duffy et al. 1999; Zhu, 

Montgomery et al. 2006). 

 

In this study linkage analyses were carried out for flat, raised and atypical naevus counts 

individually and pooled together. In total, sixteen linkage peaks were reported with 

LOD scores ranging between 1.55 and 2.94. The strongest evidence for linkage was for 

flat mole counts in the region of chromosome 2p (LOD = 2.95) and the CDKN2A gene 

on chromosome 9 (LOD = 2.95). With additional fine mapping markers, the LOD score 

for the CDKN2A region was increased to 3.43. The most prominent linkage peak for 

raised mole counts was on chromosome 16 (LOD = 1.87), in the vicinity of marker 

D16S3068.  Atypical mole counts had three linkage peaks on chromosome 1 (LOD = 

2.20), chromosome 8 (LOD = 2.00) and the X chromosome (LOD = 2.00). The results 

for the pooled data were consistent with those of the three different types of naevi 
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individually, however, a new linkage peak on chromosome 4 was found at markers 

D4S406 and D4S402 (LOD ≈ 2.6) (Zhu, Montgomery et al. 2006). 

 

The linkage analysis was controlled for sun-exposure, ancestry and pigmentation 

phenotypes, therefore, the candidate genes found under the linkage peaks are more 

likely to include traditional oncogenes and tumour suppressors rather than those related 

to pigmentation. Possible candidate genes were found predominately for flat naevi and 

the pooled naevus counts. These included CDKN2A on chromosome 9, protein tyrosine 

kinase 2 (PTK2) and mitogen-activated protein kinase 15 (MAPK15 or ERK8) on 

chromosome 8, both of which are part of the mitogen-activated protein kinase (MAPK) 

pathway; three candidate genes on chromosome 17: mitogen-activated protein kinase 4 

(MAP2K4), elaC homolog 2 (ELAC2) and TP53 and possibly TRAF-interacting protein 

with a fork head-associated domain (TIFA) on chromosome 4 which was a new result 

from the pooled naevi type analysis. The region under linkage peak on chromosome 2 

also included the p53-responsive gene (PRG2), also known as MG50, although Zhu et 

al. (2006) suggested that PRG2 may not be a suitable naevus gene because of the 

function of the Drosophila homologue and tissue expression data. 

 

The width of the reported 1-LOD drop support intervals around the linkage peaks 

ranged from a region 6cM wide to approximately 40cM. These support intervals have 

the potential to cover a significant region of the chromosome containing many genes,  

for example, the linkage peak on chromosome 8 described in (Zhu, Montgomery et al. 

2006) include ‘105 recognised genes’. The next logical step would be to carry out a 

more detailed mapping targeting the regions centred on the linkage peaks. 

 

Both of these studies used a moderate to very dense linkage map utilising similar 

numbers of markers; 737 in (Falchi, Spector et al. 2006) from the ABI Prism Linkage 

mapping set (Applied Biosystems) and the Genethon Linkage Map, spaced an average 

of 10cM apart and 796 in (Zhu, Montgomery et al. 2006) with an average spacing of 

4.8cM. The differences in results between the two studies (Falchi, Spector et al. 2006; 

Zhu, Montgomery et al. 2006) (two loci common to both) maybe due to the use of two 

different marker sets and there may be the age related effect suggested by (Falchi, 

Spector et al. 2006). The observed quantitative genitive analysis in the UK study 

suggested that there is some heterogeneity between naevus development and involution 

processes. In contrast, the participants in the Australian study had a more homogeneous 
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age distribution where the twin pairs were recruited at 12 years of age and their 

participating siblings were at most 20 years of age. Therefore, the results of the linkage 

analysis in the Australian study were less likely to be affected by the age related 

differences in naevus development.  

 

The candidate genes under the linkage peaks for naevi identified in Falchi et al. (2006) 

and Zhu et al. (2006) are all involved, directly or indirectly, in the development of 

melanoma. High naevus counts are one of the major risk factors for melanoma and 

melanoma and naevi share many of the same phenotypic and environmental risk factors. 

The link between the two lesion types is still uncertain, however, the fact that two loci 

associated with melanoma susceptibility genes were found to be linked to naevus 

density/counts in UK (Falchi, Spector et al. 2006) and Australian GWAS (Zhu, 

Montgomery et al. 2006) supports the hypothesis that some melanoma genes are likely 

to be involved in the development of naevi. 

 

2.6.3 Candidate genes for naevus development 

As described in section 2.3.5, familial correlations strongly suggest that there is a 

genetic component to the development of naevi, but the genes involved in this process 

have not been identified. It has been hypothesised that the predisposition for high 

naevus counts is a polygenic trait. Association studies have been conducted to 

investigate the relationship between naevus counts and candidate genes. Duffy et al. 

(2004) found that individuals who were homozygous for strong red hair colour alleles of 

MC1R had more freckles and fewer naevi. The Australian twin-study conducted by Zhu 

et al. (1999) found a modest QTL linkage effect between total body counts of flat naevi 

in CDKN2A. Barrett and colleagues (2003)   found a similar result when they replicated 

this linkage analysis in a sample of UK twins. Several studies of families with multiple 

melanoma and atypical naevi have found a linkage with CDKN2A (Gruis, Sandkuijl et 

al. 1995).   

 

2.6.4 Genome-wide association study of naevus counts and densities 

To date there has been one GWAS of naevus counts or densities conducted in the UK, 

recruiting a sample of healthy adult female twins from the UK Adult Twin Registry 
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which was replicated in a sample of adolescent Australian twins of European ancestry 

recruited from the Brisbane Twin Naevus Study (Falchi, Bataille et al. 2009) 

 

The UK GWAS (Falchi, Bataille et al. 2009) recruited 1,524 adult female participants 

from the UK Adult Twin Registry. Total body counts of naevi ≥ 2mm in diameter were 

made by trained research nurses. Forty-six SNPs with genome-wide p-values < 10
-4

 

were identified where 29 were expected under the null hypothesis. Twelve SNPs 

clustered on chromosomes regions 9p21 and 22q13 were selected for follow up. An 

independent sample of 4,107 Australian adolescents of European ancestry from the 

Brisbane Twin Naevus Study, was used to replicate the results. The strongest 

association was with SNP rs4636294 (OR 1.21 (1.14, 1.28)) located in the 

methylthioadenosine phosphorylase (MTAP) gene adjacent to CDKN2A in the 

chromosomal region of 9p21. The other replicated region on 22q13 showed the highest 

association with rs2284063 (OR 1.19 (1.12, 1.27)) which lies on the intron between the 

second and third exons of phospholipase A2, group VI (cytosolic, calcium-independent) 

(PLA2G6). The combined additive effect of these two SNPs was associated with the 

number of naevi. Participants of the UK sample who were homozygous for the minor 

alleles of these two SNPs had more than twice the number of naevi as those who were 

homozygous for the protective alleles. The Australian participants had more naevi 

overall, but those who were homozygous for the risk alleles of these SNPs had a higher 

median number of naevi compared to those homozygous for the protective alleles 

(Falchi, Bataille et al. 2009).  

 

These two regions were assessed for an association with melanoma risk by using two 

melanoma case-control samples: the Queensland study of Melanoma, Environment and 

Genetic Associations and the Leeds Melanoma Case-Control study (UK) (Falchi, 

Bataille et al. 2009). The highest OR for 9p21 in the combined sample was for 

rs10757257 (OR 1.23 (1.15, 1.30)), and for 22q13 was for rs132985 (OR 1.23 (1.15, 

1.30)). For SNPs associated with naevus counts, the highest OR for melanoma risk on 

chromosome 9p21 in the combined sample was for rs4636294 (OR 1.21 (1.14, 1.28)) 

and on chromosome 22q13 was for rs2284063 (OR 1.19 (1.12, 1.27)). Population 

attributable risks (PAR) for melanoma at these two loci were calculated in the two case-

control studies. For 9p21 the PAR was 20% in the Australian sample and 9% in the 

English sample, and for 22q13 the Australian PAR was 15% compared to 29% in the 

UK (Falchi, Bataille et al. 2009). 
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Falchi et al. (2009) used the Leeds case-control sample to evaluate the risk of 

developing melanoma that may be associated with polymorphisms at both these loci. 

Individuals who were homozygous for the risk alleles at both loci were at twice the risk 

of melanoma compared to those homozygous for the protective alleles (OR = 1.94 

(1.19, 3.16)). After adjusting for the number of naevi in a logistic regression, the 

individual ORs of these SNPs shifted in value towards null, which is consistent with 

melanoma risk being mediated by the number of naevi (Falchi, Bataille et al. 2009). 

 

The newly associated SNPs on 9p21 are in the proximal promoter 5’ UTR and upstream 

of the coding region of the MTAP (Falchi, Bataille et al. 2009). This gene is often co-

deleted with CDKN2A and this loss of MTAP is generally attributed to its close 

proximity to CDKN2A (Falchi, Bataille et al. 2009). It has been suggested that MTAP 

may act as an independent tumour suppressor (Falchi, Bataille et al. 2009). A fusion 

transcript has been reported that consists of the first four exons of MTAP and the 

second and third exons of CDKN2BAS (previously ANRIL). The authors suggest that 

there may be a complex regulation mechanism that does not map to the local area of the 

genes being regulated citing a precedent involving two oncogenes, v-myc 

myelocytomatosis viral oncogene homolog (avian) (MYC) and family with sequence 

similarity 84, member B (FAM84B). The loci on 22q13 maps to PLA2G6, part of the 

PLA2 family of genes, which are normally involved in the maintenance of membrane 

phospholipids. This locus has been associated with lung cancer susceptibility to regulate 

cell growth, apoptosis and cell proliferation in tumours. The reported results suggest 

that these SNPs may be associated with naevus counts and a modest increase in risk of 

developing melanoma (Falchi, Bataille et al. 2009).  

 

2.7 Selection of candidate genes for the Kidskin II: Moles and 

Genes study  

In this study I investigated whether associations between polymorphisms of MC1R, 

TP53, CDKN2BAS, and SNPs from chromosomal region 9q21.3, in the vicinity of 

CDKN2A and CDKN2B, were associated with elevated counts of melanocytic naevi in 

the Kidskin study participants. 
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2.7.1 Tumour protein p53 

The tumour protein p53 gene responds to a diverse range of stresses including UVR-

induced DNA damage and has been associated with an increase in melanoma risk (Li, 

Chen et al. 2008). The rs1042522 SNP was included in this study as it is the most 

frequently studied SNP in the association between TP53 and melanoma. The role of the 

rs1042522 SNP in cancer development, including melanoma, is unclear as there have 

been inconsistent results from studies investigating its association with cancer risk. 

However, there is a stronger association between the proline polymorphism and cancer 

progression, earlier age of onset, poorer response to chemotherapy, and poorer survival 

(Murphy 2006).  

 

A review of the literature did not suggest that the association between p53 status and 

elevated naevus counts had been specifically tested independently of melanoma risk for 

any age group. This suggested that investigating a possible association between this 

SNP and naevus counts would be of interest. The candidate and his primary PhD 

supervisor also consulted with the chief investigator of an Australia wide study in a 

closely related area of research, who suggested the inclusion of p53 even though it has 

not been associated with naevi related melanoma at younger ages.   

 

2.7.2 Melanocortin-1 receptor 

Polymorphisms from MC1R were selected for this study as this gene is one of the most 

strongly associated with pigmentation in humans and may therefore have an effect on 

the development of naevi. As summarised by Wong and Rees (2005), the MC1R SNPs 

investigated in this study, rs1805009, rs885479, rs11547464, rs1805006, rs1805007 and 

rs2228479, have been associated with red hair, pale skin and melanoma development. 

 

Four of these SNPs, rs1805009, rs11547464, rs1805006, and rs1805007, have been 

described as belonging to a set of SNPs known as ‘strong red hair colour’ alleles; 

associated with a greater risk of red hair colour, freckling, an increased risk of skin 

cancer and a tendency to sunburn rather than tan. Each of these SNPs are associated 

with increased sensitivity to UVR and lower levels of black-brown eumelanin. The 

remaining two SNPs, rs2228479 and rs885479, are also associated with higher 

sensitivity to UVR and lower levels of dark melanin, but to a lesser extent then the 

strong red hair colour alleles (Wong and Rees 2005). As part of their investigations 
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Duffy and colleagues (Duffy, Box et al. 2004) investigated the association between 

freckling, naevus counts and MC1R genotype. They found that the strong hair colour 

allele homozygotes were associated the red hair phenotype, the lower numbers of naevi 

and the high density of freckles (Sturm, Duffy et al. 2003; Duffy, Box et al. 2004). 

 

2.7.3 Chromosomal region 9p21.3 

SNPs from the chromosomal region 9p21.3, in the vicinity of CDKN2A and CDKN2B, 

were included in this study, as more than 50% of families with multiple cases of 

melanoma have been linked to this region. Two GWAS of naevus counts or densities 

(Zhu, Montgomery et al. 2006; Falchi, Bataille et al. 2009) also identified linkage peaks 

over this region. The area under these linkage peaks includes a recently discovered gene 

located between CDKN2A and CDKN2B, originally named the ‘antisense noncoding 

RNA in the INK4 locus’ (ANRIL) gene (Pasmant, Laurendeau et al. 2007). This gene 

has been associated with cardiovascular disease (Broadbent, Peden et al. 2008), and is 

potentially involved in melanoma-neural system tumour syndrome families, in 

melanoma-prone families with no identified p16/CDKN2A mutations and in somatic 

tumours (Pasmant, Laurendeau et al. 2007).  

 

At the time of genotyping, only two SNPs, rs944800 and rs2383207, in the 

CDKN2BAS gene had been identified as being within this gene. Zhu et al. (2006) had 

genotyped rs944800 in their GWAS of naevus counts and rs2383207 was recorded in 

the Caucasian HapMap data set for chromosome 9 used in the SNP selection process. 

Four other SNPs from the region of CDKN2A and CDKN2B, rs10811661, rs564398, 

rs2383208 and rs1333049, were opportunistically included as the reagents to genotype 

these SNPs were available from another study in the Centre for Genetic Epidemiology 

& Biostatistics (CGEB) investigating cardiovascular disease and type II diabetes. These 

four SNPs were included in this study as they are in close proximity of CDKN2A and 

CDKN2BAS and are directly under linkage peaks identified in the two GWAS of 

naevus counts or densities and therefore, may be associated with naevus counts (Zhu, 

Montgomery et al. 2006; Falchi, Bataille et al. 2009).  
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3 The Kidskin Intervention Study 

The Kidskin intervention study was the forerunner to this PhD project. This chapter 

describes the data collection methods used in the Kidskin intervention study carried out 

between 1995 and 2001. The description of the methods used in the Kidskin study 

draws heavily on the methods chapter of Dr Liz Milne’s doctoral thesis. Information 

from subsequent publications relating to the study is also included. 

 

3.1 Background information on the Kidskin intervention study 

The Kidskin study was a school-based intervention trial jointly run by the Department 

of Public Health at the University of Western Australia and the School of Public Health 

at Curtin University of Technology. An initial cohort of 1,776 children of five or six 

years of age from 33 schools in Perth, Western Australia was recruited in 1995. The 

children were followed up for six years until 2001. The aim was to assess whether an 

intervention designed to reduce sun-exposure could protect against the development of 

melanocytic naevi and improve sun protection behaviours among children.  

 

There were three groups in the study: a control group, a ‘moderate’ and a ‘high’ 

intervention group. The allocation to the study group was done at the level of the 

participants’ schools. The control group received the standard Western Australian health 

curriculum. Both intervention groups were taught a specially designed sun protection 

curriculum during the spring of four consecutive years from 1995 to 1998. This 

curriculum strongly encouraged the children to reduce their sun-exposure by staying 

indoors during the middle of the day, and to protect themselves when they were 

outdoors by using shade, wearing hats, sun protective clothing and sunscreen. 

 

In addition to the sun protection curriculum, participants in the high intervention group 

were offered low cost sun protective swimwear, and were sent additional materials 

during the summer school holidays when sun-exposure was expected to be greatest. 

Children in the moderate intervention group were not offered protective swimwear and 

were not contacted during the summer school holidays. 

 

Schools in the two intervention groups were sent guidelines to assist in the development 

and implementation of sun protection policies and structural reforms leading to a more 
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sun protective environment for the students. The schools in the high intervention group 

were also encouraged and assisted by the Kidskin investigators to make these changes, 

while no further assistance was given to the schools in the moderate group. 

 

3.2 School selection and study group assignment 

Any school within 30 kilometres of the centre of Perth that had 50 or more first grade 

students was eligible for participation in the study. In order to minimise potential 

contamination between study groups through communication between parents, students 

and school staff, the schools were not randomised to interventions. Instead they were 

grouped into geographic clusters and the cluster assigned to a study group. Schools were 

allocated to the same cluster if they were within three kilometres of each other or if the 

children attending them were likely to use the same public swimming pool or beach.   

 

For logistical reasons, clusters closest to the centre of Perth were assigned to the high 

intervention group and clusters furthest from the centre of Perth were allocated to the 

control group. Schools were selected at random from the three sets of study group 

clusters after being weighted by the number of first grade students attending them, and 

stratification by socioeconomic status and proximity to the beaches and public 

swimming pools. All children who commenced school in 1995 were eligible to 

participate in the study, but those of non-European ancestry were not included in the 

analyses. 

 

3.3 Assessment of outcome measures 

The data collection schedule of the study is summarised in Table 3.1. Five trained 

observers collected the phenotypic data from the participants of the Kidskin study. 

Naevus counts, inner upper arm skin reflectance and freckling were made at enrolment 

in September 1995 and during the winters of 1999 and 2001. Summer suntan measures 

were collected in February 1997, 1999 and 2001. These data were collected by trained 

observers according to written protocols at participating schools and other collection 

points in the Perth metropolitan area. Sun-exposure levels and sun related behaviours 

were collected through questionnaires completed by the participants’ parents in 

September 1995 and February of 1997, 1999 and 2001. A copy of the 2001 
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questionnaire is presented in Appendix: Kidskin summer holiday activity questionnaire, 

2001.  

 

The ages when naevus counts were made, at six, ten and 12 years of age, may not have 

been optimal ages for assessing the development of naevi, since the rate of naevus 

development has been observed to be greatest between nine and fourteen years of age 

(English and Armstrong 1994). The ages that naevus counts were collected in the 

original Kidskin Study were based on the knowledge of naevus development from the 

mid 1990’s (Pope, Sorahan et al. 1992; English and Armstrong 1994) and determined 

largely by the logistics for efficient recruitment and assessment of the study participants 

(Milne 2010).  

 

3.3.1 Melanocytic naevi 

The back is almost always examined in studies of naevi as it is a common site for naevi 

and melanoma, and naevi are relatively easy to count on this location. The chief 

investigators of the Kidskin study also did not propose counting naevi on the chests of 

girls since this would have a negative effect on their participation, especially as they 

approached puberty (Milne 2011). In addition, there are potential ethical difficulties 

associated with conducting ‘whole body’ naevus counts on children in a non-clinical 

setting. The incidence of melanoma was not a feasible outcome because of the lag 

between exposure and its development, and low incidence among children. For these 

reasons, the main outcome for the Kidskin study was the development of naevi on the 

back. 

 

The Kidskin study used the definition of naevi developed by the World Health 

Organization’s International Agency for Research into Cancer (IARC). In this definition 

melanocytic naevi are: 

 

...brown to black pigmented macules or papules of any size which are darker 

in colour than the surrounding skin, and which do not have the clinical 

characteristics of freckles, solar lentigines or café-au-lait spots. 

(English, MacLennan et al. 1990) 
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Black or brown naevi of all sizes were counted in the Kidskin study. Naevus counts on 

the back were made from the three photographic slides taken during the data collection 

phases, and projected side by side on a white board. A single lay observer, trained by a 

dermatologist, marked and counted each naevi on the slides at the end of the study. To 

estimate inter-rater reliability the dermatologist who trained the lay observer count the 

naevi from 47 randomly sampled sets of slides. The intra-class correlations between the 

counts made by the observer and the dermatologist were high: 0.82 (0.73-0.92) for the 

slides taken in 1999 and 0.85 (0.77-0.93) for slides taken in 2001 (English, Milne et al. 

2005).  

 

Naevus counts and photographic slides were taken during winter when freckling was 

less pronounced to minimise possible confusion between the two types of lesion. The 

surface of the back is relatively flat which makes photography of this site a practical 

method of making a permanent record of the number of naevi on this site. The curved 

surfaces of the arms and face made naevus counts from photographs of these sites 

impractical. Therefore, naevi on the participants’ faces and arms (inner and outer 

surfaces) were counted directly by trained observers under bright light. A different set 

of observers made the counts in 2001, these new observers counted consistently fewer 

naevi than the previous set of observers. They may have applied a different 

interpretation of what constituted a naevus, so counts on these sites were not analysed 

longitudinally. 
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Table 3.1 Schedule for the Kidskin study data collection and programme implementation, 1995-2001 
Year 1995 1996 1997 1998 1999 2000 2001 

Term 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Programme    I    I    I    I             

Naevi  N               N       N  

Reflectance  R      S        S R      S R  

Survey   Q      Q        Q        Q    

I Intervention programme implemented in the classroom 

N Naevi counted 

S Suntan measured 

R Inner arm reflectance measured 

Q Questionnaire on children’s sun related behaviour during the summer holidays administered 
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3.3.2 Skin reflectance and melanin density 

The degree of an objectively measured suntan can be an indication of the amount of 

sun-exposure an individual has recently had. Reflectance spectrophotometers were used 

to estimate the level of melanin by measuring the spectrum light reflected from the skin. 

Reflectance is inversely related to degree of skin pigmentation and reflectance at 

various wavelengths is strongly correlated with melanin density (Dwyer, Muller et al. 

1998). 

 

Melanin absorbs light at all wavelengths, with the greatest absorption at approximately 

335nm, in the UV-A region of the spectrum. There is a steep decline in absorption at 

shorter wavelengths, and a more gradual decline towards the longer (red) wavelengths 

of the visible spectrum  (Agar and Young 2005). Dwyer et al. (1998) proposed a method 

of estimating melanin density in human skin by taking spectral measurements at 

wavelengths of 400nm and 420nm, effectively removing the contribution of 

haemoglobin to the absorption spectrum.  

 

3.3.2.1 Skin colour on an unexposed site 

In 1995, reflectance measures of the inner surface of the arm, an unexposed site, were 

made to obtain an indication of the ‘constitutional’ level of skin pigmentation for each 

participant. These measures were taken during winter, when UVR-induced 

pigmentation (suntan) was likely to be minimal, using one of two Model 99 Diffusion 

System spectrophotometers.   

 

3.3.2.2 Suntan 

In February 1997, skin reflectance centred on 425nm was measured on the forearm and 

back of each participant using Model 99 Diffusion System spectrophotometers. 

Measurements were taken as soon as feasible after the children returned from the 

summer school holidays before the any suntan could fade significantly.  

 

This process was repeated in February of 1999 and February 2001 using two Minolta 

CM 500d spectrophotometers (Milne 2001). These measurements were also taken as 

soon as possible after the summer school holidays. Reflectance measures at 400nm and 

420nm were used to estimate melanin density as described by Dwyer et al.(1998). 
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3.3.3 Sun-related behaviour 

Sun-exposure questionnaires were sent to the parents of participating children on four 

occasions to ascertain each child’s potential sun-exposure and sun protection behaviour 

during the previous summer holidays. In Western Australia, these holidays are six to 

seven weeks long from mid-December to the end of January. A copy of the 2001 

questionnaire has been included in Appendix: Kidskin summer holiday activity 

questionnaire, 2001. 

 

The initial questionnaire was administered in September of 1995 (the spring), before the 

commencement of the intervention. Each of the subsequent questionnaires in 1997, 

1999 and 2001 were distributed in February immediately after the summer school 

holidays, to all the participants in Perth, WA, whose whereabouts were known. 

 

3.3.4 Sun-exposure indices 

Information provided in the questionnaires was used to develop a composite index of 

sun-exposure, where by the total time spent outdoors at the beach, at public outdoor 

swimming pools, around the home and neighbourhood was modified according to the 

use of sun protection measures on particular body sites. 

 

3.3.4.1 Time spent outdoors 

The questionnaires asked the participants’ parents for information on the number of 

days each child spent at the beach, at public outdoor swimming pools, and around the 

home and neighbourhood. For each of these venues, the number of hours that their child 

typically spent outside between 8.00am and 11.00am, 11.00am and 2.00pm and 2.00pm 

and 5.00pm were recorded. The proportion of time their child wore a hat, used 

sunscreen, stayed in the shade or had their back covered by clothing at each of these 

locations was also recorded, as were the types of clothing, swimwear and hats usually 

worn.  

 

The total number of hours that children spent outside between 8.00am to 5.00pm and 

between 11.00am and 2.00pm over the summer school holidays were calculated by 

multiplying the number of days at each venue by the number of hours typically spent at 

each venue during these time periods. The total time spent outdoors during each of these 

periods was converted to average minutes per day. 
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3.3.4.2 Midday hour equivalents 

Solar UVR between 11.00am and 2.00pm is more intense than during other periods of 

the day, so, these hours were weighted more heavily in the calculation of the sun-

exposure index. The concept of ‘Midday Hour Equivalents’ (MHE) was developed to 

express this weighting.  

 

The UVR doses received when outdoors in Perth during January in one hour between 

11.00am and 2.00pm and during the rest of the day between 8.00am and 5.00pm were 

calculated using modelled data from the Australian Radiation Laboratory. The mean 

Minimal Erythemal Dose (MED) for each of the three hours between 11.00am and 

2.00pm was calculated to be 4.5, and 2.7 for each other hour between 8.00am and 

5.00pm. Therefore, if the average number of MEDs received between 11.00am and 

2.00pm in one hour is classified as one MHE, then each of the other hours between 

8.00am and 5.00pm would constitute 0.6 MHEs (2.7/4.5 = 0.6). 

 

The number of days that each child spent at each outdoor venue was multiplied by the 

number of MHEs typically spent at that venue to obtain an estimate of  the total number 

of MHEs for that venue (Milne 2001). 

 

3.3.4.3 Adjustment of midday hour equivalents by sun protection measures 

The use of sun protection measures reduces the amount of UVR reaching or affecting 

the skin. Using the parents’ questionnaire responses about the various sun protection 

measures used by each of the children at each venue, and the approximate proportion of 

time they were applied, it was possible to calculate the reduction in the effective number 

of MHEs assigned to each child according to the level of protection used. The venues 

were considered separately because of the potential for different sun protection 

behaviours at each. Body sites included were the face, arms and back. Again, as 

different protection factors are used on different parts of the body (hats, for example), 

different parts of the body were analysed separately. 

 

An exposure factor was assigned for each protection measure (Table 3.2). The exposure 

factors are the equivalent to the inverse of the level of protection afforded by the factor. 

For example, if a particular type of hat reduces the sun-exposure by a factor of four, 

then the exposure factor would be 0.25 (Milne 2001). 
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Table 3.2 Exposure factor values for sun protection measures assessed in the Kidskin 

study 
Protection factor  Exposure factor value 

Hat - face   

Broad brimmed hat (brim > 7.5cm)  0.25 

Narrow brimmed hat (brim ≤ 7.5cm)  0.47 

Legionnaire style hat (cap with a flap at the back)  0.37 

Peaked cap  0.44 

Shirt - back  0.00 

Arms  

Long-sleeved shirt 0.00 

Short-sleeved shirt  use sunscreen and  

shade measures 

Sunscreen  0.10 

Shade  0.50 

 

3.3.4.4 Protection afforded by hats 

The amount of protection offered by hats varies with the type of hat worn. Data on UVR 

protection for various parts of the face afforded by different styles of hat were used to 

calculate exposure to the face as a whole. Table 3.2 gives the exposure factor values for 

the types of hats considered in the Kidskin study (Milne 2001). 

 

3.3.4.5 Protection afforded by clothing 

If the child’s back was covered by clothing for some proportion of the time then the 

back was considered to be unexposed (100% protection) for that time. Shade and 

sunscreen protection measures were used during periods when the back was uncovered. 

 

Parents were not asked to estimate the proportion of time that their child’s arms were 

covered. The types of sleeves of the shirts and bathers that were normally worn were 

used to estimate the exposure to the arms during the periods that the back was covered. 

It was assumed that at the times the child’s back was uncovered, the arms were also 

uncovered. During the times that the back was uncovered or short-sleeved clothing was 

worn, adjustments for sunscreen use and shade protection measures were made 

according to information provided in the questionnaires (Milne 2001). 

 

3.3.4.6 Protection afforded by sunscreen 

Sunscreens were graded according to the amount of protection they provided from sun-

exposure when they are correctly applied. The Sun Protection Factor (SPF) is the ratio 

of the dose of UV-B that reaches the skin to which the sunscreen has been applied, to 
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the dose reaching unprotected skin. For example, a sunscreen with a SPF rating of 15 

transmits one fifteenth of the UV-B to reach the skin. It would therefore be assigned an 

exposure factor of 0.07, while an SPF 10 sunscreen would have an exposure factor of 

0.1. 

 

The actual protection to the skin is governed by how well the sunscreen is applied, when 

it was last applied and by exposure to water which may wash some of it off. Despite the 

widespread use of SPF 15+ sunscreen, the highest SPF available at the time, sunscreen 

use was given a conservative exposure factor of 0.1 to allow for less than ideal 

application of the sunscreen and possible failure to reapply it (Milne 2001). 

 

3.3.4.7 Protection afforded by shade 

The amount of sun protection afforded by shade is dependent on the nature of the shade; 

for example, the density of foliage or thickness of shade cloth and whether or not any 

sky is visible from the individual’s position. Positions in the shade where a lot of blue 

sky can be seen are still exposed to scattered UVR (Gies, Roy et al. 1994). 

 

Shade can therefore provide between minimal and total UVR protection. As the nature 

of the shade used by the participants was unknown, the midpoint between the two 

extremes of UVR-exposure was used. Therefore, shade was allocated an exposure factor 

of 0.5 (Milne 2001). 

 

3.3.4.8 Concurrent use of sun protection factors 

The exposure factor associated with each sun protection measure at each venue was 

estimated; however, it was not known whether the various measures were used 

concurrently. The extent of overlap of protective measures would have a large effect on 

the estimation of the adjusted sun-exposure. As there was no way of determining the 

actual extent of the overlap, the extremes of minimum and maximum amount of overlap 

of protective measures were calculated so an estimated value could be interpolated.  

 

To estimate the overlap, sun protection measures for the face, arms and back at each 

venue were ranked from least protective to most protective. The total time of exposure 

at that venue was partitioned into four equal intervals. The time that each protective 

measure was used was arranged over the whole period so there was either a maximum 

or minimum amount of overlap of protective measures. A weighted sum of the product 
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of exposure factors for the protective measures in use in each of the four intervals was 

calculated for both minimum and maximum levels of overlap. These two values were 

then multiplied by the total number of MHEs and averaged to obtain the protection-

adjusted MHE value for that body site and venue combination. 

 

For each body site, a total protection-adjusted sun-exposure measure was derived by 

summing the protection-adjusted MHEs calculated for each venue. A whole body value 

was calculated by combining the protection-adjusted MHEs for the face, arms and back 

using a weighted sum with the weights proportional to the relative size of each site. The 

unit of measurement was then converted from MHE's to `midday minutes per day' 

(MME) by dividing MHE’s by 60 (Milne 2001). 

  

3.3.5 Sunburns 

The severity of worst sunburn and the frequency of sunburns of this severity to any part 

of the body over the 1996/7 summer, and to the face, arms and back over the 1998/9 and 

2000/1 summers were recorded during the Kidskin study. These were recorded in the 

1997, 1999 and 2001 questionnaires.  Sunburn frequency and severity was not recorded 

in the 1995 questionnaire. 

 

3.4 Phenotypic and demographic variables 

3.4.1 Hair and eye colour 

Hair and eye colour were assessed when the participants were recruited into the study. 

The participants’ hair colour was compared to a range of hairdresser’s hair colour 

samples, and eye colour compared to a range of ten coloured plastic irises. Both sets of 

comparisons were made under natural light. 

 

3.4.2 Freckling 

The level of freckling on the face and arms were estimated on each occasion naevi were 

counted and the level of freckling on the shoulders was assessed by using the 

photographic slides taken of the back for each child. The amount of freckling on the 

face, arms and shoulders were compared to a set of diagrams on a ten point scale (Milne 

2001).  
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3.4.3 Height and weight 

On each occasion naevi were counted, each child’s height was measured using a 

stadiometer and their weight with a set of digital scales accurate to 200 grams following 

standardised protocols.  

 

3.4.4 Body surface area 

Each child’s body surface area was calculated using their height and weight measured in 

1995, 1999 and 2001. The surface area of each body site was then estimated by 

multiplying the total body surface area by the proportion allocated to each site 

(Mosteller 1987). 

 

3.4.5 Ethnicity 

In the initial questionnaire, parents were asked to identify both the country in which 

each of the child’s four grandparents were born, and where the ancestors of each of the 

grandparents originally came from. Place of ancestry was coded as Britain, Northern 

Europe, Southern Europe, Asia, Africa, American (Native American) and Australia 

(Aboriginal or Torres Strait Islander). 

 

Children were identified as ‘European’ if two or more of their grandparents had 

European ancestry, and as non-European otherwise. Those with two or more 

grandparents whose ancestors were from Southern Europe were also separately 

identified as ‘Southern European’. This distinction was made as those of Southern 

European ancestry tend to have darker hair and their skin is better able to tolerate 

exposure to the sun.   

 

3.4.6 Parental education 

The levels of education of the participants’ parents were recorded. Initially six 

categories were used but these were collapsed to two: tertiary or non-tertiary. The 

higher education level of the two parents was used to assess the effect of this variable on 

the outcomes of the Kidskin study. 
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3.4.7 Skin sensitivity 

Two aspects of the children’s skin type were included in the initial questionnaire: 

tendency to sunburn and ability to tan. These measures were considered to be 

particularly important since both have been shown to be strongly related to melanoma 

risk.  

 

Parents were asked to rate the expected severity of their child’s sunburn if their child 

were to spend half an hour in the midday sun for the first time in summer without using 

sunscreen. There were four levels of response ranging from ‘no sunburn at all’ to ‘a 

severe sunburn with blistering’ (Appendix: Details of the Kidskin Study 

Methodologies). 

 

The rating of the participant’s ability to tan was obtained through a question asking the 

parents to describe the type of tan their child would likely have if their child spent short 

periods of time in the sun every day over summer without sunscreen. There were four 

responses to this question ranging from ‘no suntan at all’ to ‘very tanned’ (Appendix: 

Details of the Kidskin Study Methodologies). 

 

3.4.8 Early life UV irradiance 

Estimates of UV irradiance prior to six years of age were based on information supplied 

in the 1995 questionnaire about participants’ places of residence prior to six years of age 

and satellite measurements of solar UV-B radiation for these locations. The estimated 

ambient solar UVR-exposure for each participant over the first six years of their life was 

calculated as the weighted average of the erythemal irradiance at each place of 

residence, weighted by the proportion of time over six years that the participant resided 

at that location (English et al., 2006). 

 

3.5 The main results of the Kidskin intervention study 

By 1997, after two years, the Kidskin intervention was successful in reducing the 

amount of time spent outdoors and increasing the use of some of the sun protection 

behaviours as assessed by suntan measurements and parental reports. However, by 

1999, at the end of the four years of intervention, differences between the intervention 
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groups were generally small. Three years after the intervention ceased (2001) there was 

little evidence remaining of a favourable effect (Milne, Jacoby et al. 2006). 

 

Children who spent the most time outdoors in the middle of the day either in absolute 

terms or as a proportion of the total time outdoors had the most naevi (English, Milne et 

al. 2005). The time spent outdoors between 11am and 2pm and the proportion of total 

time spent outdoors during these hours was positively associated with the number of 

naevi on the back at twelve years of age. Doubling either the time spent outdoors 

between 11am and 2pm or the proportion of total time spent outdoors between these 

hours was associated with an approximately 10% higher mean naevus counts. Children 

whose backs were uncovered at any time while outdoors during the 2000/1 summer had 

1.22 (1.11-1.33) times more naevi at twelve years of age than children whose backs 

were covered at all times. A similar result was seen for sun-exposure during the 1998/9 

summer - 1.25 (1.15, 1.37) times as many naevi on the back at twelve years of age 

(English, Milne et al. 2005). 

 

Children whose backs were covered least often when outdoors had the most naevi. 

When clothing use over the two summers was averaged, there was a positive dose-

response relationship: those who had their backs covered least often had 1.53 (1.34, 

1.175) times as many naevi at twelve years of age as those who had their backs covered 

at all times (English, Milne et al. 2005). 

 

There was no association between use of sunscreen when the back was exposed and the 

number of naevi at twelve years of age; however, it had been recommended that it be 

used on body sites not easily covered by clothing. 

 

Children in the high intervention group initially had the highest average naevus count 

on the back but the lowest average increase over time. At twelve years of age, they had 

about 15% fewer naevi on the back than those in the control group. For all body sites, 

the control group had the largest increase in the mean number of naevi during the six 

years of follow-up. However, there was only weak evidence that an increase in the 

number of naevi between six and twelve years of age was lower in the two intervention 

groups than the control group. The mean number of naevi on the back in the control, 

moderate and high intervention groups increased from 3.5, 3.0 and 3.3 to 10.1, 8.2 and 

8.6 respectively. The mean number of naevi on the face and arms increased from 14.7, 
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15.3 and 14.2 to 25.2, 23.8 and 22.5 in the control, moderate and high intervention 

groups respectively. The models fitted by the Kidskin investigators indicated that these 

changes over time by intervention group were not statistically significant. However, 

there were statistically significant differences in changes in the number of naevi on the 

chests of the boys by intervention group. At baseline, the number of naevi on the boys’ 

chests increased from 2.7, 2.5 and 2.7 in the control, moderate and high intervention 

groups to 8.6, 7.1 and 7.3 respectively (English, Milne et al. 2005).  

 

When considering boys and girls separately, there was a statistically significant 

difference by intervention group in the change of mean naevus counts on the back in the 

male participants, and the relative increase was least in the high intervention group. The 

mean naevus counts in the control, moderate and high intervention groups changed from 

3.5, 3.2 and 3.8, to 11.4, 9.1 and 10.2 respectively. In the girls, the three intervention 

groups had similar relative increases in the mean number of naevi on the back; from 3.5, 

2.8 and 2.9 at baseline, to 9.1, 7.5 and 7.2 in the control, moderate and high intervention 

groups respectively. In both the boys and the girls, there did not appear to be a 

significant difference in mean naevus counts on the face and arms by intervention 

group. The mean number of naevi on the faces and arms of the boys increased from 

15.2, 15.7 and 14.6 at baseline to 25.7, 23.0 and 21.9 for the control, moderate and high 

intervention groups at the end of the study, and for the girls the mean number naevi 

were 14.1, 14.8 and 13.7 at baseline and 24.5, 25.1 and 23.3 at the end of the study  

(English, Milne et al. 2005).  
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Table 3.3 Baseline means and ratios of relative change (95% confidence interval) in 

mean number of naevi from baseline to end of follow-up, by anatomic site and 

study group, Kidskin study, Perth Australia, 1995 to 2001 

Anatomic site 
Study group 

P* 
Control Moderate intervention High intervention 

Primary analyses     

     

Back     

Baseline mean
† 

3.5 3.0 3.3 0.09 

Mean at end
† 

10.1 8.2 8.6  

Ratio of change
‡ 

1.00 0.94 (0.86, 1.04) 0.89 (0.81, 0.99)  

     

Chest (boys)     

Baseline mean 2.7 2.5 2.7 0.0004 

Mean at end 8.6 7.1 7.3  

Ratio of change 1.00 0.88 (0.80, 0.97) 0.82 (0.74, 0.91)  

     

Face and arms     

Baseline mean 14.7 15.3 14.2 0.2 

Mean at end 25.2 23.8 22.5  

Ratio of change 1.00 0.91 (0.81, 1.02) 0.92 (0.81, 1.05)  

     

Secondary analyses     

     

Back (boys)     

Baseline mean 3.5 3.2 3.8 0.0009 

Mean at end 11.4 9.1 10.2  

Ratio of change 1.00 0.88 (0.80, 0.97) 0.83 (0.75, 0.92)  

     

Back (girls)     

Baseline mean 3.5 2.8 2.9 0.7 

Mean at end 9.1 7.5 7.2  

Ratio of change 1.00 1.00 (0.89, 1.13) 0.95 (0.83, 1.08)  

     

Face and arms (boys)     

Baseline mean 15.2 15.7 14.6 0.1 

Mean at end 25.7 23.0 21.9  

Ratio of change 1.00 0.86 (0.75, 1.00) 0.89 (0.76, 1.04)  

     

Face and arms (girls)     

Baseline mean 14.1 14.8 13.7 0.9 

Mean at end 24.5 25.1 23.3  

Ratio of change 1.00 0.98 (0.85, 1.13) 0.98 (0.85, 1.14)  

* p-value from time × study group interaction. 

† Least-squares mean naevi + 1 from mixed model with covariate value set to baseline distribution of all 

participants. All models included fixed effects for melanin density of inner arm, hair colour and sex. 

School level random effects included intercept alone (back: both sexes combined and chest); slope  

alone (back: boys); intercept, slope and covariance (all other analyses). 

‡ Figures are relative changes (with 95% confidence intervals) from baseline to end of follow-up in the 

adjusted geometric mean number of naevi + 1 in each intervention group relative to that in the control 

group. 

 

3.5.1 Summary of the results for behavioural measures 

3.5.1.1 Suntan 

At eight years of age (1997) the control group was the most tanned on both the back and 

the arms and the high intervention group the least tanned. At ten and twelve years of age 

(1999 and 2001), there was little evidence of differences between the intervention 
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groups with respect to melanin density on the back and arms (Milne, Jacoby et al. 

2006). 

 

3.5.1.2 Time spent outdoors 

At six years of age (1995), children in the control group spent slightly more time 

outdoors between 11am and 2pm than those in the two intervention groups. At eight 

years of age children in the control group spent the most time outdoors and those in the 

high intervention group had the least time outdoors; however, these differences were 

small. This association was stronger at ten years of age, but was not seen at twelve years 

of age (Milne, Jacoby et al. 2006). 

 

3.5.1.3 Protective clothing 

At six years of age, the control group had the highest proportion of children who 

covered their back all the time when they were outdoors. At eight and ten years of age, 

the two intervention groups had a greater proportion of children who had their back 

covered all the time when they were outdoors. At twelve years of age, the differences 

between the two intervention groups were small (Milne, Jacoby et al. 2006). 

 

At six years of age, the use of protective swimwear was greatest in the high intervention 

group, intermediate in the moderate group and lowest in the control group. At eight 

years of age the use of protective swimwear increased in all intervention groups with the 

greatest increase in the high intervention group. At twelve years of age, the prevalence 

of this type of swimwear had decreased in all groups; the moderate intervention group 

had the highest prevalence of use and the high intervention group had the lowest (Milne, 

Jacoby et al. 2006). 

 

3.5.1.4 Shade 

At six years of age, shade use was most prevalent in the control group. As the study 

progressed, the prevalence of shade use in the intervention groups increased and was 

highest in the high intervention group; however, these differences were small. At twelve 

years of age, the differences between the groups were small (Milne, Jacoby et al. 2006). 

 

3.5.1.5 Hats 

Differences in the use of hats between study groups were generally small over the 

course of the whole study (Milne, Jacoby et al. 2006). 
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3.5.1.6 Sunscreen 

At six and eight years of age sunscreen use for the body overall was collected while, at 

ten and twelve years of age, sunscreen use on the face, arms and back were recorded. 

Differences in sunscreen use between intervention groups were small and confidence 

intervals for the ORs  included unity except for that on the back in 2001 where the 

intervention groups had a higher level of use than the control group: ORmoderate 1.64 

(1.02, 2.62) and ORhigh 1.85 (1.02, 3.34) (Milne, Jacoby et al. 2006). 
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4 Methods for Kidskin II: Moles and Genes 

 

This chapter describes the Kidskin II  study design, the recruitment process, sample size 

calculations, collection of buccal epithelial cells, DNA extraction and genotyping of 

these samples, and statistical methods used to analyse the genotypic and phenotypic 

data. 

 

4.1 Study design 

Building upon the original Kidskin study described in Chapter 3, the Kidskin II Study 

was designed to be a population-based genetic association study investigating the 

relationship between selected melanoma susceptibility genes and the observed number 

of melanocytic naevi that developed in Kidskin study participants between the ages of 

six and twelve years, from 1995 to 2001.  

 

Association studies can use the same study designs as classical epidemiology, and are 

therefore subject to the same advantages and disadvantages as these designs (Thomas 

2004; Cordell and Clayton 2005; Clark, Shin et al. 2007). The risk associated with the 

predisposing polymorphisms can be considered in terms of multiple categories of 

disease risk associated with different alleles at a multi-allelic locus or with the three 

possible genotypes (e.g. a/a, a/A or A/A) (Cordell and Clayton 2005). However these 

designs are potentially subject to confounding from population stratification. Population 

stratification can arise if a population comprises of two or more subgroups with 

difference allele frequencies and different baseline rates of disease, potentially biasing 

the results of the investigation (Thomas 2004) . If the subgroups can be identified, and if 

the study size is large enough, this stratification can be controlled for in the study design 

or the analysis of the data (Clark, Shin et al. 2007).  

 

An alternative to using a family based case-control design, such as case-sibling or case-

parent-trio/triad, where the family members have a common gene pool overcoming 

population stratification by matching. But these family designs can be difficult to carry 

out, are potentially be less efficient than case-control studies with unrelated controls and 

are potentially more expensive than classical epidemiologic designs. 
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4.2 Sampling frame and eligibility criteria 

Children still participating in the Kidskin study in 2001 formed the sampling frame for 

this study. Eligibility criteria included enrolment into the Kidskin study in 1995 so they 

would have an opportunity to be exposed to all phases of the intervention. Participation 

was restricted to children of European ethnicity, as melanoma is primarily a disease of 

fair-skinned populations. Based on these criteria, 1,123 (69% of the original cohort) 

children were eligible to participate in the Kidskin II Study. 

 

4.3 Recruitment 

All eligible participants were mailed an invitation to participate in this study. The 

invitation consisted of an introductory letter, study information sheet and consent form. 

The information sheet provided a description of the study, its goals and details of what 

the participant’s involvement in the study entailed. The consent form requested 

permission to use the data collected in the original Kidskin study, collect a sample of the 

subject’s buccal epithelial cells for DNA extraction and genotyping, and store this 

sample for future research into the genetics of naevi and melanoma. There was also 

provision for the participant to update their contact details. A reply-paid envelope 

addressed to the investigators was supplied to facilitate the return of the consent forms. 

Children could only be enrolled into the study if the investigators received written 

consent from them and at least one of their parents or guardians. 

 

Those who did not respond to this invitation were sent a reminder letter, and up to two 

telephone calls were made seeking an expression of interest in the study. If an 

expression of interest was given but the invitation had been misplaced, a replacement 

invitation was sent to the respondent. 

 

Seven per cent of those invited to participate had changed address since their last 

contact in 2001. An attempt was made to find their new address by approaching an 

alternative contact that had been supplied by the subject’s parents during the Kidskin 

study, or by searching for the subject’s parents in the Western Australian electoral roll. 

When new contact details were obtained, an invitation letter was sent to the new 

address. 
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Figure 4.1 Recruitment flow chart 

 

4.4 Variables of interest 

The explanatory variables included the subjects’ Kidskin intervention group, sex, 

parental education, hair and eye colour, the participants’ tendency to sunburn, ability to 

tan, inner arm (an unexposed site) skin reflectance measured by spectrophotometer in 

the winter of 1995 at the age of six years, ambient UV exposure prior to 1995, 

protection-adjusted sun-exposure indices over the 1994/5, 1996/7, 1998/9 and 2000/1 

summers, body surface area, severity of worst sunburn, ancestry, and genotype. As 

previously explained, each of these explanatory variables, other than genotype, were 

collected during the original Kidskin study 

 

The principal outcomes in the Kidskin II Study were the number of brown or black 

melanocytic naevi on the back counted from photographic slides taken at six, ten and 

twelve years of age; and changes in naevus counts on the back between six and twelve 

years of age. Secondary outcomes were naevus counts on the arms and face of the 

participants recorded by trained observers at six, ten and twelve years of age (section 

3.3.1, page 89). 
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The Kidskin intervention group was included in the analyses, as the intervention was 

intended to influence sun-exposure, naevus counts and other outcomes that may be 

affected by sun-exposure such as suntan (skin reflectance or melanin density) and 

sunburns. The intervention was found to have a modest effect on naevus counts (section 

3.5, page 99) (Milne 2001).  

 

Sex was included in the analyses because sun protection behaviours were found to vary 

by sex in the original Kidskin study. Compared to boys, girls had a greater reduction in 

the prevalence of covering the back; generally, a greater percentage of girls than boys 

used shade; girls had a much lower prevalence of hat use; girls tended to use sunscreen 

more often; and in 1999 girls had a much lower prevalence of protective swimwear use 

than that of boys. Naevus counts also varied somewhat by sex, as was observed in the 

original Kidskin study (section 3.5, page 99) (Milne 2001). 

 

Parental education level can be associated with implementing and maintaining health 

messages. It was included in these analyses as its distribution varied by intervention 

group (section 3.4.6, page 98) (Milne 2001).   

   

Hair and eye colour (section 3.4.1, page 97) were included in the analyses as they have 

been associated with naevus. Individuals with blue or green eyes have been found to be 

at increased risk of melanoma, although this effect is generally negligible after 

adjustment for other pigmentary traits. Those with red or blonde hair have been found to 

be at higher risk of developing melanoma (Lock-Andersen, Drzewiecki et al. 1999; 

Veierød, Weiderpass et al. 2003; Nijsten, Leys et al. 2005; Titus-Ernstoff, Perry et al. 

2005). 

 

Sensitivity of the skin to sun-exposure was assessed using parent-reported tendency to 

sunburn and ability to tan (section 3.4.7, page 99). These two measures are considered 

to be particularly important as they have been strongly associated with melanoma risk 

(Milne 2001; Elwood, Aitken et al. 2003; Berwick and Wiggins 2006).  

 

Individuals with pale skin tend to sunburn and are at greater risk of developing 

melanoma (Armstrong and Kricker 2001; Tucker and Goldstein 2003). Skin reflectance 

on an unexposed site measured by spectrophotometer provides an objective measure of 
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each participant’s underlying or ‘constitutional’ skin colour (section 3.3.2, page 92) 

(Armstrong and Kricker 2001; Elwood, Aitken et al. 2003; Tucker and Goldstein 2003). 

 

It is generally accepted that sun-exposure is a causative factor in the development of 

naevi appearing in childhood. Ultraviolet B (UV-B) radiation is the component of 

sunlight that causes sunburn (erythema) and is likely to be the component involved in 

naevus and melanoma development (English, Milne et al. 2006).  

 

Most (77%) of the participants of the Kidskin study had lived in Perth, Western 

Australia, their whole life, 8% had lived in areas that had received higher levels of 

ambient UVR than Perth and 14% in areas that received lower levels of ambient UVR. 

At six, children who had received the highest levels of UVR had about 1.34 (1.13, 1.49) 

times as many naevi on the back as those who had lived their whole life in Perth, and 

1.29 (1.13, 1.49) as many naevi at ten years of age; however, by twelve years of age this 

difference had decreased to 1.10 (0.92, 1.30) as many naevi. In contrast, children who 

received lower levels of ambient UVR than those who lived their whole life in Perth 

regardless of age had no fewer naevi than those in the Perth group (English et al., 2006).  

 

Exposure to solar UVR is the primary environmental risk factor for naevus and 

melanoma development (Marks 2000). Information provided in the four Kidskin 

questionnaires about the 1994/5, 1996/7 1998/9 and 2000/1 summers was used to 

calculate a composite index of sun-exposure for each child, where the total time that 

they spent outdoors were adjusted according to their use of sun protection measures on 

particular body sites (section 3.3.4, page 93). 

 

Body surface area was included as a potential covariate in order to adjust for the 

participants’ naevus counts for their body size (section 3.4.4, page 98). 

 

Severity of worst sunburn (section 3.3.5, page 97) was included in the analyses because 

of the intermittent exposure hypothesis (see section 2.3.1.1, page 19). It has been 

observed that melanoma risk appears to be higher among those who have a history of 

sunburn (Whiteman, Whiteman et al. 2001). 
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4.5 Genotype 

A total of 13 SNPs from the melanocortin-1 receptor, tumour protein p53, CDKN2BAS 

and from the vicinity of CDKN2A and CDKN2B (from the chromosomal region 

9p21.3) genes were genotyped in this study (Table 4.1). As described in section 2.7 

(page 84), these SNPs were selected for their association with melanoma development 

or naevus counts. The SNP from TP53 because of its association with melanoma 

development (Murphy 2006); the six SNPs from MC1R because of their association 

with the red hair/pale skin phenotype and increase in risk of melanoma development 

(Wong and Rees 2005); and SNPs from the chromosomal region 9p21.3 because of their 

location under linkage peaks of two GWAS of naevus counts or densities that were 

published prior to the genotyping of the samples in this study (Falchi, Spector et al. 

2006; Zhu, Montgomery et al. 2006). 

 
Table 4.1 Genes and single nucleotide polymorphisms investigated in the Kidskin II 

Study 

Gene  Location RS number Chromosome Alleles 
Amino acid 

 change 

      

 TP53         17p13.1 rs1042522 ch17:7520197 C/G P72R 

      

 MC1R  16q24.3 rs1805006 ch16:88513419 A/C D84E 

   rs11547464 ch16:88513592 A/G R142E 

   rs1805007 ch16:88513618 C/T R151C 

   rs1805009 ch16:88514047 C/G D294H 

   rs2228479 ch16:88513441 A/G V92M 

   rs885479 ch16:8851655 A/G R163Q 

      

 CDKN2BAS        9p21.3 rs944800 ch9:22040898 A/G - 

   rs2383207 ch9:22105959 A/G - 

      

 Chr 9p21.3
a,b

  9p21.3 rs10811661 ch9:22124094 C/T - 

   rs564398 ch9:22019547 C/T - 

                    rs2383208 ch9:22122076 A/G - 

                    rs1333049 ch9:22115503 C/G - 

a. Associated with type II diabetes and cardiovascular disease. 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

4.6 DNA sample collection 

A DNA collection package was prepared and mailed to each consenting participant by 

the author. The package included an Oragene DNA self collection kit with instructions, 

packaging materials and a prepaid courier label for its return. 
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Collection of DNA using the Oragene kit required the participant to expectorate 

approximately two millilitres of saliva into the vial which is then sealed and packed in 

the materials provided, and returned by courier to the laboratory. In 2% of the returned 

kits, the seals had failed, resulting in a potentially contaminated sample. Where this 

occurred, the participant was recontacted and asked to provide a replacement sample. 

 

4.7 DNA preparation 

DNA extraction and sample preparation was carried out by the PathWest Molecular 

Genetics Service, Perth WA. DNA was extracted from the samples in the Oragene kits 

following the manufacturers’ directions. DNA was quantitated using a ND-1000 

Nanodrop Spectrophotometer to ensure that sufficient quantities of DNA were present 

in the samples. DNA samples greater than 20 ng/μL concentration were diluted to 

approximately 2 ng/μL using a PerkinElmer Multiprobe II pipetting robot. Two 

microlitres of each sample were allocated to each well of a 384 well plate of a Beckman 

Coulter biomek FX machine, resulting in 4 ng of the DNA sample in each well. Plates 

were left to dry at room temperature overnight prior to use. 

 

4.7.1 Genotyping 

The DNA samples were also genotyped by the PathWest Molecular Genetics Service. 

Polymorphisms were genotyped using TaqMan SNP genotyping assays purchased from 

Applied Biosystems Incorporated (ABI), Australia. The TaqMan SNP genotyping assay 

combines polymerase chain reaction (PCR) amplification and allele detection into a 

single step, by including fluorogenic allele-specific probes in a typical PCR reaction. 

 

Table 4.2 Master recipe mix for a 3 μL TaqMan assay 
Master mix 

components  

Quantity in a single 

reaction (μL) 

  

Buffer                      0.3 

MgCl2                  0.42 

dNTP                        0.024 

TaqMan probe                0.075 

Taq polymerase              0.036 

Water                       2.145 

  

Total                       3.0 
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All TaqMan SNP genotyping assay mixes were designed and manufactured by ABI, 

Australia. Each assay mix contained two sequence-specific primers (forward and 

reverse), two allele-specific TaqMan probes, deoxyribonucleotide triphosphate (dNTP), 

magnesium chloride (MgCl2), Taq polymerase and reaction buffer. The master mix 

recipe for a 3 μL reaction mix per well is presented in Table 4.2.  

 

PCR amplification proceeded using the following thermal cycling conditions: 

 

1. Incubation at 50
o
C for 2 minutes, 

2. Taq polymerase activation at 95
o
C for 10 minutes, 

3. Denaturation at 95
o
C for 15 seconds, 

4. Annealing/extension at 60
o
C for 1 minute. 

 

Steps 3 and 4 of the PCR cycle were repeated 40 times or until optimised. 

 

Upon completion of the PCR, fluorescence levels were measured using Tecan EasySNP 

E2.0 (Tecan Australia Ges.m.b.H 2001). Fluorescence plots at 10-cycle intervals were 

examined to allow for optimal clarity and assignment of genotypes. 

 

For quality control, a DNA control sample was sequenced for each genotype in each 

TaqMan SNP genotyping assay. If the control samples failed to be genotyped correctly, 

the assay was repeated. Additionally, genotyping was repeated on 10% of the samples 

and the assay was rejected if more than 2% of the results differed. All laboratory 

personnel were blinded to sample identity and the hypotheses being investigated.  

 

4.8 Statistical power calculations 

In total, 525 (47% of those invited to participate) eligible subjects were recruited into 

this study, and 443 (84% of these) returned a DNA sample that could be genotyped. The 

following statistical power calculations were based on number of genotyped samples. 

For simplicity, all power calculations were made assuming a single factor or predictor 

variable and a single result or outcome variable.  

 

Figure 4.4, Figure 4.2 and Figure 4.3 present the power to detect a difference of one to 

ten naevi for a continuous trait between two study groups, or longitudinally within a 
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group for a range of allele frequencies under recessive dominant and additive modes of 

inheritance. All calculations assume a type I error of 5% and a standard deviation of 9.4 

naevi (the standard deviation in naevus counts of Kidskin subjects at twelve years of age 

in 2001).  

 

With a sample size of 443 subjects, this study has at least 97% power to detect a 

difference in naevus counts of four or more naevi for SNPs with allele frequencies of 

5% or greater, acting under a dominant mode of inheritance (Figure 4.2). Using an 

additive mode of inheritance, this study had a least 98% power to detect a difference of 

four or more naevi for SNPs with a minor allele frequency (MAF) of 5% or more 

(Figure 4.3). If the SNP has a recessive mode of inheritance, this study had at least 25% 

power to detect a difference of four or more naevi for SNPs with an allele frequency of 

10% or greater (Figure 4.4). These power calculations suggest that the analysis of the 

genotyped SNPs will be able to detect the effect of dominant SNPs or common 

recessive SNPs associated with relatively modest effects on outcomes. Power 

calculations for gene-environment interactions are complex due to the number of 

assumptions that are necessary and were therefore not attempted. 

 

 

Figure 4.2 Statistical power calculations to detect a difference between 1 to 10 naevi for a 

range of allele frequencies, assuming a type I error rate of 5%, a sample size 

of 443 and a dominant SNP model 
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Figure 4.3 Statistical power calculations to detect a difference between 1 to 10 naevi for a 

range of allele frequencies, assuming a type I error rate of 5%, a sample size 

of 443 and an additive SNP model 

 

 

Figure 4.4 Statistical power calculations to detect a difference between 1 to 10 naevi for a 

range of allele frequencies, assuming a type I error rate of 5%, a sample size 

of 443 and a recessive SNP model  
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longitudinal explanatory and outcome data. Further, the power calculations are based on 

the highest level of variation in naevus counts (at twelve years of age) observed among 

the participants. 

 

4.9 Statistical methods 

The principal outcome of this study was the naevus count on the back of the participants 

analysed both cross-sectionally and longitudinally. Secondary outcomes were naevus 

counts on the face and arms in cross-sectional analyses only. A type I error of 5% was 

used in the analyses. SNP genotypes were coded as categorical variables (‘0’ as the 

most common homozygote; ‘1’ as the heterozygote; ‘2’ as the least common 

homozygote) under recessive, dominant or additive modes of inheritance. Unless 

otherwise stated, all confidence intervals are evaluated at 95% and are represented in 

this text by a range enclosed in parentheses. 

 

4.9.1 Descriptive analyses 

Standard descriptive statistics for the participants’ phenotypes and sun-exposure history 

were extracted from the data. Participants in the Kidskin II study were compared to 

corresponding statistics for all Kidskin participants who provided data in 2001 and for 

all children were recruited to the Kidskin study in 1995, in order to assess how 

representative the Kidskin II sample was of the original cohort. Fisher’s exact test was 

used to test for differences in categorical phenotypic variables between study groups. 

One-way ANOVA tests were used in the comparisons of adjusted means of non-

categorical variables between the Kidskin II sample and the Kidskin baseline and 2001 

groups. These analyses were completed using the ‘FREQ’ and ‘GLM’ procedures from 

the Statistical Analysis System (SAS) v9.1.3 software package respectively. The False 

Discovery Rate (FDR) methodology was used in both sets of tests to correct the p-

values for multiple testing using the ‘qvalue’ package in the R statistical package 

(Storey 2002; Dabney, Storey et al. 2009). The corrected p-values are labelled as ‘q-

values’ and have been included in results tables.  

 

Descriptive statistics for SNP genotypes included allele and genotype frequencies. Tests 

for Hardy-Weinberg equilibrium (HWE) were made at each SNP locus on a 

contingency table of observed, versus predicted, genotype frequencies using a 
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permutation method to obtain an empirical estimate of the HWE p-value using the JLIN 

v1.0 software package (Carter, McCaskie et al. 2006). 

 

Descriptive statistics of the participants’ phenotypes and sun-exposure histories by SNP 

genotype were also examined. Fisher’s exact test was used to test for differences in 

categorical phenotype variables between SNP genotypes, and one-way ANOVA tests 

were used to compare adjusted means of continuous variables between SNP genotypes. 

These analyses were completed using the ‘FREQ’ and ‘GLM’ procedures from the SAS 

v9.1.3 software package respectively. The p-values of tests were also adjusted for 

multiple testing using the FDR methodology.   

 

4.9.2 SNP-SNP linkage disequilibrium analyses 

Linkage disequilibrium (LD) between each pair of SNP loci was analysed using a 

likelihood-ratio test. Lewontin’s Disequilibrium Coefficient D’ was estimated from 

imputed haplotype frequencies using the JLIN v1.0 software package (Carter, McCaskie 

et al. 2006).  

 

4.9.3 SNP-phenotype association analyses 

The SimHap ver1.0.0 package in the R statistical software package was used to perform 

the SNP-phenotype association analyses. Cross-sectional analyses of naevus counts on 

the face, arms and back at six, ten and twelve years of age were carried out by fitting 

generalised linear models (GLM) (McCaskie 2007; Carter, McCaskie et al. 2008). The 

longitudinal analysis of naevus counts on the back between six and twelve years of age 

was conducted using a linear mixed effects model (LME) approach (Woodward 2005). 

This allowed modelling the effects of multiple covariates, while taking into account 

correlations between repeated unequally spaced measures and varying numbers of 

observations for each participant. Both the cross-sectional and longitudinal analyses 

included testing for SNP-SNP and SNP-environmental interactions. The naevus count 

analyses were based on single SNP and additive SNP interaction and multivariate 

regression analyses.  

 

As the naevus counts on the back were made from a review of photographic slides 

projected side by side, the results from these counts were consistent across time points, 
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allowing both cross-sectional and longitudinal analyses (Milne, Johnston et al. 2002). 

For reasons explained in section 3.3.1 (page 89) cross-sectional analyses of naevus 

counts on the face and arms at six, ten and twelve years of age were also carried out. 

 

An appropriate multivariate epidemiological model of phenotypic and sun-exposure 

variables was constructed for the longitudinal and each cross-sectional analysis. Each 

body site had a specific protection-adjusted sun-exposure measure, and the individually 

constructed models also allowed for the potential cumulative effect of sun-exposure and 

sunburn history over the course of the Kidskin study.  

 

Variables considered for possible inclusion in these models were: Kidskin intervention 

group, sex, a sex by intervention group interaction, parental education, parent-reported 

tendency to sunburn and ability to tan, eye and hair colour, southern European ethnicity, 

inner upper arm skin reflectance (‘constitutional’ skin colour), UV irradiance prior to 

six years of age, protection-adjusted sun-exposure and sunburns up to and including the 

summer prior to the naevus count being modelled and body surface of the site of the 

naevus counts at the time the counts were made.  

 

The longitudinal analyses also included the age (i.e. time) of the participants at each of 

the three time points, an interaction between age and protection-adjusted sun-exposure, 

and an interaction between age and body surface area of the site of the naevus counts. 

 

A systematic stepwise procedure was used to construct the epidemiological models, 

removing variables from the model that had the highest p-value greater than 0.05. 

Because of their effect on naevus counts in the Kidskin study, sex, intervention group 

and their interaction, were returned to the model if they were removed in the model 

building process. 

 

The SNPs were initially added to the epidemiological models individually as a 

categorical variable with three levels; one level for each genotype of the SNP: major 

allele homozygote (used as the baseline value), heterozygote and minor allele 

homozygote. The pattern of the coefficients of each SNP’s genotypes was then assessed 

to determine whether a dominant, recessive or additive mode of inheritance would be 

most appropriate. 
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Single SNP associations, interactions between the SNPs and sex, Kidskin intervention 

group and protection-adjusted sun-exposure were included in the epidemiological 

models. Interactions between the SNPs were also investigated in the exploratory 

analyses. The results of these analyses were used to guide the selection of variables to 

be included in the multivariate model of each cross-sectional and longitudinal analysis.  

 

The initial multivariate models of naevus count included the epidemiological model and 

single SNP and SNP-phenotype and SNP-SNP interaction results that had p-values of 

0.05 or smaller. A systematic stepwise procedure was used, removing variables from the 

model that had the largest p-value greater than 0.05.  Again, because of their effect on 

naevus counts in the Kidskin study, sex, intervention group and their interaction were 

returned to the model if they were removed in the model building process. 

 

4.10 Ethical considerations 

Ethical approval for this study was granted by the University of Western Australia 

(UWA) Human Research Ethics Committee. At the time of enrolment, prospective 

participants were informed that their participation was voluntary, and that they may 

withdraw from the study at any time. If they chose to withdraw, they were asked if they 

wished to have their sample, any information derived from the sample and any other 

data relating to them used in the study or destroyed. 

 

Two aspects of this research were addressed by following the guidelines published by 

the National Health and Medical Research Council (NHMRC) (National Health and 

Medical Research Council 1999) research involving children and young people and 

human genetics research. 

 

4.10.1 Research involving children and young people 

This study was an extension of the original Kidskin study making use of the data 

collected by that study to investigate how genes and their interaction with 

environmental factors contribute to the occurrence of naevi in children. When the 

members of the Kidskin study were invited to take part in the Kidskin II Study, they 

were between 16 and 17 years of age. In Australia a person is legally a minor until they 

reach the age of 18 years, so parental consent was required before the participant could 
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be enrolled in this study. Accordingly, a subject was only enrolled if both they and their 

parents gave their consent. 

 

4.10.2 Human genetics research 

Current evidence suggests that naevus and melanoma development are due to the 

complex interaction of environmental exposures, and multiple genetic factors. This 

study was designed to investigate the association between naevus counts and selected 

SNPs from a selection of candidate genes associated with melanoma risk, in conjunction 

with sun-exposure and other covariates. A subset of SNPs from a subset of known 

melanoma susceptibility genes was genotyped in this study. It has not been established 

whether these alleles are necessary or sufficient for the development of naevi or 

melanoma, and a single research project cannot confirm this (Grizzle, Grody et al. 

1999). Therefore participants were not informed of their genotype, but, as indicated on 

the consent form, an overall summary of the study results would be made available on 

request.  

  

Another concern relating to human genetics research is maintaining the privacy of the 

participants and the confidentiality of the data and samples related to them. If either is 

broken, the participant faces the possibility of stigmatisation and discrimination, which 

may put them at risk of being deprived of benefits that are available to other members of 

the community. A range of security measures were implemented to protect the data and 

biological samples used in this study. All data used in this study were stored in 

password protected files and databases on a secure computer network within the 

Western Australian Institute for Medical Research (WAIMR) using The Western 

Australian Genetic Epidemiology Resource (WAGER) (http://www.wager.org.au) . The 

data used in the analyses had the identifying information relating to the study participant 

removed and replaced with a unique participant identification number. A separate 

database containing identifying information was kept for correspondence with the 

participants. This database was also password protected and could only be accessed by 

those responsible for maintaining them. There was no direct connection between the 

databases used in this study.  

 

The data relating to this study will be stored for a minimum of five years, as per 

NHMRC guidelines (http://www.nhmrc.gov.au/grants/policy/researchprac.htm; item 

http://www.wager.org.au/
http://www.nhmrc.gov.au/grants/policy/researchprac.htm
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2.3), using the WAGER system. However, no specific time limit for retaining the data 

and biological samples was specified on the consent form and permission was given for 

“the participant’s DNA being tested for genetic changes that are now, or in the future 

known or suspected to be associated with moles or melanoma.” This allows future 

research of the genetic epidemiology of naevi or melanoma to be conducted.  

 

The biological samples were only labelled with a sample identification number, distinct 

from the subject’s identification number. The samples were split and the sub-samples 

stored at two independent sites to reduce the chance of physical loss from events such as 

a fire or freezer failure. They were stored at -80
o
C in locked freezers, in rooms with 

swipe card access at Sir Charles Gairdner and Royal Perth Hospitals. 

 

All information and samples will remain confidential and will not be revealed to any 

third party or used for any other purpose than this study without the express written 

permission of the chief investigators of the original Kidskin study and the participant, 

except as required by law. 
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5 Results 

5.1 Participant response 

Of the 1,123 participants of the original Kidskin study approached, 525 (46.7%) gave 

their consent and 458 (40.8%) returned the DNA collection kit. Of those invited to 

participate, 443 (39.4%) were genotyped. Twenty one of the 525 (4.0%) kits that were 

sent out were returned either sealed incorrectly, were damaged or developed a leak in 

transit. Six of these 21 participants provided a replacement sample. Nearly a third 

(31.9%, n = 358), of those who were invited to participate did not respond or were 

otherwise lost to follow up, 220 (19.6%) refused to participate and 22 (2.0%), withdrew 

from the study after giving their consent. 

 

 

Figure 5.1 Response to recruitment and sample collection 

 

5.2 Phenotypic and demographic characteristics in relation to the 

original Kidskin study 

The distribution of key variables in the current Kidskin II Study were similar to those 

recruited to the original Kidskin study in 1995 (hereafter referred to as the ‘Kidskin 

Baseline group’) and the participants who provided data in 2001 (hereafter referred to as  
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Table 5.1 Comparison of the distributions of characteristic variables in the Kidskin 

Baseline group, the Kidskin 2001 group and the Kidskin II sample 

Variable 
Kidskin 

Baseline Group 

Kidskin 2001 

Group 

Kidskin II 

Sample 

p-

value 
q-value 

  
      

    

  n = 1,623 n = 1,123 n = 443     

Intervention Group 

Control 748 46.1 491 43.6 168 37.9 0.037 0.15 

Moderate 472 29.1 356 31.6 151 34.1 
  

High 403 24.8 279 24.8 124 28.0 
  

  
        

Sex 
        

Female 770 47.4 554 49.2 233 52.6 0.15 0.30 

Male 853 52.6 572 50.8 210 47.4 
  

  
        

Hair Colour 
        

Dark brown/black 576 35.7 395 35.1 159 35.9 0.99 0.99 

Light brown 536 33.2 381 33.8 150 33.9     

Blonde/fair 450 27.9 319 28.3 121 27.3     

Red/auburn 51 3.2 31 2.8 13 2.9     

  
      

    

Eye Colour 

Brown 349 21.7 242 21.5 93 21.0 0.75 0.99 

Blue 856 53.1 605 53.7 253 57.1     

Hazel 381 23.6 261 23.2 93 21.0     

Green 26 1.6 18 1.6 4 0.9     

  
      

    

Tendency to Sunburn 

Doesn't burn at all 79 4.9 42 3.7 12 2.7 0.15 0.30 

Mild burn 643 39.8 430 38.3 158 35.8     

Painful burn 694 43.0 511 45.5 217 49.1     

Severe burn with 

blisters 
200 12.4 139 12.4 55 12.4     

  
      

    

Ability to Tan 
      

    

No tan at all 45 2.8 25 2.2 8 1.8 0.66 0.99 

Light tan 331 20.5 241 21.5 99 22.4     

Moderate tan 680 42.1 468 41.7 196 44.3     

Very tanned 561 34.7 389 34.6 139 31.5     

  
      

    

Southern European Ethnicity 

No 1,482 91.3 1,026 91.1 403 91.0 0.97 0.99 

Yes 141 8.7 100 8.9 40 9.0     

  
      

    

Parental Education 

Non-tertiary 1,019 63.5 691 61.9 244 55.2 0.0068 0.054 

Tertiary 587 36.6 426 38.1 198 44.8     

 

the ‘Kidskin 2001 group’) (Table 5.1). The Kidskin II Study had a larger proportion of 

participants from the moderate and high intervention groups than did the Kidskin 

Baseline or Kidskin 2001 groups. The current study also had a larger proportion of 

parents with a tertiary education. There were also a slightly higher proportion of female 
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participants, participants with blue eyes and those with a tendency to sunburn (Table 

5.1). However, after adjusting for multiple testing, some of these differences were found 

to be likely due to chance. 

 

Table 5.2 Comparison of adjusted means of sun-exposure measures in the Kidskin 

Baseline group, the Kidskin 2001 group and the Kidskin II sample 

Variable 
Kidskin 

Baseline Group 
Kidskin 2001 

Group 

Kidskin II 

Sample 

    

 n = 1,623 n = 1,123 n = 443 

    

UV irradiance, prior to the age of six 

 4.10 (4.07, 4.14) 4.10 (4.06, 4.13) 4.12 (4.06, 4.18) 

    

Protection-adjusted sun-exposure 

Whole body, 1994/5a 27.1 (25.1, 29.1) 27.1 (24.9, 29.2) 27.4 (24.6, 30.2) 

Face, 1994/5 a 27.6 (25.5, 29.7) 27.6 (25.3, 29.9) 27.9 (24.9, 30.8) 

Arm, 1994/5 a 38.9 (36.1, 41.6) 38.8 (35.9, 41.8) 39.2 (35.4, 43.1) 

Back, 1994/5 a 5.0 (4.1, 6.0) 5.0 (4.0, 6.1) 5.0 (3.6, 6.4) 

    
Whole body, 1996/7 b NRB 11.0 (9.3, 12.7) 10.6 (8.6, 12.5) 

Face, 1996/7 b NRB 17.9 (15.3, 20.5) 17.3 (14.2, 20.3) 

Arm, 1996/7 b NRB 23.2 (19.8, 26.6) 22.6 (18.6, 26.5) 

Back, 1996/7 b NRB 3.5 (2.6, 4.5) 3.5 (2.4, 4.6) 

    
Whole body, 1998/9 b NRB 12.7 (10.7, 14.6) 12.7 (10.4, 15.0) 

Face, 1998/9 b NRB 16.7 (14.2, 19.3) 16.9 (13.9, 19.8) 

Arm, 1998/9 b NRB 29.1 (24.9, 33.3) 29.2 (24.3, 34.1) 

Back, 1998/9 b NRB 4.2 (3.0, 5.4) 4.1 (2.7, 5.5) 

    
Whole body, 2000/1b NRB 22.7 (19.3, 26.1) 21.5 (17.5, 25.5) 

Face, 2000/1b NRB 28.7 (24.6, 32.8) 27.1 (22.3, 31.9) 

Arm, 2000/1b NRB 45.0 (39.0, 50.9)  42.6 (35.6, 49.7) 

Back, 2000/1b NRB 10.6 (7.8, 13.5) 10.1 (6.8, 13.4) 

    

Skin reflectance,  winter 1995 

Inner upper arm c 43.3 (41.8, 44.8) 43.3 (41.8, 44.8) 43.5 (42.0, 45.0) 

    

Sun tan 

Skin reflectance 

Forearm, summer 1997 c NRB 25.1 (24.5, 25.8) 25.3 (24.6, 26.0) 

Back, summer 1997 c NRB 38.6 (37.4, 39.8) 38.9 (37.6, 40.2) 

    
Melanin density 

Forearm, summer 1999 c NRB 3.9 (3.8, 3.9) 3.8 (3.8, 3.9) 

Back, summer 1999 c NRB 3.3 (3.1, 3.4) 3.2 (3.1, 3.4) 

    
Forearm, summer 2001 c NRB 3.8 (3.8, 3.9) 3.8 (3.8, 3.9) 

Back, summer 2001 c NRB 3.5 (3.3, 3.6) 3.4 (3.3, 3.5) 

a. Adjusted for sex, tendency to sunburn, southern European ethnicity and parental education 

b. Adjusted for sex, tendency to sunburn, southern European ethnicity, parental education and sun-exposure to the 

body site from the immediately prior questionnaire. 

c. Adjusted for sex, tendency to sunburn, ability to tan, southern European ethnicity, parental education, observer, 

time of observation, UV irradiance, sun-exposure immediately prior to measurement and spectrophotometer.  
NRB Not recorded at baseline. 
 

 

The distributions of participants’ sun-exposure measures are presented in  
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the ‘Kidskin 2001 group’) (Table 5.1). The Kidskin II Study had a larger proportion of 

participants from the moderate and high intervention groups than did the Kidskin 

Baseline or Kidskin 2001 groups. The current study also had a larger proportion of 

parents with a tertiary education. There were also a slightly higher proportion of female 

participants, participants with blue eyes and those with a tendency to sunburn (Table 

5.1). However, after adjusting for multiple testing, some of these differences were found 

to be likely due to chance. 

 

Table 5.2, comparing them with those of the Kidskin Baseline and Kidskin 2001 

groups. For the most part, the distributions of the sun-exposure measures in the Kidskin 

II Study were similar to those collected in the Kidskin Baseline and Kidskin 2001 

groups. However, the participants in this study tended to have slightly higher levels of 

protection-adjusted sun-exposure to all body sites over the 1994/5 summer and to the 

back over the 2000/1 summer than the Kidskin Baseline and Kidskin 2001 groups. 

Participants in the Kidskin II Study also tended to have lower levels of sun-exposure to 

all body sites over the 1996/7 summer and the face and arms over the 2000/1 summer 

than the Kidskin 2001 group. Confidence intervals tended to be wider than those for the 

Kidskin Baseline and Kidskin 2001 study groups, reflecting the smaller number of 

participants in the current sample (Table 5.2). 

 

Table 5.3 presents the distributions of participants’ worst sunburn severity to the whole 

body and selected body sites over the 1996/7, 1998/9 and 2000/1 summers. The mean 

maximum sunburn severity in the current study tended to be the equal to or less than the 

matching values in the Kidskin 2001 group. Confidence intervals tended to be similar or 

slightly wider than those in the Kidskin 2001 group.  
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Table 5.3 Comparison of adjusted means of severity of worst sunburn in the Kidskin 

Baseline group, the Kidskin 2001 group and the Kidskin II sample 

Variable 
Kidskin 

Baseline group 
Kidskin 2001 

group 

Kidskin II 

sample 

    

 n = 1,623 n = 1,123 n = 443 

    

Severity of worst sunburn a 

Whole body , 1997 NRB 1.5 (1.4, 1.5) 1.5 (1.4, 1.6) 

    

Back, 1998/9  NRB 1.2 (1.2, 1.3) 1.2 (1.1, 1.3) 

Face, 1998/9 NRB 1.4 (1.3, 1.5) 1.5 (1.4, 1.6) 

Arms, 1998/9 NRB 1.2 (1.1, 1.3) 1.2 (1.1, 1.3) 

    

Back, 2000/1 NRB 1.3 (1.2, 1.4) 1.3 (1.2, 1.4) 

Face, 2000/1 NRB 1.5 (1.4, 1.6) 1.6 (1.4, 1.7) 

Arms, 2000/1 NRB 1.1 (1.0, 1.2) 1.2 (1.1, 1.3) 

a. Adjusted for sex, tendency to sunburn, ability to tan, southern European ethnicity and parental education.  

NRB Not recorded at baseline. 
 

The degree of freckling among the participants in this study was similar to that in the 

Kidskin Baseline and Kidskin 2001 groups. Again, the confidence intervals in the data 

of the Kidskin II Study were wider than matching intervals from the two other groups 

(Table 5.4).    

Table 5.4 Comparison of adjusted means of freckling in the Kidskin Baseline group, the 

Kidskin 2001 group and the Kidskin II sample 

Variable 
Kidskin 

Baseline group 
Kidskin 2001 

group 

Kidskin II 

sample 

    

 n = 1,623 n = 1,123 n = 443 

    

Freckle rating a 

Face, 1995 2.4 (2.1, 2.7) 2.4 (2.1, 2.7) 2.4 (2.1, 2.7) 

Arms, 1995 1.1 (0.8, 1.3) 1.1 (0.8, 1.3) 1.1 (0.9, 1.4) 

Shoulders, 1995 0.1 (0.0,0.2) 0.1 (0.0, 0.2) 0.1 (0.0, 0.2) 

    
Face, 1999 NRB 3.9 (3.7, 4.1) 4.0 (3.7, 4.2) 

Arms, 1999 NRB 2.3 (2.1, 2.5) 2.4 (2.2, 2.6) 

Shoulders, 1999 NRB 0.6 (0.5, 0.7) 0.5 (0.4, 0.7) 

    
Face, 2001 NRB 3.7 (3.6, 3.9) 3.7 (3.5, 4.0) 

Arms, 2001 NRB 2.6 (2.4, 2.8) 2.7 (2.5, 3.0) 

Shoulders, 2001 NRB 1.1 (0.9, 1.2) 1.0 (0.8, 1.2) 

a. Adjusted by observer and month of observation.  
NRB Not recorded at baseline. 

 

Adjusted means of naevus counts increased over the course of the Kidskin intervention 

study for the Kidskin Baseline group, Kidskin 2001 group and Kidskin II sample for are 

presented in Table 5.5. Generally the naevus counts collected in 1995, 1999 and 2001 

among the current study participants were very similar to those in the Kidskin Baseline 

and Kidskin 2001 groups.  
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Table 5.5 Comparison of adjusted means of naevus counts in the original Kidskin study 

at baseline (1995), at the end of the study (2001) and for the Kidskin II sample 

Variable 
Kidskin 

Baseline group 
Kidskin 2001 

group 

Kidskin II 

sample 

    

 n = 1,623 n = 1,123 n = 443 

    

Naevus counts 

Face, 1995a 4.8 (4.4, 5.2) 4.8 (4.4, 5.2) 4.8 (4.4, 5.3) 

Arms, 1995a 9.9 (9.2, 10.8) 10.1 (9.2, 10.9) 10.3 (9.4, 11.4) 

Chest, 1995a, c 3.1 (3.0, 3.3) 3.1 (3.0, 3.3) 3.2 (2.7, 3.3) 

Back, 1995a 3.7 (3.6, 3.8) 3.7 (3.5, 3.8) 3.7 (3.5, 4.0) 

    
Face, 1999b NRB 5.3 (4.3, 6.4) 5.3 (4.3, 6.5) 

Arms, 1999b NRB 15.9 (13.3, 19.0) 15.7 (13.1, 18.8) 

Chest, 1999b, c NRB 5.6 (4.7, 6.6) 5.5 (4.6, 6.6) 

Back, 1999b NRB 7.8 (6.8, 9.0) 7.7 (6.6, 8.8) 

    
Face, 2001b NRB 6.6 (5.4, 8.0) 6.6 (5.5, 8.1) 

Arms, 2001b NRB 14.2 (12.1, 16.7) 14.4 (12.3, 17.0) 

Chest, 2001b, c NRB 8.7 (7.8, 9.7) 8.7 (7.8, 9.8) 

Back, 2001b NRB 9.7 (8.8, 10.7) 9.8 (8.9, 10.8) 

a. Adjusted by month of observation and observer for the face and arms. 

b. Adjusted by sex, hair colour, tendency to burn, southern European ethnicity, parental education, month of 

observation, UV irradiance, adjusted sun-exposure to the back in the summer of the year of observation, log of 

the naevus counts from the previous observation (1995 and 2001), and baseline inner arm reflectance. Not 

recorded at baseline. 

c. Chest naevus counts are from the male participants only. 

NRB Not recorded at baseline. 

In summary, the distribution of phenotypic, demographic and sun-exposure information 

in sample of the current study are generally very similar to the matching distributions in 

the Kidskin Baseline and 2001 groups, and by extension, the section of the Western 

Australian population from which the original Kidskin study sample was recruited . 

 

5.3 DNA sample quality and genotyping success 

Overall, the quality and quantity of the DNA that was extracted was excellent with a 

mean optical ratio of 1.77 and a mean DNA concentration of 203.2 ng per L. For 

97.3% of the participants’ samples, genotyping was successful across all 13 SNPs 

investigated. Individual genotyping success ranged from 91.9% for rs11547464 to 

99.3% for rs1333049 (Table 5.6). 
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Table 5.6 Summary of genotyping frequency 

Gene SNP 

Samples 

genotyped
b 

n % 

TP53 rs1042522 438 98.9 

MC1R rs1805009 439 99.1 

 rs885479 440 99.3 

 rs11547464 407 91.9 

 rs1805006 439 99.1 

 rs1805007 423 95.5 

 rs2228479 409 92.3 

CDKN2BAS rs2383207 436 98.4 

 rs944800 431 97.3 

Chr 9p21.3
a 

rs564398 438 98.9 

 rs1333049 440 99.3 

 rs2383208 432 97.5 

 rs10811661 439 99.1 
a. SNPs in the vicinity of CDKN2A and CDKN2B. 

b. Includes results from all samples returned for genotyping. 

 

Allele and genotype frequencies are shown in Table 5.7. Genotype distributions of all 

the SNPs were in Hardy-Weinberg equilibrium and were similar to reported frequencies 

recorded by the HapMap project and other studies involving these SNPs. The genotype 

frequencies for the homozygote of the minor alleles of two SNPs from MC1R 

(rs11547464 and rs1805006) were zero, and for four other SNPs from MC1R 

(rs1805007, rs2228479, rs1805009 and rs885479) the number of individuals who were 

homozygous for the minor allele was less than five, which would make it difficult to 

determine the appropriate mode of inheritance of these SNPs to be used in the analyses 

of this thesis. 

 

The MAFs of the 13 SNPs from the whole study sample were compared to those 

published frequencies of samples used as healthy control groups drawn from fair-

skinned populations in case-control studies for melanoma, diabetes, coronary artery 

disease (see Table 5.7 for references) and the Caucasian sample from the HapMap 

project recorded in the dbSNP online database (National Center for Biotechnology 

Information 2007). After adjusting for multiple statistical tests, ten of the 13 of the 

SNPS in this study had MAFs that were comparable to those reported in the healthy 

control groups drawn from fair-skinned populations. The three SNPs where there were 

differences in MAFs were rs885479, rs1805007 and rs2228479, all from MC1R. The 

differences were primarily with samples recruited from countries on the Mediterranean 

coast or northern Europe, such as, Greece, Spain, Italy, the Netherlands, Scandinavia 

and Iceland. 
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Table 5.7 Allele frequencies and genotype counts 

Gene SNP 
Sample allele frequency n (%) Published 

MAF % Sample genotype count n (%) Total 
HWE 

p-value 
References 

Major allele Minor allele 

TP53 rs1042522 

G C  GG GC CC 
  

 
(McGregor, Harwood et al. 2002; Shen, Lui et al. 2003; 

Landi, Gemignani et al. 2006; Johnson, Fletcher et al. 

2007; National Center for Biotechnology Information 

2007; Povey, Darakhshan et al. 2007; Savage, Burdett et 

al. 2007; Stefanaki, Stratigos et al. 2007; Li, Chen et al. 

2008; Loizidou, Michael et al. 2009) 

644 (73.5) 232 (26.5) 23.3 – 26.9 236 (53.9) 172 (39.3) 30 (6.8) 438 0.51 

MC1R 

rs1805009 
G C  GG GC CC   

(Ichii-Jones, Lear et al. 1998; Flanagan, Healy et al. 2000; 

Bastiaens, ter Huurne et al. 2001; Box, Duffy et al. 2001; 

Fargnoli, Chimenti et al. 2003; Duffy, Box et al. 2004; 

Kanetsky, Ge et al. 2004; Chaudru, Laud et al. 2005; 

Landi, Kanetsky et al. 2005; Fernandez, Milne et al. 2007; 

Gerstenblith, Goldstein et al. 2007; National Center for 
Biotechnology Information 2007) 

858 (97.7) 20 (2.3) 0.6 – 13.3 420 (95.7) 18 (4.1) 1 (0.2) 439 0.22 

rs885479 
G A  GG GA AA   

814 (93.1) 60 (6.9) 0.6 – 8.0 378 (86.5) 58 (13.3) 1 (0.2) 437 0.99 

rs11547464 
G A  GG GA AA   

808 (99.3) 6 (0.7) 0.5 – 1.2 401 (98.5) 6 (1.5) 0 (0.0) 407 0.99 

rs1805006 
C A  CC CA AA   

866 (98.6) 12 (1.4) 0.1 – 3.7 427 (97.3) 12 (2.7) 0 (0.0) 439 →1.00 

rs1805007 
C T  CC CT TT   

760 (89.8) 86 (10.2) 1.9 – 21.8 341 (80.6) 78 (18.4) 4 (0.9) 423 0.99 

rs2228479 
G A  GG GA AA   

734 (89.7) 84 (10.3) 3.6 – 11.8 328 (80.2) 78 (19.1) 3 (0.7) 409 0.60 

CDKN2BAS 

rs2383207 
G A  GG GA AA   

(Helgadottir, Thorleifsson et al. 2007; National Center for 

Biotechnology Information 2007; Abdullah, Li et al. 2008; 
Shen, Rao et al. 2008) 

447 (51.3) 425 (48.7) 37.5 – 47.5 120 (27.5) 207 (47.5) 109 (25.0) 436 0.41 

rs944800 
G A  GG GA AA   

591 (68.6) 271 (31.4) 34.6 203 (47.1) 185 (42.9) 43 (10.0) 431 0.75 

Chr 9p21.3a 

rs564398 
A G  AA GA GG   

(Landi, Kanetsky et al. 2005; Diabetes Genetics Initiative 

of Broad Institute of, Mit et al. 2007; National Center for 

Biotechnology Information 2007; Samani, Erdmann et al. 

2007; Scott, Mohlke et al. 2007; Wellcome Trust Case 

2007; Zeggini, Weedon et al. 2007; Mohlke, Boehnke et 

al. 2008; Samani, Raitakari et al. 2008; Schunkert, Gtz et 

al. 2008; Ye, Willeit et al. 2008) 

525 (59.9) 351 (40.1) 33.3 – 37.5 154 (35.2) 217 (49.5) 67 (15.3) 438 0.50 

rs1333049 
G C  GG GC CC   

461 (52.4) 419 (47.6) 37.5 – 51.0 119 (27.0) 223 (50.7) 98 (22.3) 440 0.85 

rs2383208 
A G  AA GA GG   

711 (82.3) 153 (17.7) 18.8 – 21.2 297 (68.8) 117 (27.1) 18 (4.2) 432 0.11 

rs10811661 
T C  TT CT CC   

725 (82.6) 153 (17.4) 20.8 – 21.2 298 (67.9) 129 (29.4) 12 (2.7) 439 0.87 

a. SNPs in the vicinity of CDKN2A and CDKN2B. 
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The distributions of key variables by SNP genotype are presented in Table 5.8 to Table 

5.17. With the exceptions of hair colour (Table 5.10), ability to tan (Table 5.13) and 

southern European ethnicity (Table 5.14), after adjusting for multiple statistical tests, 

these variables did not vary by genotype at any of the 13 SNPs.  

 

Participants with red or auburn hair had a higher proportion of individuals homozygous 

for the minor allele of two SNPs from MC1R (rs1805009 and rs1805007). There was 

also a higher proportion of individuals with red hair who were heterozygous for 

rs1805009. This result was expected as these SNPs have been previously associated 

with the red hair/pale skin phenotype (Table 5.10) (Wong and Rees 2005; Fernandez, 

Milne et al. 2007). 

 

Two SNPs from MC1R, rs1805009 and rs1805007, were associated with tanning 

ability. Among those who would develop a light tan or who could not tan, there were a 

higher proportion of individuals who were either heterozygous or homozygous for the 

minor allele of rs1805009 and rs1805007. Again this result was consistent with other 

published results (Table 5.13) (Fernandez, Milne et al. 2007). 

 

Approximately 9% of the Kidskin II sample was of southern European ethnicity 

(individuals with at least two grandparents from this region). All of the participants of 

southern European ethnicity were homozygous for the major allele of rs1805007 from 

MC1R. In contrast, 20% of the other subjects were heterozygous for rs1805007 and 1% 

was homozygous for the minor allele of this SNP (Table 5.14).   

 

After adjusting multiple tests, there were no other associations between genotype with 

hair colour, ability to tan or southern European ethnicity. 
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Table 5.8 Univariate analyses of SNP genotype frequencies by intervention group 

Gene SNP genotypea Intervention Group Fisher’s 

p-valuec q-valuec 

Control Moderate High 

TP53 rs1042522      

 Maj 91 71 74 0.27 0.11 

 Het 63 67 42   

 Min 12 12 6   

MC1R rs1805009      

 Maj 159 144 117 0.81 0.18 

 Het 7 6 5   

 Min 0 0 1   

 rs885479      

 Maj 135 133 110 0.19 0.11 

 Het 28 18 12   

 Min 1 0 0   

 rs11547464      

 Maj 153 136 112 0.775 0.18 

 Het 2 3 1   

 rs1805006      

 Maj 160 147 120 0.76 0.18 

 Het 6 3 3   

 rs1805007      

 Maj 130 115 96 0.40 0.13 

 Het 30 29 19   

 Min 4 0 1   

 rs2228479      

 Maj 131 105 92 0.24 0.11 

 Het 28 29 21   

 Min 0 3 0   

CDKN2BAS rs2383207      

 Maj 49 36 35 0.53 0.15 

 Het 82 72 53   

 Min 35 40 34   

 rs944800      

 Maj 78 60 65 0.28 0.11 

 Het 73 67 45   

 Min 13 18 12   

Chr 9p21.3b 
rs564398      

 Maj 57 45 52 0.15 0.11 

 Het 88 76 53   

 Min 21 29 17   

 rs1333049      

 Maj 38 42 39 0.22 0.11 

 Het 88 81 54   

 Min 40 27 31   

 rs2383208      

 Maj 117 104 76 0.29 0.11 

 Het 44 39 34   

 Min 4 5 9   

 rs10811661      

 Maj 115 106 77 0.31 0.11 

 Het 50 40 39   

 Min 2 4 6   

a. Maj – homozygote of the major allele; Het – heterozygote; Min – homozygote of the minor allele 

b. SNPs in the vicinity of CDKN2A and CDKN2B 

c. p-values and q-values are to three significant digits 
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Table 5.9 Univariate analyses of SNP genotype frequencies by sex  

Gene SNP genotypea Sex Fisher’s 

p-valuec q-valuec 

Female Male 

TP53 rs1042522     

 Maj 122 114 0.81 0.96 

 Het 93 79   

 Min 17 13   

MC1R rs1805009     

 Maj 221 199 → 1 → 1 

 Het 10 8   

 Min 1 0   

 rs885479     

 Maj 192 186 0.048 0.12 

 Het 38 20   

 Min 1 0   

 rs11547464     

 Maj 218 183 0.42 0.61 

 Het 2 4   

 rs1805006     

 Maj 226 201 → 1 → 1 

 Het 6 6   

 rs1805007     

 Maj 188 153 0.28 0.46 

 Het 36 42   

 Min 2 3   

 rs2228479     

 Maj 174 154 0.56 0.73 

 Het 46 32   

 Min 2 1   

CDKN2BAS rs2383207     

 Maj 52 68 0.047 0.12 

 Het 117 90   

 Min 62 47   

 rs944800     

 Maj 97 106 0.064 0.14 

 Het 104 81   

 Min 28 15   

Chr 9p21.3b 
rs564398     

 Maj 68 86 0.021 0.12 

 Het 123 94   

 Min 41 26   

 rs1333049     

 Maj 68 51 0.047 0.12 

 Het 123 100   

 Min 41 57   

 rs2383208     

 Maj 145 152 0.031 0.12 

 Het 74 43   

 Min 10 8   

 rs10811661     

 Maj 149 149 0.22 0.41 

 Het 76 53   

 Min 6 6   

a. Maj – homozygote of the major allele; Het – heterozygote; Min – homozygote of the minor allele 

b. SNPs in the vicinity of CDKN2A and CDKN2B  

c. p-values and q-values are to three significant digits 
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Table 5.10 Univariate analyses of SNP genotype frequencies by hair colour 

Gene SNP genotypea 
Hair colour 

Fisher’s 

p-valuec q-valuec Blonde 

fair 

Dk brown 

black 

Light 

brown 

Red 

auburn 

TP53 rs1042522       

 Maj 62 90 75 9 0.48 0.089 

 Het 54 56 58 4   

 Min 5 12 13 0   

MC1R rs1805009       

 Maj 115 153 142 10 0.017 0.013 

 Het 6 4 6 2   

 Min 0 0 0 1   

 rs885479       

 Maj 110 135 121 12 0.18 0.067 

 Het 10 21 26 1   

 Min 0 1 0 0   

 rs11547464       

 Maj 111 146 131 13 0.12 0.060 

 Het 4 0 2 0   

 rs1805006       

 Maj 119 152 144 12 0.32 0.075 

 Het 2 6 3 1   

 rs1805007       

 Maj 94 128 112 7 0.00083 0.0012 

 Het 23 24 28 3   

 Min 2 0 0 3   

 rs2228479       

 Maj 90 115 110 13 0.23 0.067 

 Het 21 31 26 0   

 Min 0 3 0 0   

CDKN2BAS rs2383207       

 Maj 30 48 36 6 0.68 0.092 

 Het 60 70 72 5   

 Min 31 38 38 2   

 rs944800       

 Maj 49 73 74 7 0.70 0.092 

 Het 57 69 54 5   

 Min 12 14 16 1   

Chr 9p21.3b 
rs564398       

 Maj 36 60 52 6 0.74 0.092 

 Het 66 76 70 5   

 Min 18 22 25 2   

 rs1333049       

 Maj 35 40 42 2 0.81 0.092 

 Het 59 81 77 6   

 Min 26 37 30 5   

 rs2383208       

 Maj 88 106 95 8 0.35 0.075 

 Het 29 43 42 3   

 Min 4 4 8 2   

 rs10811661       

 Maj 85 106 99 8 0.56 0.092 

 Het 35 47 43 4   

 Min 1 4 6 1   

a. Maj – homozygote of the major allele; Het – heterozygote; Min – homozygote of the minor allele 

b. SNPs in the vicinity of CDKN2A and CDKN2B 

c. p-values and q-values are to three significant digits 
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Table 5.11 Univariate analyses of SNP genotype frequencies by eye colour  

Gene SNP genotypea Eye colour Fisher’s 

p-valuec q-valuec 

Blue Brown Green Hazel 

TP53 rs1042522  
   

  

 Maj 130 51 1 54 0.085 0.52 

 Het 108 30 2 32   

 Min 13 11 1 5   

MC1R rs1805009  
   

  

 Maj 242 86 4 88 0.84 0.52 

 Het 9 5 0 4   

 Min 1 0 0 0   

 rs885479  
   

  

 Maj 219 80 3 76 0.69 0.52 

 Het 30 12 1 15   

 Min 1 0 0 0   

 rs11547464  
   

  

 Maj 229 86 4 82 0.26 0.52 

 Het 6 0 0 0   

 rs1805006  
   

  

 Maj 243 90 4 90 0.58 0.52 

 Het 9 2 0 1   

 rs1805007  
   

  

 Maj 194 77 2 68 0.17 0.52 

 Het 44 12 2 20   

 Min 5 0 0 0   

 rs2228479  
   

  

 Maj 184 75 3 66 0.45 0.52 

 Het 50 12 1 15   

 Min 1 1 0 1   

CDKN2BAS rs2383207  
   

  

 Maj 70 25 0 25 0.89 0.52 

 Het 119 41 2 45   

 Min 63 24 2 20   

 rs944800  
   

  

 Maj 117 47 1 38 0.79 0.52 

 Het 104 36 2 43   

 Min 28 7 0 8   

Chr 9p21.3b 
rs564398  

   
  

 Maj 90 36 0 28 0.50 0.52 

 Het 120 43 4 50   

 Min 42 13 0 12   

 rs1333049  
   

  

 Maj 69 25 2 23 0.84 0.52 

 Het 123 50 2 48   

 Min 60 17 0 21   

 rs2383208  
   

  

 Maj 172 57 4 64 0.47 0.52 

 Het 71 24 0 22   

 Min 8 7 0 3   

 rs10811661  
   

  

 Maj 175 56 4 63 0.31 0.52 

 Het 74 30 0 25   

 Min 4 5 0 3   

a. Maj – homozygote of the major allele; Het – heterozygote; Min – homozygote of the minor allele 

b. SNPs in the vicinity of CDKN2A and CDKN2B 

c. p-values and q-values are to three significant digits 
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Table 5.12 Univariate analyses of SNP genotype frequencies by tendency to sunburn 

Gene SNP genotypea 
Tendency to sunburn 

Fisher’s 

p-valuec q-valuec 
Doesn't 

burn 

Mild 

burn 

Painful 

burn 

Severe 

burn 

TP53 rs1042522 
    

  

 Maj 3 91 109 32 0.0052 0.052 

 Het 4 54 95 19   

 Min 5 11 12 2   

MC1R rs1805009 
    

  

 Maj 11 153 203 52 0.30 0.52 

 Het 1 3 11 3   

 Min 0 0 1 0   

 rs885479 
    

  

 Maj 9 131 188 49 0.60 0.53 

 Het 3 23 26 6   

 Min 0 0 1 0   

 rs11547464 
    

  

 Maj 11 142 197 50 0.67 0.53 

 Het 0 3 2 1   

 rs1805006 
    

  

 Maj 11 152 210 53 0.51 0.52 

 Het 1 4 6 1   

 rs1805007 
    

  

 Maj 12 126 166 37 0.15 0.51 

 Het 0 24 40 13   

 Min 0 1 2 2   

 rs2228479 
    

  

 Maj 11 129 148 39 0.045 0.23 

 Het 1 18 50 9   

 Min 0 2 1 0   

CDKN2BAS rs2383207 
    

  

 Maj 2 42 57 19 0.50 0.52 

 Het 9 74 103 21   

 Min 1 40 53 14   

 rs944800 
    

  

 Maj 3 76 95 29 0.38 0.52 

 Het 6 66 93 19   

 Min 3 13 21 6   

Chr 9p21.3b 
rs564398 

    
  

 Maj 3 52 75 24 0.69 0.53 

 Het 6 82 107 22   

 Min 3 23 32 8   

 rs1333049 
    

  

 Maj 2 39 60 17 0.21 0.52 

 Het 8 82 114 19   

 Min 1 37 43 17   

 rs2383208 
    

  

 Maj 7 104 152 34 0.52 0.52 

 Het 5 40 54 17   

 Min 0 9 6 3   

 rs10811661 
    

  

 Maj 7 103 155 33 0.33 0.52 

 Het 5 48 54 21   

 Min 0 5 7 0   

a. Maj – homozygote of the major allele; Het – heterozygote; Min – homozygote of the minor allele 

b. SNPs in the vicinity of CDKN2A and CDKN2B 

c. p-values and q-values are to three significant digits 
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Table 5.13 Univariate analyses of SNP genotype frequencies by ability to tan 

Gene SNP genotypea 
Ability to tan 

Fisher’s 

p-valuec q-valuec No tan at 

all 

Light tan Moderate 

tan 

Very 

tanned 

TP53 rs1042522       

 Maj 4 46 104 81 0.19 0.20 

 Het 4 38 79 51   

 Min 0 13 10 7   

MC1R rs1805009       

 Maj 7 91 188 133 0.0098 0.032 

 Het 0 8 4 6   

 Min 1 0 0 0   

 rs885479       

 Maj 8 85 164 120 0.94 0.45 

 Het 0 12 27 19   

 Min 0 0 1 0   

 rs11547464       

 Maj 6 90 178 126 0.16 0.20 

 Het 1 1 2 2   

 rs1805006       

 Maj 7 94 187 138 0.082 0.17 

 Het 1 4 6 1   

 rs1805007       

 Maj 4 69 150 118 0.0035 0.022 

 Het 4 21 35 17   

 Min 0 4 0 1   

 rs2228479       

 Maj 4 72 139 112 0.16 0.20 

 Het 3 19 39 17   

 Min 0 1 1 1   

CDKN2BAS rs2383207       

 Maj 2 33 49 36 0.69 0.36 

 Het 5 39 95 68   

 Min 1 25 47 35   

 rs944800       

 Maj 5 50 80 68 0.52 0.30 

 Het 2 35 89 58   

 Min 0 10 21 12   

Chr 9p21.3b 
rs564398       

 Maj 3 40 61 50 0.28 0.23 

 Het 5 39 100 73   

 Min 0 18 32 16   

 rs1333049       

 Maj 1 27 51 39 0.52 0.30 

 Het 6 42 105 70   

 Min 1 28 40 29   

 rs2383208       

 Maj 7 62 128 100 0.43 0.30 

 Het 1 33 51 31   

 Min 0 2 10 6   

 rs10811661       

 Maj 7 67 130 94 0.29 0.23 

 Het 1 31 59 37   

 Min 0 0 5 7   

a. Maj – homozygote of the major allele; Het – heterozygote; Min – homozygote of the minor allele 

b. SNPs in the vicinity of CDKN2A and CDKN2B 

c. p-values and q-values are to three significant digits 
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Table 5.14 Univariate analyses of SNP genotype frequencies by southern European 

ethnicity 

Gene SNP genotypea Southern European Fisher’s 

p-valuec q-valuec 

No Yes 

TP53 rs1042522     

 Maj 214 22 0.48 0.62 

 Het 159 13   

 Min 26 4   

MC1R rs1805009     

 Maj 384 36 0.28 0.56 

 Het 15 3   

 Min 1 0   

 rs885479     

 Maj 342 36 0.28 0.56 

 Het 56 2   

 Min 1 0   

 rs11547464     

 Maj 365 36 → 1 → 1 

 Het 6 0   

 rs1805006     

 Maj 388 39 0.61 0.72 

 Het 12 0   

 rs1805007     

 Maj 302 39 0.001 0.013 

 Het 78 0   

 Min 5 0   

 rs2228479     

 Maj 297 31 → 1 → 1 

 Het 71 7   

 Min 3 0   

CDKN2BAS rs2383207     

 Maj 106 14 0.48 0.62 

 Het 190 17   

 Min 101 8   

 rs944800     

 Maj 180 23 0.30 0.565 

 Het 171 14   

 Min 41 2   

Chr 9p21.3b 
rs564398     

 Maj 136 18 0.35 0.56 

 Het 201 16   

 Min 62 5   

 rs1333049     

 Maj 112 7 0.34 0.56 

 Het 201 22   

 Min 87 11   

 rs2383208     

 Maj 275 22 0.044 0.25 

 Het 100 17   

 Min 18 0   

 rs10811661     

 Maj 277 21 0.057 0.25 

 Het 112 17   

 Min 12 0   

a. Maj – homozygote of the major allele; Het – heterozygote; Min – homozygote of the minor allele 

b. SNPs in the vicinity of CDKN2A and CDKN2B 

c. p-values and q-values are to three significant digits 
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Table 5.15 Univariate analyses of SNP genotype frequencies by parental education 

Gene SNP genotypea Parental education Fisher’s 

p-valuec q-valuec 

Non-tertiary Tertiary 

TP53 rs1042522     

 Maj 122 113 0.26 → 1 

 Het 98 74   

 Min 20 10   
 

 
    

MC1R rs1805009     

 Maj 230 189 0.80 → 1 

 Het 11 7   

 Min 1 0   

 rs885479     

 Maj 207 170 → 1 → 1 

 Het 32 26   

 Min 1 0   

 rs11547464     

 Maj 219 181 0.69 → 1 

 Het 4 2   

 rs1805006     

 Maj 238 188 0.041 0.40 

 Het 3 9   

 rs1805007     

 Maj 178 162 0.062 0.40 

 Het 52 26   

 Min 3 2   

 rs2228479     

 Maj 175 152 0.74 → 1 

 Het 45 33   

 Min 2 1   

CDKN2BAS rs2383207     

 Maj 69 51 0.50 → 1 

 Het 116 90   

 Min 55 54   

 rs944800     

 Maj 113 90 0.96 → 1 

 Het 101 83   

 Min 23 20   

Chr 9p21.3b 
rs564398     

 Maj 88 66 0.78 → 1 

 Het 118 98   

 Min 35 32   

 rs1333049     

 Maj 63 56 0.75 → 1 

 Het 122 100   

 Min 57 41   

 rs2383208     

 Maj 161 135 0.95 → 1 

 Het 66 51   

 Min 10 8   

 rs10811661     

 Maj 160 137 0.57 → 1 

 Het 76 53   

 Min 6 6   

a. Maj – homozygote of the major allele; Het – heterozygote; Min – homozygote of the minor allele 

b. SNPs in the vicinity of CDKN2A and CDKN2B 

c. p-values and q-values are to three significant digits 
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Table 5.16 Univariate analyses of SNP genotype frequencies by UV irradiance before six 

years of age  

Gene SNP genotypea UV irradiance, prior 

to the age of six 

Fisher’s 

p-valuec q-valuec 

TP53 rs1042522    

 Maj 4.1 (4.0, 4.2) 0.44 0.51 

 Het 4.1 (4.1, 4.2)   

 Min 4.2 (4.0, 4.4)   

MC1R rs1805009    

 Maj 4.1 (4.1, 4.2) 0.29 0.39 

 Het 3.9 (3.6, 4.2)   

 Min 4.2 (3.0, 5.5)   
 

rs885479    

 Maj 4.1 (4.1, 4.2) 0.092 0.16 

 Het 3.9 (3.8, 4.1)   

 Min 4.2 (3.0, 5.5)   
 

rs11547464    

 Maj 4.1 (4.1, 4.2) 0.71 0.55 

 Het 4.2 (3.7, 4.7)   
 

rs1805006    

 Maj 4.1 (4.1, 4.2) 0.88 0.55 

 Het 4.1 (3.8, 4.5)   
 

rs1805007    

 Maj 4.1 (4.0, 4.2) 0.027 0.16 

 Het 4.2 (4.0, 4.3)   

 Min 3.4 (2.8, 3.9)   
 

rs2228479    

 Maj 4.1 (4.0, 4.2) 0.65 0.55 

 Het 4.2 (4.0, 4.3)   

 Min 4.3 (3.6, 4.9)   

CDKN2BAS rs2383207    

 Maj 4.1 (4.0, 4.2) 0.095 0.16 

 Het 4.2 (4.1, 4.3)   

 Min 4.0 (3.9, 4.1)   
 

rs944800    

 Maj 4.1 (4.0, 4.2) 0.86 0.55 

 Het 4.1 (4.0, 4.2)   

 Min 4.1 (3.9, 4.3)   

Chr 9p21.3b
 rs564398    

 Maj 4.1 (4.0, 4.2) 0.77 0.55 

 Het 4.1 (4.1, 4.2)   

 Min 4.1 (3.9, 4.2)   
 

rs1333049    

 Maj 4.0 (3.9, 4.1) 0.081 0.16 

 Het 4.2 (4.1, 4.3)   

 Min 4.1 (4.0, 4.2)   
 

rs2383208    

 Maj 4.1 (4.0, 4.2) 0.54 0.55 

 Het 4.1 (4.0, 4.3)   

 Min 4.0 (3.7, 4.3)   
 

rs10811661    

 Maj 4.1 (4.0, 4.2) 0.088 0.16 

 Het 4.2 (4.1, 4.3)   

 Min 3.8 (3.4, 4.2)   

a. Maj – homozygote of the major allele; Het – heterozygote; Min – homozygote of the minor allele 

b. SNPs in the vicinity of CDKN2A and CDKN2B 

c. p-values and q-values are to three significant digits 
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Table 5.17 Univariate analyses of SNP genotype frequencies by constitutional skin 

reflectance  

Gene SNP genotypea Inner upper arm skin 

reflectancec 

Fisher’s 

p-valued q-valued 

TP53 rs1042522    

 Maj 50.1  (48.1, 52.0) 0.48 0.99 

 Het 49.5 (47.5, 51.5)   

 Min 49.3 (46.8, 51.8)   

MC1R rs1805009    

 Maj 49.5 (47.6, 51.4) 0.23 0.75 

 Het 50.9 (48.0, 53.9)   

 Min 55.8 (45.9, 65.8)   

 rs885479    

 Maj 49.7 (47.8, 51.6) 0.81 0.99 

 Het 49.5 (47.2, 51.7)   

 Min 52.3 (42.5, 62.1)   

 rs11547464    

 Maj 50.0 (48.1, 52.0) 0.99 0.99 

 Het 50.1 (45.4, 54.7)   

 rs1805006    

 Maj 49.8 (47.9, 51.7) 0.97 0.99 

 Het 49.8 (46.6, 53.1)   

 rs1805007    

 Maj 49.7 (47.8, 51.5) 0.067 0.29 

 Het 50.7 (48.5, 52.8)   

 Min 53.9 (49.2, 58.6)   

 rs2228479    

 Maj 49.7 (47.8, 51.7) 0.95 0.99 

 Het 49.6 (47.4, 51.8)   

 Min 49.1 (42.1, 56.1)   

CDKN2BAS rs2383207    

 Maj 49.7 (47.7, 51.8) 0.95 0.99 

 Het 49.8 (47.9, 51.8)   

 Min 49.6 (47.5, 51.8)   

 rs944800    

 Maj 49.9 (47.9, 51.9) 0.88 0.99 

 Het 49.7 (47.7, 51.7)   

 Min 50.0 (47.6, 52.5)   

Chr 9p21.3b 
rs564398    

 Maj 49.7 (47.7, 51.7) 0.90 0.99 

 Het 49.8 (47.9, 51.8)   

 Min 50.0 (47.8, 52.3)   

 rs1333049    

 Maj 49.4 (47.3, 51.5) 0.94 0.99 

 Het 49.6 (47.7, 51.5)   

 Min 49.6 (47.5, 51.7)   

 rs2383208    

 Maj 49.9 (48.0, 51.8) 0.042 0.27 

 Het 49.5 (47.6, 51.5)   

 Min 46.8 (43.7, 49.9)   
 rs10811661    

 Maj 50.0 (48.1, 51.9) 0.023 0.27 

 Het 49.7 (47.7, 51.6)   

 Min 45.8 (42.3, 49.4)   

a. Maj – homozygote of the major allele; Het – heterozygote; Min – homozygote of the minor allele 

b. SNPs in the vicinity of CDKN2A and CDKN2B 

c. Adjusted for sex, tendency to sunburn, ability to tan, southern European ethnicity, parental 

education, observer, month of observation, spectrophotometer, UV irradiance and sun-exposure. 

d. p-values and q-values are to three significant digits 
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5.3.1 Linkage disequilibrium analysis 

Inter-locus linkage disequilibrium (LD) among the typed SNPs on chromosome 9: 

rs10811661, rs2383208, rs1333049, rs2383207, rs944800 and rs564398; and 

chromosome 16: rs1805009, rs885479, rs1805007, rs11547464, rs2228479 and 

rs1805006, are shown in Figure 5.3 and Figure 5.2 respectively. Pair-wise D’ values are 

displayed in the upper triangle in red and r
2
 values are in blue in the lower triangle with 

the degree of LD reflected by colour intensity. 

 

For SNPs on chromosome 9 (Figure 5.2), the degree of LD between SNPs was 

generally low (D’  0.35), however a group of four SNPs, rs1333049, and rs564398 

from the vicinity of CDKN2A and CDKN2B and rs2383207, rs944800 from the 

CDKN2BAS gene formed a block of LD where the D’ ranged between 0.65 and 0.97. 

However the pair-wise r
2
 was generally low (r

2
 ≤ 0.32) with one pair, rs564398 and 

rs944800, with an r
2 

of 0.58 and two other pairs of SNPs, rs1333049 and rs2383207, 

and, rs2383208 and rs10811661, with an r
2
 > 0.75. Therefore, these SNPs were retained 

in the analyses. 

 

   

 

Vicinity of CDKN2A/B 

Vicinity of CDKN2A/B 

Vicinity of CDKN2A/B 

Vicinity of CDKN2A/B 

CDKN2BAS 

Base pairs on chromosome 9 relative to the location of SNP rs564398 

CDKN2BAS 
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Figure 5.2 Inter-locus linkage disequilibrium plot for genotyped SNPs located on 

chromosome 9 

 

 

The SNPs on chromosome 16 were all from the MC1R gene. The degree of D’ was 

generally quite high with most of the SNP pairs having a value between 0.67 and 1.0. 

The level of r
2
 was uniformly low, with a maximum value of 0.01. Therefore, these 

SNPs were kept in the analyses. 

 

 

 

Figure 5.3 Inter-locus linkage disequilibrium plot for genotyped SNPs located on 

chromosome 16 

  

Base pairs on chromosome 16 relative to the location of SNP rs1805006 

MC1R 

MC1R 

MC1R 

MC1R 

MC1R 

MC1R 
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5.4 Genotype and naevus counts on the arms at six years of age 

5.4.1 Single SNP models 

In the single SNP analyses, after adjusting for sex, intervention group, eye colour, hair 

colour, ability to tan, inner upper arm skin reflectance, UV irradiance, the surface area 

of the arms at six years and multiple statistical testing, two SNPs from MC1R 

(rs1805009 and rs1805007) were associated with naevus counts on the arms at six years 

of age (Table 5.18). 

 

Table 5.18 Single SNP analyses for the cross-sectional genetic association analysis 

between loge transformed naevus counts on the arms at six years of age and 

SNPs from selected candidate genes 
Gene SNP  a,b s.e. a,b p-value q-valuec 

TP53 rs1042522 (rec) -0.050 0.13 0.71 0.47 

MC1R rs1805009 (rec) -1.91 0.74 0.011 0.039 

 rs885479 (add) 0.20 0.10 0.044 0.11 

 rs11547464 (dom) 0.17 0.31 0.59 0.44 

 rs1805006 (dom) -0.33 0.20 0.097 0.18 

 rs1805007 (rec) -1.35 0.33 5.41e-5 0.00040 

 rs2228479 (rec) 0.28 0.40 0.48 0.40 

CDKN2BAS rs2383207 (dom) 0.023 0.076 0.76 0.47 

 rs944800 (add) 0.047 0.052 0.36 0.40 

Chr 9p21.3 d rs564398 (rec) -0.065 0.093 0.48 0.40 

 rs1333049 (dom) -0.0048 0.074 0.95 0.54 

 rs2383208 (add) -0.048 0.062 0.44 0.40 

 rs10811661 (dom) -0.094 0.072 0.19 0.29 

a. loge transformation of (naevus count + 1). 

b. Model adjusted for sex, intervention group, eye colour, hair colour, ability to tan, baseline inner arm 

reflectance, UV irradiance and surface area of the arms. 

c. p-value adjusted multiple statistical testing. 

d. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

5.4.2 Final multivariate model 

Five SNPs were found to have an association with naevus counts on the arms at six 

years of age after adjusting for intervention group, sex, eye colour, inner upper arm skin 

reflectance, UV irradiance prior to six years of age and body surface area of the arms.  

 

Naevus counts were estimated for each SNP in the final multivariate model for female 

participants with blue eyes in the control group. The values of inner upper arm skin 

reflectance, UV irradiance before six years of age and body surface area of the arms at 

six years of age were set to the sample means of each variable. 
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5.4.2.1 MC1R 

The rs1805009 SNP under a recessive mode of inheritance was associated with fewer 

naevi on the arms at six years of age. Participants who had the minor homozygote of the 

rs1805009 had on average 10 fewer naevi as those with other genotypes of this SNP.  

 

The rs885479 SNP under an additive mode of inheritance was associated with more 

naevi on the arms; those who had one minor allele had on average 28% more naevi as 

those with the major homozygote of the SNP. Those who had the minor allele 

homozygote had on average 63% more naevi than those who had the major allele 

homozygote. 

 

The rs1805006 SNP under a dominant mode of inheritance was associated with naevi 

on the arms, and it had an interaction with the intervention group. Having one minor 

allele of rs1805006 (there were no individuals in the sample with the minor allele 

homozygote) was associated with having, on average, 40% as many naevi as those who 

had the major allele homozygote. Among children in the high intervention group, those 

with the heterozygote of rs1805006 had on average 76% more naevi as those with the 

major allele homozygote. In the moderate intervention group, the heterozygote of 

rs1805006 was associated with 58% as many naevi on average as the average associated 

with the major allele homozygote. 

 

The minor allele homozygote of rs1805007 was associated with fewer naevi, the 

individuals had on average 10% as many naevi on the arms compared to those with 

other genotypes of this SNP.  

 

5.4.2.2 Chromosomal region 9p21.3 

The rs564398 SNP under a recessive mode of inheritance was weakly associated with a 

greater number of naevi on the arms and had an interaction with intervention group. 

Those who were homozygous for the minor allele had on average 29% more naevi as 

those with other genotypes of this SNP. Children in the moderate intervention group 

with the minor allele homozygote had on average 72% as many naevi as those who had 

other genotypes of this SNP. Children in the high intervention group had on average 

10% more naevi as those who had other genotypes of rs564398. 
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Table 5.19 Cross-sectional genetic association analysis with loge transformed naevus 

counts on the arms at six years of age 
Variable c  a s.e. a p-value 

Intercept -0.073 0.52 0.89 

    

Intervention group    

Control - - - 

Moderate 0.034 0.11 0.76 

High 0.064 0.12 0.59 

    

Sex    

Female - - - 

Male -0.14 0.11 0.21 

    

Eye colour    

Blue eyes - - - 

Brown eyes -0.35 0.089 0.0001 

Green eyes -0.34 0.32 0.29 

Hazel eyes -0.10 0.083 0.22 

    

Inner upper arm skin reflectance, winter 1995 (% light reflected) 3.28 0.63 3.10e-7 

UV irradiance prior to 6 years of age (kJ m-2 day-1) -0.15 0.052 0.0043 

Body surface area of the arms at 6 years (m2) 11.87 2.85 3.90e-5 

    

Sex by intervention group    

Moderate  Male 0.24 0.16 0.12 

High   Male 0.075 0.17 0.65 

    

SNPs    

rs1805009 (rec) - (GG + GC ) v CC -2.89 0.65 1.10e-5 

rs885479 (add) - GG  v per A allele 0.23 0.095 0.017 

rs1805006 (dom) - CC  v (CA + AA) -0.79 0.27 0.0035 

rs1805007 (rec) - (CC + CT ) v TT -1.69 0.30 3.66e-8 

rs564398 (rec) - (AA + GA) v GG 0.23 0.17 0.16 

    

Moderate  rs1805006 (dom) 0.30 0.46 0.51 

High   rs1805006 (dom) 1.32 0.46 0.0048 

Moderate  rs564398 (rec) -0.52 0.22 0.017 

High   rs564398 (rec) -0.15 0.25 0.53 

Likelihood ratio test (non-genetic v genetic model) 72.2, 9 df  LR p-value = 5.7e-12 

Δ Adjusted R2 = 13%     

AIC = 792.83     

a. loge transformation of (naevus count + 1). 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

c. Model adjusted for sex, intervention group, eye colour, hair colour, ability to tan, baseline inner 

arm reflectance, UV irradiance and surface area of the arms. 

d. Change in naevus counts (multiplier) and 95% confidence interval associated with polymorphism 

of the SNP. 
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5.5 Genotype and naevus counts on the arms at ten years of age 

5.5.1 Single SNP models 

In the single SNP analyses, after adjusting for sex, intervention group, eye and hair 

colour, inner upper arm skin reflectance, adjusted sun-exposure to the arms over the 

1996/7 summer, the surface area of the arms at ten years, sunburn severity over the 

1996/7 summer and multiple statistical testing, three SNPs from MC1R (rs1805009, 

rs1805006 and rs1805007) were associated with naevus counts on the arms at ten years 

of age. Variants of all three SNPs were associated with fewer naevi (Table 5.20).  

 

Table 5.20 Single SNP analyses for the cross-sectional genetic association analysis 

between loge transformed naevus counts on the arms at ten years of age and 

SNPs from selected candidate genes 
Gene SNP  a,b s.e. a,b p-value q-valuec 

TP53 rs1042522 (rec) -0.21 0.14 0.13 0.11 

MC1R rs1805009 (rec) -1.96 0.72 0.0068 0.014 

 rs885479 (add) 0.19 0.10 0.059 0.059 

 rs11547464 (dom) 0.33 0.29 0.25 0.14 

 rs1805006 (dom) -0.49 0.21 0.022 0.029 

 rs1805007 (rec) -1.07 0.36 0.0030 0.012 

 rs2228479 (add) 0.064 0.087 0.46 0.17 

CDKN2BAS rs2383207 (dom) -0.042 0.078 0.60 0.18 

 rs944800 (add) 0.058 0.055 0.29 0.14 

Chr 9p21.3 d rs564398 (rec) 0.060 0.10 0.54 0.18 

 rs1333049 (rec) 0.11 0.083 0.19 0.13 

 rs2383208 (add) 0.055 0.065 0.40 0.17 

 rs10811661 (rec) 0.19 0.24 0.72 0.17 

a. loge transformation of (naevus count + 1). 

b. Model adjusted for sex, intervention group, eye colour, hair colour, baseline inner arm 

reflectance, sun-exposure to the arms 1996/7, surface area of the arms,  severity of worst sunburn 

to any part of the body 1996/7. 

c. p-value adjusted multiple statistical testing. 

d. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

5.5.2 Final multivariate model 

After adjusting for intervention group, sex, eye colour, inner arm reflectance, sun-

exposure to the arms over the 1996/7 summer and the surface area of the arms, four 

SNPs were associated with naevus counts on the arms at ten years of age (Table 5.21).  

 

Naevus counts were estimated for each SNP and SNP interaction in the final 

multivariate model for female participants in the control group with blue eyes, blonde or 

fair hair. The values for the inner upper arm skin reflectance, adjusted sun-exposure to 
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the arms over the 1996/7 summer, body surface area of the arms at 10 years of age were 

set to sample means of these variables. 

 

5.5.2.1 MC1R 

Under a recessive mode of inheritance, the minor homozygote of rs1805009 was 

associated with fewer naevi. On average, individuals with the homozygote of the minor 

allele had 2% as many naevi as those who had other genotypes of this SNP.  

 

Under a dominant mode of inheritance, rs1805006 was weakly associated with naevi on 

the arms and had an interaction with rs1333049. Participants with at least one minor 

allele of rs1805006 had on average 72% as many naevi as those with the homozygote of 

the major allele. With respect to the interaction with rs1333049; among children with 

the minor homozygote of rs1333049, those with at least one allele of rs1805006 had on 

average 9% as many naevi on the arms as those with other genotypes of rs1805006.   

 

Individuals with the minor allele homozygote of rs1805007 had 23% as many naevi on 

average as those with other genotypes of this SNP. This SNP also had an interaction 

with protection-adjusted sun-exposure to the arms over the 1996/7 summer. With each 

additional five MME to the 1996/7 daily average summer sun-exposure to the arms, 

those with the minor allele homozygote of rs1805007 had on average 30% as many 

naevi as those who had at least one major allele of this SNP (Table 5.21). 

 

5.5.2.2 Chromosomal region 9p21.3 

Other than an interaction with rs1805006 the minor homozygote of rs1333049 was not 

associated with naevus counts on the arms at 10 years of age. 
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Table 5.21 Cross-sectional genetic association analysis with loge transformed naevus 

counts on the arms at ten years of age 
Variable c  a s.e. a p-value 

Intercept 0.0072 0.44 0.99 

    

Intervention group    

Control - - - 

Moderate -0.14 0.11 0.17 

High -0.12 0.11 0.29 

    

Sex    

Female - - - 

Male -0.24 0.10 0.02 

    

Eye colour    

Blue eyes - - - 

Brown eyes -0.25 0.089 0.0045 

Green eyes 0.069 0.45 0.88 

Hazel eyes 0.062 0.082 0.45 

    

Inner upper arm skin reflectance, winter 1995 (% light reflected) 4.19 0.64 2.30e-10 

MME arms, summer 1996/7 0.0031 0.0012 0.012 

Body surface area of the arms at 10 years (m2) 4.13 1.56 0.0086 

    

Sex by intervention group    

Moderate  Male 0.18 0.15 0.23 

High   Male 0.10 0.16 0.54 

    

SNPs    

rs1805009 (rec) - (GG + GC ) v CC -2.53 0.64 8.92e-5 
rs1805006 (dom) - CC v (CA + AA) -0.30 0.21 0.16 
rs1805007 (rec) - (CC + CT ) v TT -2.38 0.41 1.90e-8 
rs1333049 (rec) - (GG + GC) v CC 0.077 0.078 0.32 
    

SNP interactions    

MME arms, summer 1996/7  rs1805007 (rec) 0.043 0.010 3.51e-5 

rs1805006 (dom)  rs1333049 (rec)  -1.72 0.51 0.00076 

Likelihood ratio test (non-genetic v genetic model) 66.7, 6 df  LR p-value = 1.9e-12 

Δ Adjusted R2 = 12.7%     

AIC = 762.09     

a. loge transformation of (naevus count + 1). 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

c. Model adjusted for sex, intervention group, eye colour, hair colour, baseline inner arm 

reflectance, sun-exposure to the arms 1996/7, surface area of the arms, severity of worst sunburn 

to any part of the body 1996/7. 

d. Change in naevus counts (multiplier) and 95% confidence interval associated with polymorphism 

of the SNP. 
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5.6 Genotype and naevus counts on the arms at twelve years of age 

5.6.1 Single SNP models 

After adjusting for sex, intervention group, hair colour, inner upper arm skin 

reflectance, surface area of the arms, severity of the worst sunburn to any part of the 

body over the 1996/7 summer or to the arms specifically over the 2000/1 summer, and 

multiple statistical tests, one SNP from MC1R (rs1805007) was associated with a 

reduction in the number of naevi on the arms at twelve years of age (Table 5.22). 

 

Table 5.22 Single SNP analyses for the cross-sectional genetic association analysis 

between loge transformed naevus counts on the arms at twelve years of age 

and SNPs from selected candidate genes 
Gene SNP  a,b s.e. a,b p-value q-valuec 

TP53 rs1042522 (add) (het) -0.11 0.054 0.039 0.16 

MC1R rs1805009 (dom) -0.095 0.18 0.59 0.42 

 rs885479 (rec) 1.05 0.68 0.12 0.25 

 rs11547464 (dom) 0.33 0.29 0.26 0.34 

 rs1805006 (dom) -0.24 0.21 0.25 0.34 

 rs1805007 (rec) -1.06 0.33 0.0013 0.010 

 rs2228479 (rec) 0.16 0.40 0.69 0.42 

CDKN2BAS rs2383207 (dom) 0.051 0.076 0.51 0.40 

 rs944800 (add) 0.088 0.052 0.093 0.25 

Chr 9p21.3 d rs564398 (add) 0.034 0.050 0.50 0.40 

 rs1333049 (dom) -0.038 0.078 0.62 0.42 

 rs2383208 (rec) -0.12 0.18 0.50 0.40 

 rs10811661 (dom) -0.054 0.073 0.46 0.40 

a. loge transformation of (naevus count + 1). 

b. Model adjusted for sex, intervention group, hair colour, baseline inner arm reflectance, surface 

area of the arms, and severity of worst sunburn to any part of the body 1996/7 and the arms 

2000/1. 

c. p-value adjusted multiple statistical testing. 

d. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

 

5.6.2 Final multivariate model 

After adjusting for intervention group, sex, inner upper arm skin reflectance, surface 

area of the arms, and sunburn severity to any part of the body over the 1996/7 summer, 

six SNPs were associated with naevus counts on the arms at twelve years of age.  

 

Naevus counts were estimated for each SNP and SNP interaction in the final 

multivariate model for female participants in the control group with blonde or fair hair, 

who were not sunburnt over the 1996/7 summer and who were not sunburnt on the arms 

over the 2000/1 summer. The values of the inner upper arm skin reflectance and body 

surface of the arms at 12 years of age were assigned the sample means of these 

variables. 
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5.6.2.1 TP53 

The rs1042522 SNP from TP53 was weakly associated with lower naevus counts under 

an additive mode of inheritance and it had an interaction with rs2228479. Those who 

had the heterozygote of rs1042522 had on average 94% as many naevi as those who had 

the homozygote of the major allele, while those with the homozygote of the minor allele 

had 88% as many naevi as those with the homozygote of the major allele.  

 

Among children with the minor homozygote of rs2228479, those with one minor allele 

of rs1042522 had more than nine times as many naevi as those with the major allele 

homozygote of rs1042522; those who had the minor allele homozygote of rs104252 had 

approximately 73 times as many naevi as those with the major allele homozygote of this 

SNP (Table 5.23). 

 

5.6.2.2 MC1R 

The SNPs ss1805009 and rs1805006, both under dominant modes of inheritance, were 

weakly associated with a reduction in the number of naevi. There was an interaction 

between these SNPs that was associated with fewer naevi. Individuals with at least one 

minor allele for rs1805009 had on average 91% as many naevi as those with the 

homozygote of the major allele of this SNP. Those who had one or more of the minor 

alleles of rs1805006 had 83% as many naevi as other genotypes of this SNP. Among 

those with at least one minor allele of rs1805006, those with at least one minor allele of 

rs1805009 had a reduction in the number of naevi to 2% as many naevi as those with 

the major allele homozygote of rs1805009.  

 

Under a recessive mode of inheritance, the minor homozygote of rs1805007 was 

associated with fewer naevi, 11% as many as other genotypes of this SNP. 

 

Under a recessive mode of inheritance rs2228479 had a weak association with a smaller 

number of naevi on the arms. Individuals who had the homozygote of the minor allele 

had 26% as many naevi on the arms at twelve years of age compared to those with other 

genotypes of this SNP.  
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5.6.2.3 Chromosomal region 9p21.3 

The rs10811661 SNP was associated with fewer naevi on the arms at twelve years of 

age: Individuals with at least one minor allele of rs10811661 had 80% as many naevi as 

those who had the major allele homozygote. This SNP also had an interaction with sex; 

boys who had a least one minor allele of rs10811661 had 17% more naevi than boys 

who had the major allele homozygote. Among girls, there were no differences in naevus 

counts by genotype of rs10811661; in these analyses females were the baseline level for 

the sex variable.  

 

Table 5.23 Cross-sectional genetic association analysis with loge transformed naevus 

counts on the arms at twelve years of age 
Variable c  a s.e. a p-value 

Intercept 0.51 0.41 0.22 

    

Intervention group    

Control - - - 

Moderate 0.049 0.11 0.64 

High 0.0053 0.11 0.96 

    

Sex    

Female - - - 

Male -0.16 0.11 0.17 

    

Inner upper arm skin reflectance, winter 1995 (% light reflected) 3.19 0.60 2.30e-7 

Body surface area of the arms at 12 years (m2) 4.16 1.29 0.0014 

    

Severity of worst sunburn – any part of the body 1996/7    
Was not sunburnt - - - 
Sunburnt 0.15 0.068 0.029 
Severe sunburn 0.40 0.16 0.010 

    

Sex by intervention group    

Moderate  Male -0.16 0.15 0.31 

High   Male 0.058 0.17 0.73 

    

SNPs    

rs1042522 (add) - GG v per C allele -0.062 0.053 0.24 

rs1805009 (dom) - GG v (GC + CC) -0.092 0.17 0.58 

rs1805006 (dom) - CC v (CA + AA) -0.18 0.20 0.37 

rs1805007( rec) - (CC + CT) v TT -1.83 0.33 4.67e-8 

rs2228479 (rec) - (AA + GA) v GG -1.19 0.65 0.066 

rs10811661 (dom) - TT v (CT + CC) -0.21 0.094 0.030 
    

SNP interactions    

Male  rs10811661 (dom)  0.36 0.14 0.011 

rs1042522 (add)  rs2228479 (rec) 2.11 0.79 0.0079 

rs1805009  rs1805006 (dom) -2.36 0.69 0.00074 

Likelihood ratio test (non-genetic v genetic model) 60.3, 9 df  LR p-value = 1.2e-9  

Δ Adjusted R2 = 11.2%     

AIC = 784.05     

a. loge transformation of (naevus count + 1). 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

c. Model adjusted for sex, intervention group, hair colour, baseline inner arm reflectance, surface 

area of the arms, and severity of worst sunburn to any part of the body 1996/7 and the arms 

2000/1. 

d. Change in naevus counts (multiplier) and 95% confidence interval associated with polymorphism 

of the SNP. 
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5.7 Association with naevus counts on the face at six years of age 

5.7.1 Single SNP models 

After adjusting for sex, intervention group, ability to tan, surface area of the face and 

multiple statistical tests one SNP from MC1R (rs1805007) was associated with fewer 

naevi on the face at six years of age (Table 5.24). 

 

Table 5.24 Single SNP analyses for the cross-sectional genetic association analysis 

between loge transformed naevus counts on the face at six years of age and 

SNPs from selected candidate genes 
Gene SNP  a,b s.e. a,b p-value q-valuec 

TP53 rs1042522 (rec) -0.20 0.14 0.15 0.25 

MC1R rs1805009 (add) -0.26 0.16 0.100 0.25 

 rs885479 (rec) -0.020 0.72 0.98 0.76 

 rs11547464 (dom) -0.051 0.31 0.87 0.72 

 rs1805006 (dom) -0.30 0.21 0.15 0.25 

 rs1805007 (add) -0.43 0.079 5.98e-8 6.00e-7 

 rs2228479 (rec) 0.40 0.42 0.34 0.43 

CDKN2BAS rs2383207 (dom) -0.061 0.078 0.43 0.44 

 rs944800 (rec) 0.22 0.12 0.056 0.24 

Chr 9p21.3 d rs564398 (rec) 0.084 0.097 0.39 0.43 

 rs1333049 (rec) 0.15 0.083 0.072 0.24 

 rs2383208 (rec) -0.16 0.18 0.37 0.43 

 rs10811661 (rec) -0.13 0.21 0.55 0.50 

a. loge transformation of (naevus count + 1). 

b. Model adjusted for sex, intervention group, ability to tan and surface area of the face. 

c. p-value adjusted multiple statistical testing. 

d. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

5.7.2 Final multivariate model 

After adjusting for intervention group, sex, ability to tan, and surface area of the face at 

six years of age, two SNPs from MC1R were found to have an association with naevus 

counts on the face at six years of age (Table 5.25).  

 

Naevus counts were estimated using the final multivariate model for female participants 

in the control group who were able to develop a light tan. The value for the body surface 

area of the face at six years of age was set to the sample mean. 

 

5.7.2.1 MC1R 

The rs1805006 SNP under a dominant mode of inheritance was strongly associated with 

lower naevus counts. Individuals with at least one minor allele of rs1805006 had 10% as 

many naevi as those with the homozygote of the major allele. This SNP also had an 

interaction with intervention group. Among children in the moderate intervention group, 
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those with one or more minor alleles of rs1805006 had 49% more naevi as those with 

the major allele homozygote. While in the high intervention group, those with one or 

more minor alleles of rs1805006 had 6% more naevi on the face than those with other 

genotypes of this SNP (Table 5.25). 

 

Under an additive mode of inheritance, those with one minor allele of the rs1805007 

SNP had 50% as many naevi as those with the homozygote of the major allele. Those 

who had two minor alleles of this SNP had 18% as many naevi as those with the 

homozygote of the major allele (Table 5.25). 

 

Table 5.25 Cross-sectional genetic association analysis with loge transformed naevus 

counts on the face at six years of age 
Variable c  a s.e. a p-value 

Intercept 0.53 0.36 0.14 

    

Intervention group    

Control - - - 

Moderate -0.12 0.11 0.25 

High -0.024 0.11 0.83 

    

Sex    

Female - - - 

Male 0.25 0.11 0.020 

    

Ability to tan    

Light tan - - - 

Moderate tan 0.25 0.087 0.0045 

No tan at all -0.32 0.25 0.21 

Very tanned 0.27 0.093 0.0042 

    

Body surface area of the face at 6 years (m2) 14.19 6.28 0.024 

    

Sex by intervention group    

Moderate  Male 0.15 0.16 0.34 

High  Male -8.9e-5 0.17 → 1.00 

    

SNPs    

rs1805006 (dom) - CC v (CA + AA) -1.07 0.29 0.00020 

rs1805007 (add) - CC v per T allele -0.46 0.078 9.91e-9 

    

SNP interactions    

Moderate  rs1805006 (dom) 1.36 0.49 0.0054 

High   rs1805006 (dom) 1.11 0.49 0.024 

Likelihood ratio test (non-genetic v genetic model) 45.1, 9 df  LR p-value = 3.8e-9  

Δ Adjusted R2 = 8.4%     

AIC = 883.44     

a. loge transformation of (naevus count + 1). 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

c. Model adjusted for sex, intervention group, ability to tan and surface area of the face. 

d. Change in naevus counts (multiplier) and 95% confidence interval associated with polymorphism 

of the SNP. 
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5.8 Genotype and naevus counts on the face at ten years of age 

5.8.1 Single SNP models 

In the single SNP analyses, after adjusting for sex, intervention group, ability to tan, UV 

irradiance, adjusted sun-exposure to the face over the 1996/7 summer and multiple 

statistical testing, one SNP from MC1R (rs1805007) was associated with fewer naevi on 

the face at ten years of age (Table 5.26).  

 

Table 5.26 Single SNP analyses for the cross-sectional genetic association analysis 

between loge transformed naevus counts on the face at ten years of age and 

SNPs from selected candidate genes 
Gene SNP  a,b s.e. a,b p-value q-valuec 

TP53 rs1042522 (rec) -0.25 0.15 0.096 0.23 

MC1R rs1805009 (add) -0.23 0.18 0.19 0.23 

 rs885479 (dom) 0.0065 0.11 0.95 0.63 

 rs11547464 (dom) 0.31 0.35 0.38 0.36 

 rs1805006 (dom) -0.30 0.23 0.19 0.23 

 rs1805007 (add) -0.38 0.092 3.78e-5 0.00032 

 rs2228479 (dom) 0.13 0.10 0.19 0.23 

CDKN2BAS rs2383207 (rec) -0.022 0.088 0.80 0.57 

 rs944800 (dom) 0.17 0.079 0.037 0.16 

Chr 9p21.3 d rs564398 (add) 0.023 0.057 0.68 0.53 

 rs1333049 (rec) 0.10 0.093 0.28 0.30 

 rs2383208 (rec) -0.16 0.21 0.47 0.40 

 rs10811661 (rec) -0.40 0.27 0.14 0.23 

a. loge transformation of (naevus count + 1). 

b. Model adjusted for sex, intervention group, ability to tan and UV irradiance. 

c. p-value adjusted multiple statistical testing. 

d. SNPs in the vicinity of CDKN2A and CDKN2B.  

 

5.8.2 Final multivariate model 

After adjusting for intervention group, sex and ability to tan, UV irradiance prior to six 

years of age and surface area of the face, six SNPs were found to have an association 

with naevi on the face at ten years of age (Table 5.27). 

 

Naevus counts were estimated using the final multivariate model for female participants 

in the control group who were able to develop a light tan. The values for adjusted sun-

exposure to the face over the 1996/7 summer and UV exposure prior to six years of age 

were set to the sample means of these variables. 

 

5.8.2.1 MC1R 

Under an additive mode of inheritance, rs1805009 was weakly associated with lower 

naevus counts on the face. Individuals who had one minor allele of rs1805009 had 72% 
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as many naevi as those who had the homozygote of the major allele; those who had two 

minor alleles of this SNP had 52% as many naevi as those with the major allele 

homozygote.  

 

There was an interaction between rs1805009 and rs2228479. Among those with at least 

one minor allele of rs2228479, those who had one minor allele of rs1805009 had 7.9 

fewer naevi as those with the major allele homozygote of rs1805009, while those with 

the homozygote of the minor allele had approximately 8.7 fewer naevi as those with the 

homozygote of the major allele.  

 

The rs1805006 SNP under a dominant mode of inheritance was strongly associated with 

lower naevus counts. Individuals who had one or more minor alleles of rs1805006 had 

23% as many naevi as those who had the major allele homozygote. Among children 

with at least one minor allele of rs1805006, those in either the moderate or high 

intervention group had an elevated number of naevi compared to those in the control 

group (Table 5.27). 

 

Under and additive mode of inheritance rs1805007 was strongly associated with lower 

numbers of naevi on the face. Those who had one minor allele of rs1805007 had 59% as 

many naevi as those who had the major allele homozygote, while those who had two 

minor alleles had 31% as many naevi as those who had the major allele homozygote of 

this SNP. 

 

5.8.2.2 CDKN2BAS 

The rs2383207 SNP, under a dominant mode of inheritance was weakly associated with 

lower naevus counts. There was also an interaction with sun-exposure to the face over 

the 1996/7 summer. For each additional five MME of 1996/7 daily average sun-

exposure to the face, those with at least one minor allele of rs2383207 had 93% as many 

naevi as those with the homozygote of the major allele. 

 

5.8.2.3 Chromosomal region 9p21.3 

Under a recessive mode of inheritance, rs2383208 had a weak association with more 

naevi on the face. This SNP also and had an interaction with sex. Individuals who had 

the minor allele homozygote of the rs2383208 SNP had 75% more naevi as those who 

had other genotypes for this SNP. Males who had the minor homozygote of rs2383208 
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had 32% as many naevi as males with the other genotypes of this SNP. Females were 

the baseline level for sex in this analysis. Therefore, there was no additional difference 

in naevus counts on the face among females by genotype of rs23823208.  

 

Table 5.27 Cross-sectional genetic association analysis with loge transformed naevus 

counts on the face at ten years of age 
Variable c  a s.e. a p-value 

Intercept 2.10 0.29 3.9e-12 

    

Intervention group    

Control - - - 

Moderate -0.23 0.12 0.062 
High -0.22 0.14 0.11 
    

Sex    

Female - - - 

Male 0.12 0.13 0.33 
    

Ability to tan    

Light tan - - - 

Moderate tan 0.32 0.099 0.0015 

No tan at all -0.52 0.29 0.070 
Very tanned 0.34 0.11 0.0024 
    

UV irradiance prior to 6 years of age (kJ m-2 day-1) -0.12 0.062 0.047 
MME face, summer 1996/7 0.0059 0.0039 0.13 
    

Sex by intervention group    

Moderate  Male 0.029 0.18 0.87 

High  Male 0.18 0.20 0.37 

    

SNPs    

rs1805009 (add) - GG v per C allele -0.25 0.18 0.16 

rs1805006 (dom) - CC v (CA + AA) -0.97 0.30 0.0012 

rs1805007 (add) - CC v per T allele -0.41 0.10 2.21e-5 

rs2228479 (dom) - GG v (GA + AA) 0.042 0.10 0.67 

rs2383207 (dom) - GG v (GA + AA) 0.14 0.18 0.23 
rs2383208 (rec) - (AA + GA) v GG 0.48 0.32 0.14 
    

SNP interactions    

Moderate  rs1805006 (dom) 1.20 0.51 0.019 

High  rs1805006 (dom) 1.23 0.58 0.036 

MME face, summer 1996/7  rs2383207 (dom) -0.0088 0.0045 0.050 

Male  rs2383208 (rec) -1.32 0.46 0.0043 

rs1805009 (add)  rs2228479 (dom) -1.60 0.73 0.030 

Likelihood ratio test (non-genetic v genetic model) 53.9, 11 df  LR p-value = 1.2e-7  

Δ Adjusted R2 = 10.5%     

AIC = 764.93     

a. loge transformation of (naevus count + 1). 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

c. Model adjusted for sex, intervention group, ability to tan and UV irradiance. 

d. Change in naevus counts (multiplier) and 95% confidence interval associated with polymorphism 

of the SNP. 
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5.9 Genotype and naevus counts on the face at twelve years of age 

5.9.1 Single SNP models 

After controlling for intervention group, sex, ability to tan, surface area of the face, 

adjusted sun-exposure to the face over the 1996/7 summer and multiple testing, one 

SNP from MC1R (rs1805007) was associated with lower naevus counts on the face at 

twelve years of age (Table 5.28). 

 

Table 5.28 Single SNP analyses for the cross-sectional genetic association analysis 

between loge transformed naevus counts on the face at twelve years of age and 

SNPs from selected candidate genes 
Gene SNP  a,b s.e. a,b p-value q-valuec 

TP53 rs1042522 (rec) -0.16 0.15 0.28 0.25 

MC1R rs1805009 (rec) 1.37 0.83 0.10 0.25 

 rs885479 (rec) 0.34 0.75 0.65 0.43 

 rs11547464 (dom) 0.16 0.32 0.61 0.43 

 rs1805006 (dom) -0.23 0.23 0.33 0.33 

 rs1805007 (add) -0.41 0.089 6.91e-6 5.53e-5 

 rs2228479 (rec) 0.59 0.54 0.27 0.31 

CDKN2BAS rs2383207 (rec) 0.050 0.086 0.56 0.43 

 rs944800 (add) 0.077 0.058 0.19 0.25 

Chr 9p21.3 d rs564398 (rec) 0.031 0.11 0.77 0.47 

 rs1333049 (rec) 0.066 0.090 0.47 0.41 

 rs2383208 (dom) 0.18 0.082 0.026 0.11 

 rs10811661 (dom) 0.11 0.080 0.17 0.25 

a. loge transformation of (naevus count + 1). 

b. Model adjusted for sex, intervention group, ability to tan, hair colour, sun-exposure to the face 

1996/7, surface area of the face. 

c. p-value adjusted multiple statistical testing. 

d. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

 

5.9.2 Final multivariate model 

After controlling for intervention group, sex, ability to tan, surface area of the face and 

adjusted sun-exposure to the face over the 1996/7 summer, four SNPs, one from TP53 

(rs1042522), two from MC1R (rs1805006 and rs1805007) and from the chromosomal 

region 9p21.3 (rs1333049), were associated with naevus counts on the face at twelve 

years of age (Table 5.29). 

 

Naevus counts were estimated using the final multivariate model for female participants 

who were in the control group, were able to develop a light tan and had blonde or fair 

hair. The values of adjusted sun-exposure to the face over the 1996/7 summer and body 

surface of the face at 12 years of age were set to the sample means of these variables. 

 



 157 

5.9.2.1 TP53 

The rs1042522 SNP under a recessive mode of inheritance was weakly associated with 

more naevi on the face. Individuals who had two minor alleles of rs1042522 had 3% 

more naevi as those who had the homozygote of the major allele.  

 

There was also an interaction between rs1042522 and rs1805007 that was strongly 

associated with naevus counts. Among children with one minor allele of rs1805007, 

those who had two minor alleles of rs1042522 had 17% as many naevi as those with 

other genotypes of rs1042522; In this sample there were no individuals with the minor 

allele homozygote of both these SNPs, however the model suggests that, among 

children who had two minor alleles of rs1805007, those who had the minor allele 

homozygote of rs1042522 have had nearly no naevi on the face.  

 

5.9.2.2 MC1R 

The rs1805006 was weakly associated with naevus counts. Under a dominant mode of 

inheritance, those who had at least one minor allele of rs1805006 had 84% as many 

naevi as those who had the homozygote of the major allele.  

 

There was also an interaction between rs1805006 and rs1333049 that was associated 

with a reduction in the number of naevi. Among children who had the homozygote of 

the minor allele of rs1333049, those who had one or more minor alleles of rs1805006 

had 7% as many naevi on the face as those with the major allele homozygote of 

rs1805006. 

  

The rs1805007 SNP, under an additive mode of inheritance, was associated with naevus 

counts as a main effect of the regression analysis, and had two interactions, one with 

rs1042522 as described above, and another with sun-exposure to the face over the 

1996/7 summer. Those who had one minor allele of rs1805007 had 61% as many naevi 

as those who had the major allele homozygote and those who had two minor alleles had 

35% as many naevi as those with the major allele homozygote. In the interaction with 

sun-exposure, for each additional five MME of 1996/7 daily average sun-exposure to 

the face, those who had one minor allele of rs1805007 had 65% as many naevi as those 

who had the major allele homozygote of rs1805007; those who had two minor alleles of 

rs1805007 had 40% as many naevi on the face than those with the major allele 

homozygote of this SNP.  
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5.9.2.3 Chromosomal region 9p21.3 

The rs1333049 SNP was weakly associated with naevus counts on the face at twelve 

years of age. Under a recessive mode of inheritance the homozygote of the minor allele 

of rs1333049 was associated with 11% more naevi as those who had one or more major 

alleles of this SNP. 

 

Table 5.29 Cross-sectional genetic association analysis with loge transformed naevus 

counts on the face at twelve years of age 
Variable c  a s.e. a p-value 

Intercept 1.13 0.30 0.00021 

    

Intervention group    

Control - - - 

Moderate -0.070 0.12 0.55 

High -0.089 0.13 0.48 

    

Sex    

Female - - - 

Male 0.15 0.12 0.19 

    

Ability to tan    

Light tan - - - 

Moderate tan 0.24 0.095 0.012 

No tan at all -0.45 0.27 0.093 

Very tanned 0.31 0.10 0.0028 

    

MME face, summer 1996/7 -0.0011 0.0020 0.57 

Body surface area of the face at 12 years (m2) 9.09 3.61 0.012 

    

Sex by intervention group    

Moderate  Male 0.0070 0.17 0.97 

High  Male 0.056 0.18 0.76 

    

SNPs    

rs1042522 (add) - GG v per C allele 0.025 0.16 0.88 
rs1805006 (dom) - CC v (CA + AA) -0.14 0.24 0.56 
rs1805007 (add) - CC  v per T allele -0.57 0.11 1.04e-6 

rs1333049 (rec) - (GG + GC) v CC 0.088 0.088 0.32 

    

SNP interactions    

MME face, summer 1996/7  rs1805007 (add) 0.010 0.0042 0.016 

rs1042522 (add) (het)  rs1805007 (add) (het) -1.01 0.40 0.012 

rs1805006 (dom)  rs1333049 (rec) -1.42 0.57 0.014 

Likelihood ratio test (non-genetic v genetic model) 47.3, 5 df  LR p-value = 5.0e-9  

Δ Adjusted R2 = 9.0%     

AIC = 850.06     

a. loge transformation of (naevus count + 1). 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

c. Model adjusted for sex, intervention group, ability to tan, hair colour, sun-exposure to the face 

1996/7, surface area of the face. 

d. Change in naevus counts (multiplier) and 95% confidence interval associated with polymorphism 

of the SNP. 
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5.10 Genotype and naevus counts on the back at six years of age 

5.10.1 Single SNP models 

The results of the single SNP association models with naevus counts on the back at six 

years of age are presented in Table 5.30. After adjusting for multiple statistical tests, 

none of the single SNP models in these analyses were associated with naevi on the back 

at this age.  

 

Table 5.30 Single SNP analyses for the cross-sectional genetic association analysis 

between loge transformed naevus counts on the back at six years of age and 

SNPs from selected candidate genes 
Gene SNP  a,b s.e. a,b p-value q-valuec 

TP53 rs1042522 (rec) 0.10 0.14 0.48 0.17 

MC1R rs1805009 (add) -0.12 0.17 0.46 0.17 

 rs885479 (rec) 1.18 0.67 0.081 0.11 

 rs11547464 (dom) 0.28 0.31 0.36 0.17 

 rs1805006 (dom) -0.069 0.20 0.73 0.22 

 rs1805007 (dom) -0.14 0.092 0.14 0.14 

 rs2228479 (rec) 0.30 0.40 0.46 0.17 

CDKN2BAS rs2383207 (rec) 0.060 0.080 0.46 0.17 

 rs944800 (add) 0.094 0.054 0.079 0.11 

Chr 9p21.3 d rs564398 (dom) -0.031 0.073 0.67 0.22 

 rs1333049 (dom) -0.065 0.077 0.40 0.17 

 rs2383208 (rec) -0.36 0.18 0.045 0.11 

 rs10811661 (add) -0.081 0.066 0.22 0.17 

a. loge transformation of (naevus count + 1). 

b. Model adjusted for sex, intervention group, hair colour, baseline inner arm reflectance, UV 

irradiance, surface area of the back, age and adjusted sun-exposure to the back. 

c. p-value adjusted multiple statistical testing. 

d. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

5.10.2 Final multivariate model 

After adjusting for intervention group, sex, hair colour, inner upper arm skin 

reflectance, adjusted sun-exposure to the back during the 1994/5 summer, UV 

irradiance prior to six years of age and the surface area of the back at six years of age, 

two SNPs had an association with naevus counts on the back at six years of age. 

 

Estimates of naevus counts were calculated using the final multivariate model for 

females in the control group with blonde or fair hair. The values of inner upper arm skin 

reflectance, UV irradiance prior to six years of age, adjusted sun-exposure to the back 

over the 1994/5 summer and body surface area of the back at six years of age were 

assigned the values of their sample means. 
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5.10.2.1 CDKN2BAS 

In this regression model, the rs944800 SNP under an additive mode of inheritance was 

associated with naevus counts and it had an interaction with rs1333049. Those who had 

one minor allele of rs944800 had 42% more naevi as those who had the homozygote of 

the major allele, while those who had two minor alleles of this SNP had 97% more 

naevi as those with the homozygote of the major allele. Among children with at least 

one minor allele of rs1333049, those with one minor allele of rs944800 had 98% as 

many naevi as those with the major allele homozygote of rs944800; those with two 

minor alleles of rs944800 had 95% as many naevi as those with the major allele 

homozygote of rs944800.  

 

5.10.2.2 Chromosomal region 9p21.3 

Other than the interaction with rs944800 described above, the major allele homozygote 

of rs1333049 was not associated with naevus counts on the back at six years of age. 
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Table 5.31 Cross-sectional genetic association analysis with loge transformed naevus 

counts on the back at six years of age 
Variable c  a s.e. a p-value 

Intercept -0.28 0.55 0.61 

    

Intervention group    

Control - - - 

Moderate -0.33 0.11 0.0041 

High 0.23 0.12 0.047 

    

Sex    

Female - - - 

Male -0.11 0.12 0.35 

    

Hair colour    

Blonde/fair - - - 

Dark brown/black -0.087 0.09 0.33 

Light brown 0.0081 0.091 0.93 

Red/auburn -0.58 0.20 0.0039 

    

Inner upper arm skin reflectance, winter 1995 (% light reflected) 1.92 0.65 0.0033 

UV irradiance prior to 6 years of age (kJ m-2 day-1) -0.13 0.054 0.018 

MME back, summer 1994/5 0.0093 0.0029 0.0013 

Body surface area of the back at 6 years (m2) 9.20 3.28 0.0053 

    

Sex by intervention group    

Moderate  Male 0.47 0.16 0.0049 

High  Male 0.48 0.17 0.0059 

    

SNPs    

rs944800 (add) - GG  v per A allele 0.26 0.098 0.0079 

rs1333049 (dom) - GG  v (GC + CC) 0.21 0.14 0.12 

    

SNP interactions    

rs944800 (add)  rs1333049 (dom) -0.28 0.12 0.023 

Likelihood ratio test (non-genetic v genetic model) 8.6, 3 df  LR p-value = 0.035 

Δ Adjusted R2 = 1.2% 

AIC = 785.36 

a. loge transformation of (naevus count + 1). 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

c. Model adjusted for sex, intervention group, hair colour, baseline inner arm reflectance, UV 

irradiance, surface area of the back, age and adjusted sun-exposure to the back. 

d. Change in naevus counts (multiplier) and 95% confidence interval associated with polymorphism 

of the SNP. 
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5.11 Genotype and naevus counts on the back at ten years of age 

5.11.1 Single SNP models 

The results of the single SNP association models with naevus counts on the back at ten 

years of age are presented in Table 5.33. After adjusting for multiple statistical tests, 

none of the single SNP models in these analyses were associated with naevi on the back 

at this age. 

 

Table 5.32 Single SNP analyses for the cross-sectional genetic association analysis 

between loge transformed naevus counts on the back at ten years of age and 

SNPs from selected candidate genes 
Gene SNP  a,b s.e. a,b p-value q-valuec 

TP53 rs1042522 (rec) -0.13 0.12 0.30 0.061 

MC1R rs1805009 (rec) -0.46 0.62 0.46 0.077 

 rs885479 (rec) 1.31 0.61 0.033 0.057 

 rs11547464 (dom) 0.33 0.29 0.26 0.057 

 rs1805006 (dom) -0.27 0.18 0.13 0.057 

 rs1805007 (dom) -0.11 0.085 0.21 0.057 

 rs2228479 (rec) 0.28 0.36 0.43 0.077 

CDKN2BAS rs2383207 (add) 0.076 0.045 0.093 0.057 

 rs944800 (rec) 0.20 0.11 0.077 0.057 

Chr 9p21.3 d rs564398 (rec) 0.12 0.093 0.19 0.057 

 rs1333049 (dom) -0.08 0.072 0.24 0.057 

 rs2383208 (rec) -0.21 0.18 0.24 0.057 

 rs10811661 (add) -0.037 0.064 0.57 0.087 

a. loge transformation of (naevus count + 1). 

b. Model adjusted for sex, intervention group, hair colour, baseline inner arm reflectance, UV 

irradiance, surface area of the back, age and adjusted sun-exposure to the back. 

c. p-value adjusted multiple statistical testing. 

d. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

5.11.2 Final Multivariate model 

After adjusting for intervention group, sex, inner upper arm skin reflectance, sun-

exposure on the back during the 1994/5 and 1996/7 summers, body surface area of the 

back and sunburn severity to any part of the body over the 1996/7 summer, two SNPs 

were associated with naevus counts on the back at twelve years of age. 

 

Naevus counts were estimated using the final multivariate model for females in the 

control group who were not sunburnt over the 1996/7 summer. Inner upper arm skin 

reflectance, adjusted sun-exposure to the back over the 1994/5 and 1996/7 summer and 

body surface area of the back at 10 years of age were assigned their sample means. 

  



 163 

5.11.2.1 MC1R 

The rs1805007 SNP, under a dominant mode of inheritance, was weakly associated with 

naevus counts on the back and had two interactions with sex and sun-exposure to the 

back over the 1996/7 summer. Individuals with at least one minor allele had 15% more 

naevi as those with other genotypes of this SNP. Boys who had at least one minor allele 

of rs1805007 had 77% as many naevi as those with the major allele homozygote for this 

SNP. There was no additional difference in naevus counts on the back at ten years 

among girls by genotype of rs1805007. For each additional five MME of 1996/7 daily 

average sun-exposure to the back, those who had one or more minor alleles of 

rs1805007 had 32% more naevi as those who had the homozygote of the major allele of 

this SNP. 

 

5.11.2.2 CDKN2BAS 

The rs2383207 SNP under an additive mode of inheritance was associated with naevus 

counts on the back at ten years of age and had an interaction with sun-exposure to the 

back over the 1996/7 summer. Those who had one minor allele of rs2383207 had 9% 

more naevi on the back as those who had the major allele homozygote; those who had 

two minor alleles of this SNP had 19% more naevi as those with the major allele 

homozygote. For each additional five MME of 1996/7 daily average sun-exposure to the 

back, those who had one minor allele of rs2383207 had 97% as many naevi as those 

with the major allele homozygote of this SNP; those who had two minor alleles of 

rs2383207 had 94% as many naevi as those who had the major allele homozygote. 
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Table 5.33 Cross-sectional genetic association analysis with loge transformed naevus 

counts on the back at ten years of age 
Variable c  a s.e. a p-value 

Intercept -0.60 0.41 0.14 

    

Intervention group    

Control - - - 

Moderate -0.17 0.10 0.10 

High -0.18 0.11 0.096 

    

Sex    

Female - - - 

Male 0.12 0.11 0.25 

    

Inner upper arm skin reflectance, winter 1995 (% light reflected) 3.10 0.60 4.55e-7 

MME back, summer 1996/7 0.032 0.0093 0.00082 

MME back, summer 1994/5 0.011 0.0038 0.0032 

Body surface area of the back at 10 years (m2) 5.04 1.60 0.0018 

    

Severity of worst sunburn – any part of the body 1996/7    

Was not sunburnt - - - 

Sunburnt 0.074 0.066 0.26 

Severe sunburn 0.44 0.15 0.0041 

    

Sex by intervention group    

Moderate  Male 0.15 0.15 0.32 

High  Male 0.38 0.16 0.019 

    

SNPs    

rs1805007 (dom) - CC v (CT + TT) 0.037 0.13` 0.78 

rs2383207 (add) - GG  v per C allele 0.14 0.048 0.0045 

    

SNP interactions    

Male  rs1805007 (dom) -0.34 0.17 0.045 

MME back, summer 1996/7  rs1805007 (dom) 0.026 0.0096 0.0084 

MME back, summer 1996/7  rs2383207 (add) -0.020 0.0061 0.0013 

Likelihood ratio test (non-genetic v genetic model) 24.5, 5 df  LR p-value = 0.00017  

Δ Adjusted R2 = 4.4%     

AIC = 649.16     

a. loge transformation of (naevus count + 1). 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

c. Model adjusted for sex, intervention group, hair colour, baseline inner arm reflectance, UV 

irradiance, surface area of the back, age and adjusted sun-exposure to the back. 

d. Change in naevus counts (multiplier) and 95% confidence interval associated with polymorphism 

of the SNP. 
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5.12 Genotype and naevus counts on the back at twelve years of age 

5.12.1 Single SNP models 

The results of the single SNP association models with naevus counts on the back at ten 

years of age are presented in Table 5.34. After adjusting for multiple statistical tests, 

none of the single SNP models in these analyses were associated with naevi on the back 

at this age.  

 

Table 5.34 Single SNP analyses for the cross-sectional genetic association analysis 

between loge transformed naevus counts on the back at twelve years of age 

and SNPs from selected candidate genes 
Gene SNP  a,b s.e. a,b p-value q-valuec 

TP53 rs1042522 (rec) -0.14 0.13 0.26 0.21 

MC1R rs1805009 (dom) 0.24 0.19 0.21 0.21 

 rs885479 (rec) 1.04 0.64 0.11 0.21 

 rs11547464 (dom) 0.26 0.27 0.34 0.23 

 rs1805006 (dom) -0.26 0.20 0.19 0.21 

 rs1805007 (dom) -0.14 0.090 0.12 0.21 

 rs2228479 (add) -0.059 0.086 0.49 0.29 

CDKN2BAS rs2383207 (dom) 0.092 0.075 0.22 0.21 

 rs944800 (rec) 0.22 0.12 0.064 0.21 

Chr 9p21.3 d rs564398 (dom) -0.076 0.070 0.28 0.21 

 rs1333049 (dom) -0.029 0.077 0.71 0.33 

 rs2383208 (dom) 0.047 0.074 0.53 0.29 

 rs10811661 (dom) 0.033 0.074 0.65 0.33 

a. loge transformation of (naevus count + 1). 

b. Model adjusted for sex, intervention group, baseline inner arm reflectance, UV irradiance, surface 

area of the back, age and adjusted sun-exposure to the back 1996/7, 1998/9 and 2000/1 and 

degree of worst sunburns 1996/7 and 2000/1. 

c. p-value adjusted multiple statistical testing. 

d. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

5.12.2 Final Multivariate model 

After adjusting for intervention group, sex, inner upper arm skin reflectance, sun-

exposure to the back over the 1996/7, 1998/9 and 2000/1 summers, surface area of the 

back at twelve years of age and severity of worst sunburn to any part of the body over 

the 1996/7 summer, four SNPs were associated with naevus counts on the back at 

twelve years of age. 

 

Naevus count estimates were made using the final multivariate model for females in the 

control group who were not sunburnt over the 1996/7 summer and who were not 

sunburnt on the back over the 2000/1 summer. Values for the inner upper arm skin 

reflectance, body surface area of the back at 12 years of age and adjusted sun-exposure 
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to the back over the 1996/7, 1998/9 and 2000/1 summers were set to their sample 

means.  

 

5.12.2.1 TP53 

The rs1042522 SNP under a recessive mode of inheritance was weakly associated with 

naevus counts on the back, but had a stronger interaction with rs2383208. Those who 

had the homozygote of the minor allele of rs1042522 had 11% more naevi as those who 

had other genotypes of this SNP. Among children who had at least one minor allele of 

rs2383208, those who also had the homozygote of the minor allele of rs1042522 had 

39% as many naevi as those who had at least one major allele of rs1042522.  

 

5.12.2.2 CDKN2BAS 

The rs944800 SNP, under a recessive mode of inheritance, was associated with naevus 

counts on the back at twelve years of age. It also had an interaction with rs10811661, 

under a dominant mode of inheritance. Those who had the minor homozygote of 

rs944800 had 48% more naevi as those who had at least one minor allele of this SNP. 

Among children with at least one minor allele of rs10811661, those with the minor 

allele homozygote of rs944800 had 63% as many naevi as those with other genotypes of 

this SNP.  

 

5.12.2.3 Chromosomal region 9p21.3 

The rs2383208 SNP under a dominant mode of inheritance was weakly associated with 

naevi on the back at twelve years of age. Those who had at least one minor allele of 

rs2383208 had 17% more naevi as those who had the homozygote of the major allele. 

The rs10811661 SNP was weakly associated with naevus counts on the back at twelve 

years of age. Those who had at least one minor allele of rs10811661 had 1% more naevi 

as those with the major allele homozygote. 
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Table 5.35 Cross-sectional genetic association analysis with loge transformed naevus 

counts on the back at twelve years of age 
Variable c  a s.e. a p-value 

Intercept 0.11 0.44 0.80 

    

Intervention group    

Control - - - 

Moderate -0.23 0.11 0.047 

High -0.15 0.12 0.22 

    

Sex    

Female - - - 

Male 0.15 0.11 0.18 

    

Inner upper arm skin reflectance, winter 1995 (% light reflected) 2.64 0.66 7.50e-5 

MME back, summer 1996/7 0.013 0.0047 0.0080 

MME back, summer 1998/9 0.0094 0.0040 0.018 

MME back, summer 2000/1 -0.0053 0.0021 0.011 

Body surface area of the back at 12 years (m2) 3.76 1.40 0.0075 

    

Severity of worst sunburn – any part of the body 1996/7    

Was not sunburnt - - - 

Sunburnt 0.087 0.071 0.22 

Severe sunburn 0.51 0.16 0.0011 

    

Sex by intervention group    

Moderate  Male 0.11 0.16 0.49 

High  Male 0.30 0.17 0.075 

    

SNPs    

rs1042522 (rec) - (GG + GC) v CC 0.096 0.15 0.52 

rs944800 (rec) - (GG + GA ) v AA 0.36 0.13 0.0062 

rs2383208 (dom) - AA v (GA + GG) 0.14 0.17 0.41 

rs10811661 (dom) - TT v (CT + CC) 0.012 0.17 0.94 

    

SNP interactions    

rs1042522 (rec)  rs2383208 (dom) -0.89 0.29 0.0024 

rs944800 (rec)  rs10811661 (dom) -0.75 0.32 0.018 

Likelihood ratio test (non-genetic v genetic model) 20.3, 6 df  LR p-value = 0.0024  

Δ Adjusted R2 = 3.2%     

AIC = 691.94     

a. loge transformation of (naevus count + 1). 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

c. Model adjusted for sex, intervention group, baseline inner arm reflectance, UV irradiance, surface 

area of the back, age and adjusted sun-exposure to the back 1996/7, 1998/9 and 2000/1 and 

degree of worst sunburns 1996/7 and 2000/1. 

d. Change in naevus counts (multiplier) and 95% confidence interval associated with polymorphism 

of the SNP. 
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Table 5.36 Summary table of the associations between SNPs as main effects and loge transformed naevus counts from the final multivariate longitudinal 

and cross-sectional analyses 

Gene/SNP Arms at 6 years Arms at 10 years Arms at 12 years Face at 6 years Face at 10 years Face at 12 years Back at 6 years Back at 10 years Back at 12 years 

TP53          
rs1042522  

 

 

 More naevi 

rs2228479 × 

rs1042522 
β = 2.11, s.e. = 0.79; 

p = 0.0079 

  Fewer naevi 

rs1805007 × 

rs1042522 
β = -1.01, s.e. = 0.40; 

p = 0.012 

  Fewer naevi 

rs2383208 × 

rs1042522 
β = -0.89, s.e. = 0.29; 

p = 0.0024 

MC1R          
rs1805009 Fewer naevi 

β = -2.89, s.e. = 

0.65; 

p = 1.1 e-5 

Fewer naevi 

β = -2.53, s.e. = 0.64; 

p = 8.9 e-5 

Fewer naevi 

rs1805009 × 

rs1805006 

β = -2.36, s.e. = 0.69; 

p = 0.00074 

 Fewer naevi 

rs2228479 × 

rs1805009 

β = -1.60, s.e. = 0.73; 

p = 0.030 

    

rs885479 More naevi 

β = 0.23, s.e. = 
0.095; 

p = 0.017 

        

rs11547464   
 

       

rs1805006 Fewer naevi 

β = -0.79, s.e. = 

0.27; 
p = 0.0035 

Fewer naevi 

rs1333049 × 

rs1805006 
β = -1.72, s.e. = 0.51; 

p = 0.00076 

Fewer naevi 

β = -0.18, s.e. = 0.20; 

p = 0.37 

Fewer naevi 

β = -1.07, s.e. = 0.29; 

p = 0.00020 

Fewer naevi 

β = -0.97, s.e. = 0.30; 

p = 0.0012 

Fewer naevi 

β = -0.14, s.e. = 0.24; 

p = 0.56 

   

 More naevi 

High × rs1805006 

β = 1.32, s.e. = 
0.46; 

p = 0.0048 

 Fewer naevi 

rs1805009 × 

rs1805006 
See above 

More naevi 

Moderate × 

rs1805006 
β = 1.36, s.e. = 0.49; 

p = 0.0054 

More naevi 

Moderate × 

rs1805006 
β = 1.20, s.e. = 0.51; 

p = 0.019 

Fewer naevi 

rs1333049 × 

rs1805006 
β = -1.42, s.e. = 0.57; 

p = 0.014 

   

    More naevi 
High × rs1805006 

β = 1.11, s.e. = 0.49; 

p = 0.024 

More naevi 
High × rs1805006 

β = 1.23, s.e. = 0.58; 

p = 0.036 
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Table 5.45 Summary table of the associations between SNPs as main effects and loge transformed naevus counts from the final multivariate longitudinal 

and cross-sectional analyses (continued) 

Gene/SNP Arms at 6 years Arms at 10 years Arms at 12 years Face at 6 years Face at 10 years Face at 12 years Back at 6 years Back at 10 years Back at 12 years 

rs1805007 Fewer naevi 

β = -1.69, s.e. = 

0.30; 
p = 3.7 e-8 

Fewer naevi 

β = -2.38, s.e. = 

0.41; 
p = 1.9 e-8 

Fewer naevi 

β = -1.83, s.e. = 0.33; 

p = 4.7 e-8 

Fewer naevi 

β = -0.46, s.e. = 

0.078; 
p = 9.9 e-10 

Fewer naevi 

β = -0.41, s.e. = 0.10; 

p = 2.2 e-5 

Fewer naevi 

β = -0.57, s.e. = 0.11; 

p = 1.04 e-6 

 Fewer naevi 

Male × rs1805007 

β = -0.34, s.e. = 
0.17; 

p = 0.045 

 

  More naevi 
MME arms 1996/7 

× rs1805007 

β = 0.043, s.e. = 

0.010; 

p = 3.5 e-5 

   More naevi 
MME face 1996/7 × 

rs1805007 

β = 0.010, s.e. = 

0.0042; 

p = 0.016 

 More naevi 
MME back 1996/7 

× rs1805007 

β = 0.026, s.e. = 

0.0096; 

p = 0.0084 

 

      Fewer naevi 
rs1042522 × 

rs1805007 

See above 

   

rs2228479   Fewer naevi 

β = -1.19, s.e. = 0.65; 

p = 0.066 

      

CDKN2BAS          
rs2383207     Fewer naevi 

MME face 1996/7 × 

rs2383207 
β = -0.0088, s.e. = 

0.0045; 
p = 0.050 

  More naevi 

β = 0.14, s.e. = 

0.048; 
p = 0.0045 

 
 

 

        Fewer naevi 

MME back 1996/7 
× rs2383207 

β = -0.020, s.e. = 

0.0061; 
p = 0.0013 

 

rs944800       More naevi 

β = 0.26, s.e. = 0.098; 

p = 0.0079 

 More naevi 

β = 0.36, s.e. = 0.13; 

p = 0.0062 

       Fewer naevi 

rs1333049 × 

rs944800 

β = -0.28, s.e. = 0.12; 

p = 0.023 

 Fewer naevi 

rs10811661 × 

rs944800 

β = -0.75, s.e. = 0.32; 

p = 0.018 
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Table 5.45 Summary table of the associations between SNPs as main effects and loge transformed naevus counts from the final multivariate longitudinal 

and cross-sectional analyses (continued) 

Gene/SNP Arms at 6 years Arms at 10 years Arms at 12 years Face at 6 years Face at 10 years Face at 12 years Back at 6 years Back at 10 years Back at 12 years 

Chr 9p21.3a          

rs564398 More naevi 

β = 0.23, s.e. = 
0.17; 

p = 0.16 

Moderate × 
rs564398 

β = -0.52, s.e. = 

0.22; 

p = 0.017 

        

rs1333049  Fewer naevi 

rs1333049 × 
rs1805006 

See above 

    More naevi 

β = 0.21, s.e. = 
0.14; 

p = 0.12 

  

rs2383208     Fewer naevi 

Male × rs2383208 
β = -1.32, s.e. = 0.46; 

p = 0.0043 

    

rs10811661   Fewer naevi 
β = -0.21, s.e. = 

0.94; 

p = 0.030 

      

   More naevi 

Male × rs10811661 

β = 0.36, s.e. = 
0.14; 

p = 0.011 

      

a. SNPs in the vicinity of CDKN2A and CDKN2B.  
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5.13 Longitudinal associations between specific genotypes and 

naevus counts 

5.13.1 Single SNP models 

In the longitudinal analyses, the primary interest is the interaction between age and the 

SNPs and their association with the number of naevi on the back, over the six years of 

follow up. After adjusting for multiple testing, twelve of the 13 SNPs genotyped were 

associated with naevus counts over time. The MC1R SNP, rs11647454, had the weakest 

associated with naevus counts.  

  

Table 5.37 Single SNP analyses for the longitudinal genetic association analysis between 

loge transformed naevus counts on the back and age  SNP interactions from 

selected candidate genes 
Gene SNP  a,b s.e. a,b p-value q-valuec 

TP53 Age  rs1042522 (rec) -0.032 0.017 0.052 0.022 

MC1R Age  rs1805009 (add) 0.063 0.020 0.0014 0.0011 

 Age  rs885479 (rec) -0.033 0.084 0.70 0.048 

 Age  rs11547464 (dom) 0.010 0.038 0.80 0.051 

 Age  rs1805006 (dom) -0.038 0.025 0.13 0.037 

 Age  rs1805007 (rec) 0.045 0.042 0.29 0.048 

 Age  rs2228479 (rec) 0.030 0.049 0.54 0.048 

CDKN2BAS Age  rs2383207 (dom) 0.0037 0.010 0.70 0.048 

 Age  rs944800 (rec) 0.0066 0.015 0.65 0.048 

Chr 9p21.3 d 
Age  rs564398 (rec) 0.014 0.012 0.25 0.048 

 Age  rs1333049 (dom) 0.0044 0.010 0.65 0.048 

 Age  rs2383208 (rec) 0.015 0.023 0.50 0.048 

 Age  rs10811661 (rec) -0.023 0.029 0.44 0.048 

a. loge transformation of (naevus count + 1). 

b. Model adjusting for sex, intervention group, hair colour, baseline inner arm reflectance, UV 

irradiance, surface area of the back, age and adjusted sun-exposure to the back. 

c. p-value adjusted multiple statistical testing. 

d. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

5.13.2 Final multivariate model 

After adjusting for intervention group, sex, hair colour, inner upper arm skin 

reflectance, UV irradiance prior to six years of age, surface area of the back, age, sun-

exposure to the back between 1995 and 2001 (Table 5.38), five SNPs were associated 

with naevus counts on the back in the final longitudinal model. Three of these, 

rs1805009, rs2383208 and rs10811661, were associated with changes in naevus counts 

over time between six and twelve years of age (Table 5.38) while the associations 

between the other two SNPs, rs944800 and rs564398, and naevus counts did not involve 

age (Table 5.38). 
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Estimates of naevus counts were used to illustrate the relative effect of the SNP effects 

on naevus counts. These estimates were made using the final multivariate model for 

females in the control group with blonde or fair hair. Values for inner upper arm skin 

reflectance, UV irradiance before 6 years of age were set to their sample means. Age 

was set to six years and the values of protection adjusted sun-exposure and the body 

surface area of the back were set to their average values at six years of age. The 

selection of these values was arbitrary. 

 

5.13.2.1 MC1R 

The rs1805009 SNP, under an additive mode of inheritance, was associated with the 

number of naevi on the back. There was also an interaction with the participant's age. 

Those with one minor allele of rs1805009 had 84% as many naevi as those who had the 

major allele homozygote; those with two minor alleles of this SNP had 69% as many 

naevi as those who had the major allele homozygote (Table 5.38). With respect to the 

interaction with age, those who had one minor allele of rs1805009 had 92% as many 

naevi with each year of age as those with the major allele homozygote, while those with 

the minor allele homozygote had 84% as many naevi with each year of age as those 

with the major allele homozygote (Table 5.38). 

 

5.13.2.2 CDKN2BAS 

The rs944800 SNP under a recessive mode of inheritance was associated with naevus 

counts on the back and had an interaction with rs564398, but was not associated with 

changes in naevus counts over time. Individuals who had the minor homozygote of 

rs944800 had approximately three times as many naevi as those with other genotypes of 

this SNP (Table 5.38). The second CDKN2BAS SNP, rs564398 under a recessive mode 

of inheritance, was weakly associated with naevi; those who had the homozygote of the 

minor allele had 17% more naevi as those with one or more major alleles of this SNP. 

Among children who had the minor allele homozygote of rs564398, those who had the 

minor allele homozygote of rs944800 had 6% more naevi as those with other genotypes 

of rs944800 (Table 5.38). 

 

5.13.2.3 Chromosomal region 9p21.3 

In this analysis the rs2383208 SNP under a recessive mode of inheritance was 

associated with naevus counts and it had three interactions; one with rs10811661, one 
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with the participants’ age and with both rs10811661 and the participants’ age. 

Individuals who had the minor allele homozygote of rs2383208 had 34% as many naevi 

as those who had other genotypes of this SNP (Table 5.38). With each additional year of 

age, those who have the minor allele homozygote of rs2383208 had 42% as many naevi 

as those with major allele homozygote or the heterozygote of this SNP (Table 5.38).  

 

The SNP rs10811661, under a recessive mode of inheritance, was weakly associated 

with naevus counts, this SNP remained in the model primarily due to an interactions 

with rs2383208 and with rs3283208 and age; those who were homozygous for the 

minor allele had 37% as many naevi as those who with other genotypes of this SNP 

(Table 5.38). This SNP had a weak interaction with participants’ age; for each 

additional year of age, those who have the minor allele homozygote of rs10811661 had 

38% as many naevi as those with other genotypes of this SNP. Among those who had 

the homozygote of the minor allele of rs2383208, those who were homozygous for the 

minor allele of rs10811661 had nearly three and a half times as many naevi as those 

with other genotypes of rs10811661 (Table 5.38).  

 

The interaction between rs2383208, rs10811661 and the participants’ age is difficult to 

interpret. However, it appears that as the participants age, those who are homozygous 

for the minor alleles of rs2383208 and rs10811661 have fewer naevi compared to those 

who have other genotypes of these two SNPs (Table 5.38). 

 

5.13.2.4 Changes in naevus counts with age 

Figure 5.4 illustrates the estimated effect of the SNPs and SNP interactions on the loge 

naevus counts on the back in the final longitudinal model compared to the most 

commonly observed genotype observed in the population, the baseline genotype (the 

black line), with age, between six and twelve years of age.  

 

Two of the five SNPs, rs944800, rs564398, and their interaction were associated with 

loge transformed naevus counts in the longitudinal model, but not with the participants’ 

age. This is represented in the figure by the estimated loge transformed naevus counts 

for these SNPs running parallel to that of the baseline genotype. The rs944800 SNP had 

the greatest effect on the estimated naevus counts in the longitudinal model, as seen in 

the line at the top of the graph. In contrast, rs56439 was associated with the smallest 

increase in the loge transformed naevus counts. The estimates associated with the 
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interaction between rs944800cand rs564398 were greater than those associated with the 

baseline genotype. 

 

The rs1805009 SNP was associated with an increase in naevus counts with age. From 

six years of age the estimate of the loge naevus counts was less than that of the 

consensus model until approximately eight years of age where the estimates associated 

with rs1805009 were higher than those associated with the baseline genotype. 

 

The estimates associated with rs2383208 were lower than those of the baseline genotype 

from six to twelve years of age, increasing with age from a minimum at six years of age 

to a maximum at 12 years of age. 

 

The estimated naevus counts associated with rs10811661 were lower than those of the 

baseline genotype for all ages between six and twelve years. The estimates increased 

from a minimum at six years to a maximum at 12 years of age. The estimated naevus 

counts associated with the interaction between rs2383208 and rs10811661 were higher 

than those of the baseline genotype at six years of age, and decreased with age. At 

approximately eight years and ten months of age the models intersected and from this 

age to 12 years, the estimates associated with the interaction were lower than those of 

the baseline genotype. 
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Table 5.38 Longitudinal genetic association analysis between loge transformed naevus 

counts on the back and SNPs from selected candidate genes: SNPs as main 

effects and SNP interactions not involving age in the final multivariate model 
Variable c  a s.e. a p-value 

Intercept -1.32 0.49 0.0071 

    

Intervention group    

Control - - - 

Moderate -0.29 0.10 0.0050 

High -0.29 0.11 0.0067 

    

Sex    

Female - - - 

Male -0.040 0.10 0.70 

    

Hair colour    

Blonde/fair - - - 

Dark brown/black -0.14 0.079 0.074 

Light brown -0.027 0.080 0.74 

Red/auburn -0.50 0.19 0.0077 

    

Inner upper arm skin reflectance, winter 1995 (% light reflected) 1.95 0.59 0.0011 

UV irradiance prior to 6 years of age (kJ m-2 day-1) -0.14 0.049 0.0042 

Body surface area of the back (m2) 12.00 2.93 0.00010 

Age 0.17 0.0048 < 0.00001 

Protection-adjusted sun-exposure – MME 0.0077 0.0033 0.021 

    

Sex by intervention group    

Moderate  Male 0.35 0.15 0.018 

High  Male 0.42 0.16 0.0077 

    

Age  MME Back -0.00083 0.00029 0.0048 

    

SNPs    

rs1805009 (add) - GG  v per C allele -0.52 0.23 0.027 

rs944800 (rec) - (GG + GA ) v AA 0.95 0.36 0.0078 

rs564398 (rec) - (AA + GA) v GG 0.12 0.14 0.36 

rs2383208 (rec) - (AA + GA ) v GG -1.15 0.38 0.0024 
rs10811661 (rec) - (TT + CT) v CC -1.23 0.99 0.22 

    

SNP interactions    

rs944800 (rec)  rs564398 (rec) -0.90 0.39 0.022 

rs2383208 (rec)  rs10811661 (rec) 2.75 1.12 0.015 
    

Age  SNP interactions    

Age  rs1805009 (add) - GG  v per C allele 0.064 0.020 0.0012 

Age  rs2383208 (rec) - (AA + GA ) v GG 0.075 0.032 0.0177 

Age  rs10811661 (rec) - (TT + CT) v CC 0.096 0.083 0.2443 

Age  rs2383208 (rec)  rs10811661 (rec) -0.21 0.094 0.0255 

    

AIC = 1340.1    

a. loge transformation of (naevus count + 1). 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 

c. Model adjusting for sex, intervention group, hair colour, baseline inner arm reflectance, UV 

irradiance, surface area of the back, age and adjusted sun-exposure to the back. 

d. Change in naevus counts (multiplier) and 95% confidence interval associated with polymorphism 

of the SNP. 
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Figure 5.4 Longitudinal genetic association analysis of loge transformed naevus counts on the back between six and twelve years of age 
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6 Discussion 

6.1 Summary of Main Findings 

This study was designed to investigate the genetic epidemiology of melanocytic naevi in 

children between six and twelve years of age. This study has found evidence of an 

association between a person’s inherited genotype and the development of melanocytic 

naevi in childhood, and that some of these associations may vary with age. 

 

The proline allele of the TP53 SNP rs1042522 was weakly associated with higher 

naevus counts on the back, and weakly associated with fewer naevi on the sun exposed 

sites of the face and arms, at twelve years of age in the cross-sectional analyses. This 

SNP was not associated with naevus counts in the longitudinal model or with naevus 

counts on any site at six or ten years of age. 

 

In the cross-sectional analyses, most of the high penetrance red hair colour alleles of 

MC1R were strongly associated with lower naevus counts on the face and arms at six 

years of age. At ten and twelve years of age these SNPs were still associated with lower 

naevus counts on these sites, but the difference in number of naevi compared to the 

baseline genotype diminished with age. The MC1R SNPs tended not to be associated 

with naevus counts on the back. Only rs1805007 was associated with higher naevus 

counts on the back in the cross-sectional analyses. In the longitudinal analysis, only 

rs1805009 had an association with increase naevus counts on the back as the 

participants between six and twelve years of age.  

 

Of the two CDKN2BAS SNPs, only rs944800 was associated with higher naevus counts 

on the back in the longitudinal and the cross-sectional analyses at twelve years of age. 

This association in the longitudinal analyses was the strongest observed in this study.  

 

This study also found that higher levels of site specific, protection adjusted sun-

exposure were generally associated with higher naevus counts – a five minute increase 

to the midday minute equivalent sun-exposure was associated with a 2% to 8% increase 

in the number of naevi on that site. Four of the ten cross sectional models suggested that 

two of the thirteen SNPs genotyped in this study – rs1805007 from MC1R rs2383207 
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from CDKN2BAS – may have an interaction with sun exposure. The interactions 

involving rs2383207 were associated with small decrease in the number of naevi with 

each five minute increment of exposure, while the results for rs1805007 were not 

consistent from model to model. For the most part, the SNP by SNP interactions in the 

cross-sectional and longitudinal analyses had very small frequencies for combinations 

of non-baseline genotypes. Therefore, while these interactions may have been 

statistically significant in the analyses, the frequencies of these genotype combinations 

were very rare, and these combinations are more likely to be an artefact of the model 

fitting process. 

 

The results of this study suggest that association between MC1R and naevus counts on 

the sun exposed sites may change as a person ages, and the association may be stronger 

at younger ages. In contrast, the association between the TP53 and CDKN2BAS alleles 

and naevus counts was only seen at twelve years of age and the pattern of association 

differed between sun exposed and sun protected sites. The results also suggest that the 

effects of SNPs investigated in this analysis on naevus counts were not generally 

modified by site specific sun-exposure.    
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6.2 Biological interpretation 

6.2.1 Tumour protein p53 (TP53) 

The p53 tumour suppressor protein plays an important role in maintaining cellular 

integrity and tissue homeostasis through its ability to orchestrate the transcriptional 

activation of other genes resulting in either G1 arrest or apoptosis, both of which play an 

important part in preventing tumourigenesis. Abrogation of normal p53 function 

appears to be the most prevalent molecular alteration in human cancers which allows 

tumour cells to survive, proliferate and continue to progress as alterations accumulate.  

 

There is a common polymorphism (rs1042522) involving either an arginine or proline at 

codon 72. This non-conservative amino acid change results in a structural change in the 

protein. The polymorphisms have distinct biochemical and functional properties 

including the ability to signal apoptosis following DNA damage with its attendant 

potential to affect cancer risk (McGregor, Harwood et al. 2002). In this study the proline 

allele was associated with having more naevi on the back.  This suggests that the poorer 

ability of the proline allele to initiate the DNA repair and cell cycle arrest functions of 

TP53 led to an inability to correct the cumulative UV induced damage to the skin. 

However, this association was weak and could be attributed to chance. 

 

Molecular epidemiological studies have explored the association between the p53 

polymorphism and the risk of different cancers including lung cancer, non-melanoma 

skin cancers and melanoma. However, none of the p53 codon 72 genotypes have been 

conclusively linked to the risk of skin cancer. The results of associations between this 

polymorphism and cutaneous melanoma in other studies have been inconsistent 

(Gwosdz, Scheckenbach et al. 2006). For example, in a case-control study, Shen, Lui et 

al. (2003) found that the homozygote of the arginine coding allele was associated with 

an increase in the risk of cutaneous melanoma. Li, Chen et al. (2008) also found an 

increase in the risk of melanoma with this genotype in a case-control study of 805 

melanoma patients and 838 controls (Shen, Lui et al. 2003; Li, Chen et al. 2008). 

However, in a German case-control study of 45 cutaneous melanoma cases, 12 mucosal 

melanoma cases and 193 healthy controls, Gwosdz et al. (2006) found an increased risk 

of melanoma in individuals with the proline coding allele (OR 2.49 (1.30 – 4.75)) 

(Gwosdz, Scheckenbach et al. 2006). A Greek case-control study found that the 

homozygote of the proline allele was associated with the risk of melanoma, especially 
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among participants with dark eyes, hair and skin and those with type III and IV 

Fitzpatrick skin types (Stefanaki, Stratigos et al. 2007).  

 

This diversity of results may be due to geographic distributions of the populations the 

participants were drawn from (Stefanaki, Stratigos et al. 2007) or inadequate adjustment 

for solar UVR exposure. It has been observed that there is a strong correlation between 

genotype and latitude with populations closer to the equator having higher proline allele 

frequencies. The majority (91%) of the Kidskin participants’ families (Table 5.1) 

originated from northern areas of Europe, so it would be expected that they would have 

a lower frequency of the proline coding allele. Overall, the sample had a proline 

frequency of 26% (Table 5.7) which is similar to that reported in studies from other fair-

skinned populations (Shen, Lui et al. 2003; Gwosdz, Scheckenbach et al. 2006; 

Stefanaki, Stratigos et al. 2007).  

 

Each of the studies described above were clinic- or hospital-based retrospective case-

control studies. None of these studies appeared to adequately take into account the level 

of solar UVR exposure.  Only Shen, Lui et al. (2003) and Li, Chen et al. (2008) reported 

stratifying their investigations by history of severe sunburns. The original Kidskin study 

collected sun-exposure information over the 1994/5, 1996/7, 1998/9 and 2000/1 

summers. The difference in results for the association between rs1042522 and naevus 

counts on the back compared to the face and arms may be attributed to the level of sun-

exposure each site received. Sun-exposure to the back was consistently lower, ranging 

from 14% in (1994/5) to 54% (2000/1) of that to the face or arms measured at the same 

time ( 

the ‘Kidskin 2001 group’) (Table 5.1). The Kidskin II Study had a larger proportion of 

participants from the moderate and high intervention groups than did the Kidskin 

Baseline or Kidskin 2001 groups. The current study also had a larger proportion of 

parents with a tertiary education. There were also a slightly higher proportion of female 

participants, participants with blue eyes and those with a tendency to sunburn (Table 

5.1). However, after adjusting for multiple testing, some of these differences were found 

to be likely due to chance. 

 

Table 5.2). One explanation could be that the amount of solar UVR damage occurring 

on the face and arms had reached a threshold where DNA repair and apoptosis function 

of p53 could be initiated. 
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It has been suggested that the low penetrance red hair colour alleles of MC1R, such as 

V60L and D84E, are associated with increased melanoma risk among Caucasians with 

dark hair, brown eyes and olive skin to a greater degree than individuals with a ‘lighter’ 

phenotype (Palmer, Duffy et al. 2000). These MC1R alleles may also be associated with 

higher counts of naevi among individuals with this phenotype. It is possible that 

rs2228479 (V92M) may share this type of association with the other low penetrance 

MC1R alleles. If it does, this could account for the observed synergistic increase in 

naevus counts associated with the interaction between rs1042522 and rs2228479. 

 

The association between rs1042522 and naevus counts was only apparent in the cross-

sectional analyses when the participants were twelve years old, and then they were 

consistent with a weak association between the SNP and naevus development, or with 

chance variation. This suggests that rs1042522 is not associated with the development 

of naevi in childhood, but it may start to play a role as damage due to solar UVR 

accumulates and the DNA repair and apoptosis activity approach detectable levels.  

 

6.2.2 Melanocortin-1 Receptor (MC1R) 

The melanocortin-1 receptor gene plays a pivotal role in constitutive human 

pigmentation and a role in melanogenesis. The binding of α-MSH to MC1R normally 

leads to a switch in melanin production from red/yellow phaeomelanin to brown/black 

eumelanin. Eumelanin is the predominant pigment in dark-skinned individuals and has a 

photo-protective effect that acts to minimise the damage caused by solar irradiation. The 

red/yellow phaeomelanin is poorly photo-protective and photo-activation may result in 

increased mutagenicity. The relative amounts of eumelanin and phaeomelanin therefore 

contribute to the association between phenotype and UV sensitivity. However, other 

factors are also involved in determining the pigmentation phenotype and sun sensitivity, 

so that individuals with a similar appearance may vary widely in the amount and type of 

pigment within the skin and in their sun sensitivity (Gibbs, Brady et al. 2002; Fargnoli, 

Altobelli et al. 2006). 

 

The results of the cross sectional analyses in this study suggests that the high penetrance 

red hair alleles, rs1805009, rs1805006 and rs1805007, may play a role in suppressing 

the development of naevi which may be strongest at younger ages. The lower naevus 
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counts associated with the red hair colour alleles are consistent with a report by Duffy et 

al. (2004), where they are associated with fewer naevi, even among those who do not 

have the red hair phenotype. The gradient in the strength of the associations suggests 

that MC1R has a stronger relationship with the participants’ phenotype at earlier ages, 

but this pattern of association was only observed for naevus counts on the sun exposed 

sites and not for naevus counts on the back. One possible explanation for the difference 

between body sites is the amount of sun-exposure that they may have received. The 

analyses in the Kidskin II Study took into account the amount of sun-exposure over the 

1994/5, 1996/7, 1998/9 and 2000/1 summers. What was not measured was sun-exposure 

outside the seven week summer school holidays. Ultraviolet indices for the Perth 

metropolitan area modelled by the Australian Radiation Protection and Nuclear Safety 

Agency (ARPANSA 2008) indicate that the levels of solar UVR (the UV indices) from 

mid-November to the end of February, were in the extreme range with monthly average 

maxima equivalent to 990-1,080 J hour
-1

 m
-2

, and in the high range, equivalent to 720-

900 J hour
-1

 m
-2

 from October to mid-November and for the whole of March. The 

Kidskin intervention encouraged year round sun protection; however, the participants 

may have relaxed their use of the protective measures outside the summer period. 

Consequently they may have inadvertently increased the amount of solar UVR exposure 

to their faces and arms while still having their back covered/protected for the majority 

of time. Further caution must be used when interpreting these results. The sample size 

was relatively small and the statistical power calculations outlined in section 4.8 suggest 

that there may not be enough statistical power to differentiate between the effects of the 

six SNPs from MC1R from the role of chance under an additive or recessive model. 

 

The MC1R gene is highly polymorphic in fair-skinned populations with over 65 

variants reported (Wong and Rees 2005; Fargnoli, Altobelli et al. 2006). Specific 

variants of such as R151C (rs1805007), D84E (rs1805006) and D294H (rs1805009) 

alleles have been strongly associated with red hair, fair skin and sensitivity to sun-

exposure, and have been described as high penetrance red hair colour (RHC) alleles. In 

addition, the V60L (rs1805005), V92M (rs2228479) and R163Q (rs885479) MC1R 

variants have been designated as low penetrance red hair colour alleles. The association 

between these low penetrance alleles and phenotype is unclear. The red hair colour 

phenotype is determined by the synthesis of a high level of phaeomelanin and is 

characterised by red hair, fair skin, freckles and sun sensitivity, all of which are major 

risk factors for cutaneous melanoma. Functional studies have confirmed that the red hair 
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colour alleles are associated with the impaired function of MC1R in switching to the 

production of eumelanin as part of the tanning response (Valverde, Healy et al. 1995).  

Studies conducted in northern Europe, Australia and Mediterranean Europe suggest that 

MC1R is a common, low penetrance melanoma susceptibility gene that may also 

increase melanoma risk independently of its contribution to pigmentation phenotypes. 

These variants also appear to act as genetic modifiers of melanoma risk, increasing the 

penetrance of CDKN2A and decreasing the age of onset in mutation positive melanoma 

kindreds (Box, Duffy et al. 2001; van der Velden, Sandkuijl et al. 2001; Hayward 2003; 

Fargnoli, Altobelli et al. 2006). 

 

Melanoma risk associated with RHC variants appears to increase significantly in the 

presence of clinically atypical naevi, elevated counts of benign melanocytic naevi, high 

levels of recreational sun-exposure, occupational sun-exposure, childhood sunburn, fair 

skin, solar lentigines and actinic keratoses (Fargnoli, Altobelli et al. 2006). 

 

Duffy and others found that in a sample of fair-skinned Australians there was an overall 

positive correlation between freckling and naevus counts. However, in addition to this 

pattern they found that RHC alleles were associated with dense freckling and fewer 

naevi, whereas for other genotypes, higher levels of freckling appeared to be associated 

with more naevi  (Duffy, Box et al. 2004).  

 

Dellavalle and colleagues investigated the relationships between hair colour, freckling 

and naevus counts among a cohort of three year old children. They found that the 

children with red hair had both more freckling and fewer moles compared to children 

with other hair colours. In red haired children, freckling was not associated with the 

number of naevi, whereas in children with other hair colours, freckling was associated 

with more naevi. The authors then suggested that the development of naevi among red 

haired children may be fundamentally different from those with other hair colours, and 

that one consequence is that naevus counts may be less predictive of melanoma risk 

among red haired children (Dellavalle, Johnson et al. 2005). Caution must be used when 

attempting to generalise these results as the participants were very young, had few 

naevi, and the investigators did not report how they adjusted for the effect of non-

pigmentary risk factors such as genotype and sun-exposure in the analyses.  
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Variants of MC1R have been associated with the red hair phenotype and freckles. Red 

hair is uncommon in people who are not homozygous or compound heterozygous for 

MC1R polymorphisms and extremely rare in people without these polymorphisms. To 

date, most investigations into the role of MC1R polymorphisms in melanoma risk have 

focused on their causative role in the red hair, sun-sensitive skin and freckling 

phenotype, and elevated melanoma risk independent of this phenotype. Although MC1R 

mutations have been detected in naevi, there have been not been many investigations 

indicating the relationship between polymorphisms in MC1R and the number of 

acquired melanoncytic naevi that a person may have (Duffy, Box et al. 2004; Dellavalle, 

Johnson et al. 2005).  

 

6.2.3 Chromosomal region 9p21.3 

Pasmant and colleagues found that the expression of CDKN2BAS co-clustered with 

p14/ARF, p16/CDKN2A and p15/CDKN2B in normal human tissues, breast tumour 

tissue, with a stronger positive correlation between CDKN2BAS and p14/ARF than 

between p16/CDKN2A or p15/CDKN2B. These results suggest that there may be a co-

ordinated transcriptional regulation of CDKN2BAS and p14/ARF and possibly also 

p16/CDKN2A and p15/CDKN2B in both physiologic and pathologic conditions. They 

hypothesised that CDKN2BAS could have an important role in cancer pathology via a 

hereditary predisposition to melanoma or somatic alteration of the p14/ARF, 

p16/CDKN2A and p15/CDKN2B cluster which have been observed to be associated 

with a large proportion of cancers (Pasmant, Laurendeau et al. 2007).  

 

Most of the research concerning CDKN2BAS has focussed on its association with 

cardio artery disease (CAD) and diabetes. Several GWAS of CAD have identified a 

linkage peak over the CDKN2BAS locus (Horikawa, Miyake et al. 2008). Association 

studies investigating links between this region and CAD and diabetes have found 

associations between SNPs in CDKN2BAS (rs2383207) and other SNPs nearby with 

these diseases: rs564398, rs1333049 with CAD and rs564398, rs10811661 and 

rs2383208 with diabetes (Grarup, Rose et al. 2007; Zeggini, Weedon et al. 2007; 

Broadbent, Peden et al. 2008; Cauchi, Meyre et al. 2008; Palmer, Goodarzi et al. 2008). 

 

The four SNPs, rs564398, rs1333049, rs2383208 and rs10811661, from the 

chromosomal region 9p21.3 were included in these analyses as they are in close 
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proximity to the p14/ARF, p15/CDKN2B and p16/CDKN2A genes which have been 

associated with familial melanoma. These SNPs also lie under linkage peaks in three 

GWAS of naevus counts (Falchi, Spector et al. 2006; Zhu, Montgomery et al. 2006; 

Falchi, Bataille et al. 2009). However, rs544398 and rs1333049 have been strongly 

associated with CAD, and rs564398, rs10811661 and rs2383208 with type II diabetes. 

The results from this study did not suggest that these SNPs were associated with the 

development of naevi among the Kidskin participants. There were no consistent patterns 

in the association between these SNPs and naevus counts on any of the body sites or 

with the participants’ age. Any strong associations with naevus counts involving these 

SNPs were due to interactions with SNPs that had a stronger association with naevus 

counts, or interactions with sex or Kidskin intervention group. 

 

Overall, other than the association between rs944800 and naevus counts on the back in 

the longitudinal analysis and at twelve years of age, the SNPs from the chromosomal 

region 9p21.3 were not strongly associated with naevus counts; most results were 

consistent with a weak association with naevus development or with chance variation. 

These SNPs are physically close to the p14/ARF, p15/CDKN2B and p16/CDKN2A 

gene cluster, rs564398 is approximately 20,000bp from p15/CDKN2B; rs564398, 

rs944800, rs2383207 and rs1333049 were also in linkage disequilibrium (Figure 5.2). It 

is therefore possible that the associations observed between these SNPs were due to 

their proximity to this set of three melanoma susceptibility genes. The association 

between rs944800 and naevus counts on the back in the longitudinal analysis was one of 

the strongest associations found in this study. This relationship therefore needs to be 

examined more closely to establish whether it is due to linkage disequilibrium or if a 

more direct association exists. 

 

6.2.4 The ‘divergent pathway’ hypothesis 

Whiteman and colleagues proposed an alternative to Clark’s model of melanoma 

development with at least two pathological pathways depending on the anatomic site of 

the affected melanocytes, host related factors and exposure to risk factors such as 

sunlight (Whiteman, Watt et al. 2003). Under this hypothesis, individuals who tend to 

have a low propensity for melanocyte proliferation require chronic sun-exposure for 

melanoma to develop. In contrast, those who tend to have a high propensity for 

melanoma proliferation only require sun-exposure to initiate the melanocyte 
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transformation process, after which, inherited host factors take over driving melanoma 

development. If this hypothesis is correct, people with few naevi would tend to have 

melanomas occurring more often on habitually sun exposed sites such as the face, while 

melanomas among individuals with many naevi would develop on body sites with 

unstable melanocyte populations such as the trunk. 

 

The association of the MC1R SNPs with fewer naevi on sun exposed sites and the 

associations of rs944800 from CDKN2BAS with higher naevus counts on the back at 

twelve years of age appear to provide support for this hypothesis. Individuals with high 

penetrance red hair colour alleles of MC1R had fewer naevi and under this hypothesis 

may fall into the low melanocyte proliferation category. The stronger and more frequent 

associations between these SNPs and lower naevus counts on the sun exposed sites fit 

this hypothesis. The fact that these associations were strongest at the younger ages in 

the cross-sectional studies may also be consistent with the ‘divergent pathway’ 

hypothesis. If early sun-exposure is required to initiate melanocyte proliferation, then 

with all else remaining equal, the suppressive effect of these SNPs on naevus counts 

should be noticeable at this age when compared to individuals without polymorphisms 

of these SNPs.    

  

Whiteman and colleagues (1998) conducted a melanoma case-control study recruiting 

males aged 50 years or older from south east Queensland to determine environmental 

and phenotypic factors that may be associated with p53 positive or p53 negative 

melanomas. They found that “the determinants of p53 related melanoma were 

independent and complementary” where p53 positive melanoma were associated with 

sun-sensitive phenotypes and chronic sun-exposure while the p53 negative melanoma 

were associated with “markers of melanocytic proliferation” (Whiteman, Parsons et al. 

1998).  In the Kidskin II study, rs1042522 was weakly associated with lower naevus 

counts on both sun-exposed sites and higher counts on protected body sites at twelve 

years of age. This association may have been due to chance, and TP53 may not have a 

role in the development of naevi in childhood. However, the associations with naevus 

counts on sun exposed sites in this study suggest that TP53 may be associated with 

naevus counts at ages where p53 expression had reached measurable levels due to 

accumulated UVR induced damage. 

 



 187 

The CDKN2BAS SNP rs944800 was strongly associated with having more naevi on the 

back in the longitudinal analyses and on the back at twelve years of age, and weakly 

associated with higher naevus counts on the back at six years of age. These associations 

with naevi on a sun protected sites are suggestive of the SNP having a role in the high 

melanocyte proliferation phenotype. The proximity of this SNP to the p14/ARF, 

p15/CDKN2B and p16/CDKN2A gene cluster and its location under linkage peaks of 

three GWAS of naevus counts (Whiteman, Parsons et al. 1998; Falchi, Spector et al. 

2006; Zhu, Montgomery et al. 2006; Falchi, Bataille et al. 2009) provide additional 

support for its role in naevus development. 

 

6.3 Validity of the findings 

6.3.1 Loss to follow up and selection bias 

The sampling frame of this study was the 1,123 Kidskin participants of European 

ethnicity who provided data to the study in 2001 – the Kidskin 2001 group. The 

inclusion criteria for the current study meant that these participants had to be enrolled in 

the Kidskin study in 1995 so they had an opportunity to be exposed to each stage of the 

Kidskin intervention. Each of these participants were invited to participate in this study, 

443 (39%) gave their consent and provided a sample for genotyping. At the time of 

recruitment participants were 16 and 17 years of age and the majority were in their final 

year (K12) of high school or working. 

 

It is unlikely that loss to follow up significantly biased the results of this study. The 

distribution of phenotypic, demographic and sun-exposure measures in this study were 

generally very similar to those of the participants in the Kidskin Baseline and 2001 

groups. The confidence intervals of the variables in this study tended to be wider than 

those of the Kidskin Baseline and 2001 groups, likely due to smaller samples sizes 

(section 5.2).  

 

There were some differences in the distribution of some of the phenotypic variables in 

the Kidskin II sample compared to the Kidskin Baseline and 2001 groups that had the 

potential to bias the results of this study. This included a higher proportion of 

individuals in the high intervention group, a greater proportion of participants who had 

parents with a tertiary education, slightly more females and a higher proportion of 

individuals who tended to develop painful sunburns. Participants in the Kidskin II Study 
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also had slightly different levels of sun-exposure over the 1994/5, 1996/7 and 2000/1 

summers compared to the Kidskin Baseline and 2001 groups.  

 

The Kidskin intervention was specifically designed to reduce the level of sun-exposure 

among the participants of the study, therefore, a higher proportion of participants from 

the two intervention groups may result in a lower average level of sun-exposure in this 

study. In comparison to both the Kidskin Baseline and Kidskin 2001 groups, the 

Kidskin II study had a higher proportion of participants who were from the moderate 

and high intervention groups. Daily average sun-exposures over the 1996/7 and 2000/1 

summers in the Kidskin II sample were between one and three MME’s per day less than 

the same measures in the Kidskin Baseline and Kidskin 2001 groups. However, the 

confidence intervals for each MME estimate in the Kidskin Baseline, Kidskin 2001 

groups and the Kidskin II sample had a large degree of overlap, suggesting that this 

difference would not have a strong impact on the results the current study. Any bias 

would likely result in an underestimate of the strength of the association between 

genotype and naevus counts.  

 

Compared to both the Kidskin Baseline and Kidskin 2001 groups the current study had 

a higher proportion of participants whose parents had a tertiary education. This can have 

two potential, but opposing effects on sun-exposure. The first is that parents with a 

higher level of education are more likely to be motivated to encourage their children to 

adopt sun protection practices, reducing their summer sun-exposures (Milne 2001). This 

would potentially lead to an underestimate of the association between the participants’ 

genotypes and naevus counts. The second potential effect is that a higher level of 

education often correlates with higher levels of income (Morgan and David 1963). This 

can provide more opportunities for vacations in sunnier locations, such as, north-

western Australia and Queensland, Singapore or Bali, Indonesia, potentially increasing 

the children’s sun-exposure levels. This could have the effect of overestimating the 

association between the participants’ genotype and naevus counts. 

 

Just over half (53%) of the Kidskin II participants were female compared to under half 

in the Kidskin Baseline (47%) and Kidskin 2001 (49%) groups. A Fisher’s exact test 

comparing the distribution of sex in the Kidskin Baseline and Kidskin 2001 groups and 

Kidskin II sample (Table 5.1) indicated that these differences were likely due to chance. 

In the original Kidskin study girls tended to have lower levels of sun-exposure to the 
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whole body, on the arms and sex was associated with a moderate difference in naevus 

counts. This suggested that sex was associated with the participants’ level of sun-

exposure. In addition, the literature indicates that naevus counts vary by anatomic site 

between boys and girls (section 2.5.2). As a consequence, the participants’ sex was 

included as covariate in each of the cross sectional and longitudinal models developed 

in this study to control for this potential effect.  

 

Differences in the distribution of the SNP genotypes by sex (Table 5.9) were tested 

using Fisher’s exact test. The results of these analyses indicated that the observed 

differences in genotype by sex were not statistically significant. Therefore, having a 

higher proportion of girls in the Kidskin II study would not affect the genotype 

frequencies of the SNPs in this study. Therefore, it is unlikely that the differences in the 

distribution of sex would have significantly biased the results of this study. 

 

The higher proportion of blue eyed individuals and those with a sun-sensitive 

phenotype, a propensity to sunburn and inability to tan, is suggestive of a selection bias 

towards those fitting the higher melanoma risk phenotype. This may be the result of 20 

years of Australia-wide, community level sun safety campaigns. For example, the ‘Slip, 

Slop, Slap’ campaign was launched by the Cancer Council Australia in 1981 (Cancer 

Council Australia 2009). The sun-sensitive phenotype has been associated with fewer 

naevi and polymorphisms of MC1R in addition to those genotyped in this study (Duffy, 

Box et al. 2004; Wong and Rees 2005). However, the subjects’ genotype is unlikely to 

be related to their decision to participate as their genotype was unknown at the time of 

recruitment and it was not disclosed to the participants afterwards. Furthermore, except 

for rs1042522, rs944800 and rs564398 polymorphisms, the minor allele frequencies of 

the SNPs in this study were comparable to other frequencies reported in the literature 

and online databases. These three SNPs had higher minor allele frequencies and it is not 

known whether the sun-sensitive phenotype is associated with any of these three SNPs. 

The likely impact of any potential selection bias would be an underestimation of the 

association between the participant’s genotype and number of naevi. 

 

After adjusting for multiple statistical tests, the proportions of phenotypic and 

demographic variables, and sun-exposure levels in the Kidskin II Study did not differ 

from those in the Kidskin Baseline and 2001 groups. Therefore, the participants are 

likely to be representative of the samples from the original Kidskin Study, and by 
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extension, to children of European descent who were eligible for recruitment in the 

original Kidskin study.  

 

6.3.2 Information bias 

The Kidskin investigators examined the effect of intervention group on the information 

bias regarding reported sun protection and exposure behaviours. Parents of children in 

the intervention groups may have had a more accurate recall and paid more attention to 

their child’s sun-exposure behaviour over the summer. Bias in the effect estimates of the 

sun-exposure indices in either direction may have occurred as a result.  

 

Over-reporting of perceived favourable or healthy behaviour is a common occurrence in 

survey based research (Newell, Girgis et al. 1999). In the context of this study, this 

would suggest that parents would be likely to answer questions on sun protection 

behaviour in a way that reflects positively on their child’s behaviour and possibly their 

own parenting, reporting higher levels of sun protection behaviours than what was 

actually employed. If this occurred uniformly among the study participants’ parents this 

would lead to an overall underestimate of the level of sun-exposure. It is possible that 

parents whose children were in the intervention groups were even more likely to have 

been influenced by perceived ‘social desirability’ because of greater exposure to 

information about what is socially desirable. This would lead to an underestimate of 

sun-exposure of the participants in the intervention groups. If this form of bias occurred 

it would lead to underestimate of the association between the participants’ genotype and 

naevus counts. 

 

6.3.3 Confounding 

Variables that were thought to affect naevus counts and potentially other factors 

measured in the study were controlled for in the multivariate analyses. These variables 

were included in the models used to estimate the contribution of the participants’ 

genotype to the number of naevi at specific ages: Sex, intervention group, hair and eye 

colour, ability to tan, tendency to sunburn, UV irradiance prior to the Kidskin study, 

constitutional skin reflectance, body surface area, parental education level, as well as 

summer sun-exposure measures and sunburn severity.  
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Sun-exposure has an established role in the development of naevi. Higher naevus counts 

have been reported in individuals with higher lifetime levels of sun-exposure, a history 

of sunburns and high levels of sun-exposure or sunburns in childhood (see section 2.5.4, 

page 69). The association between sun-exposure and naevus counts may be confounded 

by the pale skin, sun-sensitive phenotype or by genes modulating this phenotype. 

Individuals who have skin that burns easily or tans poorly are likely to restrict their sun-

exposure to reduce the likelihood of being sunburnt (Blizzard, Dwyer et al. 1997). The 

genes underlying this phenotype, for example MC1R, may also be associated with 

naevus counts (Duffy, Box et al. 2004). Measures of the skin’s sensitivity to the sun, 

tendency to sunburn and ability to tan, differed in this study compared to both the 

Kidskin Baseline and 2001 groups. This study had a higher proportion of participants 

who reported a tendency to develop painful sunburns and fewer who would have mild 

sunburn after the same level of exposure. There were also fewer who were able to 

develop a deep tan and more who would be moderately tanned after multiple short sun-

exposures. Individuals who were reported to sunburn easily and have difficulty tanning 

had higher levels of skin reflectance (pale skin) as measured on the inner upper arm at 

the beginning of the Kidskin study, and those who could tan very well and did not 

sunburn had lower levels of skin reflectance (darker skin). The skin’s sensitivity to the 

sun has been strongly associated with increased melanoma risk and are at least partially 

associated with SNPs of MC1R (Wong and Rees 2005). Therefore, if the pale skin, sun-

sensitive phenotype is not measured appropriately then differences in naevus counts 

could be incorrectly attributed to sun-exposure. 

 

The association between sun-exposure and naevus counts may also be confounded by 

the participants’ Kidskin intervention group. The Kidskin intervention was designed to 

modify sun-exposure and the results of the original study indicated that the intervention 

was associated with modest change in naevus counts over the course of the study. 

Children in the high intervention group initially had the highest naevus counts in the 

back but had the lowest increase over time, and by twelve years of age the high 

intervention group had about 15% fewer naevi on the back than children in the control 

group.  

 

Another potential confounder of sun-exposure and naevus counts is sex. In several 

studies, naevi have been reported to be more prevalent in males. For example, in a 

sample of school children from Brisbane, Australia, Green and colleagues found that 
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after adjusting for pigmentary phenotypes, boys tended to have more naevi than girls 

(Green, Siskind et al. 1989). The distribution of naevi by anatomic site also differs by 

age and sex; adult males tend to have more naevi on the trunk and adult females having 

more naevi on the arms, while young boys and girls have a similar prevalence of naevi 

on these sites (Nicholls 1973; Armstrong and English 1988). The descriptive analyses of 

this study suggested that sex may also be associated with the participants’ genotype 

(Table 5.9); the genotype distributions for five SNPs, rs885479 (MC1R), rs2383207 

(CDKN2BAS), rs564398, rs1333049 and rs23832308 (chromosomal region 9p21.3), 

differed with sex; females had higher minor allele frequencies in each of these SNPs 

except rs1333049, where females tended to have a larger proportion of the major allele. 

As a consequence, sex was included in each of the analyses of this study.   

 

The amount and type of sun-exposure and the anatomic distribution of naevi may vary 

by sex. One of the results of the original Kidskin study was a small increase in the mean 

number of naevi on the back of boys in the high intervention group compared to the 

boys in other study groups. No such pattern was found on anybody site among the girls. 

 

The distribution of intervention group differed from the distributions in the Kidskin 

Baseline and 2001 groups; there was a higher proportion of participants from the high 

intervention group in this study. Intervention group was unlikely to be related to the 

participants’ genotype. However, it was likely to be associated with reported sun-

exposure indices and were therefore they were included in the models. 

 

With the exception of naevus counts on the arms and back in 1995, participants in this 

study who were of southern European ancestry (9% of the Kidskin II sample) had 

consistently higher naevus counts than the other participants. These differences were 

greatest for naevus counts on the arms and least on the back. Southern European 

ethnicity had a strong correlation with darker eye and hair colours, low inner upper arm 

skin reflectance, a lower tendency to sunburn and a better ability to tan. On the basis of 

these correlations, it was thought that southern European ethnicity could be excluded 

from the analyses, as it would over parameterise the fitted models, especially with the 

relatively small sample size of 443 participants. This was verified by including an 

indicator variable for southern European ethnicity in the construction of each of the 

epidemiological models; in each of the ten models this variable was removed in the 

early stages of the model building process while the pigmentary variables that southern 
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European ethnicity was correlated with, generally remained in the models. The analyses 

were rerun using a subset of the main data set that excluded the participants of southern 

European ancestry. While there were differences in the coefficients of the models, the 

coefficients for the SNPs and most of the other variables in the models were similar in 

value and sign. Therefore, it was concluded that this variable did not confound the 

association between genotype and naevus counts when pigmentary phenotype variables 

were present in the models. 

 

The level of parental education may modify the association between sun-exposure and 

naevus counts. Parental education level is unlikely to be related to the participants’ 

genotype; however, it was found to be related to some sun protection behaviours in the 

original Kidskin study, such as higher levels of sun protective swimwear and sunscreen 

use (Milne 2001). Higher education levels may also correlate with higher levels of 

income which may confound the relationship between sun exposure and naevus counts, 

for example, by providing more opportunities for vacations in sunnier locations. The 

distribution of parental education in this study differed from the Kidskin Baseline and 

2001 groups. The Kidskin II sample had a higher proportion of participants whose 

parents had a tertiary education. This was likely to reduce the amount of protection 

adjusted sun-exposure experienced by the children in this study compared the levels in 

the original Kidskin study. Any change in sun-exposure associated with parental 

education would have been adjusted for by including sun-exposure in the cross sectional 

and longitudinal analyses. 

 

6.3.4 The role of chance 

One limitation of this study is that it may not have the statistical power to detect modest 

associations between the participants’ genotype and naevus counts. The size of this 

study was limited to those who supplied information for the original Kidskin study in 

2001; a maximum of 1,123 participants. Several of the SNPs in this study have minor 

allele frequencies of 30% or less (Table 5.7). With a sample size of 443, this study had 

difficulty in detecting an association for SNPs acting under a recessive model that have 

minor allele frequencies of this size or smaller (Section 4.8, Figure 4.4). In contrast, this 

study has acceptable statistical power to detect a modest association for SNPs acting 

under a dominant model with an allele frequency of 5% or greater (Figure 4.2). The 

effect of the relatively small sample size on the statistical power of the study is apparent 
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in the imprecise estimates for many of the associations. The effect of the small sample 

size would potentially have the greatest impact on the results associated with the six 

SNPs from MC1R and rs2383208 and rs10811661 in the vicinity of CDKN2A and 

CDKN2B. The minor allele frequencies of these SNPs in this study were less than 11%, 

suggesting that the results associated with the SNPs acting under a recessive or additive 

model should be taken with caution, especially after adjusting for the effect of other 

variables included in the analyses. Further replication studies with larger samples of 

children would be required to confirm these findings. 

 

6.3.5 Genotype frequencies and linkage disequilibrium  

Each of the 13 SNPs genotyped were in Hardy Weinberg Equilibrium. The allele 

frequencies of the SNPs were comparable to published allele frequencies from UK, and 

Australian samples (see Table 5.7). However, six SNPs in this study had fewer than five 

(two with counts of zero) individuals who had the homozygote of the minor allele. One 

potential consequence is the misclassification of the genetic model that the SNP is 

acting under; a SNP could act under an additive model, but because of the lack of 

participants who are homozygous for the minor allele could be mistakenly classified as 

acting under a dominant model. The SNP would still have an association with the 

outcome of interest but further interpretation of the mechanism of the association could 

be flawed either because the wrong mode of inheritance was used and/or because of a 

loss of precision in the effect estimates of the fitted models describing the association 

with the outcome of interest. This problem was addressed in this study by applying a 

range of goodness of fit statistics to guide the selection of the mode of inheritance of the 

SNPs. The initial selection of the SNPs mode of inheritance was based on the ratio of 

coefficients of the minor allele homozygote to that of the heterozygote for each SNP. 

Each SNP was added to the epidemiological model individually under a dominant, 

additive and recessive mode of inheritance. The final selection of the mode of 

inheritance for each SNP was based on the results of multiple goodness of fit statistics: 

The Akaike information criterion (AIC), likelihood ratio (LR) p-values and difference in 

adjusted R
2
 for each of these modes of inheritance were recorded and compared to 

determine which of the modes of inheritance provided the best fit. This determination 

was primarily based on the AIC, the model with the lowest AIC value having the best 

fit. 
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The SNPs from the chromosomal region 9p21.3 were tested for linkage disequilibrium 

(LD); four SNPs rs564398, rs2383207, rs944800 and rs1333049 were found to be in 

LD. These SNPs are in close proximity to p14/ARF, p15/CDKN2B and p16/CDKN2A 

gene cluster with rs564398 only 20,235bp from CDKN2B. These genes have been 

strongly associated with the risk of melanoma. It is therefore possible that any 

association that these SNPs may have with the development of naevi may actually be 

due to LD with SNPs in this gene cluster. This could not be tested as other SNPs from 

the region of CDKN2A were not genotyped in this study.  

 

6.3.6 Missing data 

The level of missing data was very low and was therefore, unlikely to bias the results of 

the study. For the most part, the amount of missing information was less than 5%, 

including genotyping of the selected SNPs. Sun-exposure measures for the 1994/5, 

1996/7 and 1998/9 summers had a slightly higher frequency of missing data, with the 

highest frequency of missing data in the 1994/5 sun-exposure indices for all body sites 

followed by the 1996/7 and 1998/9 sun-exposure indices. Assessment of the missing 

data indicated that the bias was unlikely to have a large effect or, if it did have an effect, 

the potential bias would lead to an underestimate of the effect of genotype. 

 

6.3.7 Measurement error 

Errors in measurement or from misclassification of the information collected, either in 

covariates or the outcomes of the study, can bias the estimate of the associations being 

investigated. The effect of the bias is dependent on the extent of misclassification is 

related to the values of other important factors, for example, whether errors in 

measuring the outcome are related to the subjects’ exposure status or vice versa. In this 

study there was a potential for measurement error in the genotyping of the selected 

SNPs, naevus counts and reported sun related behaviour that was used to construct the 

sun-exposure indices. 

 

6.3.7.1 Genotyping 

Overall, 97.3% of the SNPs were genotyped successfully. Most of the individual SNPs 

were genotyped successfully more than 95% of the time with two exceptions: 

rs2228479 (92.2%) and rs11547464 (91.4%). However, the allele frequencies of both 
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these SNPs were comparable to allele frequencies of similar healthy populations 

(Gerstenblith, Goldstein et al. 2007). There were three SNPs, rs944800, rs564398 and 

rs1042522, which had slightly higher minor allele frequencies than those recorded in 

dbSNP. However, neither rs944800 or rs564398 has been reported to be associated with 

naevus counts or melanoma risk, while rs1042522 has been investigated as a melanoma 

related SNP; the results of these studies have been inconsistent (Shen, Lui et al. 2003; 

Gwosdz, Scheckenbach et al. 2006; Stefanaki, Stratigos et al. 2007; Li, Chen et al. 

2008).   

 

As a consequence, it is unlikely that any measurement error of the participants’ 

genotype had occurred. If any did occur, it would most likely be non-differential, that is 

error processes are unlikely to differ between the genotype groups being compared, 

resulting in a bias to the null for the effect of genotype and naevus counts. 

 

Apart from the genotype information, all the data used in this study was collected over 

the course of the original Kidskin study between 1995 and 2001. It is only in this follow 

up study several years after the Kidskin data had been collected that the possible role of 

genotype in naevus development was communicated to the participants. As a result, 

information concerning the participants’ genotype would not have biased the rest of the 

data used in this study. 

 

6.3.7.2 Naevus counts 

Two methods were used to count naevi in the Kidskin study; direct counting of naevi on 

the curved surfaces of the face and arms by trained observers and counting naevi on the 

trunk (back only in girls) from photographic slides projected on a white board by a 

dermatologist. Great care was taken by the Kidskin investigators to reduce the 

possibility of misclassification of naevi due to the presence of freckles. The observers 

making the direct counts were trained to differentiate naevi from freckles by experts, 

including dermatologists prior to each data collection phase. Strict protocols were used 

to count naevi in both methodologies and naevi were counted in winter when the level 

of freckling was likely to be lowest. In the original study, only three of the slides were 

too difficult to assess because of the level of freckling. 

 

Photographic slides of the back were used to minimise variation in naevus counts across 

the six years of the study and from observers making the counts. Projecting the three 
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slides side by side allows for the identification of changes in the number of naevi more 

accurately and consistently than comparing counts made by different observers many 

years apart. 

 

The curvature of the surfaces of the face and arms made counting naevi on these sites 

from photographs difficult. Naevi on these sites were counted directly which allowed 

examination of the lesions to see if they were raised, which assisted in distinguishing 

freckles from naevi. 

 

There was a high level of agreement within and between observers for naevus counts on 

all sites including agreement between the observers and a dermatologist when a random 

sample of slides of the trunk was examined. The observers and dermatologist were blind 

to the participants’ study group. Naevus counts varied slightly by observer and month of 

observation; therefore, these variables were controlled for in the analyses of both the 

original Kidskin study and this study. 

 

The investigators of the Kidskin study found that measurement error in naevus counts 

was unlikely to have occurred to a great extent. If any measurement did occur, it is was 

unlikely to differ between the observers. In this study any resulting bias would have 

resulted in either an underestimate of the association between the effect of the 

participant’s genotype or in a loss of precision in the strength of that association. 

 

6.3.7.3 Reported sun related behaviour 

Because of the number of participants, the only feasible method for collecting 

information on sun related behaviours was through mailed surveys that were completed 

by the participants’ parents. These data were used to produce the sun-exposure indices; 

however, there was the potential for the health related information collected by 

questionnaires to be inaccurate. 

 

Parents were asked to record their child’s ‘usual’ sun related behaviour at a range of 

venues and periods of the day over the summer school holidays. Reports of ‘usual’ 

behaviour can be affected by normative beliefs so inferences on changes in behaviour 

should be treated with caution. Parents may also have had difficulty remembering the 

details of their child’s sun-exposure and protection behaviour. The Kidskin investigators 

countered this by distributing the questionnaires to parents on the weekend just prior to 
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the end of the holiday period prior to the recommencement of school at the beginning of 

February and were asked to return the questionnaires within two weeks. Non-responders 

were followed up promptly. 

 

It was not possible to administer the initial questionnaire until September 1995, eight 

months after that summer. This was because the time needed to develop and pilot test 

the survey instruments within a very full schedule in the Kidskin study’s first year. As 

such there is considerable potential for measurement error in the data relating to sun 

related behaviour for the 1994/5 summer, however the data had good test-retest 

reliability. 

 

If difficulties with remembering the participants’ sun related behaviour were non-

differential, the likely result would be an underestimate of the effective of binary data 

and a loss of precision for continuous data such as the sun-exposure indices.  

 

There is the possibility of differential recall. The parents of children in the intervention 

groups may have had a more accurate recall of the sun related behaviour than the 

control group. They may have had a higher level of awareness of sun protection issues, 

and may have paid more attention to their child’s behaviour over the summer may be 

due to their exposure to the intervention materials. If this was the case, the difference in 

accuracy would be related to the participants in the intervention groups and bias in the 

effect estimates may have occurred as a result. 

 

Parents may also be unaware of their child’s sun-exposure behaviour because they were 

not with their child when they were exposed to the sun. The majority of parents (90%) 

reported being with their children over the summer and that they were directly aware of 

their child’s activities for most or all of the time during the summer vacation. This 

proportion of parents reporting this was similar across all intervention groups so it is 

unlikely to have a differential effect on the sun-exposure indices. 

 

Any potential misclassification of the child’s sun related behaviour due to errors in the 

design or calculation of the sun-exposure indices would have applied to all participants 

and would have been non-differential. Information collected from the questionnaires 

was subject to measurement errors inherent in self-reported data. There was also the 

potential for bias due to differential recall and social desirability that could result in an 
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exaggeration of adoption of sun protection behaviours and reduction on sun-exposure 

for participants who were in the intervention groups of the Kidskin study. However the 

lower levels of objectively measured suntan of those in the intervention groups were 

consistent with a positive effect of the intervention, indicating that these sources of bias 

did not have a strong effect on reported sun-exposure measures in the Kidskin study. 

 

6.4 Summary of results 

In summary, the results of this study are likely to be valid. Confounding variables, 

potential sources of bias, measurement error and missing data either did not to have an 

effect on the association between the participants’ genotype and naevus counts, or, if 

they did, they were likely to lead to an underestimate of the strength of these 

associations. Further, the participants were likely to be representative of the study’s 

sampling frame, and by extension, all the children of European descent who were 

eligible for recruitment into the original Kidskin study. 
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7 Conclusions 

7.1 Were the aims of the study met? 

This study had the overall goal of investigating the genetic epidemiology of naevus 

counts in children. This goal was addressed by three specific aims: (1) to estimate the 

change in the number of naevi that may be associated with polymorphisms of selected 

melanoma susceptibility genes; (2) to investigate potential interactions between selected 

polymorphisms and environmental exposures; and (3) to estimate the frequencies of the 

polymorphisms in the general Western Australian Population. 

 

With respect to the first aim, cross-sectional and longitudinal multivariate analyses 

found that six of the thirteen SNPS investigated in this study were associated with 

higher naevus counts on the arms, face and back; ranging between 13% and 69% more 

naevi compared to those without these polymorphisms. Two of these SNPs were from 

the chromosomal region 9p21.3, rs564398 and rs2383208, which were associated with 

higher naevus counts on all three body sites. Red hair colour alleles from MC1R were 

strongly associated with lower counts of naevi on sun exposed sites of the arms and 

face; ranging between 6% and 84% as many naevi as those with other genotypes of 

these SNPs. Two SNPs from MC1R were weakly associated with higher naevus counts, 

rs885479 with naevi on the arms and rs1805009 with naevi on the back in the 

longitudinal analysis. The strongest association in the study was between rs944800 from 

CDKN2BAS and naevus counts on the back in the cross-sectional analyses at 12 years 

of age and in the longitudinal analysis, where this association did not change with age. 

This lack of association with age in the longitudinal analysis between rs944800 and 

naevus counts is consistent with the pattern of association observed in the cross 

sectional analyses: A strong association at 12 years of age without any other 

associations at six or ten years of age (rs944800 was removed from the cross sectional 

models for these ages) does not suggest, in this study at least, a change in the 

association with age between six and twelve years. 

 

The cross-sectional and longitudinal analyses also address the second aim by including 

self-reported, protection adjusted sun-exposure in the models as both main effects and 

as interaction terms with genotyped SNPs. As outlined in section 4.9.3, interactions 

between the 13 SNPs and the participants’ age, sex, site-specific protection adjusted 
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sun-exposure, Kidskin intervention group and pair-wise SNP-SNP interactions were 

considered for inclusion in the cross-sectional and longitudinal models.  

 

Interactions between SNPs from MC1R and CDKN2BAS, and site-specific sun-

exposure over the 1996/7 summer school holidays were in the final cross-sectional 

analyses for naevus counts on the arms at 10 years of age, the face at 10 and 12 years 

and on the back at 10 years of age. There were no interactions between sun-exposure 

and SNPs in the longitudinal analyses. The associations between the SNP-1996/7 sun-

exposure and naevus counts made in 1999 are consistent with the results of other studies 

that suggest a two to three year induction time between sun-exposure and naevus 

development in children (Gallagher, Rivers et al. 2000; Harrison, MacKie et al. 2000). 

The lack of association between the naevus counts made in September 1995 and the 

SNP-1994/5 summer sun-exposure interactions is also consistent with this observation 

as there was nine to ten months between this summer and when the naevus counts were 

made. This study did not find an association between the SNP-1998/9 summer sun-

exposure interactions and naevus counts at 12 years of age in 2001 despite a two year 

lag between sun-exposure and when the naevi were counted. This may be due to the 

reported difference in naevus counts made by new set of observers in the 2001 winter 

data collection who consistently counted fewer naevi than the previous observers 

employed in the September 1995 and 1999 winter collection periods. An alternative 

explanation may be that sun-exposure at an earlier age may be more critical for the 

development of naevi than sun-exposure at a later age. This study found that the 

difference in number of naevi compared to the baseline genotype and the strength of the 

association diminished as the participants aged. In summary, in this study, there was 

limited evidence of interactions between the selected SNPs and protection adjusted, 

self-reported summer sun-exposure. 

 

The third aim was to estimate the genotype frequencies of the selected SNPs in the 

general WA population from the sample collected in this study. The selection process of 

the participants into the Kidskin baseline group was designed to ensure that participants 

were representative of children living in the Perth metropolitan area, who were five or 

six years of age in 1995. Another Western Australian study, The Busselton Health 

Study, had genotyped four SNPs, rs2383207, rs2383208, rs885479 and rs564398, 

investigated in the current study. With the exception of rs885479, the minor allele 

frequencies of these SNPs were similar in both studies (Cadby 2010).  In section 5.2, it 
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was established that the distribution of the phenotypic and demographic characteristics 

of the participants in this study were generally similar to the participants in the Kidskin 

Baseline group. However, there were some differences in the proportion of participants 

in the intervention groups, parental education, sex, eye colour and tendency to sunburn.  

 

After adjusting for multiple statistical tests, the differences in the proportion of parents 

with a tertiary education in the study sample by intervention group were found to be 

unlikely to be due to chance. However, these characteristics are not associated with the 

participants’ genotype. Therefore, with respect to the key variables that may be 

associated with genotype, the Kidskin II sample is representative of the Kidskin 2001 

group, and by extension, the Kidskin Baseline group and the WA population the 

Kidskin Baseline group was drawn from.  

 

The allele frequencies of the SNP in the Kidskin II sample were compared to published 

allele frequencies of healthy control groups (see Table 5.7) to determine whether the 

results could be generalised to other fair-skinned populations. After adjusting for 

multiple statistical tests, 11 of the 13 SNPs were found to have similar minor allele 

frequencies as those reported in samples recruited from European populations. The two 

exceptions, rs8895479 and rs1805007 were found to have minor allele frequencies that 

were similar only to those from UK and Australian samples. The similarity of minor 

allele frequencies of the SNPs in this study to other UK and Australian samples 

suggests that the association between genotype and naevus counts found in this study 

can be generalised to other fair-skinned populations of UK descent that have had similar 

levels and patterns of solar UVR-exposure as the study participants. 

 

7.2 Contribution to the understanding of the aetiology of melanoma 

After age, a high naevus count is the strongest and most consistent risk factor for 

melanoma risk. Naevi are markers for melanoma risk and they are likely to be precursor 

lesions of melanoma in some cases at least. But, are naevi on the same aetiological 

pathway as melanoma? As naevi and melanoma have many of the same host and 

environmental risk factors, it is logical to hypothesise that they may also share some of 

the same genetic determinants as well. The current study was designed to test this 

hypothesis. The pattern of association between naevus counts and the RHC alleles of 

MC1R observed in this study are most relevant to this question.  
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The RHC polymorphisms were associated with naevus counts on sun exposed sites, but 

not with naevus counts on the back. The contrast in association between sun-exposed 

and sun-protected body sites, over and above the summer vacation sun-exposure 

measures used in this study, suggests that that sun-exposure outside the summer 

vacation period may also be important. In Perth, the solar UVR indices from October to 

the end of March have maxima in the high to extreme range, equivalent to at least 720 J 

hour
-1

 m
-2 

(ARPANSA 2008). This exposure to solar UVR from late spring to early 

autumn would have the potential to increase the incidence of melanoma, especially if 

sun protection measures were associated just with outdoor exposure during summer.  

 

The RHC alleles of MC1R have been associated with a 2-fold to 17-fold increase in 

melanoma risk in previous studies of fair-skinned participants (Valverde, Healy et al. 

1996; Kennedy, ter Huurne et al. 2001; Stratigos, Dimisianos et al. 2006); however, in 

the Kidskin II sample, the RHC polymorphisms were associated with fewer naevi on the 

sun exposed sites. This provides further evidence that the genetic risk factors for naevi 

and melanoma may not completely overlap or act in the same way. Consequently, naevi 

may not be precursor lesions for melanoma in every instance.  

 

The pattern of association between MC1R and naevus counts on sun exposed sites with 

age observed in this study suggests that solar UVR exposure early in childhood may be 

especially important for subsequent naevus development and melanoma risk. While 

RHC polymorphisms in MC1R were found to be protective against naevus 

development, there may be other melanoma susceptibility genes that have a greater 

effect on increasing melanoma risk at younger ages. These genes would have to be 

identified in longitudinal epidemiological studies that take into account the participants’ 

phenotypes, personal and familial medical history, demographics and patterns of 

exposure to environmental risk factors over time.  

 

7.3 Implications for public health 

The variation in penetrance of melanoma genes across different geographic areas makes 

it infeasible to produce a set of genetic testing guidelines for melanoma risk in the 

general population. In 1999, the Melanoma Genetic Consortium concluded that it would 

be premature to conduct genetic testing of CDKN2A since the penetrance of the 
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polymorphisms was unknown and knowledge of mutation status would not alter clinical 

care (Tucker and Goldstein 2003). The information on the penetrance and effect of 

candidate susceptibility genes for naevus counts is much sparser. The identification of 

polymorphisms associated with naevus counts would not change the fundamental public 

health messages addressing sun-exposure, which is the primary modifiable risk factor 

for naevus development. Therefore, genetic testing of genes that may be associated with 

the high naevus count phenotype is not currently recommended.  

 

At present, usable models of an individual’s melanoma risk profile do not exist. 

Accurate information on sun-exposure history, phenotype and other risk factors would 

be required to make use of them. Unfortunately, this information is unlikely to be 

available; for example, a detailed history of past sun-exposure is likely to be subject to 

inaccurate recollection and potentially information bias if a family member had been 

previously diagnosed with melanoma. 

 

Migration studies suggest that the risk of melanoma increases with childhood exposure 

to solar UVR. This and the pattern of association between naevus counts and RHC 

MC1R alleles with age suggest the potential for other melanoma susceptibility genes 

that have a stronger effect on melanoma risk in childhood. This suggests that it may be 

worthwhile providing more information and resources to parents of very young 

children, and to provide additional funding to existing programs, for example the 

“SunSmart” program established by the Cancer Council Australia, that encourage the 

adoption and implementation of sun protection policies and behaviours at schools and 

child care centres in Australia (Cancer Council Australia 2010).  

 

If the ‘divergent pathway’ hypothesis holds, one implication is that public health 

strategies aimed at whole populations may not be the most effective method of reducing 

the incidence of melanoma. A melanoma prevention program tailored for individuals 

with the high melanocyte proliferation phenotype encouraging reduced sun-exposure at 

all ages, especially early childhood, would be more effective than a general prevention 

campaign. Similarly, a campaign that encourages the protection of chronically exposed 

body sites among those with the low melanocyte proliferation phenotype, would be 

more effective (Whiteman, Watt et al. 2003).     
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The results of this study indicate that, while several polymorphisms of melanoma 

susceptibility genes were associated with changes in the number of naevi, previously 

established risk factors for naevus development remain important. In each of the 

models, phenotypic traits such as constitutional skin reflectance and exposure patterns 

to sunlight had consistently stronger associations with naevus counts. This indicates that 

while there may be a genetic component to the development of naevi and tailored 

interventions may be more effective, public health messages encouraging reduced sun-

exposure and the use of protective measures for everyone in the population should 

continue. Those with high-risk phenotypes should be particularly careful with their sun-

exposure, especially as this is the one easily modifiable risk factor for both naevus and 

melanoma development.  

 

7.4 Future research  

The results of this study have suggested several lines of enquiry to direct future research 

forwards. Firstly, the association between rs944800 (CDKN2BAS) and naevus counts 

on the back should be investigated to confirm whether this association is with rs944800 

or other SNPs in LD with rs944800. Exons of CDKN2BAS overlap with two exons of 

p15/CDKN2B and are in close physical proximity with p14/ARF and p16/CDKN2A, 

both melanoma susceptibility genes. This hypothesis could be tested by genotyping 

SNPs within this region and examining the patterns of LD that rs944800 may have with 

these SNPs, and investigating whether there may be association between naevus counts 

and SNPs from the CDKN2A locus other than that described by Zhu et al. (1999). 

 

Secondly, the presence of high penetrance RHC alleles of MC1R has been reported to 

increase the penetrance of CDKN2A mutations with regard to melanoma risk. 

Additional genotyping of SNPs from MC1R and CDKN2A could be used to test a 

similar hypothesis with respect to naevus counts; that polymorphisms of MC1R, in 

combination with CDKN2A mutations are associated with higher naevus counts than 

associations associated with these genes separately. 

 

Thirdly, p14/ARF, p16/CDKN2A and TP53 are part of the same DNA repair pathway 

where the activated p53 protein either stops the cell cycle to allow for DNA repair prior 

to cell division, or activation of the apoptosis pathway if the amount of damage is too 
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severe to correct. The role of this pathway could be investigated to determine if it may 

be associated with the development of naevi. 

 

7.5 Conclusions 

The identification of genes involved in the development of complex diseases has the 

potential to redirect the focus of research into their causes, and therefore, disease 

prevention and treatment strategies. The identification of genes that increase the risk of 

developing naevi and therefore, melanoma, may provide an insight into the biological 

pathways that lead to the initiation and/or progression of this cancer. A better 

understanding of the aetiology of melanoma will provide a basis for identifying 

individuals within a population who have the highest level of risk of melanoma, how 

that risk can be modified and how that information can be used to improve surveillance 

and identification of the disease at an earlier stage where treatment is more likely to be 

successful. 

 

This study investigated the genetic epidemiology of melanocytic naevi in children using 

cross-sectional and longitudinal association analyses between polymorphisms of 

specific melanoma susceptibility genes. To the best of the author’s knowledge, this is 

the first study to carry out a longitudinal analysis of this type, and that this study is one 

of very few that have investigated the genetic epidemiology of melanocytic naevi while 

controlling for a range of phenotypic, demographic variables and protection adjusted 

sun-exposure to specific body sites. 

 

This study found that (1) the Arg72Pro polymorphism of TP53 was not associated with 

naevus counts between 6 and 12 years of age; (2) a newly discovered SNP, rs944800 

from CDKN2BAS, was strongly associated with high counts of naevi on the back; (3) 

polymorphisms in the RHC alleles from MC1R were associated with fewer naevi on sun 

exposed sites of the arms and face, but tended not to be associated with naevus counts 

on the back, which is normally protected from exposure to solar UVR; (4) the 

association between naevus counts on sun exposed sites and RHC alleles of MC1R 

changed with age: On average the strength of the association weakened and size of the 

effect associated with the SNPs grew smaller with age; (5) these results may be 

generalised to the Western Australian population from which the participants were 
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recruited and potentially other fair-skinned populations of UK descent that are exposed 

to similar levels of solar UVR. 

 

The results of this study support the hypothesis that polymorphisms from a subset of 

melanoma susceptibility genes are associated with naevus development. The results also 

suggest that naevi and melanoma may not share all the same genetic risk factors, and 

that the genetic risk factors they do share may not have similar effects. This finding 

lends support to the position that there may be more than one pathological pathway 

leading to melanoma development. 
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9 Appendix: Details of the Kidskin Study 

Methodologies 
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This Appendix provides further information on the methodologies used to collect 

phenotypic and sun-exposure information, and the derivation of the protection adjusted 

sun-exposure measures in the original Kidskin study. Much of the text in this appendix 

is reproduced, with permission, from Dr Liz Milne’s PhD thesis (Milne 2001). 

 

9.1 Kidskin sun protection curriculum 

The Kidskin sun protection curriculum was taught by the participants’ usual teachers 

who had been trained in its delivery. The intervention was based on the Health Belief 

Model and Social Cognitive Theory and other theories of health behaviour and child 

development. The curriculum strongly encouraged the children to reduce their sun-

exposure by staying indoors during the middle of the day and to protect themselves 

when they were outdoors by using shade, wearing hats, sun protective clothing and 

sunscreen. The intervention was `developmentally appropriate’ for the recipients' age 

and involved classroom and home-based activities. The material that was taught was not 

just knowledge based, but also addressed sun-exposure and protection in terms of 

severity, susceptibility, benefits and barriers. The participants were assisted in 

developing assertive communication skills and self-efficacy to enhance their ability to 

deal with situations where the participants’ desire to be ‘sun safe’ might be challenged  

(Milne 2001). 

 

9.2 Multiple intervention levels 

Two levels of the intervention were used because in 1994 there was a concern that 

because of a nationwide promotion of sun safety messages, a curricular intervention 

may not have been effective in reducing sun-exposure to the extent needed to have an 

effect on naevi development. Therefore it was considered necessary to include a level of 

intervention designed to maximise the potential reduction in exposure. In the study this 

was the `high’ intervention group. The level of intervention in the `moderate’ group was 

the level of effect that might be maintainable in Australian schools, while the high 

intervention was a rigorous attempt to minimise sun-exposure. 
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9.3 Melanocytic naevi 

9.3.1 Secondary body sites for naevus counts 

The main endpoint for the Kidskin study was naevi on the back, however, at the time of 

the study there was a community wide move towards wearing swimwear that covered 

the back. As such, there was some concern that the intervention may not have a strong 

effect on the development of naevi on the back. Therefore, naevi were counted on the 

face and arms as well. 

 

Naevi were not counted on other sites such as the legs and the back of the hands 

because of the privacy issue for body sites below the waist, and the relative rarity of 

naevi on other sites.  

 

9.3.2 Photographic slides of the participants’ backs 

Photographic slides were taken to make a permanent record of the naevi on the backs of 

the participants for the purpose of direct side by side comparison at the end of the study. 

Slides of each child's back and boys' chests were photographed using professional 

equipment and techniques.  

 

Specific anatomic landmarks were marked on the skin with a felt pen so that areas on 

the trunk where the naevi were counted could be identified at a later date. The upper 

shoulders were excluded as this area is frequently freckled, making naevus counting 

difficult (Milne 2001).  

 

At the end of the study, the three sets of slides were projected side-by-side on a 

whiteboard so that the naevi within the areas defined by the anatomic landmarks could 

be counted. The naevi that appeared on the slides were marked on the whiteboard with a 

felt pen and counted. Separate counts were made for brown, red/pink and all naevi. The 

number of naevi that disappeared on the later slides and any evidence of excision or 

haloing were also recorded  (Milne 2001). 
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9.3.3 Objective measurement of skin pigmentation 

An increase in melanin pigmentation, visible as suntan, is a natural response of the skin 

to UVR exposure. A single exposure of solar UVR that causes slight sunburn after 24 

hours may cause within three to five days a moderate tan that can persist unchanged in 

most people for several weeks. The degree of an objectively measured suntan can then 

be an indication of the amount of sun-exposure an individual has recently had, however, 

it is dependent on the individual’s skin type. If suntan measures are used, a baseline 

measure of unaffected skin from an unexposed site is necessary. 

 

The two most common instruments used to estimate the level of skin pigmentation are 

colorimeters and narrow band reflectance spectrophotometers. Both devices emit light 

onto the skin's surface and then measure the extent of reflectance or absorption of light.  

 

Colorimeters express colour in three dimensions: luminosity (L*), green and red 

wavelengths (a*), and blue and yellow wavelengths (b*). Reflectance 

spectrophotometers are able to measure the intensity of light reflected in a number of 

narrow spectral bands and then integrate this information to provide a graph of intensity 

by wavelength. More advanced devices are able to take readings in narrow intervals 

across the entire visible spectrum (400nm-700nm) to produce spectral graphs and 

colorimeter output.  

 

Reflectance is inversely related to the degree of skin pigmentation, and reflectance at 

various wavelengths is strongly correlated with melanin density. Melanin absorbs light 

at all wavelengths, with the greatest absorption at approximately 335nm, in the UV-A 

region of the spectrum. There is a steep decline in absorption at shorter wavelengths, 

and a more gradual decline towards the longer (red) wavelengths of the visible spectrum 

(Agar and Young 2005).  

 

A method of estimating the melanin density in human skin was proposed by a 

Tasmanian research group (Dwyer, Muller et al. 1998). A spectrophotometer is used to 

take spectral measurements at 420nm and 400nm which effectively removes the 

contribution of haemoglobin to the absorption spectrum. 

 

The equation for estimating the percentage of the epidermis that contains melanin (MD) 

is: 
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Equation 9.1 

 

where R420 and R400 denote average reflectance measures at 420nm and 400nm 

respectively. This equation was found to be highly positively correlated with the 

melanin content of skin biopsies taken from the same site (Dwyer, Muller et al. 1998). 

However, approximately 10% of the estimates using this equation had small negative 

values (Dwyer, Prota et al. 2000). Negative estimates also occurred among a small 

proportion the Kidskin participants (Milne 2001). 

 

Two different spectrophotometers were used to measure skin reflectance in the Kidskin 

study. In 1995 and 1997 a Model 99 reflectance spectrophotometer by Diffusion 

Systems of London was used. Skin reflectance measurements with this machine were 

taken using a 601 filter across a range of wavelengths from 390nm to 470nm, centred on 

425nm. This range of wavelengths was used as it was shown to have the greatest 

discrimination between pre-summer and post-summer skin colour in exposed skin in the 

Kidskin pilot study.  

 

New equipment, Minolta CM 500d spectrophotometers, was purchased in 1999 to 

replace the Diffusion System machines because of difficulties in servicing them locally, 

and in order to expedite the data collection procedures. The Minolta machines were 

used for all subsequent skin reflectance measurements. 

 

9.3.4 Freckling 

The level of freckling on the face and arms was estimated on each occasion that naevi 

were counted, and freckling on the shoulders was assessed at the time the slides of the 

back of each child were compared. This was done so that the potential effect of 

freckling on the misclassification of naevi could be assessed (Milne 2001). 

 

The shoulders tend to be more densely freckled than the back and therefore provide a 

better indication of a child's tendency to freckle. The tendency to freckle may be related 

to the propensity to develop naevi and was therefore assessed as a potential modifier of 

the effect of the intervention on naevus development (Milne 2001). 
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For the purposes of distinguishing freckles from naevi, freckles were described as: 

 

“...light to medium brown macules usually less than three millimetres in 

diameter which darken after sun-exposure. The edge is often poorly defined, 

but pigment is evenly distributed in the lesion. There is no alteration in skin 

marking. Freckles often occur in clusters on sun exposed areas and may be 

confluent.” 

(Milne 2001) 

 

Freckling on the face, arms and shoulders was scored between 0 (none) and 10 (very 

heavy) according to a series of diagrams showing variations in distribution and density 

of freckling on each of these sites (Milne 2001). 

 

9.4 Assessment of constitutional variables and sun-exposure 

9.4.1 Sun related behaviour 

Because a large number of participants were needed to take part in the study, self-

administered questionnaires completed by the participants’ parents were used to collect 

sun-exposure and protection information.  

 

The development of the first questionnaire did not get underway until mid 1995, and it 

was administered in September (spring) 1995, prior to the commencement of the 

intervention. Each of the subsequent questionnaires in 1997, 1999 and 2001 were 

distributed in February, immediately after the summer school holidays, to all the 

participants in Perth whose whereabouts were known. 

 

Information provided in the questionnaires was used to develop a composite index of 

sun-exposure where the total time spent at each of the outdoor venues was modified 

according to the use of sun protection measures on particular body sites. 

 

The questionnaires included a number of knowledge based, attitudinal and demographic 

questions relating to ethnic origin, parental education level and child's skin type. Minor 

modifications were made to the questionnaires to refine the way in which the sun-

exposure index was calculated. Apart from these modifications, and that some of the 
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demographic questions were only included in the initial questionnaire, the four 

questionnaires used in the study were very similar. 

 

9.4.2 Sun-exposure indices 

Several different approaches have been taken in the development of a summary measure 

of sun-exposure. Some have designed a protection score while others have attempted to 

estimate the level of sun-exposure, combining time outdoors/exposure with the extent of 

protective measures taken. 

 

The method of choice depends on the aim of the study. An index involving behavioural 

factors alone - not taking into account exposure - could be less useful in some contexts 

than one that includes/incorporates and combines levels of sun-exposure with the 

protective behaviours of interest. This is particularly the case when the aim is to 

estimate the effective dose of UVR to the skin or the eyes. 

 

As sun related information was used for two purposes in the Kidskin study, both sorts of 

measures were useful: 

- one describing individual protection measures, and 

- another estimating the (relative) amount of sun-exposure to the children's skin, 

while taking into account the protective measures taken. 

 

9.4.2.1 Time spent outdoors 

The total number of hours that children spent outside between 8.00am and 4.00pm and 

between 11.00am and 2.00pm over the summer school holidays were calculated by 

multiplying the number of days at each venue by the number of hours typically spent at 

each venue during these time periods. The total hours for each time period were 

converted to minutes per day. 

 

9.4.2.2 Use of specific sun protection measures 

Parents also estimated the proportion of time at each venue that their child used hats, 

sunscreen, shade and clothing covering the back. The responses were none, some, half, 

most or all of the time. The responses were recoded respectively as the proportions 0, 

0.25, 0.5, 0.75 and 1. 
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To derive an overall proportion of time that each factor was used, the proportions for 

each of the three venues were averaged after weighting by the proportion of the total 

time spent outdoors at each venue: 

 

     
 

 
∑(    

   
  
)

 

   

 

Equation 9.2 

where: 

Pij = total proportion of time outdoors that person i used factor j, 

pijk = proportion of time person i used factor j at venue k, 

tik = total time person i spent outdoors at venue k, and 

Ti = total time spent outdoors by person i. 

for person i = 1,…, n; protective factor j = 1,…, m; and venue k = 1,…, q. 

 

The overall proportions were collapsed into binary variables: `all the time' and `less than 

all the time' for hats, sunscreen and covered back, and 'at least half the time' and `less 

than half the time' for use of the shade. These cut off points were determined on the 

basis of the prevalence of these behaviours at baseline and after consideration of the 

aims of the intervention 

 

9.4.2.3 Midday Hour Equivalents 

Solar UVR between 11.00am and 2.00pm is more intense than during other periods, so 

these hours were weighted more heavily in the calculation of the sun-exposure index. 

The concept of `Midday Hour Equivalents' (MHE) was developed.  

 

The number of days the child spent at each outdoor venue were multiplied by the 

number of MHE's typically spent at that venue to derive the total number of MHE's for 

that venue. 

 

The use of sun protection measures reduces the amount of UVR reaching or affecting 

the skin. Using the parents' responses about the various sun protection measures used by 

each of the children at each venue and the approximate proportion of time they were 

applied, it was possible to reduce the effective number of MHE's assigned to each child 

according to their level of protection. The venues were considered separately because of 

the potential for different sun protection behaviours at each. Body sites included were 
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the face, arms and back. Again as different protection factors are used on different parts 

of the body, hats for example, different parts of the body were analysed separately. 

 

An exposure factor was assigned for each protection measure (see Table 3.2). The 

exposure factors are equivalent to the inverse of the level of protection afforded by the 

factor. For example, if a particular type of hat reduces the sun-exposure by a factor of 

four, then the exposure factor would be 0.25. 

 

Table 9.1 Exposure factor values for sun protection measures assessed in the Kidskin 

study 
Protection factor  Exposure factor value 

Hat - face   

Broad brimmed hat (brim > 7.5cm)  0.25 

Narrow brimmed hat (brim ≤ 7.5cm)  0.47 

Legionnaire style hat (cap with a flap at the back)  0.37 

Peaked cap  0.44 

Shirt - back  0.00 

Long-sleeved shirt - arms  0.00 

Short-sleeved shirt - forearms  use sunscreen and shade measures 

Sunscreen  0.10 

Shade  0.50 

 

9.4.2.4 Protection afforded by hats 

The amount of protection offered by hats varies with the type of hat worn. Data on UVR 

protection for various parts of the face afforded by different styles of hat were used to 

calculate exposure to the face as a whole. This was done using a weighted average of 

exposure to specific sites on the face with the weight being proportional to the surface 

area of each site. Exposure factors for the whole face were used for each type of hat; 

Table 3.2 gives the exposure factor values for the types of hats considered in the 

Kidskin study. 

 

9.4.2.5 Protection afforded by clothing 

If the child's back was covered by clothing for some proportion of the time, then this 

site was considered to be unexposed for that time, and fully exposed for the rest of the 

time. If the back was covered all the time, there was no need to consider the use of 

sunscreen or shade on this site. 

 

Parents were not asked to estimate the proportion of time that their child's arms were 

covered, the type of shirt or bathers were used to estimate the exposure to the arms 

during the time that the back was covered. It was assumed that at the times when the 

child's back was uncovered the arms were also uncovered. 
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If the child's back was covered all the time at the beach or pool and they generally wore 

long-sleeved bathers, then the arms were considered to be unexposed at all times that 

the back was covered at those venues - the use of sunscreen or shade on this site was not 

considered during these times. 

 

But if other types of bathers were worn, or long-sleeved bathers were not worn all the 

time, exposure to the arms during the time the back was covered was estimated 

according to the type of bathers that were usually worn. Similarly if the child's back was 

covered all the time outside the home, and if long-sleeved shirts were generally worn, 

then the arms were considered to be unexposed during these times. Therefore the use of 

sunscreen or shade in relation to the arms was not relevant when the back was covered. 

However, if other types of tops were worn, or if long-sleeved shirts were not worn all 

the time, the exposure to the arms during the time the back was covered was estimated 

according to the type of top usually worn by the child. 

 

9.4.2.6 Protection afforded by sunscreen 

Sunscreens were graded according to the amount of protection from sun-exposure when 

they are correctly applied. The Sun Protection Factor (SPF) is the ratio of the dose of 

UVB that reaches the skin to which the sunscreen has been applied, to the dose reaching 

unprotected skin. Thus a sunscreen with a SPF rating of 15 transmits one fifteenth of the 

UVB and would hence be assigned an exposure factor of 0.07, while an SPF 10 

sunscreen would have an exposure factor of 0.1. 

 

The actual protection to the skin is governed by how well the sunscreen is applied, when 

it was last applied, and by exposure to water through swimming, for example, where 

some may be washed off. During the pilot study all 36 parents reported using SPF 15+ 

sunscreen on their child - the highest SPF available at the time. Therefore this question 

(the SPF of the sunscreen) was removed from the final version of the questionnaire. 

 

Despite the widespread use of SPF 15+ sunscreen, sunscreen use was given an exposure 

factor of 0.1 in order that the estimated protection afforded by it would be conservative. 

This was to allow for less than ideal application relating to either technique or timing 

and possible failure to reapply. 
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9.4.2.7 Protection afforded by shade 

The amount of sun protection afforded by shade is dependent on the nature of the shade, 

for example, the density of foliage or thickness of shade cloth and whether or not any 

sky is visible from the individual's position/location - from a position in the shade where 

a lot of blue sky can be seen, scattered UVR from the sky can also reach the individual. 

 

Shade can therefore provide between minimal and total UVR protection. As the nature 

of the shade used by the participants was unknown, the midpoint between the two 

extremes was used, so shade was allocated an exposure factor of 0.5. 

 

9.4.2.8 Concurrent use of sun protection factors 

Parents were asked to estimate the proportion of the time at each venue that their child 

used the various sun protection measures and the exposure factor associated with each 

sun protection measure had been estimated. However, it was not known whether the 

various measures were used concurrently. Therefore, it was necessary to develop a 

means of estimating the exposure to each body site that would have occurred at the two 

possible extremes (minimum and maximum overlap of protective measures) so that the 

value in between could be interpolated. For each venue and each body site individually 

the protection measures were ranked in order from most protective to least protective. 

The total time was broken into four intervals, each representing a quarter of the time. 

The time each factor was used was arranged over the total time so there was either a 

maximum or minimum overlap of protective measures. 

 

The average protection-adjusted MHE's calculated for each venue were added within 

each body site to derive a total protection-adjusted MHE's for the face, arms and back. 

An index of exposure for the whole body was calculated by combining the protection-

adjusted MHE's for the three sites using a weight proportional to the relative size of 

each site: back = 0.577, arms = 0.267 and face = 0.156 

 

The exposure indices for the three body sites and the body as a whole were calculated. 

The unit of measurement was then converted from MHE's to `midday minutes 

equivalents' (MME) by dividing MHE’s by 60. 

 

Refinements were made to the survey instrument which affected the derivation of the 

sun-exposure index across the surveys, making longitudinal comparisons inappropriate. 
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It was considered important to improve the questionnaire and sun-exposure index over 

the course of the study, even at the cost of not being able to compare baseline and 

follow up values directly. However these refinements did not affect the ability to 

address the primary aims of the study – to make between-group comparisons while 

adjusting for baseline values. 

 

9.4.3 Characteristic variables 

9.4.3.1 Skin colour on an unexposed site 

As a measure of each child's underlying or constitutional skin colour, reflectance was 

measured on the right inner upper arm during winter in 1995 using spectrophotometers.  

 

9.4.3.2 Hair and eye colour 

Hairdressers’ hair colour samples were used to assess each child's hair colour. These 

colour charts included a large range of numbered colours in the black, brown, blonde 

and red hair ranges. Each child's eye colour was compared to a range of ten coloured 

plastic irises. These assessments were made under natural light following strict 

protocols. 

 

Hair and eye colour were assessed at baseline, however for 26 children baseline eye 

colour data were missing and so the missing data were collected in 1999. 

 

9.4.3.3 Height and weight 

On the occasions when naevi were counted, each child's height was measured using a 

stadiometer. Their weight was measured with a set of digital scales accurate to 200 

grams, following standardised protocols. These measures were used in the calculations 

of body surface area. 

 

9.4.3.4 Body surface area 

Each child's body surface area was calculated using their height and weight measured in 

1995, 1999 and 2001. The body surface area of each body site was then estimated by 

multiplying the total body surface area by the proportion allocated to each site. 
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9.4.3.5 Ethnicity 

Parents were asked to identify the country in which each of the child's four grandparents 

were born, and where the ancestors of each of the grandparents originated. These were 

coded as: 

- Britain,  

- Northern Europe,  

- Southern Europe,  

- Asia,  

- Africa, and  

- Australia (Aboriginal or Torres Strait Islander) 

 

Children were classified as ‘European’ if two or more grandparents had European 

ancestry, and as non-European otherwise. Those with two or more grandparents from 

Southern Europe were also identified as ‘Southern European’. 

 

9.4.3.6 Parental education 

The parents' education level was recorded using six levels of classification, but these 

categories were collapsed into two levels; tertiary and non-tertiary. The higher level of 

the two parents was used when examining the effect of this variable on the outcomes of 

interest. 

 

9.4.3.7 Skin sensitivity 

Two aspects of the children's skin type were included in the questionnaire: Tendency to 

sunburn and ability to tan. These were considered to be particularly important since both 

have been shown to be strongly related to melanoma risk. Parents were asked the 

following questions to obtain this information: 

 

If your child spent 30 minutes in the sun in the middle of the day for the first 

time in summer, and he was not wearing sunscreen, would he: 

1. Get a severe sunburn with blistering, 

2. Have painful sunburn, 

3. Get mildly burnt, 

4. Not get sunburnt at all. 
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If your child spent short periods of time in the sun every day over summer 

without sunscreen, how do you think his/her skin would look at the end of 

summer? 

1. Very tanned, 

2. Moderately tanned, 

3. Lightly tanned, 

4. No suntan at all. 

 

In September 1995, parents completed a questionnaire on their child's ethnicity, sun-

exposure during the previous summer, and their skin's sensitivity to sunlight. The 

parent's education level was also recorded and we used the higher education level of the 

two parents when examining the effect of parental education on the outcomes of interest 

(Milne, English et al. 1999; Milne 2001). 

 

 



 237 

 

 

 

 

 

 

10 Appendix: A priori statistical power 

calculations 
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Table 10.1 Statistical power calculations to detect a difference between 1 and 20 naevi for a range of minor allele frequencies, assuming a type I error rate 

of 5%, a sample size of 1,123 (100% recruitment), under dominant, recessive and additive modes of inheritance 

Δ Naevus 

counts 

Dominant 
 

Recessive 
 

Additive 

Minor allele frequencies 
 

Minor allele frequencies 
 

Minor allele frequencies 

1% 5% 10% 20% 30% 40% 50% 
 

1% 5% 10% 20% 30% 40% 50% 
 

1% 5% 10% 20% 30% 40% 50% 

1 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 
 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 

2 0.31 0.88 0.98 1.00 1.00 1.00 1.00 
 

0.05 0.08 0.18 0.54 0.85 0.97 → 1 
 

0.31 0.90 0.99 → 1 → 1 → 1 → 1 

3 0.63 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.05 0.13 0.37 0.90 → 1 → 1 → 1 
 

0.64 → 1 → 1 → 1 → 1 → 1 → 1 

4 0.83 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.06 0.18 0.54 0.98 → 1 → 1 → 1 
 

0.83 → 1 → 1 → 1 → 1 → 1 → 1 

5 0.92 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.06 0.23 0.67 → 1 → 1 → 1 → 1 
 

0.92 → 1 → 1 → 1 → 1 → 1 → 1 

6 0.96 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.06 0.27 0.76 → 1 → 1 → 1 → 1 
 

0.97 → 1 → 1 → 1 → 1 → 1 → 1 

7 0.98 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.06 0.31 0.83 → 1 → 1 → 1 → 1 
 

0.98 → 1 → 1 → 1 → 1 → 1 → 1 

8 0.99 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.06 0.34 0.87 → 1 → 1 → 1 → 1 
 

0.99 → 1 → 1 → 1 → 1 → 1 → 1 

9 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.06 0.38 0.91 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

10 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.06 0.40 0.93 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

11 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.06 0.43 0.95 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

12 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.07 0.46 0.96 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

13 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.07 0.48 0.97 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

14 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.07 0.51 0.98 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

15 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.07 0.53 0.98 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

16 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.07 0.54 0.99 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

17 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.07 0.56 0.99 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

18 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.07 0.58 0.99 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

19 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.07 0.59 0.99 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 

20 → 1 → 1 → 1 → 1 → 1 → 1 → 1 
 

0.07 0.61 0.99 → 1 → 1 → 1 → 1 
 

→ 1 → 1 → 1 → 1 → 1 → 1 → 1 
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Table 10.2 Statistical power calculations to detect a difference between 1 and 20 naevi for a range of minor allele frequencies, assuming a type I error rate 

of 5%, a sample size of 562 (50% recruitment), under dominant, recessive and additive modes of inheritance 

Δ Naevus 

counts 

Dominant 
 

Recessive 
 

Additive 

Minor allele frequencies 
 

Minor allele frequencies 
 

Minor allele frequencies 

1% 5% 10% 20% 30% 40% 50% 
 

1% 5% 10% 20% 30% 40% 50% 
 

1% 5% 10% 20% 30% 40% 50% 

1 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 

 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 

2 0.18 0.60 0.83 0.95 0.96 0.95 0.90 

 

0.05 0.07 0.11 0.31 0.56 0.78 0.90 

 

0.18 0.63 0.88 0.99 → 1 → 1 → 1 

3 0.37 0.93 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.09 0.21 0.63 0.92 0.99 → 1 

 

0.37 0.95 → 1 → 1 → 1 → 1 → 1 

4 0.54 0.99 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.11 0.31 0.82 0.99 → 1 → 1 

 

0.54 → 1 → 1 → 1 → 1 → 1 → 1 

5 0.66 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.14 0.40 0.92 → 1 → 1 → 1 

 

0.67 → 1 → 1 → 1 → 1 → 1 → 1 

6 0.76 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.16 0.47 0.96 → 1 → 1 → 1 

 

0.76 → 1 → 1 → 1 → 1 → 1 → 1 

7 0.82 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.18 0.54 0.98 → 1 → 1 → 1 

 

0.83 → 1 → 1 → 1 → 1 → 1 → 1 

8 0.87 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.20 0.59 0.99 → 1 → 1 → 1 

 

0.87 → 1 → 1 → 1 → 1 → 1 → 1 

9 0.90 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.21 0.64 → 1 → 1 → 1 → 1 

 

0.91 → 1 → 1 → 1 → 1 → 1 → 1 

10 0.93 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.23 0.68 → 1 → 1 → 1 → 1 

 

0.93 → 1 → 1 → 1 → 1 → 1 → 1 

11 0.95 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.25 0.72 → 1 → 1 → 1 → 1 

 

0.95 → 1 → 1 → 1 → 1 → 1 → 1 

12 0.96 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.26 0.74 → 1 → 1 → 1 → 1 

 

0.96 → 1 → 1 → 1 → 1 → 1 → 1 

13 0.97 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.27 0.77 → 1 → 1 → 1 → 1 

 

0.97 → 1 → 1 → 1 → 1 → 1 → 1 

14 0.98 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.29 0.80 → 1 → 1 → 1 → 1 

 

0.98 → 1 → 1 → 1 → 1 → 1 → 1 

15 0.98 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.30 0.82 → 1 → 1 → 1 → 1 

 

0.98 → 1 → 1 → 1 → 1 → 1 → 1 

16 0.98 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.31 0.83 → 1 → 1 → 1 → 1 

 

0.99 → 1 → 1 → 1 → 1 → 1 → 1 

17 0.99 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.32 0.85 → 1 → 1 → 1 → 1 

 

0.99 → 1 → 1 → 1 → 1 → 1 → 1 

18 0.99 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.33 0.86 → 1 → 1 → 1 → 1 

 

0.99 → 1 → 1 → 1 → 1 → 1 → 1 

19 0.99 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.34 0.87 → 1 → 1 → 1 → 1 

 

0.99 → 1 → 1 → 1 → 1 → 1 → 1 

20 0.99 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.35 0.89 → 1 → 1 → 1 → 1 

 

0.99 → 1 → 1 → 1 → 1 → 1 → 1 
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Table 10.3 Statistical power calculations to detect a difference between 1 and 20 naevi for a range of minor allele frequencies, assuming a type I error rate 

of 5%, a sample size of 337 (30% recruitment), under dominant, recessive and additive modes of inheritance 

Δ Naevus 

counts 

Dominant 
 

Recessive 
 

Additive 

Minor allele frequencies 
 

Minor allele frequencies 
 

Minor allele frequencies 

1% 5% 10% 20% 30% 40% 50% 
 

1% 5% 10% 20% 30% 40% 50% 
 

1% 5% 10% 20% 30% 40% 50% 

1 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 

 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 

2 0.08 0.17 0.26 0.37 0.39 0.37 0.31 

 

0.05 0.05 0.06 0.10 0.16 0.23 0.31 

 

0.08 0.18 0.30 0.48 0.59 0.65 0.66 

3 0.18 0.61 0.84 0.95 0.97 0.95 0.91 

 

0.05 0.07 0.12 0.32 0.58 0.79 0.91 

 

0.19 0.64 0.90 0.99 → 1 → 1 → 1 

4 0.30 0.87 0.98 → 1 → 1 → 1 → 1 

 

0.05 0.08 0.18 0.53 0.84 0.97 → 1 

 

0.31 0.89 0.99 → 1 → 1 → 1 → 1 

5 0.41 0.96 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.09 0.23 0.68 0.95 → 1 → 1 

 

0.41 0.97 → 1 → 1 → 1 → 1 → 1 

6 0.50 0.99 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.11 0.29 0.79 0.98 → 1 → 1 

 

0.51 0.99 → 1 → 1 → 1 → 1 → 1 

7 0.58 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.12 0.34 0.86 0.99 → 1 → 1 

 

0.58 → 1 → 1 → 1 → 1 → 1 → 1 

8 0.64 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.13 0.38 0.90 → 1 → 1 → 1 

 

0.65 → 1 → 1 → 1 → 1 → 1 → 1 

9 0.70 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.14 0.42 0.94 → 1 → 1 → 1 

 

0.70 → 1 → 1 → 1 → 1 → 1 → 1 

10 0.74 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.15 0.45 0.96 → 1 → 1 → 1 

 

0.74 → 1 → 1 → 1 → 1 → 1 → 1 

11 0.77 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.16 0.49 0.97 → 1 → 1 → 1 

 

0.78 → 1 → 1 → 1 → 1 → 1 → 1 

12 0.80 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.17 0.52 0.98 → 1 → 1 → 1 

 

0.81 → 1 → 1 → 1 → 1 → 1 → 1 

13 0.83 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.18 0.54 0.98 → 1 → 1 → 1 

 

0.83 → 1 → 1 → 1 → 1 → 1 → 1 

14 0.85 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.19 0.57 0.99 → 1 → 1 → 1 

 

0.86 → 1 → 1 → 1 → 1 → 1 → 1 

15 0.87 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.20 0.59 0.99 → 1 → 1 → 1 

 

0.88 → 1 → 1 → 1 → 1 → 1 → 1 

16 0.89 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.20 0.61 0.99 → 1 → 1 → 1 

 

0.89 → 1 → 1 → 1 → 1 → 1 → 1 

17 0.90 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.21 0.63 → 1 → 1 → 1 → 1 

 

0.90 → 1 → 1 → 1 → 1 → 1 → 1 

18 0.91 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.22 0.65 → 1 → 1 → 1 → 1 

 

0.92 → 1 → 1 → 1 → 1 → 1 → 1 

19 0.92 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.22 0.67 → 1 → 1 → 1 → 1 

 

0.92 → 1 → 1 → 1 → 1 → 1 → 1 

20 0.93 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.23 0.68 → 1 → 1 → 1 → 1 

 

0.93 → 1 → 1 → 1 → 1 → 1 → 1 
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Table 10.4 Statistical power calculations to detect a difference between 1 and 20 naevi for a range of minor allele frequencies, assuming a type I error rate 

of 5%, a sample size of 443 (actual recruitment of 39%), under dominant, recessive and additive modes of inheritance 

Δ Naevus 

counts 

Dominant 
 

Recessive 
 

Additive 

Minor allele frequencies 
 

Minor allele frequencies 
 

Minor allele frequencies 

1% 5% 10% 20% 30% 40% 50% 
 

1% 5% 10% 20% 30% 40% 50% 
 

1% 5% 10% 20% 30% 40% 50% 

1 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 

 

0.05 0.05 0.05 0.05 0.05 0.05 0.05 

2 0.15 0.49 0.72 0.88 0.90 0.88 0.80 

 

0.05 0.06 0.10 0.25 0.46 0.66 0.80 

 

0.15 0.52 0.79 0.96 0.99 → 1 → 1 

3 0.30 0.87 0.98 → 1 → 1 → 1 0.99 

 

0.05 0.08 0.18 0.53 0.84 0.97 0.99 

 

0.31 0.89 0.99 → 1 → 1 → 1 → 1 

4 0.44 0.97 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.10 0.25 0.72 0.96 → 1 → 1 

 

0.45 0.98 → 1 → 1 → 1 → 1 → 1 

5 0.56 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.12 0.33 0.85 0.99 → 1 → 1 

 

0.57 → 1 → 1 → 1 → 1 → 1 → 1 

6 0.65 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.13 0.39 0.91 → 1 → 1 → 1 

 

0.66 → 1 → 1 → 1 → 1 → 1 → 1 

7 0.73 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.15 0.45 0.95 → 1 → 1 → 1 

 

0.73 → 1 → 1 → 1 → 1 → 1 → 1 

8 0.78 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.16 0.50 0.97 → 1 → 1 → 1 

 

0.79 → 1 → 1 → 1 → 1 → 1 → 1 

9 0.83 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.05 0.18 0.54 0.98 → 1 → 1 → 1 

 

0.83 → 1 → 1 → 1 → 1 → 1 → 1 

10 0.86 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.19 0.58 0.99 → 1 → 1 → 1 

 

0.86 → 1 → 1 → 1 → 1 → 1 → 1 

11 0.89 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.20 0.61 0.99 → 1 → 1 → 1 

 

0.89 → 1 → 1 → 1 → 1 → 1 → 1 

12 0.91 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.21 0.64 → 1 → 1 → 1 → 1 

 

0.91 → 1 → 1 → 1 → 1 → 1 → 1 

13 0.92 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.23 0.67 → 1 → 1 → 1 → 1 

 

0.93 → 1 → 1 → 1 → 1 → 1 → 1 

14 0.94 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.24 0.70 → 1 → 1 → 1 → 1 

 

0.94 → 1 → 1 → 1 → 1 → 1 → 1 

15 0.95 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.25 0.72 → 1 → 1 → 1 → 1 

 

0.95 → 1 → 1 → 1 → 1 → 1 → 1 

16 0.96 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.26 0.74 → 1 → 1 → 1 → 1 

 

0.96 → 1 → 1 → 1 → 1 → 1 → 1 

17 0.96 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.26 0.76 → 1 → 1 → 1 → 1 

 

0.96 → 1 → 1 → 1 → 1 → 1 → 1 

18 0.97 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.27 0.77 → 1 → 1 → 1 → 1 

 

0.97 → 1 → 1 → 1 → 1 → 1 → 1 

19 0.97 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.28 0.79 → 1 → 1 → 1 → 1 

 

0.97 → 1 → 1 → 1 → 1 → 1 → 1 

20 0.98 → 1 → 1 → 1 → 1 → 1 → 1 

 

0.06 0.29 0.80 → 1 → 1 → 1 → 1 

 

0.98 → 1 → 1 → 1 → 1 → 1 → 1 
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11.1 SNP mode of inheritance selection process 

The multivariate epidemiological models of phenotypic and sun-exposure measures for 

the longitudinal and cross-sectional outcomes were used as the basis for selecting the 

mode of inheritance of the 13 SNPs investigated in this project. 

 

In each model, each SNP was added to the epidemiologic model individually as a 

categorical variable with three levels; one for each of the SNPs genotypes, with the 

major allele homozygote as the baseline value (Equation 11.1). The initial selection of 

the mode of inheritance was based on the ratio of coefficients of the minor allele 

homozygote to that of the heterozygote for each SNP (Equation 11.2).  

 

              (                     )                      

Equation 11.1 

Where:  

‘Het’ – heterozygote,  

‘Min’ – homozygote of the minor allele. 

 

                  (
    

    
⁄ ) 

Equation 11.2 

 

A dominant mode of inheritance was implied if the absolute value of the ratio of the 

SNP coefficients was between 0 and 2; an additive model was implied if the absolute 

value of the ratio was between 2 and 5 or if there was a ‘linear’ increase in the 

coefficients; and a recessive model was implied if the absolute value of the ratio was 

greater than 5. The selection of the threshold values of 2 and 5 were arbitrary, and these 

results were only indicative of the mode of inheritance.  

   

      |                 |               

      |                 |               

                                            

   |                 |                
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The final selection of the mode of inheritance for each SNP was based on goodness of 

fit statistics; Akaike information criterion (AIC), likelihood ratio (LR) p-values and 

difference in adjusted R
2
. Each SNP was added to the epidemiological model 

individually under a dominant, additive and recessive mode of inheritance. The AIC, 

LR p-values and difference in adjusted R
2
 for each of these modes of inheritance were 

recorded and compared to determine which of the modes of inheritance provided the 

best fit. This determination was primarily based on the AIC, the model with the lowest 

AIC value having the best fit which are summarised in Table 11.21.  
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11.2 Cross-sectional analyses 

Table 11.1 SNP genotype regression coefficients for each SNP genotype, naevus counts on 

the arm at six years of age 
Gene SNP Genotype  s.e. p-value AIC Δ Adjusted R2, a 

TP53 rs1042522 GG - - - 864.64 -0.3% 

  GC 0.028 0.070 0.69   

  CC -0.037 0.14 0.79   

MC1R rs1805009 GG - - - 857.66 1.1% 

  GC -0.16 0.17 0.34   

  CC -1.93 0.74 0.0097   

 rs885479 GG - - - 859.69 0.6% 

  GA 0.18 0.10 0.076   

  AA 0.86 0.68 0.21   

 rs11547464 GG - - - 805.03 -0.2% 

  GA 0.17 0.31 0.59   

  AA - - -   

 rs1805006 CC - - - 861.07 0.4% 

  CA -0.33 0.20 0.097   

  AA - - -   

 rs1805007 CC - - - 819.90 3.1% 

  CT -0.0092 0.089 0.92   

  TT -1.35 0.33 0.000056   

 rs2228479 GG - - - 808.90 -0.4% 

  GA -0.015 0.089 0.87   

  AA 0.27 0.40 0.49   

CDKN2BAS rs2383207 GG - - - 860.87 -0.5% 

  GA 0.025 0.081 0.76   

  AA 0.021 0.092 0.82   

 rs944800 GG - - - 846.06 -0.2% 

  GA 0.034 0.072 0.63   

  AA 0.11 0.12 0.35   

Chr 9p21.3b rs564398 AA - - - 865.41 -0.3% 

  GA 0.0070 0.075 0.92   

  GG -0.061 0.10 0.55   

 rs1333049 GG - - - 866.69 -0.4% 

  GC -0.0065 0.079 0.93   

  CC -0.0012 0.094 0.99   

 rs2383208 AA - - - 847.42 -0.2% 

  GA -0.037 0.077 0.63   

  GG -0.13 0.18 0.48   

 rs10811661 TT - - - 864.30 0.0% 

  CT -0.098 0.074 0.18   

  CC -0.038 0.22 0.86   

a. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
b. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.2 SNP genotype model selection statistics, naevus counts on the arm at six years 

of age 
Gene SNP SNP model LR p-valuea 

AIC Δ Adjusted R2, b 

TP53 rs1042522 Dominant 0.77 862.87 -0.2% 

  Recessive 0.70 862.81 -0.1% 

  Additive 0.94 862.95 -0.2% 

MC1R rs1805009 Dominant 0.15 861.40 0.2% 

  Recessive 0.0088 856.60 1.2% 

  Additive 0.059 859.90 0.5% 

 rs885479 Dominant 0.053 858.72 0.6% 

  Recessive 0.22 860.99 0.1% 

  Additive 0.039 858.22 0.7% 

 rs11547464 Dominant 0.58 805.03 -0.2% 

  Recessive - - - 

  Additive - - - 

 rs1805006 Dominant 0.090 861.07 0.4% 

  Recessive - - - 

  Additive - - - 

 rs1805007 Dominant 0.33 834.12 0.0% 

  Recessive 0.000035 817.92 3.4% 

  Additive 0.059 831.49 0.6% 

 rs2228479 Dominant 0.96 807.45 -0.3% 

  Recessive 0.47 806.93 -0.2% 

  Additive 0.92 807.44 -0.3% 

CDKN2BAS rs2383207 Dominant 0.75 858.87 0.2% 

  Recessive 0.94 858.96 -0.3% 

  Additive 0.81 858.91 -0.2% 

 rs944800 Dominant 0.47 844.50 -0.1% 

  Recessive 0.39 844.30 0.0% 

  Additive 0.35 844.14 0.0% 

Chr 9p21.3c rs564398 Dominant 0.89 863.91 -0.2% 

  Recessive 0.48 863.42 -0.1% 

  Additive 0.64 863.70 -0.1% 

 rs1333049 Dominant 0.95 864.70 -0.2% 

  Recessive 0.97 864.70 -0.2% 

  Additive 0.98 864.70 -0.2% 

 rs2383208 Dominant 0.50 845.66 -0.1% 

  Recessive 0.50 845.66 -0.1% 

  Additive 0.43 845.48 0.0% 

 rs10811661 Dominant 0.18 862.38 0.2% 

  Recessive 0.97 864.15 -0.2% 

  Additive 0.23 862.71 0.1% 

a. LR p-value – Likelihood ratio p-value comparing the full model with the non-genetic model. 

b. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
c. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.3 SNP genotype regression coefficients for each SNP genotype, naevus counts on 

the arm at ten years of age 
Gene SNP Genotype  s.e. p-value AIC Δ Adjusted R2, a 

TP53 rs1042522 GG - - - 858.96 0.0% 

  GC -0.0047 0.073 0.95   

  CC -0.21 0.14 0.14   

MC1R rs1805009 GG - - - 847.04 1.8% 

  GC -0.32 0.18 0.081   

  CC -2.00 0.72 0.0056   

 rs885479 GG - - - 850.08 0.5% 

  GA 0.17 0.10 0.11   

  AA 0.91 0.69 0.19   

 rs11547464 GG - - - 783.81 0.1% 

  GA 0.33 0.29 0.25   

  AA - - -   

 rs1805006 CC - - - 854.89 0.9% 

  CA -0.49 0.21 0.022   

  AA - - -   

 rs1805007 CC - - - 804.72 1.6% 

  CT -0.0067 0.090 0.94   

  TT -1.074 0.36 0.0031   

 rs2228479 GG - - - 793.87 -0.3% 

  GA 0.064 0.091 0.48   

  AA 0.13 0.50 0.79   

CDKN2BAS rs2383207 GG - - - 853.55 -0.3% 

  GA -0.054 0.084 0.52   

  AA -0.017 0.097 0.86   

 rs944800 GG - - - 839.96 -0.1% 

  GA 0.037 0.075 0.62   

  AA 0.14 0.13 0.26   

Chr 9p21.3b rs564398 AA - - - 856.64 -0.2% 

  GA -0.062 0.077 0.42   

  GG 0.023 0.11 0.83   

 rs1333049 GG - - - 861.54 0.2% 

  GC -0.095 0.083 0.25   

  CC 0.046 0.10 0.64   

 rs2383208 AA - - - 844.60 -0.3% 

  GA 0.040 0.079 0.62   

  GG 0.16 0.19 0.41   

 rs10811661 TT - - - 859.54 -0.3% 

  CT -0.041 0.076 0.59   

  CC 0.17 0.24 0.47   

a. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
b. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.4 SNP genotype model selection statistics, naevus counts on the arm at ten years 

of age 
Gene SNP SNP model LR p-valuea 

AIC Δ Adjusted R2, b 

TP53 rs1042522 Dominant 0.60 859.05 -0.2% 

  Recessive 0.12 856.96 0.2% 

  Additive 0.30 858.24 0.0% 

MC1R rs1805009 Dominant 0.020 850.52 0.09 

  Recessive 0.0056 848.24 1.4% 

  Additive 0.0053 848.14 1.4% 

 rs885479 Dominant 0.073 849.25 0.4% 

  Recessive 0.20 850.84 0.1% 

  Additive 0.053 848.74 0.6% 

 rs11547464 Dominant 0.24 783.81 0.1% 

  Recessive - - - 

  Additive - - - 

 rs1805006 Dominant 0.019 854.89 0.9% 

  Recessive - - - 

  Additive - - - 

 rs1805007 Dominant 0.49 811.50 -0.1% 

  Recessive 0.0024 802.73 1.8% 

  Additive 0.18 810.20 0.2% 

 rs2228479 Dominant 0.46 791.89 -0.1% 

  Recessive 0.82 792.39 -0.2% 

  Additive 0.45 791.87 -0.1% 

CDKN2BAS rs2383207 Dominant 0.59 851.75 -0.2% 

  Recessive 0.82 852.00 -0.2% 

  Additive 0.84 852.00 -0.2% 

 rs944800 Dominant 0.43 838.68 -0.1% 

  Recessive 0.30 838.22 0.0% 

  Additive 0.28 838.14 0.1% 

Chr 9p21.3c rs564398 Dominant 0.55 855.36 -0.2% 

  Recessive 0.53 855.33 -0.1% 

  Additive 0.92 855.70 -0.2% 

 rs1333049 Dominant 0.49 862.23 -0.2% 

  Recessive 0.18 860.92 0.1% 

  Additive 0.72 862.56 -0.2% 

 rs2383208 Dominant 0.48 842.96 -0.1% 

  Recessive 0.44 842.86 -0.1% 

  Additive 0.39 842.71 -0.1% 

 rs10811661 Dominant 0.71 858.36 -0.2% 

  Recessive 0.47 857.84 -0.1% 

  Additive 0.92 858.49 -0.2% 

a. LR p-value – Likelihood ratio p-value comparing the full model with the non-genetic model. 

b. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
c. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

 

 

  



 249 

Table 11.5 SNP genotype regression coefficients for each SNP genotype, naevus counts on 

the arm at twelve years of age 
Gene SNP Genotype  s.e. p-value AIC Δ Adjusted R2, a 

TP53 rs1042522 GG - - - 844.09 0.6% 

  GC -0.089 0.071 0.21   

  CC -0.27 0.14 0.050   

MC1R rs1805009 GG - - - 847.96 -0.3% 

  GC -0.12 0.18 0.52   

  CC 0.29 0.72 0.69   

 rs885479 GG - - - 840.32 0.5% 

  GA 0.15 0.11 0.15   

  AA 1.09 0.68 0.11   

 rs11547464 GG - - - 778.70 0.1% 

  GA 0.33 0.29 0.26   

  AA - - -   

 rs1805006 CC - - - 847.86 0.1% 

  CA -0.24 0.21 0.25   

  AA - - -   

 rs1805007 CC - - - 799.55 2.0% 

  CT -0.0070 0.089 0.94   

  TT -1.06 0.33 0.0013   

 rs2228479 GG - - - 781.03 -0.4% 

  GA 0.0099 0.091 0.91   

  AA 0.16 0.40 0.69   

CDKN2BAS rs2383207 GG - - - 842.81 -0.4% 

  GA 0.057 0.082 0.49   

  AA 0.039 0.095 0.68   

 rs944800 GG - - - 822.30 0.2% 

  GA 0.088 0.073 0.23   

  AA 0.18 0.12 0.14   

Chr 9p21.3b rs564398 AA - - - 846.16 -0.3% 

  GA 0.022 0.075 0.77   

  GG 0.075 0.11 0.48   

 rs1333049 GG - - - 854.44 -0.4% 

  GC -0.047 0.082 0.57   

  CC -0.018 0.098 0.85   

 rs2383208 AA - - - 832.40 -0.3% 

  GA 0.053 0.077 0.49   

  GG -0.11 0.18 0.56   

 rs10811661 TT - - - 851.36 -0.4% 

  CT -0.055 0.075 0.46   

  CC -0.034 0.24 0.88   

a. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
b. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.6 SNP genotype model selection statistics, naevus counts on the arm at twelve 

years of age 
Gene SNP SNP model LR p-valuea 

AIC Δ Adjusted R2, b 

TP53 rs1042522 Dominant 0.084 843.80 0.5% 

  Recessive 0.079 843.70 0.5% 

  Additive 0.035 842.36 0.8% 

MC1R rs1805009 Dominant 0.59 846.28 -0.2% 

  Recessive 0.66 846.39 -0.2% 

  Additive 0.69 846.41 -0.2% 

 rs885479 Dominant 0.10 840.26 0.3% 

  Recessive 0.12 840.47 0.3% 

  Additive 0.068 839.60 0.5% 

 rs11547464 Dominant 0.24 778.70 0.1% 

  Recessive - - - 

  Additive - - - 

 rs1805006 Dominant 0.24 847.86 0.1% 

  Recessive - - - 

  Additive - - - 

 rs1805007 Dominant 0.47 807.87 0.1% 

  Recessive 0.0010 797.56 2.3% 

  Additive 0.14 806.23 0.2% 

 rs2228479 Dominant 0.86 779.18 -0.2% 

  Recessive 0.68 779.04 -0.2% 

  Additive 0.80 779.15 -0.2% 

CDKN2BAS rs2383207 Dominant 0.50 840.85 -0.1% 

  Recessive 0.97 841.31 -0.2% 

  Additive 0.66 841.12 -0.2% 

 rs944800 Dominant 0.12 820.88 0.3% 

  Recessive 0.23 821.81 0.1% 

  Additive 0.086 820.30 0.4% 

Chr 9p21.3c rs564398 Dominant 0.62 844.45 -0.1% 

  Recessive 0.51 844.25 -0.1% 

  Additive 0.49 844.21 -0.1% 

 rs1333049 Dominant 0.62 852.56 -0.2% 

  Recessive 0.87 852.79 -0.2% 

  Additive 0.83 852.76 -0.2% 

 rs2383208 Dominant 0.63 831.14 -0.2% 

  Recessive 0.49 830.90 -0.1% 

  Additive 0.86 831.34 -0.2% 

 rs10811661 Dominant 0.45 849.37 -0.2% 

  Recessive 0.95 849.92 -0.3% 

  Additive 0.47 849.45 -0.2% 

a. LR p-value – Likelihood ratio p-value comparing the full model with the non-genetic model. 

b. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
c. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.7 SNP genotype regression coefficients for each SNP genotype, naevus counts on 

the face at six years of age 
Gene SNP Genotype  s.e. p-value AIC Δ Adjusted R2, a 

TP53 rs1042522 GG - - - 959.28 0.0% 

  GC -0.0060 0.072 0.93   

  CC -0.20 0.14 0.16   

MC1R rs1805009 GG - - - 963.80 0.2% 

  GC -0.23 0.18 0.20   

  CC -0.89 0.77 0.25   

 rs885479 GG - - - 957.01 -0.5% 

  GA 0.0024 0.10 0.98   

  AA -0.019 0.72 0.98   

 rs11547464 GG - - - 905.70 -0.2% 

  GA -0.051 0.31 0.87   

  AA - - -   

 rs1805006 CC - - - 961.95 0.2% 

  CA -0.30 0.21 0.15   

  AA - - -   

 rs1805007 CC - - - 892.86 6.2% 

  CT -0.38 0.088 0.000017   

  TT -1.20 0.32 0.00018   

 rs2228479 GG - - - 898.74 0.0% 

  GA 0.083 0.091 0.36   

  AA 0.42 0.42 0.32   

CDKN2BAS rs2383207 GG - - - 959.44 -0.2% 

  GA -0.086 0.083 0.30   

  AA -0.013 0.096 0.89   

 rs944800 GG - - - 939.83 0.4% 

  GA 0.034 0.074 0.64   

  AA 0.24 0.12 0.05   

Chr 9p21.3b rs564398 AA - - - 960.20 -0.1% 

  GA -0.076 0.077 0.32   

  GG 0.038 0.11 0.72   

 rs1333049 GG - - - 964.39 0.3% 

  GC -0.036 0.082 0.66   

  CC 0.13 0.099 0.20   

 rs2383208 AA - - - 951.35 0.0% 

  GA 0.096 0.080 0.23   

  GG -0.13 0.18 0.47   

 rs10811661 TT - - - 966.50 -0.3% 

  CT 0.042 0.076 0.58   

  CC -0.11 0.21 0.59   

a. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
b. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

 

  



 252 

Table 11.8 SNP genotype model selection statistics, naevus counts on the face at six years 

of age 
Gene SNP SNP model LR p-valuea 

AIC Δ Adjusted R2, b 

TP53 rs1042522 Dominant 0.62 959.16 -0.2% 

  Recessive 0.15 957.29 0.2% 

  Additive 0.32 958.42 0.0% 

MC1R rs1805009 Dominant 0.13 962.53 0.3% 

  Recessive 0.25 963.52 0.1% 

  Additive 0.096 962.08 0.4% 

 rs885479 Dominant 0.98 955.01 -0.3% 

  Recessive 0.98 955.01 -0.3% 

  Additive 0.99 955.01 -0.3% 

 rs11547464 Dominant 0.86 905.70 -0.2% 

  Recessive - - - 

  Additive - - - 

 rs1805006 Dominant 0.15 961.95 0.2% 

  Recessive - - - 

  Additive - - - 

 rs1805007 Dominant 4.93e-7 897.23 5.1% 

  Recessive 0.00039 909.97 2.4% 

  Additive 3.92e-8 892.33 6.1% 

 rs2228479 Dominant 0.28 897.38 0.0% 

  Recessive 0.33 897.60 0.0% 

  Additive 0.22 897.06 0.1% 

CDKN2BAS rs2383207 Dominant 0.43 958.19 -0.1% 

  Recessive 0.60 958.53 -0.2% 

  Additive 0.87 958.78 -0.2% 

 rs944800 Dominant 0.30 940.72 0.0% 

  Recessive 0.053 938.05 0.6% 

  Additive 0.092 938.97 0.4% 

Chr 9p21.3c rs564398 Dominant 0.49 959.50 -0.1% 

  Recessive 0.38 959.20 -0.1% 

  Additive 0.98 959.97 -0.2% 

 rs1333049 Dominant 0.86 965.89 -0.2% 

  Recessive 0.068 962.59 0.5% 

  Additive 0.23 964.50 0.1% 

 rs2383208 Dominant 0.38 950.88 -0.1% 

  Recessive 0.37 950.85 -0.1% 

  Additive 0.68 951.50 -0.2% 

 rs10811661 Dominant 0.69 965.02 -0.2% 

  Recessive 0.54 964.80 -0.2% 

  Additive 0.87 965.15 -0.3% 

a. LR p-value – Likelihood ratio p-value comparing the full model with the non-genetic model. 

b. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
c. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.9 SNP genotype regression coefficients for each SNP genotype, naevus counts on 

the face at ten years of age 
Gene SNP Genotype  s.e. p-value AIC Δ Adjusted R2, a 

TP53 rs1042522 GG - - - 946.11 0.3% 

  GC -0.033 0.078 0.67   

  CC -0.28 0.150 0.061   

MC1R rs1805009 GG - - - 951.34 0.1% 

  GC -0.17 0.18 0.35   

  CC -0.66 0.81 0.41   

 rs885479 GG - - - 952.09 -0.4% 

  GA 0.023 0.113 0.84   

  AA 0.013 0.763 0.99   

 rs11547464 GG - - - 881.46 -0.1% 

  GA 0.33 0.35 0.35   

  AA - - -   

 rs1805006 CC - - - 952.17 -0.1% 

  CA -0.19 0.22 0.40   

  AA - - -   

 rs1805007 CC - - - 895.12 3.5% 

  CT -0.36 0.098 0.00023   

  TT -0.74 0.342 0.031   

 rs2228479 GG - - - 878.18 -0.2% 

  GA 0.090 0.098 0.36   

  AA -0.27 0.44 0.54   

CDKN2BAS rs2383207 GG - - - 945.96 -0.5% 

  GA 0.020 0.091 0.83   

  AA -0.024 0.10 0.82   

 rs944800 GG - - - 932.99 0.5% 

  GA 0.16 0.080 0.049   

  AA 0.18 0.13 0.17   

Chr 9p21.3b rs564398 AA - - - 955.38 -0.4% 

  GA 0.017 0.084 0.85   

  GG 0.057 0.12 0.62   

 rs1333049 GG - - - 957.53 -0.3% 

  GC 0.014 0.089 0.88   

  CC      

 rs2383208 AA - - - 936.46 0.0% 

  GA -0.026 0.087 0.76   

  GG -0.25 0.20 0.20   

 rs10811661 TT - - - 951.90 0.4% 

  CT -0.038 0.083 0.65   

  CC -0.47 0.25 0.055   

a. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
b. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.10 SNP genotype model selection statistics, naevus counts on the face at ten years 

of age 
Gene SNP SNP model LR p-valuea 

AIC Δ Adjusted R2, b 

TP53 rs1042522 Dominant 0.34 946.84 -0.1% 

  Recessive 0.064 944.30 0.5% 

  Additive 0.13 945.43 0.3% 

MC1R rs1805009 Dominant 0.27 949.70 0.1% 

  Recessive 0.41 950.24 0.0% 

  Additive 0.23 949.47 0.1% 

 rs885479 Dominant 0.84 950.09 -0.2% 

  Recessive 0.99 950.13 -0.2% 

  Additive 0.84 950.09 -0.2% 

 rs11547464 Dominant 0.34 881.46 -0.1% 

  Recessive - - - 

  Additive - - - 

 rs1805006 Dominant 0.40 952.17 -0.1% 

  Recessive - - - 

  Additive - - - 

 rs1805007 Dominant 0.000041 894.30 3.5% 

  Recessive 0.041 907.17 0.6% 

  Additive 0.000022 893.12 3.8% 

 rs2228479 Dominant 0.42 876.85 -0.1% 

  Recessive 0.50 877.05 -0.2% 

  Additive 0.53 877.12 -0.2% 

CDKN2BAS rs2383207 Dominant 0.96 944.18 -0.3% 

  Recessive 0.67 944.00 -0.2% 

  Additive 0.82 944.13 -0.3% 

 rs944800 Dominant 0.032 931.00 0.8% 

  Recessive 0.42 934.96 -0.1% 

  Additive 0.046 931.64 0.6% 

Chr 9p21.3c rs564398 Dominant 0.73 953.52 -0.2% 

  Recessive 0.65 953.43 -0.1% 

  Additive 0.63 953.40 -0.1% 

 rs1333049 Dominant 0.63 956.27 -0.2% 

  Recessive 0.33 955.55 -0.1% 

  Additive 0.38 955.73 -0.1% 

 rs2383208 Dominant 0.50 935.72 -0.1% 

  Recessive 0.20 934.55 0.2% 

  Additive 0.31 935.14 0.0% 

 rs10811661 Dominant 0.37 952.97 -0.1% 

  Recessive 0.056 950.11 0.5% 

  Additive 0.17 951.92 0.1% 

a. LR p-value – Likelihood ratio p-value comparing the full model with the non-genetic model. 

b. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
c. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.11 SNP genotype regression coefficients for each SNP genotype, naevus counts on 

the face at twelve years of age 
Gene SNP Genotype  s.e. p-value AIC Δ Adjusted R2, a 

TP53 rs1042522 GG - - - 976.20 0.4% 

  GC -0.078 0.074 0.29   

  CC -0.25 0.14 0.080   

MC1R rs1805009 GG - - - 977.79 0.5% 

  GC -0.19 0.18 0.29   

  CC 1.43 0.815 0.080   

 rs885479 GG - - - 974.55 -0.3% 

  GA 0.056 0.11 0.60   

  AA 0.38 0.74 0.61   

 rs11547464 GG - - - 916.13 -0.2% 

  GA 0.15 0.31 0.62   

  AA - - -   

 rs1805006 CC - - - 979.63 -0.2% 

  CA -0.14 0.22 0.52   

  AA - - -   

 rs1805007 CC - - - 920.90 14.3% 

  CT -0.37 0.092 0.000065   

  TT -0.94 0.35 0.0073   

 rs2228479 GG - - - 910.32 -0.1% 

  GA -0.039 0.094 0.67   

  AA 0.49 0.43 0.25   

CDKN2BAS rs2383207 GG - - - 973.95 -0.3% 

  GA -0.014 0.086 0.86   

  AA 0.047 0.099 0.63   

 rs944800 GG - - - 955.80 0.2% 

  GA 0.074 0.076 0.33   

  AA 0.21 0.125 0.096   

Chr 9p21.3b rs564398 AA - - - 978.58 -0.3% 

  GA -0.030 0.079 0.70   

  GG 0.054 0.11 0.63   

 rs1333049 GG - - - 985.52 -0.4% 

  GC -0.0023 0.084 0.98   

  CC 0.043 0.102 0.67   

 rs2383208 AA - - - 963.87 0.6% 

  GA 0.18 0.082 0.029   

  GG 0.015 0.18 0.93   

 rs10811661 TT - - - 982.42 0.1% 

  CT 0.10 0.078 0.19   

  CC -0.16 0.22 0.46   

a. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.12 SNP genotype model selection statistics, naevus counts on the face at twelve 

years of age 
Gene SNP SNP model LR p-valuea 

AIC Δ Adjusted R2, b 

TP53 rs1042522 Dominant 0.14 975.67 0.3% 

  Recessive 0.11 975.34 0.3% 

  Additive 0.067 974.49 0.5% 

MC1R rs1805009 Dominant 0.47 979.75 -0.1% 

  Recessive 0.068 976.95 0.5% 

  Additive 0.76 980.18 -0.2% 

 rs885479 Dominant 0.56 972.74 -0.2% 

  Recessive 0.62 972.84 -0.2% 

  Additive 0.52 972.67 -0.1% 

 rs11547464 Dominant 0.61 916.13 -0.2% 

  Recessive - - - 

  Additive - - - 

 rs1805006 Dominant 0.51 979.63 -0.2% 

  Recessive - - - 

  Additive - - - 

 rs1805007 Dominant 8.66e-6 921.54 3.9% 

  Recessive 0.015 935.45 1.1% 

  Additive 2.51e-6 919.16 4.4% 

 rs2228479 Dominant 0.82 909.88 -0.2% 

  Recessive 0.23 908.50 0.1% 

  Additive 0.98 909.94 -0.2% 

CDKN2BAS rs2383207 Dominant 0.93 972.47 -0.2% 

  Recessive 0.48 971.98 -0.1% 

  Additive 0.64 972.25 -0.1% 

 rs944800 Dominant 0.17 955.00 0.1% 

  Recessive 0.14 954.77 0.2% 

  Additive 0.085 953.94 0.4% 

Chr 9p21.3c rs564398 Dominant 0.88 977.25 -0.2% 

  Recessive 0.46 976.73 -0.1% 

  Additive 0.78 977.20 -0.2% 

 rs1333049 Dominant 0.88 983.78 -0.2% 

  Recessive 0.59 983.52 -0.2% 

  Additive 0.68 983.63 -0.2% 

 rs2383208 Dominant 0.041 962.65 0.6% 

  Recessive 0.84 966.80 -0.3% 

  Additive 0.10 954.20 0.3% 

 rs10811661 Dominant 0.28 981.87 0.0% 

  Recessive 0.36 982.20 0.0% 

  Additive 0.50 982.57 -0.1% 

a. LR p-value – Likelihood ratio p-value comparing the full model with the non-genetic model. 

b. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
c. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.13 SNP genotype regression coefficients for each SNP genotype, naevus counts on 

the back at six years of age 
Gene SNP Genotype  s.e. p-value AIC Δ Adjusted R2, a 

TP53 rs1042522 GG - - - 804.86 -0.30% 

  GC -0.050 0.073 0.49   

  CC 0.074 0.14 0.59   

MC1R rs1805009 GG - - - 808.31 -0.30% 

  GC -0.12 0.18 0.52   

  CC -0.29 0.71 0.69   

 rs885479 GG - - - 799.45 0.40% 

  GA -0.10 0.10 0.32   

  AA 1.15 0.67 0.088   

 rs11547464 GG - - - 742.26 -0.10% 

  GA 0.28 0.31 0.36   

  AA      

 rs1805006 CC - - - 805.73 -0.20% 

  CA -0.069 0.20 0.73   

  AA      

 rs1805007 CC - - - 774.79 0.00% 

  CT -0.14 0.093 0.14   

  TT -0.054 0.38 0.89   

 rs2228479 GG - - - 755.74 -0.30% 

  GA -0.038 0.092 0.68   

  AA 0.28 0.40 0.48   

CDKN2BAS rs2383207 GG - - - 805.07 -0.30% 

  GA 0.0019 0.084 0.98   

  AA 0.061 0.096 0.53   

 rs944800 GG - - - 790.95 0.30% 

  GA 0.064 0.074 0.39   

  AA 0.22 0.12 0.068   

Chr 9p21.3b rs564398 AA - - - 806.98 -0.30% 

  GA 0.047 0.076 0.54   

  GG 0.023 0.11 0.83   

 rs1333049 GG - - - 808.26 -0.20% 

  GC -0.078 0.082 0.34   

  CC -0.038 0.098 0.70   

 rs2383208 AA - - - 797.21 0.70% 

  GA -0.078 0.079 0.33   

  GG -0.38 0.18 0.034   

 rs10811661 TT - - - 803.99 -0.10% 

  CT -0.086 0.077 0.26   

  CC -0.14 0.22 0.53   

a. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
b. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.14 SNP genotype model selection statistics, naevus counts on the back at six years 

of age 
Gene SNP SNP model LR p-valuea 

AIC Δ Adjusted R2, b 

TP53 rs1042522 Dominant 0.64 803.67 -0.20% 

  Recessive 0.47 803.37 -0.10% 

  Additive 0.94 803.88 -0.30% 

MC1R rs1805009 Dominant 0.47 806.37 -0.10% 

  Recessive 0.71 806.75 -0.20% 

  Additive 0.45 806.32 -0.10% 

 rs885479 Dominant 0.42 801.00 -0.10% 

  Recessive 0.075 798.50 0.40% 

  Additive 0.60 801.38 -0.20% 

 rs11547464 Dominant 0.35 742.26 -0.10% 

  Recessive - - - 

  Additive - - - 

 rs1805006 Dominant 0.72 805.73 -0.20% 

  Recessive - - - 

  Additive - - - 

 rs1805007 Dominant 0.13 772.84 0.30% 

  Recessive 0.95 775.08 -0.30% 

  Additive 0.16 773.09 0.20% 

 rs2228479 Dominant 0.77 754.40 -0.30% 

  Recessive 0.45 753.92 -0.20% 

  Additive 0.90 754.47 -0.30% 

CDKN2BAS rs2383207 Dominant 0.77 803.56 -0.30% 

  Recessive 0.45 803.07 -0.10% 

  Additive 0.53 803.24 -0.20% 

 rs944800 Dominant 0.18 790.73 0.20% 

  Recessive 0.093 789.73 0.40% 

  Additive 0.073 789.33 0.50% 

Chr 9p21.3c rs564398 Dominant 0.66 805.47 -0.20% 

  Recessive 0.59 805.38 -0.20% 

  Additive 0.98 805.66 -0.30% 

 rs1333049 Dominant 0.39 806.47 0.00% 

  Recessive 0.88 807.19 -0.20% 

  Additive 0.65 807.00 -0.10% 

 rs2383208 Dominant 0.12 797.94 -0.40% 

  Recessive 0.041 796.21 0.80% 

  Additive 0.042 796.25 0.70% 

 rs10811661 Dominant 0.22 802.05 0.10% 

  Recessive 0.61 803.31 -0.20% 

  Additive 0.21 802.00 0.10% 

a. LR p-value – Likelihood ratio p-value comparing the full model with the non-genetic model. 

b. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
c. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.15 SNP genotype regression coefficients for each SNP genotype, naevus counts on 

the back at ten years of age 
Gene SNP Genotype  s.e. p-value AIC Δ Adjusted R2, a 

TP53 rs1042522 GG - - - 692.26 -0.2% 

  GC 0.03 0.068 0.65   

  CC -0.11 0.13 0.37   

MC1R rs1805009 GG - - - 693.29 -0.3% 

  GC -0.0029 0.18 0.99   

  CC -0.46 0.62 0.46   

 rs885479 GG - - - 682.20 0.7% 

  GA -0.068 0.094 0.47   

  AA 1.29 0.61 0.035   

 rs11547464 GG - - - 644.01 0.0% 

  GA 0.33 0.29 0.25   

  AA - - -   

 rs1805006 CC - - - 690.27 0.3% 

  CA -0.27 0.18 0.13   

  AA - - -   

 rs1805007 CC - - - 665.95 -0.1% 

  CT -0.11 0.087 0.2   

  TT -0.037 0.36 0.92   

 rs2228479 GG - - - 645.24 -0.4% 

  GA 0.0088 0.083 0.92   

  AA 0.28 0.36 0.43   

CDKN2BAS rs2383207 GG - - - 687.32 0.2% 

  GA 0.1 0.078 0.18   

  AA 0.15 0.09 0.095   

 rs944800 GG - - - 675.21 0.4% 

  GA 0.047 0.069 0.49   

  AA 0.22 0.12 0.059   

Chr 9p21.3b rs564398 AA - - - 691.99 0.0% 

  GA -0.02 0.071 0.78   

  GG 0.11 0.1 0.28   

 rs1333049 GG - - - 697.81 -0.2% 

  GC -0.085 0.077 0.27   

  CC -0.084 0.093 0.37   

 rs2383208 AA - - - 685.46 -0.2% 

  GA -0.0032 0.075 0.96   

  GG -0.21 0.18 0.24   

 rs10811661 TT - - - 692.87 -0.3% 

  CT -0.03 0.072 0.68   

  CC -0.11 0.24 0.64   

a. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
b. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.16 SNP genotype model selection statistics, naevus counts on the back at ten 

years of age 
Gene SNP SNP model LR p-valuea 

AIC Δ Adjusted R2, b 

TP53 rs1042522 Dominant 0.90 691.55 -0.2% 

  Recessive 0.29 690.47 0.0% 

  Additive 0.74 691.45 -0.2% 

MC1R rs1805009 Dominant 0.84 691.81 -0.2% 

  Recessive 0.45 691.29 -0.1% 

  Additive 0.71 691.71 -0.2% 

 rs885479 Dominant 0.62 685.25 -0.2% 

  Recessive 0.030 680.75 0.8% 

  Additive 0.88 685.47 -0.2% 

 rs11547464 Dominant 0.25 644.01 0.0% 

  Recessive - - - 

  Additive - - - 

 rs1805006 Dominant 0.13 690.27 0.3% 

  Recessive - - - 

  Additive - - - 

 rs1805007 Dominant 0.21 663.99 0.1% 

  Recessive 0.96 665.62 -0.3% 

  Additive 0.23 664.17 0.1% 

 rs2228479 Dominant 0.81 643.83 -0.3% 

  Recessive 0.43 643.25 -0.1% 

  Additive 0.69 643.73 -0.2% 

CDKN2BAS rs2383207 Dominant 0.096 685.68 0.4% 

  Recessive 0.26 687.15 0.0% 

  Additive 0.087 685.52 0.4% 

 rs944800 Dominant 0.24 675.54 0.1% 

  Recessive 0.071 673.70 0.5% 

  Additive 0.084 673.96 0.4% 

Chr 9p21.3c rs564398 Dominant 0.89 691.83 -0.2% 

  Recessive 0.18 690.07 0.2% 

  Additive 0.43 691.23 -0.1% 

 rs1333049 Dominant 0.23 695.81 0.1% 

  Recessive 0.71 697.08 -0.2% 

  Additive 0.33 696.26 0.0% 

 rs2383208 Dominant 0.71 684.74 -0.2% 

  Recessive 0.23 683.46 0.1% 

  Additive 0.47 684.36 -0.1% 

 rs10811661 Dominant 0.61 690.99 -0.1% 

  Recessive 0.66 691.05 -0.1% 

  Additive 0.56 690.91 -0.1% 

a. LR p-value – Likelihood ratio p-value comparing the full model with the non-genetic model. 

b. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
c. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.17 SNP genotype regression coefficients for each SNP genotype, naevus counts on 

the back at twelve years of age 
Gene SNP Genotype  s.e. p-value AIC Δ Adjusted R2, a 

TP53 rs1042522 GG - - - 727.96 -0.1% 

  GC -0.0087 0.072 0.90   

  CC -0.15 0.131 0.26   

MC1R rs1805009 GG - - - 729.24 -0.1% 

  GC 0.25 0.20 0.20   

  CC 0.094 0.65 0.88   

 rs885479 GG - - - 718.37 0.2% 

  GA -0.053 0.10 0.61   

  AA 1.02 0.64 0.11   

 rs11547464 GG - - - 671.02 0.0% 

  GA 0.26 0.27 0.34   

  AA - - -   

 rs1805006 CC - - - 727.73 0.1% 

  CA -0.26 0.20 0.19   

  AA - - -   

 rs1805007 CC - - - 703.37 0.5% 

  CT -0.16 0.091 0.086   

  TT 0.45 0.46 0.33   

 rs2228479 GG - - - 685.57 -0.4% 

  GA -0.052 0.091 0.56   

  AA -0.21 0.46 0.65   

CDKN2BAS rs2383207 GG - - - 726.92 -0.1% 

  GA 0.090 0.080 0.26   

  AA 0.094 0.094 0.31   

 rs944800 GG - - - 708.45 0.3% 

  GA -0.014 0.072 0.85   

  AA 0.21 0.124 0.084   

Chr 9p21.3b rs564398 AA - - - 720.81 0.1% 

  GA -0.10 0.074 0.17   

  GG 0.014 0.11 0.90   

 rs1333049 GG - - - 731.44 -0.4% 

  GC -0.029 0.082 0.72   

  CC -0.028 0.097 0.77   

 rs2383208 AA - - - 722.70 -0.2% 

  GA 0.062 0.077 0.42   

  GG -0.078 0.19 0.68   

 rs10811661 TT - - - 729.36 -0.4% 

  CT 0.034 0.076 0.65   

  CC 0.022 0.224 0.92   

a. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
b. SNPs in the vicinity of CDKN2A and CDKN2B. 

 

  



 262 

Table 11.18 SNP genotype model selection statistics, naevus counts on the back at twelve 

years of age 
Gene SNP SNP model LR p-valuea 

AIC Δ Adjusted R2, b 

TP53 rs1042522 Dominant 0.63 727.09 -0.1% 

  Recessive 0.25 725.98 0.1% 

  Additive 0.39 726.57 0.0% 

MC1R rs1805009 Dominant 0.20 727.30 0.1% 

  Recessive 0.90 728.96 -0.3% 

  Additive 0.23 727.56 0.1% 

 rs885479 Dominant 0.75 719.28 -0.2% 

  Recessive 0.10 716.64 0.4% 

  Additive 0.96 719.37 -0.2% 

 rs11547464 Dominant 0.33 671.02 0.0% 

  Recessive - - - 

  Additive - - - 

 rs1805006 Dominant 0.18 727.73 0.1% 

  Recessive - - - 

  Additive - - - 

 rs1805007 Dominant 0.11 703.14 0.3% 

  Recessive 0.28 704.47 0.0% 

  Additive 0.19 703.93 0.1% 

 rs2228479 Dominant 0.51 683.70 -0.2% 

  Recessive 0.66 683.92 -0.2% 

  Additive 0.48 683.62 -0.2% 

CDKN2BAS rs2383207 Dominant 0.21 724.93 0.1% 

  Recessive 0.62 726.25 -0.2% 

  Additive 0.28 725.34 0.0% 

 rs944800 Dominant 0.69 709.92 -0.2% 

  Recessive 0.058 706.49 0.5% 

  Additive 0.25 708.77 0.0% 

Chr 9p21.3c rs564398 Dominant 0.27 720.10 0.0% 

  Recessive 0.46 720.78 -0.1% 

  Additive 0.67 721.15 -0.2% 

 rs1333049 Dominant 0.70 729.44 -0.2% 

  Recessive 0.91 729.57 -0.2% 

  Additive 0.76 729.50 -0.2% 

 rs2383208 Dominant 0.52 721.25 -0.1% 

  Recessive 0.59 721.38 -0.1% 

  Additive 0.71 721.53 -0.2% 

 rs10811661 Dominant 0.64 727.37 -0.2% 

  Recessive 0.96 727.58 -0.2% 

  Additive 0.67 727.40 -0.2% 

a. LR p-value – Likelihood ratio p-value comparing the full model with the non-genetic model. 

b. Δ Adjusted R2 = Adjusted R2 of the model with SNPs - Adjusted R2 of the model without SNPs. 
c. SNPs in the vicinity of CDKN2A and CDKN2B. 
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11.3 Longitudinal analyses 

Table 11.19 SNP genotype regression coefficients for each age by SNP genotype, 

longitudinal naevus counts on the back between six and twelve years of age, 

SNP by Age interaction 
Gene SNP Genotype  s.e. p-value AIC Log Lik 

TP53 rs1042522 GG - - - 1372.8 -662.40 df=24 

  GC 0.0063 0.009 0.49   

  CC -0.030 0.017 0.081   

MC1R rs1805009 GG - - - 1360.4 -656.21 df=24 

  GC 0.062 0.022 0.0058   

  CC 0.14 0.083 0.097   

 rs885479 GG - - - 1363.0 -657.49 df=24 

  GA 0.0031 0.013 0.80   

  AA -0.032 0.084 0.70   

 rs11547464 GG - - - 1275.4 -615.68 df=24 

  GA 0.0095 0.038 0.80   

  AA - - -   

 rs1805006 CC - - - 1360.8 -658.39 df=24 

  CA -0.038 0.025 0.13   

  AA - - -   

 rs1805007 CC - - - 1331.2 -641.58 df=24 

  CT 0.0070 0.012 0.54   

  TT 0.046 0.042 0.27   

 rs2228479 GG - - - 1294.0 -623.00 df=24 

  GA 0.0093 0.011 0.41   

  AA 0.032 0.049 0.52   

CDKN2BAS rs2383207 GG - - - 1376.5 -664.27 df=24 

  GA 0.0045 0.010 0.66   

  AA 0.0021 0.012 0.85   

 rs944800 GG - - - 1358.4 -655.21 df=24 

  GA -0.0064 0.009 0.48   

  AA 0.0036 0.015 0.81   

Chr 9p21.3a rs564398 AA - - - 1378.9 -665.45 df=24 

  GA -0.0013 0.009 0.89   

  GG 0.013 0.013 0.32   

 rs1333049 GG - - - 1389.2 -670.58 df=24 

  GC 0.0048 0.010 0.64   

  CC 0.0036 0.012 0.77   

 rs2383208 AA - - - 1361.4 -656.71 df=24 

  GA 0.0031 0.010 0.75   

  GG 0.016 0.023 0.48   

 rs10811661 TT - - - 1375.1 -663.56 df=24 

  CT 0.0044 0.010 0.65   

  CC -0.021 0.030 0.47   

a. SNPs in the vicinity of CDKN2A and CDKN2B. 
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Table 11.20 SNP genotype model selection statistics, longitudinal naevus counts on the 

back between six and twelve years of age, SNP by Age interaction 
Gene SNP SNP model AIC Log Lik 

TP53 rs1042522 Dominant 1364.5 -660.25 df=22 

  Recessive 1358.1 -657.05 df=22 

  Additive 1364.9 -660.45 df=22 

MC1R rs1805009 Dominant 1355.1 -655.55 df=22 

  Recessive 1356.6 -656.32 df=22 

  Additive 1354.7 -655.34 df=22 

 rs885479 Dominant 1360.7 -658.34 df=22 

  Recessive 1349.8 -652.90 df=22 

  Additive 1361.0 -658.52 df=22 

 rs11547464 Dominant 1275.4 -615.68 df=22 

  Recessive - - 

  Additive - - 

 rs1805006 Dominant 1360.8 -658.39 df=22 

  Recessive - - 

  Additive - - 

 rs1805007 Dominant 1323.3 -639.64 df=22 

  Recessive 1319.3 -637.65 df=22 

  Additive 1323.4 -639.69 df=22 

 rs2228479 Dominant 1287.4 -621.68 df=22 

  Recessive 1280.6 -618.28 df=22 

  Additive 1287.5 -621.75 df=22 

CDKN2BAS rs2383207 Dominant 1362.4 -659.22 df=22 

  Recessive 1362.8 -659.38 df=22 

  Additive 1364.1 -660.04 df=22 

 rs944800 Dominant 1349.0 -652.50 df=22 

  Recessive 1344.3 -650.16 df=22 

  Additive 1348.1 -652.06 df=22 

Chr 9p21.3a rs564398 Dominant 1368.6 -662.29 df=22 

  Recessive 1364.2 -660.12 df=22 

  Additive 1369.1 -662.55 df=22 

 rs1333049 Dominant 1374.8 -665.40 df=22 

  Recessive 1375.9 -665.82 df=22 

  Additive 1377.3 -666.64 df=22 

 rs2383208 Dominant 1352.8 -654.40 df=22 

  Recessive 1346.8 -651.42 df=22 

  Additive 1352.2 -654.12 df=22 

 rs10811661 Dominant 1365.7 -660.87 df=22 

  Recessive 1360.6 -658.32 df=22 

  Additive 1366.0 -661.02 df=22 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 
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11.4 Model summary table 

Table 11.21 Summary table of the SNP genotype models for the longitudinal and each of the cross-sectional naevus count models 

Gene SNP 
Arms at 6 

years 

Arms at 10 

years 

Arms at 12 

years 

Face at 6 

years 

Face at 10 

years 

Face at 12 

years 

Back at 6 

years 

Back at 10 

years 

Back at 12 

years 

Longitudinal - 

back 

TP53 rs1042522 Recessive Recessive Additive Recessive Recessive Additive Recessive Recessive Recessive Recessive 

MC1R rs1805009 Recessive Recessive Dominant Additive Additive Recessive Additive Recessive Dominant Additive 

 rs885479 Additive Additive Recessive Recessive Dominant Recessive Recessive Recessive Recessive Recessive 

 rs11547464 Dominant Dominant Dominant Dominant Dominant Dominant Dominant Dominant Dominant Dominant 

 rs1805006 Dominant Dominant Dominant Dominant Dominant Dominant Dominant Dominant Dominant Dominant 

 rs1805007 Recessive Recessive Recessive Additive Additive Additive Dominant Dominant Dominant Recessive 

 rs2228479 Recessive Additive Recessive Recessive Dominant Recessive Recessive Recessive Additive Recessive 

CDKN2BAS rs2383207 Dominant Dominant Dominant Dominant Recessive Recessive Recessive Additive Dominant Dominant 

 rs944800 Additive Additive Additive Recessive Dominant Additive Additive Recessive Recessive Recessive 

Chr 9p21.3a rs564398 Recessive Recessive Additive Recessive Additive Recessive Dominant Recessive Dominant Recessive 

 rs1333049 Dominant Recessive Dominant Recessive Recessive Recessive Dominant Dominant Dominant Dominant 

 rs2383208 Additive Additive Recessive Recessive Recessive Dominant Recessive Recessive Dominant Recessive 

 rs10811661 Dominant Recessive Dominant Recessive Recessive Dominant Additive Additive Dominant Recessive 

b. SNPs in the vicinity of CDKN2A and CDKN2B. 
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