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Genetics of Risk Factors for Melanoma:
an Adult Twin Study of Nevi and Freckles

Veronique Bataille, Harold Snieder, Alex J. MacGregor, Peter Sasieni,
Tim D. Spector

important in melanoma, since chromosome losses are commonly
Background: We sought by use of an adult twin study to found at multiple loci in melanoma tumox8). Furthermore,
investigate the relative contribution of genetic and environ- germline mutations affecting a tumor suppressor gene, p16 or
mental effects on the expression of nevi and freckles, which CDKN2, have been reported in up to 20% of the melanoma
are known risk factors for melanoma, and to determine if families worldwide(4-9)

age and sun exposure influence the heritability of neviDe- Common and atypical nevi are the most powerful predictors
sign and MethodsTotal nevus and freckle counts were con- of risk for melanoma in population-based as well as family
ducted on 127 monozygotic twin pairs and 323 dizygotic twin studies (10-16). However, the predictive value of nevi as a
pairs. Intraclass correlations were calculated by use of marker of risk does vary with age, since nevi do show a statis-
analysis of variance. Model-fitting analyses were performed tically significant decrease with age, although it cannot be ruled
to quantify the genetic and environmental components of the out that this may be because of cohort eff¢dt,15).Individu-
variance for nevus and freckle counts.Results: The intra-  als who belong to melanoma families often have large numbers
class correlation for total nevus counts was .83 in monozy- of common and atypical nev{17-19). This melanoma-
gotic pairs compared with .51 in dizygotic pairs. Quantita- associated phenotype is known as the atypical mole syndrome
tive genetic analyses showed that the contribution of genetic phenotype (AMS) and was first described simultaneously by
factors on nevi expression varied according to age. For twins Clark et al.(20) and Lynch et al.(21) in 1978. Most family

less than 45 years old, the additive genetic variance on total studies that investigate potential linkage with the p16 tumor
nevus count was 36% (95% confidence interval [CI] = 0.8%— suppressor gene locus in melanoma families have concentrated
63%), with 38% (95% ClI = 14%-61%) and 26% (95% CI= on the melanoma phenotype. However, there is some recent
16%—-42%) of the remaining variance attributed to common evidence from two European melanoma family stuq@ 23)
environment and unique environmental effects, respectively. that the p16 locus (CDKN2) may have a role in expression of
In twins aged 45 years or older, common environmental ef- nevi. Although most family studies have concentrated on study-
fects on total nevus count became negligible, with the addi- ing the rare melanoma kindreds with multiple cases of mela-
tive genetic variance increasing to 84% (95% Cl = 77%— noma, more power could potentially be derived from studying
88%). Body site was also found to affect the heritability the “precursor phenotype” or the “intermediate phenotype.”
estimates for nevus counts, with a statistically significant Nevi are both precursors and markers for melanoma, since there
difference between sun-exposed and sun-protected sites. Thés strong evidence that melanoma arises in pre-existing nevi,
polychoric correlation (i.e., the correlation in liability within  especially in patients with a genetic susceptibility to the disease
twins for more than two categories) for total freckle counts (24). By studying nevi, one may be able to discover genes in-
was .91 in monozygotic twin pairs compared with .54 in volved in the early steps of melanocytic differentiation. Studying
dizygotic twin pairs. Additive genetic effects explained 91% a large, population-based cohort rather than rare families is more
(95% CI = 86%-94%) of the variance in freckle counts. likely to yield results that are relevant to the whole population
Conclusion: The contribution of genetic factors on the vari- studied in terms of genes involved in nevus expression. Freckles
ance for total nevus counts increased with age, and sun ex-are not precursor lesions for melanoma but are associated with a
posure appears to influence the expression of nevi. The re-fair skin type that is a well-recognized risk factor for melanoma
sults of this study highlight the need to take into account the (25). Environmental factors, particularly sun exposure, are also
age and site of nevus counts for future genetic linkage or involved in the expression of nevi. Comparisons between Aus-
association studies in the search for new melanoma genes.
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tralia and the U.K. have shown, both in children and in adultghtained with the statistical package NB3). Quantitative genetic analyses on
that high numbers of nevi are associated with high levels of shih continuous and categorical data were performed to quantify the genetic and

exposure(26—28) However. whether this environmental eﬁeCanironmental components of the variansedthe “Appendix” section). All
) ’ modeling was done with the software package (@8).

Only influences genetlcally susceptlble individuals is not known. For the genetic analyses, nevus counts were summarized into 2 x 2 variance—

Family studies investigate familial aggregation of disease Qiff;ariance matrices. For the analysis investigating the influence of age, vari-
cannot easily distinguish between shared environmental and g&e-covariance matrices for four age-by-zygosity groups were calculated:
netic factors. The twin model, by comparing similarities benonozygotic and dizygotic less than 45 years of age and monozygotic and
tween identical and nonidentical (i.e., fraternal) twin pairs, i#zygotic aged 45 years or older. The age of 45 years was selected as a cutoff
better suited to separate environmental and genetic inﬂuenceé)wuse this was the mean age of the tW|_ns. Similarly, to investigate the influ-
the liability to a trait or diseas¢29). This U.K. twin study is the ©N°® °f sun exposure, a four-group analysis was performed (sun-exposed versus

. . . . . . . sun-protected sites in monozygotic and dizygotic twin pairs). In view of the
first to investigate the relative contribution of genetic and en

. - . . Vllﬁghly skewed nevus counts, the logs of total nevus counts were used. For freckle
ronmental factors in the expression of nevi and freckles in adultfints and skin type, the model was directly fitted to the monozygotic and

through the study of twins. dizygotic contingency tables, with dimensions of 10 x 10 for freckle counts and
5 x 5 for skin type. Models were fitted to these variance—covariance matrices and
SUBJECTS AND M ETHODS contingency tables by the method of maximum likelihood that yields parameter
. estimatesd, d, c,ande) and 95% confidence intervals (Cls),x test for the
Study Population goodness of fit of the model, and the Akaike’s information criteria (AIC) cal-

2 _ 2
The subjects consisted of 127 monozygotic twin pairs and 323 dizygotic t\/\frHIated asX® - 2df). The overally” test measures the agreement between the

pairs, all Caucasian and all female, aged 18 through 72 years, who were recrfgge"ved and predicted variances and covariances in the differzent zygosity
oups. Submodels were compared with hierargRists, in which theg? value

from January 1997 through December 1997 from the St. Thomas U.K. Add

Twin Register in London. For historical reasons, the register consists mainlyfgf a reduced maodel is subtracted from that of a full model. The degrees of

female twins. Twins were not aware of the hypotheses being tested because H?e%}jonm foc: th'j aredeque(ljl tlo re drl]fferepce lf)ert]ween ctjh? f(.:ie.grees of Lreedgm for
were part of a large study investigating many diseases and traits. Each under\m%ffu and reduced model. Another aim of the model-fitting procedure Is to

a detailed, nurse-administered questionnaire covering demographic informafigR & the pattem of covariances and variances by use of as few parameters as

as well as days of exposure to natural and artificial sunlight throughout a mgossuble. Therefore, AIC was used to evaluate the fit of the models. The model

time. The data on sun and sunbed exposure will be part of a separate publicaﬁ\ﬂm the lowest AIC reflects the best balance of fit and parsim(@4).
A standardized skin examination, including a full-body nevus count—divid

into 17 body sites (excluding the genital area and posterior scalp)—was p ESULTS

formed by nurses trained by one of us (V. Bataille) for 4 weeks before the stei,rt
of the study. The nevus count protocol had been validated in two previou¥V

case—control studies of melanoma from our gréixp,15).All twin pairs were The mean age of the twins was 48 years (range 19-73 years)

examined on the same day under the same circumstances in a well-lit examj a—th ti . d 44 18-69 f
tion room. Five research nurses performed the nevus counts, but each twin wi fi, the monozygotc pairs an years (range, B years) or

a pair was always examined by the same nurse. Possible interobserver biastgsdizygotic pairs. Most twins were skin type Il or Ill, and the
assessed before the start of the study by having two different observers cdligitribution of skin types in monozygotic and dizygotic is shown
nevi on 20 volunteers on two separate visits, yielding a correlation coefficientigf Table 1. The mean number of nevi was 35, with a median of
.95 between the two examiners. Not all five nurses were assessed for inte@p-(range, 0-324). Fifty-five percent of the twins had fewer than
server bias. Nevi were recorded by size in three categories (>2 mrsamim, o5 nevi, and 22% had more than 100 nevi (Table 1). The mean
>5 mm and=10 mm, and >10 mm). The total-body nevus count was defined mber of nevi decreased with ag&<(0001) (Fig. 1). The mean

the sum of all nevi greater than 2 mm in diameter. Large nevi were defined %SP b fl . | ic lesi ith a_di f
the purpose of this study as melanocytic lesions of 5 mm in diameter or abdlMDbeEr ot large nevi (me anocytic lesions with a diameter of at

(excluding congenital nevi). The counts of large nevi can be considered ale@st 5 mm) was 1-_4 (range, 0-88); 14% of the twins had more
surrogate for atypical nevi, since most benign nevi at least 5 mm in diameter #i@n two Iarge nevil.
atypical, with irregular edges and/or an irregular border. For the purpose of this As expected, freckles were more common in twins with skin

study, nevi on sun-exposed sites were all nevi on the face, arms, and lower Iggse | (P<.0001). Freckle counts were not affected by age. No
and nevi on sun-protected sites were nevi on the back, chest, abdomen, buttocks,

and thighs. Skin type was assessed according to the classification of Fitzpatrick
etal.(30)—type I: always burn and never tan; type II: often burn and tan lightly;taple 1.Skin type, freckle counts, and common and large nevus prevalences

in Characteristics

type lll: burn moderately and tan gradually; type IV: burn minimally and tan in monozygotic and dizygotic twins*

easily; and type V: never burn and tan deeply. Hair and eye color was als&

recorded for each twin. Freckle counts on the face, arms, and back were per- Monozygotic, Dizygotic,
formed by use of the scoring by Gallagher et @1). The freckle score was No. (%) No. (%)

stratified into 10 categories from 0 to 100; for the analyses, the total freckie

count was used, combining scores on the face, arms, and back. The Etm8s 254 (28) 646 (72)
Committee approval for this study was obtained at the Guy’s and St. Thonldean age, y 48 44
Hospital Trust, London, U.K. Skin type
Statistical Methods :| §§ ((%é)) 1;‘2 83;
Associations between categorical traits were tested by ugésiftistics. For I{I/ % (g(())) igg (32)
continuous traits (mole counts), intraclass correlations within monozygotic andI (20) (24)
dizygotic twin pairs were calculated by use of analysis of variance in Std¥gdian total nevus count 20 22
Statistical Software (Release 5.0, 1997; Stata Corporation, College Station, TMgdian total freckle count 20 15
The P values were two-sided, and the cutoff for statistical significance Was100 nevi 59 (23) 141 (22)
P<.05. For categorical data (freckle counts and skin type), a continuous under- .
lying liability distribution was assumed in which thresholds divide the distribu>2 2rge nevi 39 (19) 89 (14)

tion into categorieg32). The correlation in liability within twins is called the Freckle counts, >100 23 (11) 51 (11)
tetrachoric (for two categories) or polychoric (for more than two categorieS]
correlation. Polychoric correlations for monozygotic and dizygotic pairs were *Skin type was available in 240 M2 twins and 611 D2 twins.
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statistically significant association was found between freck{f<.0001). Large nevi were more frequent in individuals with
and nevus counts. Nevus numbers varied according to hair cokkin type Il or IIl compared with individuals with skin type |
a median of nine for twins with red hair, 24 for twins with bloncr I1V.
hair, 21 for twins with brown hair, and 14 for twins with blackH
hair. However, this difference did not reach statistical signifi-
cance P = .45). The median number of nevi on the upper arms The intraclass correlation coefficient for total nevus count
was four compared with two on the lower arm. Similarly for thevas .83 in monozygotic twins compared with .51 in dizygotic
thighs, the median nevus count was two compared with one faiins. The effect of age was examined in more detail, separating
the lower leg. The median number of nevi on sun-exposed sitbs twins into two age groups (less than and at least 45 years of
was seven compared with 19 on sun-protected sites. There \ags) by use of the mean age as a cutoff point. Differences be-
a highly statistically significant association between nevi on sutween intraclass correlation coefficients for total nevus count
exposed sites and nevi on sun-protected sies0001). were higher for older twins than for younger twins: .67 and .58,
There was a highly statistically significant association beespectively, in monozygotic and dizygotic below the age of 45
tween the number of common nevi and large nevi: 31% of tlyears and .86 and .42, respectively, in monozygotic and dizy-
twins with 100 or more common nevi had two or more large negbotic pairs for twins aged 45 years or older (Fig. 2). The best-
compared with 6% of the twins with 25 or fewer common neyitting model for total nevus count in the two age groups is

eritability of Nevus Counts

Monozygotes, Age under 45 Dizygotes, Age under 45

Fig. 2. Correlations for total body nevus counts for twin
1 against twin 2 according to age groups and zygosity.

Monozygotes, Age 45 or older Dizygotes, Age 45 or older

logarithm of total mole count in twin 1

logarithm of total mole count in twin 2
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shown in Table 2. In twins aged less than 45 years, 36% of the Table 4.Results of model fitting of total freckle count*
variance in nevus counts was explained by additive genetic €T~
fects, with the remainder due to both unique and shared envi-

A C D E Chi-squared  df P AIC

ronmental effects. For twins 45 years old or older, the contribsace .73 .17 — .10 179.0 187 .65 -195.0
tion of shared environmental variance was no longer statisticafff€ 92 — 0 .09 180.9 187 .61 -193.1
9 Ag 91 — — 09 180.9 188 .63 -195.1

significant and could be set to zerg’[1] = .28;P = .60). As CE
a result, the additive genetic variance was much greater in e
older group (84%; 95% Ck 77%-88%) than in the younger +*A = additive genetic variance& = common environment variance, =
group (36%; 95% Cl= 0.8%—63%). Nevus numbers on sundominant genetic varianceE = unique environmental variance; AlG-
protected sites were more h|gh|y correlated within monozygo%aike's information criteria. AlIP values are two-sided and considered to be
and dizygotic pairs than for nevi on sun-exposed sites: intrac|;§§§i_3tica”y ;ignificaqt for valt_Je_s less than .05. Best-fitting modddaid. 95%
correlations of .72 and .49, respectively, for sun-protected si@’%'ﬂ)de; ;eéﬂﬁ\c"r’gz:&gﬁ;ﬂ}wg TOdg:_agj:%d(zc))'8_6_2;194)E_0'09 (0.06-
compared with .56 and .33 for sun-exposed sites. Estimates 'OF' Y o ST

variance components could not be set equal for sun-exposed and

sun-protected sitex{[3] = 18.99; P<.0003). Table 3 shows . ) o . .
estimates of the best-fitting model. The additive genetic varian%‘g‘).w'edge’ Is the first to quantify in adults the relative contri
t

o news counts onsun-exposed s was smalle than a1 TSI 210 snvTonments e 1 e xpiessin o
nevus counts on sun-protected sites: 42% (95%=CNL7%— : P

66%) versus 62% (95% G+ 44%-819%), respectively. Accord- EXPOSUTe is similar in monozygotic and dizygotic twin pairs,
ingly, both shared and unique environmental factors hagCgmparisons of monozygotic and dizygotic similarity allow for

. estimate of the relative importance of genes and environment
greater effect on the variance for nevus counts on sun—expog@z . . POl org .
sites in'the expression of a trait. This is possible because monozygotic

twins share all of their genes, whereas dizygotic twins share
Heritability of Skin Type and Freckle Count around half of their segregating gen@$9). Twin pairs have the
) . o ] ~advantage over sib pairs because they are precisely matched for

Polychoric correlation coefficients for skin type were .76 inge and cohort effect and there is no uncertainty about paternity.
monozygotic twins compared with .38 in dizygotic twins. Theor nevus counts, which vary over a lifetime, accounting for the
best-fitting model included additive genetic effects € .78; age effect is important. The first study ever to use the classical
95% CI = 69%-85%) and unique environmental effeds=<  tyin model to look at similarities between monozygotic and
22%; 95% Cl= 15%-31%). For total freckle count, the beStdizygotic twins was set up by Sieme{85)in 1924 and recorded
fitting model was aPAE model with the lowest AIC, and 91% peyys counts in young twins. Correlation coefficients for total
(95% Cl = 86%-94%) of the variance was explained by addheyus counts of .40 and .20 were reported for monozygotic and
tive genetic effects (Table 4). No statistically significant differdizygotic twins, respectively. More recently, one small U.K.
ences in the heritability of freckles was observed when analygjin study(36) reported nevus numbers on 25 monozygotic and
ing body site of freckles separately. 25 dizygotic pairs. The correlation coefficients for nevus count
in monozygotic twins were comparable to correlations reported
in this study. However, for dizygotic twins, the correlations were

This study confirms that genetic factors are important in tHewer than those reported here. The small sample size of the

expression of traits associated with melanoma risk and, to Giidy makes the interpretation of the results difficult.
In this study, twins were Caucasian females recruited from all

over the U.K. via the media. The twins were not aware of the
Table 2.Variancg component estimates of the best-fitting model for total potheses tested regarding skin phenotypes, since they were
nevus counts of twins aged less than 45 years and aged 45 years old or Olﬁ%selectively recruited. The mean number of common nevi re-
A (95% ClI) C (95% Cl) E(95% cny corded by trained research nurses was also very similar to an-
other non-twin, U.K. population-based nevus count study per-
Formed by two dermatologists, so that the data can be
generalized15). Although intraobserver variability was not as-

*Cl = 95% confidence intervalh = additive genetic variance componeat; S€ssed in this study, it is unlikely that the small differences in
= common environmental variance componeit;= unique environmental NEVUS counts due to intraobserver bias had a substantial effect on
variance componentf = 7; x* = 13.7;P = .06; Akaike’s information criteria the results, since these differences should have been similar for
= -0.25. the monozygotic and dizygotic pairs and this study is comparing

intrapair differences for monozygotic compared with dizygotic

Table 3.Variance component estimates of the best-fitting model for nevustwins. Furthermore, the intraclass correlation coefficient for total

counts on sun-exposed sites and sun-protected sites* nevus count in this study of .83 in monozygotic pairs can be
regarded as a lower limit of reproducibility for nevus counts.
Nevus count can be defined as a complex trait, since it is influ-
Sun-exposed sites 42 (.17-.66) 24 (.04-43) -34 (.26-.4éhced by many factors and is extremely common in the normal
Sun-protected sites 62 (44-81) 19 (02-35) 19 (14-295ulation. Monozygotic and dizygotic pairs were similar re-

*Cl = 95% confidence intervah = additive genetic variance componeg@t; garding prevalencg, mean number, and Va”ar_lce fo_r nevusl ?‘nd
= common environmental variance componelt;= unique environmental freckle counts, which makes any unexpected biases in recruiting

— .66 — .34 214.2 188 .09 -161.8

DiscussIoN

Twins aged <45 y .36 (.008-.63) .38 (.14-.61) .26 (.16—-.4
Twins aged=45y .84 (.77-.88) — .15 (.11-.21)

A (95% Cl) C (95% Cl) E (95% Cl)

variance componentf = 18;x? = 19.4;P = .37; Akaike’s information criteria Monozygotic compared with dizygotic twin pairs highly un-
= -16.7. likely.
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Quantitative genetic model fitting was used for this studphenotype in Dutch melanoma famili¢23). However, segre-
since estimates of genetic and environmental effects basedgation analyses of the nevus phenotype in French families with
comparisons of intraclass correlations alone have relatively l@wleast one case of melanoma suggest that the mode of inheri-
power, large standard errors, and do not make full use of ttace of nevi is likely to be very complegX0).
information available in the variances and covarian@. It A variety of genes may be involved in expression of nevi
involves solving a series of simultaneous structural equationstiwoughout a lifetime, but gene—environment interactions are
estimate genetic and environmental parameters that best fit likely to occur, since sun exposure is also important in the in-
observed twin variances and covariances. In many instances, thistion of nevi. Comparison studi¢26—28) have shown that
model fitting has several advantages over the classic twin metievus numbers are greater in Australian children and adults that
odology, as seen in other twin studié35). It allows for the in age-matched individuals in the U.K. Nevi on sun-protected
separation of the observed phenotypic variance into its genedites were under greater genetic influence than nevi on sun-
and environmental components. However, large datasets exposed sites for twins of all ages in this study, which supports
needed to confidently accept or reject a tested model, especidifly role of sun exposure in the induction and involution of nevi.
when attempting to quantify shared environmental factors. If Wighe fact that the upper arm had a higher median number of nevi
speculate that sun exposure is the most important environmetian did the lower arm—with similar results for the legs—
factor influencing nevi, the shared environment would be the sanggests that sun exposure may have a role in the involution of
exposure shared by both twins (such as family holidays), whitevi on chronically sun-exposed sites. Indeed, data from our
the unique environment would be the sun exposure uniquedgi@up, where a single examiner was involved in both studies,
one twin within a pair. For example, one twin may be a keeshowed that the difference in nevus counts between Australia
swimmer or keen tennis player, while the other may not be. and the U.K. (i.e., with higher numbers of nevi in Australia in

The variance in freckle count was almost entirely determing@ung age groups) is reversed in older age groups, with lower
by genetic factors in this study, with no measurable commanedian nevus counts in Australians 45 years old or older com-
environmental effects. Freckles were counted on the face, bagéred with age-matched U.K. control subje@8). This again
and arms, and care was taken not to include solar lentiginesiomplies that sun exposure may be involved in the involution of
sun-exposed areas. The strong genetic influence on freckkvi in older age groups and that this response to sun with age
counts may, in part, be explained by polymorphisms in the melaay also be, in part, genetically determined.
nocortin 1 receptor (MC1R). In a twin study of children, an The discovery of genes influencing expression of nevi is im-
association study37) has supported the role of MC1R poly-portant and clinically relevant, since nevi are powerful predic-
morphisms in determining hair color and skin types. As exers of risk for melanoma. Common and atypical nevi are not
pected, red hair and skin type | were strongly associated withly markers of risk but, also unlike freckles, can be precursor
freckle count in the study reported here. Furthermore, MClBsions. Melanoma tumors may show a wide variety of chromo-
polymorphisms have been associated with melanoma suscegtime losses, especially at the 9p21 chromosomal locus (CDKN2
bility in sporadic and familial melanomas, and this is likely tdocus), but germline mutations of p16 or CDKN2 are relatively
reflect the increased risk of melanoma in fair-skinned individuare, so that other melanoma genes remain to be discogtid
als (38). Common regions of losses in melanoma tumors are chromo-

The higher degree of concordance in total nevus count sSomes 1, 10, and 6—but none of these regions have, as yet, been
monozygotic compared with dizygotic twins confirms that thehown to harbor a new melanoma tumor suppressor (f2)e
expression of nevi is statistically significantly influenced by gesenetic changes in atypical nevi, studied by use of microsatellite
netic factors. The number of nevi decreases with age, as has baankers and polymerase chain reaction analysis, are too rare to
previously reported in the U.K. and Austral{d4,15). The provide clues about early changes in precursor legi8) Fur-
greater additive genetic variance for total nevus counts in oldeéermore, chromosome loss is unlikely to be the only mechanism
twins, with a complete disappearance of common environmentighding to tumor initiation in melanoma, and other search strat-
factors, is likely to provide insight into the genetics of nevi oveggies need to be implemented to discover melanoma genes or
a lifetime. Older twins are likely to have a less-shared enviroonravel the role of existing genes. Association studies using the
ment than younger twins because they are more likely to liietermediate or precursor phenotype in families as well as in
apart, and the effects of education, diet, and upbringing may pepulation-based, case—control studies may, therefore, be very
less important with increasing age. Higher correlation coeffirseful to discover genes involved in nevus expression.
cients for nevus counts with age may also be due to the influ- This U.K. twin study confirms that genetic factors are very
ences of genes involved in the involution of nevi in older agenportant in the expression of cutaneous traits associated with
groups. This disappearance of nevi with age may, for exampda increased melanoma risk. This study has shown that age has
suggest the involvement of senescence genes. A possible @aignificant effect on the heritability of nevi and highlights the
didate would be p16 (also known as CDKN2), a tumor suppreseed to carefully adjust or match for age in future genetic link-
sor gene associated with melanoma that has been shown to fege or association studies involving nevus counts. Analyses of
an important role in cell senescen(¥9). Melanocytes in cul- sun-exposed sites versus sun-protected sites confirm that envi-
ture, taken from a melanoma-prone individual carrying a hommnmental factors also play a substantial role in the expression of
zygous deletion of p16, appear to grow for more than 20 montimgvi and that the environmental influence on total nevus count
which is longer than ever reported for human melanocytes (Beraries statistically significantly over a lifetime. Future associa-
nett D: personal communication). Furthermore, among melkien or linkage studies by use of single or multiple cutaneous
noma families in the U.K., p16 mutation carriers have highéeraits not only will shed some light on the role of existing can-
nevus counts than noncarrig?). The CDKN2 locus has also didate genes, such as p16, pkg, CDK4, and MC1R on nevus
been shown to contribute toward the expression of the newgression and skin type, but also may lead to the discovery of
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new genes involved in skin pigmentation and melanocyte dif3) Healy E, Belgaid C, Takata M, Harrison D, Zhu NW, Burd DA, et al.
ferentiation (44)_ With data on polymorphisms in known and Prognostic significance of allelic losses in primary melanoma. Oncogene
novel genes, gene-environment interactions could aiso be inves: 1H998’16.'22nl?:38.8tr b Goldsiain AV Hindins PA Ally DS. S
tigated further. Moreover, once populations at risk of melanom Hussussian CJ, Struewing JP, Goldstein AM, Higgins PA, Ally DS, Shea-

. . . . han MD, et al. Germline p16 mutations in familial melanoma. Nat Genet
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