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Individuals with two red hair colour (RHC)-MCIR
genetic variants have light skin and blond/reddish hair
and, in comparison with those without such alleles, are
at an increased risk of developing melanoma. Our study
investigated the association of RHC variants and the To-
tal Dermoscopy Score (TDS), and the items that make
up the TDS, in those with atypical naevi and melano-
mas from high risk melanoma patients. Eight hund-
red and seventy-six atypical naevi and 21 melanomas
were scored according to the TDS system and MCI1R
polymorphisms were determined. Analyses revealed
that several TDS items including pigment network,
dark-brown colour and streaks were more frequently
observed in atypical naevi from individuals without
RHC variants, while structureless areas were more
often observed in individuals with two RHC variants.
Finally, no significant difference in TDS was detec-
ted in atypical naevi from individuals with two RHC
variants compared to those without RHC. Clinicians
should be aware of a different dermoscopic naevus
phenotype in patients with light blond or RHC MCI1R
variants. Key words: CDKN2A; dermoscopy; MCIR;
atypical naevi; melanoma; red hair; total dermoscopy
score.
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In the past decade, the incidence and mortality rates for
cutaneous malignant melanoma in (CMM) Caucasions
have increased (1, 2). In the majority of individuals in
the general population, activation at the Melanocortin
1 Receptor (MC1R) leads to an increase in the ratio of
eumelanin to pheomelanin: eumelanin (black/brown
colour) is UV protective, relative to the potentially car-
cinogenic pheomelanin (red/yellow colour) (3). Several
polymorphisms of the MCIR cause an increase in the
pheomelanin/eumelanin ratio, favouring the carcinogenic
pheomelanin. These polymorphisms of MC1R are clini-
cally associated with red hair colour (RHC), fair skin,
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poor tanning ability and a higher risk for development
of CMM (4-8). Besides the well established association
between the MCI1R variants D84E, R151C, R160W and
D294H and RHC, the less frequent MC1R polymorphis-
ms [155T and R160Q also show an association with RHC
(9, 10). These MC1R polymorphisms are considered as
low penetrance genes, since those polymorphisms are
relatively common compared to the incidence of CMM.

A substantial risk factor for the development of CMM
is a genetic predisposition in high penetrance genes.
Twenty-five to 50% of individuals who have had CMM
and a strong family history (with one first degree or
two second degree family members with CMM) carry
mutations in high penetrance genes such as the Cyclin
Dependent Kinase Inhibitor 24 (CDKN2A) gene and the
Cyclin Dependent Kinase 4 (CDK4) gene (11-13). At
this moment, the CDKN2A gene is the most established
high penetrance gene, encoding for the two tumour
suppressor proteins pl6 and pl4ARF (14). A founder
mutation, consisting of a 19bp deletion in exon 2 of the
CDKNZ2A gene, was detected in Dutch families origi-
nally living in the Leiden area and is therefore known
as the p16-Leiden founder mutation (15).

Individuals with a genetic predisposition, are strong-
ly recommended to undergo periodic screening of the
total body skin. In this population, dermatologists are
tasked with detecting minor abnormalities in mela-
nocytic lesions as early as possible. Dermoscopy can
form a bridge between the clinical diagnosis and the
histopathological diagnosis, by revealing morphological
structures and colours not visible to the naked eye and
improve the sensitivity and specificity of the clinical
CMM diagnosis (16—18).

A recent study suggested that the diagnosis of early
melanoma using the ABCD Total Dermoscopy Score
(TDS) is more difficult in CDKN2A mutation carriers
with two MCI1R RHC variants than in CDKN2A mu-
tation carriers with 0 MC1R RHC variants (19). The
authors suggested that an integrated approach including
medical history, clinical investigation and dermoscopic
data would be useful in those high-risk patients.

Atypical naevi (AN) are considered precursor and
indicator lesions of melanoma. Therefore, it is important
for the clinician to know whether the dermoscopic
features in AN and melanomas from carriers of 2 RHC
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variants differ from those with 0 RHC variants (20).
The objective of the current study was to explore the
relation between RHC variants and dermoscopic items
(as scored by the ABCD-rule of dermoscopy) in AN and
melanoma among CDKN2A founder mutation carriers.

MATERIALS AND METHODS

Patient and atypical naevi selection

Between January 2000 and July 2002, 519 members from 18
proven CDKN2A mutated families were invited to have dermos-
copic images taken of their AN with the MoleMax II™ (Derma
Medical Systems, Vienna, Austria). Participants were invited based
on the clinical diagnosis of familial melanoma, independently of
the CDKN2A mutation status and naevus phenotype. They were
examined by a dermatologist, who marked all melanocytic naevi
for recording. Inclusion criteria for lesions were: (i) at least partly
a flat component, (i/) a minimal diameter of 5 mm in at least one
direction, and (ii7) at least two of the following criteria: hazy
border, colour variegation, or a red hue. Subsequenlty a research
nurse recorded baseline dermoscopic images of all marked lesions
and took macroscopic body mapping images. Patients’ history
of melanoma was recorded and blood samples were taken to de-
termine the CDKN2A mutation status of each individual patient
as previously described (7). All lesions suspected to be possible
melanomas were excised within two weeks after recording of the
naevi. AN located on the head, feet and hands were excluded from
dermoscopic analysis, since the ABCD-pattern is not suitable for
those lesions. In total, 111 proven CDKN2A mutation carriers
with 876 AN were included for dermoscopic analysis and MC1R
sequencing (Fig. 1). Inclusion was based on the availability of both
dermoscopic images in the MoleMax™ and blood.

Melanomas selection

All available digital images from melanomas of the 111 CDKN2A
mutation carriers, diagnosed between 2001 and 2009 were selec-
ted. Pathology reports summarising the stage of the melanoma
were collected. In total 21 melanomas from 17 CDKN2A muta-
tion carriers were included for dermoscopic analysis.

Dermoscopic analysis

111 CDKN2a mutation carriers

y

Nevi included for dermatoscopic imaging:
- A flat component
->5mm
- not on hand, feet or head
- 2 of the following criteria
* hazy border
* color variegation
* red hue

y

‘ 876 nevi analyzed according to the ABCD TDS. |

l

‘ Combining data TDS and MCI1R status | B —

| MC1R determination |

Fig. 1. A flowchart summarizing the method of patient selection, naevi
selection and MCIR testing.

Acta Derm Venereol 92

The melanocytic lesions were scored according to the ABCD
rule of dermoscopy which is a semiquantitive numerical ap-
proach (21). The ABCD rule calculates a Total Dermascopy
Score (TDS) based on the asymmetry (A), border (B), colour (C)
and differential structures (D). In evaluating the asymmetry, the
lesions were bisected by two 90° axes that were positioned to
produce the lowest possible asymmetry score. A value between
0 (no asymmetry) and 2 (asymmetry on both axes) was scored
for asymmetry. The evaluation of the border score is determined
by a sharp abrupt cut-off of the pigment pattern. The naevi were
divided into 8 parts, making the minimum score 0 (no parts
showed an abrupt cut-off) and the maximum score 8 (all parts
showed an abrupt cut-off). The evaluation of the colours can
lead to a maximum score of 6 (white, red, light brown, dark
brown, blue-gray and black). The differential structures had a
maximum score of 5 (pigment network, dots (min 3), globules
(min 2), streaks (min 3) and a structureless area >10% of the
lesion). To generate a TDS, the individual scores of ABCD
were multiplied by the coefficients 1.3 for asymmetry, 0.1 for
border, 0.5 for colours and 0.5 for structures. A lesion with a
TDS <4.75 was suggestive of a benign melanocytic lesion, a
lesion with a TDS between 4.75 and 5.45 was suggestive of a
dysplastic naevus and a lesion with a TDS >5.45 was sugges-
tive of a melanoma. All lesions were scored in consensus by a
trained resident (KQ) from the dermatology department and a
dermatologist, specialized in melanocytic lesions and dermo-
scopy (NK). Both were aware of the CDKN2A outcome, but
were not aware of MC1R outcome and the patient’s phenotype.

MCIR sequencing

The MCIR gene consists of a single coding exon of 954 bp.
For sequencing, the gene is divided into three covering PCR
fragments; 1A, 1B and 1C. Fragment 1A starts at 5’UTR c.-73
until ¢.377, fragment 1B covers ¢.356 to ¢.717 and fragment
1C ¢.713 until c*16 at the 3’UTR. A total of 3 forward and 3
reverse primers were used. The primer sequences were respec-
tively: MC1Rex1AF1;TGTAAAACGACGGCCAGTGCAGC
ACCATGAACTAAGCA, MCIRex1AR1; CAGGAAACAG-
CTATGACCAGGCTGGACAGCATGGAG, MCI1Rex1BF1,;
TGTAAAACGACGGCCAGTTGCAGCAGCTGGACAATG,
MCI1Rex1BR1; CAGGAAACAGCTATGACCAGGATGGT-
GAGGGTGACAGC, MC1Rex1CF1; TGTAAAACGACGGC-
CAGTACCAGGGCTTTGGCCTTA and MC1Rex1CR1; CAG-
GAAACAGCTATGACCCTCTGCCCAGCACACTTAAA.

Amplification of the 3 fragments were performed in 25 pul PCR
reactions containing 150 ng of genomic DNA, 5x Colourless
GoTaq Reaction buffer containing 7.5 mM MgCl, (Promega, Ma-
dison, WI, USA), 6 pmol of each primer, 200 uM of each deoxynu-
cleotide triphosphates (ANTP) and 1 U of Taq DNA polymerase
(Promega). Fragment 1A reaction mix contained an extra 10%
dimethyl sulphoxide (DMSO) and 1x PCRx Enhancer Solution
(Invitrogen, Life Technologies, Grand Island, NY, USA). Cycle
conditions are the same for fragment 1B and 1C, starting with a
hot start at 95°C, initial denaturation for 5 min at 95°C, followed
by 35 cycles of 30 s 94°C denaturation, 30 s at 55°C annealing
and 30 s at 72°C elongation, concluding with a 5 min extension
at 72°C. Fragment 1 A only differs in the annealing temp (60°C).

The PCR products were first purified with the AMPure PCR
Purification kit (Beckman Coulter, Indianapolis, USA) before
sequencing. The MCIR gene was sequenced by using the stan-
dards sequencing kit of Applied Biosystems (3730 DNA Analyzer
Sequencing Standards, BigDye® Terminator v3.1) and submitted
at an ABI PRISM™ 3730 DNA Analyzer. Sequence data were
analysed utilizing the program SeqScape Software version 2.5
(Applied Biosystems).



Statistical analysis

Statistical analyses were performed using the Statistical Package
for the Social Science (SPSS version 17.0; Gorinchem, the
Netherlands). The TDS results were crudely analyzed with a
Student’s #-test. A Levene’s test was used to determine the equa-
lity of the variances. Secondly, the TDS was analyzed using a
Linear Mixed Model. Taking into account the varying numbers
of AN within patients, the patients were included in the model as
arandom effect and RHC as a fixed effect. The crude analyses of
the differential structures and colours of the AN were performed
using Pearson’s chi-squared test. Asymmetry, Border, Colours
and Differential structures were all binary outcome variables and
RHC was used as predictor. Again, a second analysis, repeated
measures logistic regression (Generalized Estimating Equations)
was performed, taking account of the repeated measurement of
the outcome variables (multiple AN per patient). A p-value <0.05
was considered significant.

RESULTS

Distribution of MCIR variants among patients with
atypical naevi

A total of 98 MCI1R polymorphisms were determined
among the 111 CDKN2A mutation carriers and 49
MCIR polymorphisms (50%) were determined as
RHC variants (Table I). Among the CDKN2A mutation
carriers, 72 individuals (64.9%) had no RHC variants,
29 individuals (26.1%) had 1 RHC variant and 10
individuals (9.0%) had 2 RHC variants. In total, 513
AN (58.6%) were observed in individuals with 0 RHC
variants, 253 AN (28.9%) were observed in individuals
with one RHC variant and 110 AN (12.6%) were ob-
served in individuals with 2 RHC variants.

Dermoscopic features among the atypical naevi with
different MCIR variants

A significant difference was observed between the
number of colours in AN from 0 RHC and 2 RHC
groups (1.44+0.22 vs 1.37+0.25, p=0.007). Adjusting
for differences in the number of AN per patient had no
influence on the level of significance, although diffe-
rent p-values were observed (Table II). No significant
differences in asymmetry, border and structures were
observed between 0 RHC variants and 2 RHC variants.

Table 1. Frequency of MCIR variants among 111 CDKN2A mutation
carriers

Polymorphism Variant n (%)
V60L nRHC 19 (19.4)
VI2M nRHC 19 (19.4)
R151C RHC 20 (20.4)
1155T RHC 4(4.1)
R160W RHC 22 (22.4)
R160Q RHC 3(3.1)
R163Q nRHC 11 (11.2)
Total 98 (100)

RHC: red hair colour; nRHC: no red hair colour.
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Table II. Mean ABCD total dermoscopy score (TDS) in 876 clinical
atypical naevifrom 111 patients according to MCIR red hair colour
(RHC) variants

0 RHC 1 RHC 2 RHC
ABCD TDS Mean Mean Mean p-value*  p-value®
Asymmetry 1.76 1.54 1.89 0.18 0.672
Borders 0.007 0.003 0.007 0.96 0.969
Colours 1.44 1.43 1.37 0.007 0.035
Structures 1.52 1.53 1.45 0.135 0.327
Total TDS 4.73 4.51 4.72 0.96 0.655

2Student’s /-test.

Linear Mixed Model, taking in account the inter-patient differences in
amount of naevi.

Significant values are shown in bold.

The difference in the total number of colours was due
to significantly more dark brown colour in individuals
with 0 RHC variants (89% vs 76%, p<0.001) (Table
III). No differences between 0 RHC and 2 RHC vari-
ants were observed for the colours light brown, red,
blue-grey and black, and no AN with a white colour
were observed (Table III). Naevi from individuals with
0 RHC variants contained significantly more streaks
(72% vs 52%, p<0.001) and pigment networks (47%
vs 36%, p=0.023), while naevi from individuals with
2 RHC variants contained significantly more struc-
tureless areas (76% vs 95%, p<0.001) (Table IV).
Adjustment in the analyses for inter-patient differences
in the number of AN had no influence on the level of
significance for dark-brown colour and streaks, while
the significant differences for pigment network disap-
peared (p=0.556). No significant differences were
observed for dots and globules. Almost all 876 naevi
contained dots (98%), while globules were only obser-
ved in 78 naevi (9%).

No significant difference in mean TDS between 0
RHC variants and one RHC variant was observed. No
difference in mean +SD ABCD TDS between naevi
containing 0 RHC variants and 2 RHC variants was
observed (4.73+1.13 vs.4.72+1.27, p=0.96) (Table II).

Table I11. Percentage of colours among 0 red hair colour (RHC),
1 RHC and 2 RHC variants

0 RHC 1 RHC 2 RHC

n=513 n=253 n=110
Colours % % % p-value® p-value®
White 0 0 0 1.000 1.000
Red 96 96 95 0.604 0.894
Light brown 99 99 100 0.613 0.613
Dark brown 89 85 76 0.000 0.009
Black 5 6 3 0.449 0.196
Blue 0 0 1 0.177 0.177

2Single x square test.

®GenLin Model, taking in account the inter-patient differences in amount
of naevi.

Significant values are shown in bold.

Acta Derm Venereol 92



590 K. D. Quint et al.

Table IV. Percentage of structures among 0 red hair colour (RHC),
1 RHC and 2 RHC

ORHC 1RHC 2RHC

n=513 n=253 n=110
Structures % % % p-value*  p-value®
Dots 98 98 97 0.722 0.604
Globules 10 6 11 0.760 0.845
Streaks 72 74 52 0.000 0.000
Structureless area 76 86 95 0.000 0.000
Pigment network 47 43 36 0.023 0.556

*Single y* test.
®GenLin Model, taking in account the inter-patient differences in amount
of naevi.

Dermoscopic features among melanomas with different
MCIR variants

According to the pathology report, 13 superficial
spreading malignant melanomas (SSM) and 8 melano-
mas in situ (MIS) from CDKN2A mutation carriers were
available (Table SI; available from http://www.medical-
journals.se/acta/content/?doi=10.2340/00015555-1457).
The melanomas were diagnosed in 17 individuals (12
women and 5 men) heterozygous for the CDKN2A foun-
der mutation and one male (individual 9) homozygous
for the CDKN2A founder mutation. Nine persons were
carrying 0 RHC variants, 6 persons were carrying | RHC
variant and 2 persons were carrying 2 RHC variants. The
TDS did not differ between 0 RHC variants and 2 RHC
variants (6.71 £0.92 vs 7.00+0.85). Also, no difference
was observed between 0 RHC variants and 1 RHC variant
(6.71+£0.92 vs 7.18 £0.64). Since SSM as well as MIS
were included in this study population, the mean TDS
for both groups were calculated. No differences in mean
TDS was observed between SSM and MIS (7.08 +0.70
vs 6.76 +0.90).

DISCUSSION

We examined the association between RHC variants
and the TDS (and the individual items that make up
the TDS score) in AN and melanomas from a group at
high risk of melanoma.

Significantly more total colours were observed in AN
from individuals with 0 RHC variants, apparently due
to the more frequent presence of a dark brown colour
in these AN. Still, a dark brown colour was observed
in 76% of the AN in individuals with 2 RHC variants,
which could be considered high. This relatively high
score of dark brown colour in AN from individuals with
2 RHC variants can be explained by the way a colour is
scored in the ABCD system. The presence of a minor
amount of dark brown pigment already scores, while the
surface of the dark brown area is not taken into account.

Streaks and a pigment network were more frequently
seen in individuals with 0 RHC variants compared to
individuals with 2 RHC variants, while a structureless
area was more frequently observed in individuals with
2 RHC variants. Possibly, the presence of a pigment
network and a structureless area are inversely cor-
related, since a pigment network gives a structure to
a naevus. Despite the differences in colours between
AN from individuals with 0 RHC variants and 2 RHC
variants, we did not observe a difference in TDS scores
between AN from individuals with 0 RHC variants and
2 RHC variants. However, clinicians should be aware
of a different colour and structure pattern between
individuals with and without red hair, since a dark-
brown colour, streaks and a pigment network are less
frequently observed in naevi from persons with 2 RHC
variants (Fig. 2).

Fig. 2. Two representative examples of atypical naevi from two CDKN2A mutation carriers were selected as illustration. Naevus 1 (a—c) was selected from
a patient with 0 red hair colour (RHC) variants, while naevus 2 (d—f) was selected from a patient with 2 RHC variants. The figure illustrates the prominent
dark-brown colour and structures in naevi from individuals with 0 RHC variants compared to the more frequently occurrence of structureless area in naevi

from individuals with 2 RHC variants.
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Fig. 3. Examples of three melanoma in situ (a, c, e) and three superficial
spreading melanomas (b, d, f) from patients with 0 red hair colour (RHC)
variants (a, b), 1 RHC variant (c, d) and 2 RHC variants (e, f). In individuals
with 0 RHC variants, a Total Dermoscopy Score (TDS) of 7.4 was observed
in the melanoma in sifu (a), while the more invasive superficial spreading
melanoma (SSM) (b; Breslow 0.66 Clark 3) has a TDS of 7.6. The images
of a melanoma in situ (¢) and SSM (d; Breslow 0.40, Clark 2) from 2
individuals with 1 RHC variant (c, d) have respectively both a TDS of 7.4.
Among the individuals with 2 RHC variants a TDS of 6.4 was observed in the
melanoma in situ () and 7.6 in the SSM (f; Breslow 1.3, Clark 4). However,
also melanomas from 2 RHC variants contain a dark-brown or black colour
(%10 magnification).

With our study we were able to test previous findings
by Cuéllar et al. (19), who showed that melanomas from
CDKN2A mutation carriers with 2 RHC variants had
a significantly lower TDS score. We could not confirm
these previous findings in 21 melanomas from 17 CD-
KN2A founder mutation carriers (Fig. 3). In the current
study, the mean TDS score in the 2 individuals with 2
RHC variants was even higher than the mean TDS from
9 individuals with 0 RHC variants, although not enough
individuals were included to enable statistical analyses.
The higher TDS among carriers of 2 RHC variants might
be caused by the late detection of the melanoma in pa-
tient 3 (SSM, Breslow 1.3, Clark V). This discrepancy
with previously described observations in melanomas
from the Spanish CDKN2A mutation carriers might also
result from a rather small sample size in both studies,
and differences in the selection of high risk patients.

For research study purposes, the use of the TDS/
ABCD scoring system is a more useful tool in the eva-
luation of melanocytic lesions than the more intuitive
types of pattern recognition (e.g. Pattern Analyses),
since it provides a reproducible score and can be used
for numerical comparisons. Although the ABCD TDS
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is useful in study settings to investigate differences
between individuals with different phenotypes, the
additional value for persons with lightblond/reddish
hair is low. For clinicians, other factors like atypical
blood vessels, changes over time and the relation with
the patient’s other melanocytic lesions, are even more
important than a single TDS.

In the current study the association between RHC
variants and ABCD TDS was studied in a group at
high risk of melanoma. Although CDKN2A mutation
carriers have a higher naevus number and density, no
influence on the individual naevus phenotype has been
observed (22). We suggest that the current results may
be extrapolated to the general population with light
blond or red hair.

In conclusion, we demonstrated specific dermoscopic
colour and structure differences between AN from pa-
tients with 0 and 2 RHC variants. Clinicians should be
aware of the different dermoscopic naevus phenotypes
in patients with light blond or red hair. Although we
observed no difference in TDS between individuals with
0 RHC and 2 RHC variants, we suggest that the TDS is
not fully suitable for patients with a very light complex-
ion. The TDS gives an incomplete view, ignoring other
important factors (history, naevi phenotype, atypical
vessels). Secondly, we did not observe differences in
TDS in melanomas from patients with 0 RHC variants
and 2 RHC variants since all melanomas, independent
of the patient’s RHC status, have a high TDS (almost
reaching the upper limit of the TDS). Future studies
need to examine our conclusions in those with red hair
in the general population.

ACKNOWLEDGEMENTS

We would like to thank Paul Douw van der Krap for taking the
clinical images.

This work was supported by the National Cancer Institute
(NCI) of the US National Institutes of Health (NIH), contract
number CA83115.

The authors declare no conflict of interest.

REFERENCES

1. Bosetti C, La Vecchia C, Naldi L, Lucchini F, Negri E,
Levi F. Mortality from cutaneous malignant melanoma
in Europe. Has the epidemic levelled off? Melanoma Res
2004; 14: 301-309.

2. de Vries E, Coebergh JW. Cutaneous malignant melanoma
in Europe. Eur J Cancer 2004; 40: 2355-2366.

3. Busca R, Ballotti R. Cyclic AMP a key messenger in the regula-
tion of skin pigmentation. Pigment Cell Res 2000; 13: 60—69.

4. Kennedy C, ter Huurne J, Berkhout M, Gruis N, Bastiaens
M, Bergman W, et al. Melanocortin 1 Receptor (MC1R)
gene variants are associated with an increased risk for
cutaneous melanoma which is largely independent of skin
type and hair colour. J Invest Dermatol 2001; 117: 294-300.

5. Valverde P, Healy E, Jackson I, Rees JL, Thody AJ. Variants
of the melanocyte-stimulating hormone receptor gene are

Acta Derm Venereol 92



592

10.

11.

12.

13.

14.

K. D. Quint et al.

associated with red hair and fair skin in humans. Nat Genet
1995; 11: 328-330.

. Valverde P, Healy E, Sikkink S, Haldane F, Thody AJ,

Carothers A, et al. The Asp84Glu variant of the melano-
cortin 1 receptor (MC1R) is associated with melanoma.
Hum Mol Genet 1996; 5: 1663—1666.

. Palmer JS, Duffy DL, Box NF, Aitken JF, O’Gorman LE,

Green AC, et al. Melanocortin-1 receptor polymorphisms
and risk of melanoma: is the association explained solely
by pigmentation phenotype? Am J Hum Genet 2000; 66:
176-186.

.van der Velden PA, Sandkuijl LA, Bergman W, Pavel S,

van Mourik L, Frants RR, et al. Melanocortin-1 receptor
variant R151C modifies melanoma risk in Dutch families
with melanoma. Am J Hum Genet 2001; 69: 774-779.

. Raimondi S, Sera F, Gandini S, Iodice S, Caini S, Maison-

neuve P, et al. MCIR variants, melanoma and red hair
colour phenotype: a meta-analysis. Int J Cancer 2008; 122:
2753-2760.

Pastorino L, Cusano R, Bruno W, Lantieri F, Origone P,
Barile M, et al. Novel MC1R variants in Ligurian melanoma
patients and controls. Hum Mutat 2004; 24: 103.

Kamb A, Gruis NA, Weaver-Feldhaus J, Liu Q, Harshman
K, Tavtigian SV, et al. A cell cycle regulator potentially
involved in genesis of many tumor types. Science 1994;
264: 436-440.

Goldstein AM, Chan M, Harland M, Hayward NK, Demenais
F, Bishop DT, et al. Features associated with germline CD-
KN2A mutations: a GenoMEL study of melanoma-prone fa-
milies from three continents. ] Med Genet 2007; 44: 99-106.
Zuo L, Weger J, Yang Q, Goldstein AM, Tucker MA, Walker
GJ, et al. Germline mutations in the pl16INK4a binding
domain of CDK4 in familial melanoma. Nat Genet 1996;
12: 97-99.

Quelle DE, Zindy F, Ashmun RA, Sherr CJ. Alternative

Acta Derm Venereol 92

15.

16.

17.

18.

19.

20.

21.

22.

reading frames of the INK4a tumor suppressor gene encode
two unrelated proteins capable of inducing cell cycle arrest.
Cell 1995; 83: 993—-1000.

Gruis NA, van der Velden PA, Sandkuijl LA, Prins DE,
Weaver-Feldhaus J, Kamb A, et al. Homozygotes for
CDKN2 (p16) germline mutation in Dutch familial mela-
noma kindreds. Nat Genet 1995; 10: 351-353.

Benelli C, Roscetti E, Pozzo VD, Gasparini G, Cavicchini S.
The dermoscopic versus the clinical diagnosis of melanoma.
Eur J Dermatol 1999; 9: 470-476.

Bafounta ML, Beauchet A, Aegerter P, Saiag P. Is dermo-
scopy (epiluminescence microscopy) useful for the di-
agnosis of melanomas? Results of a meta-analysis using
techniques adapted to the evaluation of diagnostic tests.
Arch Dermatol 2001; 137: 1343-1350.

Ascierto PA, Palmieri G, Celentano E, Parasole R, Caraco C,
Daponte A, et al. Sensitivity and specificity of epilumines-
cence microscopy: evaluation on a sample of 2731 excised
cutaneous pigmented lesions. The Melanoma Cooperative
Study. Br J Dermatol. 2000; 142: 893—898.

Cuéllar F, Puig S, Kolm I, Puig-Butille J, Zaballos P, Marti-
Laborda R, et al. Dermoscopic features of melanomas as-
sociated with MC1R variants in Spanish CDKN2A mutation
carriers. Br J Dermatol 2009; 160: 48-53.

de Snoo FA, Bergman W, Gruis NA. Familial melanoma: a
complex disorder leading to controversy on DNA testing.
Fam Cancer 2003; 2: 109-116.

Nachbar F, Stolz W, Merkle T Cognetta AB, Vogt T,
Landthaler M, et al. The ABCD rule of dermatoscopy. High
prospective value in the diagnosis of doubtful melanocytic
skin lesions. Am Acad Dermatol 1994; 30: 551-559.
Florell SR, Meyer LJ, Boucher KM, Grossman D, Cannon-
Albright LA, Harris RM. Increased melanocytic naevi and
naevus density in a G-34T CDKN2A/p16 melanoma-prone
pedigree. J Invest Dermatol 2008; 128: 2122-2125.



