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Abstract

The CDKN2A gene has been implicated in
cutaneous malignant melanoma (CMM)
in about 40% of families with linkage to
chromosome 9p21, while a small pro-
portion of families have mutations in the
CDK4 gene. In order to estimate the
importance of these genes in the predispo-
sition to CMM in Spanish families and
patients we have analysed, by SSCA, a
total of 56 subjects belonging to 34 CMM
families, and nine patients with multiple
CMM and other neoplasia. We have
detected germline CDKN2A mutations in
six out of the 34 families (17%). A
frameshift mutation (358delG) and four
missense mutations (G59V, G101W (two
cases), D84Y, and R87W) were identified.
Five CMM patients from different fami-
lies (14%) carried the A148T variant,
which is known not to affect p16 activity.
No mutations were detected in the pa-
tients with multiple CMM or other neo-
plasms. We have not found mutations
either in exon 1p of the CDKN2A gene or
in exon 2A of CDK4. Linkage analysis of
the 9p21 region showed exclusion for one
of the families for CMM and for four
families for CMM/dysplastic naevi. This
study indicates a small role for CDKN2A
in Spanish CMM families and suggests
that other genes are also responsible for
CMM predisposition.
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Cutaneous malignant melanoma (CMM) is
one of the most serious forms of skin cancer
and has a heterogeneous and complex aeti-
ology. Sun exposure and genetic susceptibility
have been identified as the two major predis-
posing factors." Around 10% of CMM cases
are familial, often in association with dysplastic
or clinically atypical naevi (DN). The suscepti-
bility to melanoma is inherited as an autosomal
dominant trait with a calculated penetrance of
53% by the age of 80.> A melanoma predispo-
sition gene has been mapped to 9p21 through
linkage studies’ and loss of heterozygosity
(LOH) analysis.* Linkage to 1p36 has also
been observed in some kindreds, principally
when CMM is associated with DN.”

The CDKNZ2A (also called CDKA4I or p16)
gene, which encodes an inhibitor of the cyclin

dependent kinases, has been mapped to the
9p21 region and it has been observed to be
homozygously deleted in many types of tumour
cell lines.’ The p16 protein binds to the cyclin
dependent kinases 4 and 6 (CDK4 and
CDKG®6), inhibiting the phosphorylation of the
retinoblastoma (Rb) protein. Inactivation of
pl6 results in the phosphorylation of Rb and
the activation of cell proliferation.” The
CDKN2A gene also encodes an alternative
transcript known as pl19ARF which is derived
from a different promoter and has a unique
exon 1 (exonlf), but the same exon 2 as
CDKNZ2A in a different codon reading frame.
pl19ARF has been shown to inhibit the cell
cycle in a p53 dependent manner not involving
CDK4/6 binding. It binds to MDM2 and pro-
motes its degradation, leading to p53 stabilisa-
tion, accumulation, and cell cycle arrest.®

The CDKNZ2A gene has been implicated as
the melanoma susceptibility gene in some
families with linkage to 9p21.° CDKN2A
mutations detected in families impair pl6
function by decreasing its ability to bind to
CDK4." In spite of this, no mutations have
been found in other families which also show
linkage to 9p21," suggesting that either these
families have mutations that lie outside the
coding region of the CDKN2A gene or that
there is another susceptibility gene on 9p. The
CDK4 gene has been found to be mutated in
two out of 31 melanoma families'” indicating
that CDK4 is also a melanoma predisposing
gene. Both families carried the same missense
mutation, R24C, which makes CDK4 resistant
to the inhibition of pl6. Another missense
mutation located at the same position has also
been detected in one French melanoma
family.” Patients with multiple primary
melanomas, but without family history of
melanoma, may also have a genetic predisposi-
tion for the disease. In fact, Monzon et al*
found germline mutations in the CDKN2A
gene in 15% of such patients.

A total of 56 subjects belonging to 34 CMM
families and nine patients with multiple CMM
and other neoplasias were screened for muta-
tions in the CDKN2A and the CDK4 genes by
SSCA analysis and subsequent sequencing of
abnormal bands. Patients with multiple
melanomas and cases with CMM and other
neoplasia could have susceptibility mutations
in the CDKN2A or CDK4 genes. In table 1 we
present a summary of families and patients
analysed for mutations. The number of af-
fected family members and association with
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Table 1  Families and patients with CMM and DN analysed for mutations in the CDKN2A and CDK4 genes
Patients with ~ Patients with
Patients CMM and >1 primary ~ Mean age at CDKN2A
Families with CMM DN CMM first diagnosis mutations (%) *
Familial 34 56 27 7 35.7 6/34 (17)
=3 AFM (first degree relatives) 9 23 11 3 39.9 3/9 (33)
CMM 2 6 0 0 42 1/9 (11)
CMM/DN 7 17 11 3 38.9 2/9 (22)
2 AFM (first degree relatives) 15 21 10 1 42.2 2/15 (13)
CMM 3 3 0 0 45 0/15
CMM/DN 12 18 10 1 39.5 2/15 (13)
2 AFM (second degree relatives) 3 5 0 0 37 0/3
1 AFM associated with DN 7 7 6 3 25 1/10 (10)
Sporadic 0 9 4 5 55 0/9
Multiple CMM 0 5 3 5 53 0/5
CMM and other neoplasiast 0 4 1 0 57 0/4
AFM, affected family members; CMM, cutaneous malignant melanoma; DN, dysplastic naevi.
*Rates correspond to families or to sporadic cases.
tPancreas adenocarcinoma, bladder carcinoma, mesothelioma and retinoblastoma.
Table 2 CDKNZ2A germline mutations identified in the CMM families
Patients with CMM Patients with DN More than
Patients segregating with the Patients segregating with the 1 primary
Family Mutation with CMM mutation with DN mutations melanoma
20 358delG 4 4 9 1 Yes
32 V59G 2 1 1 1 Yes
Unknown
40 G101W 1 1 2 1 Yes
42 R87TW 2 1 1 1 No
Unknown
43 D84Y 3 1 2 Unknown No
2 Unknown
47 G101W 3 3 0 0 No

DN have been used to classify the families. We
considered as affected by DN those patients
with several clinical atypical moles and at least
one lesion histopathologically diagnosed as a
dysplasic or atypical naevus. The presence of at
least one patient with CMM associated with
other members with DN is considered as
FAMMM syndrome. The age of diagnosis of
CMM ranged from 17 to 72 years with a mean
age of 35.7 (SD 13.6). In one family affected by
the FAMMM syndrome a high incidence of
other neoplasms was reported.'®

Microsatellite markers D9S162, D9S171,
and D9S161 were used for linkage analysis.
These markers cover a region of approximately
20 cM on either side of the CDKN2A gene.
The programs MLINK and LINKMAP from
version 5.1 of the LINKAGE software package
were used. Lod scores were calculated using
two models for autosomal dominant inherit-
ance of CMM, DN, and for CMM/DN
(considering as affected those patients with
CMM, CMM and DN, or DN, respectively).
One model considers a maximum penetrance
of 80%. The other model is an affected only
analysis in which all affected subjects are con-
sidered to be gene carriers, while the status of
unaffected subjects is considered unknown.
Gene frequencies used were 0.005 for CMM
and 0.025 for DN.

Six germline mutations were identified from
the 34 unrelated families (table 2). A frameshift
mutation (358delG) that should cause a
premature stop at codon 145 of CDKN2A was
detected in three melanoma patients of the
same family, as well as in the members affected
with other types of cancers. In this family,
CMM was associated with DN and a high inci-
dence of other malignancies." A missense
mutation 176T - G was detected in a patient

affected with CMM and DN who also has a
son affected with melanoma who was not
tested. The mutation causes the substitution of
a valine for a glycine at position 59. This muta-
tion has been previously described in familial
melanoma.” Although no functional studies
have been performed, this substitution is
located at the second ankyrin repeat. Ankyrin
repeats are protein binding motifs which are
conserved among the human INK4 family of
proteins and are predicted to be important for
their function.”” Thus, V59G is likely to be
important in this family’s susceptibility to
CMM.

In two other unrelated families, the previ-
ously described G101W (301G - T) mutation
was detected. This mutation has been shown to
have a very severe effect, the mutant protein
having no capacity to inhibit the cyclin
D1/CDK4 complex,' and has been reported
several times, suggesting a mutational hot spot
or a common founder effect. In Italian familes
with the G101W mutation, a common founder
effect has been shown for eight of 16 families
with this mutation.'® Haplotype analysis in our
two families has shown that they do not share
the same haplotypes at the three markers used
in this study, but they share a common allele for
D9S162. All the melanoma patients in these
two families carry the mutation.

We detected two missense mutations that
have not been described previously. Both are
located at the third ankyrin repeat. One muta-
tion changes aspartic acid to tyrosine (D84Y)
at nucleotide 250 (250G -T) and the other
arginine to tryptophan (R87W) at nucleotide
259 (259C-T). At position 87 another
missense mutation (R87P) has been described
in familial melanoma and proven to fail to
inhibit the cyclin complex.’
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Five melanoma patients belonging to five
different families carried the A148T variant,
which is a well defined polymorphism that does
not affect pl6 activity.'” No other CDKN2A
variants were detected in the other 40 subjects.
We have not found mutations either in exon 13
of the CDKN2A gene or in exon 2A of the
CDK4 gene.

It has been estimated that about 50% of the
melanoma families linked to human chromo-
some 9p have mutations at the CDKN2A
gene.” We have studied 34 families with
suspected susceptibility to melanoma and nine
subjects affected with multiple melanomas or
melanoma associated with another type of can-
cer. Six families (17%) carried mutations in the
CDKN2A gene. This low prevalence of
CDKN2A mutations in our families has been
observed previously.”® *' It is possible that some
patients had mutations outside the coding
regions or have inactivation by methylation of
the CDKN2A gene. In contrast, a higher
prevalence of mutations has been found in
families where linkage to 9p21 has been
obtained or where stringent criteria in defining
families (based on the number of affected sub-
jects) has been used.”” Most of the families
studied here were small and some could repre-
sent chance clustering of sporadic cases. Only
nine families had at least three affected family
members and three of these carry mutations in
CDKN2A (33.3%). In two of these families
(20, 47), segregation of melanoma with the
mutation has been shown, while in the third
family (43) DNA from the other two members
affected with CMM was not available (table 2).
Soufir et al” reported 87% of families with
mutations in the CDKN2A gene when one
member of the family has multiple melanomas.
In contrast, Monzon et al** reported that 15%
of patients with multiple melanomas, but with-
out a family history of the disease, have muta-
tions in CDKNZ2A, although in some cases a
family history of melanoma was shown after-
wards. In agreement with this, we found two
mutations in two patients with multiple
melanomas and discovered later that other
members of the family were also affected with
melanoma. In our study, 43% of the families,
where one of the patients had more than one
primary melanoma, harboured CDKN2A mu-
tations, whereas mutations were not detected
in patients with multiple melanomas and no
family history of the disease. This would
indicate that multiple primary melanomas with
a family history of at least three affected family
members are suggestive of mutations in the
CDKN2A gene. The CDKN2A gene is
probably a high penetrance melanoma suscep-
tibility gene, but other genes at 9p21 or at other
locations should account for the rest of the
families.

While the CDKN2A mutations described
here segregate with the CMM phenotype, DN
segregates independently of these mutations,
indicating that the DN syndrome may segre-
gate with other genes in these families.'® Link-
age analysis with 9p21 markers in nine families
showed exclusion for one of them, when CMM
was considered the affected phenotype (table
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Table 3 Lod score values for linkage between CMM and
9p loci (D9S162, D9S171, and D9S161) in a family with
three patients with CMM and 15 unaffected subjects

Lod score
Locus 0.000 0.100 0.200 0.300 0.400
Affected only
D9S162 -5.301 -0.606 -0.240 -0.077 -0.013
DoS171 -5.386 —0.700 -0.268 -0.083 -0.013
D9S161 -4.611 -0.814 -0.355 -0.134 -0.029
80% penetrance
D9S162 —-2.489 -0.310 -0.105 -0.029 -0.003
D9S171 -2.489 -0.310 -0.105 -0.029 -0.003
D9S161 -2.571 -0.365 -0.143 -0.049 -0.010

3), while the other eight families were not
informative, giving a total lod score of —0.722.
When DN/CMM was considered as the
affected phenotype four families showed exclu-
sion for the D9S162 marker with a total lod
score of —22.696 (data not shown), indicating
that either CMM/DN is not located here or
that DN and CMM are genetically distinct
entities. The other families were uninformative
for CMM/DN owing to the low number of
affected patients from whom samples were
obtained.

The alternative transcript from the
CDKNZ2A gene, pl9ARF, has been shown to
inhibit the cell cycle progression, the amino-
terminal domain of the pl19ARF protein which
is encoded by exonlf being sufficient for its
function.” Interestingly, mutations affecting
exon 2 of CDKNZ2A, which also affect the
p19AREF protein, have been shown not to affect
its ability to inhibit the cell cycle progression.**
We have not found mutations in exon 1 of the
CDKN2A gene, concluding that this gene is
not responsible for melanoma susceptibility in
our families. Supporting this finding, other
groups have not found mutations in the
pl9ARF coding region in 10 melanoma
families with linkage at 9p21” or in 64 other
melanoma kindreds.”> No mutations were
detected in exon 2A of CDK4, which has been
implicated in three melanoma families, high-
lighting it as a melanoma susceptibility gene."
Other groups have also not found the CDK4
R24C mutation in their families.” ** This gene
is probably implicated in few melanoma
families, not being a major contributor to the
melanoma susceptibility in our families.

In summary, we have studied a total of 56
subjects belonging to 34 CMM families with or
without DN, or patients with multiple CMM
with or without other neoplasms and DN.
Mutations in the CDKN2A gene were de-
tected in six of 34 families (17%). No
mutations were detected in the other patients
or families and no mutations were found in the
p19ARF and CDK4 genes. This study indi-
cates the small role of CDKN2A in Spanish
families and that other genes are also responsi-
ble for CMM predisposition.
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