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1. INTRODUCTION

1.1. Malignant melanoma

Malignant melanoma is a malignancy developing from the melanocytes of the skin,
mucous membranes and ectopic melanocytes such as those of the eye (uvea) and the nervous
system (meninges). It can develop either from benign melanocytic lesions or de novo. The
prevalence of melanoma is relatively low compared to all cancers. However, it has the
highest mortality rate among skin cancers which underlines the importance of the awareness
of the predisposing factors and prevention, as well as early diagnosis and treatment.

1.1.1. Epidemiology

The incidence of cutaneous malignant melanoma has been increasing worldwide. Data
collected from the National Cancer Registry of Hungary® are consistent with these statistics
(Figure 1 — 2). The number of patients diagnosed with melanoma in Szeged has multiplied
over the last few decades. In the context of these data it is important to mention that the first
awareness and screening event in Szeged happened in 1996, and since 2000 there is an
annual “Melanoma Awareness” day with campaign screening which contributed to the
cancer pick-up rate 2. Unlike other malignancies, skin cancers including melanoma can often
be diagnosed by simple clinical examination. If diagnosed and treated early, most patients
have the potential for full recovery and remain tumour free. However, the number of those
who present with advanced disease and metastases is still very high in Hungary. Sadly, a
considerable number of patients develop melanoma at a young age therefore in their case the
number of the potentially lost years of life is high. Moreover, the number of patients who see
the dermatologist with advanced melanoma has not significantly decreased yet, which can

explain the relatively high mortality rate in our country >.
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Figure 1. The number of registered melanoma patients in Szeged in five-yearly breakdown

(after Olah and Korom, Dermatology lecture of the academic year 2012/2013) ?
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Figure 2. The number of registered melanoma patients in Hungary in annual breakdown
(after Olah and Korom, Dermatology lecture of the academic year 2012/2013) *



1.1.2. Predisposing factors

It is well known that the major environmental predisposing factor for melanoma is UV
exposure. Multiple severe sunburns, especially if suffered in childhood, as well as extensive
sunbed use, sunbathing — particularly intermittent UV exposure — are the main extrinsic
predisposing factors. Constitutional factors such as fair skin, inability to tan, freckling, red
hair colour phenotype, the presence of multiple or larger than 5mm common melanocytic
nevi, dysplastic nevi, giant congenital nevi also contribute to melanoma predisposition. In
addition to this, past history or family history of melanoma as well as Familial Atypical
Multiple Mole and Melanoma (FAMMM) syndrome along with certain associated gene
mutations and polymorphisms are known contributors to melanoma susceptibility.

The climate of Hungary is continental and it is situated relatively distant from the
Equator. However, in terms of the strength of UV radiation the risk of suffering significant
UV photodamage during summer months is similar to that in the Mediterranean climate. The
number of sunny hours in Hungary exceeds 2000 hours per year. Approximately two third of
the Hungarian population belongs to Fitzpatrick skin type 11/111 which means that their skin
burns easily, tans poorly hence they are more susceptible to developing skin cancer including

malignant melanoma ®.

1.2.  Familial Atypical Multiple Mole and Melanoma syndrome (FAMMM)

Familial cutaneous melanoma accounts for approximately 10% of all melanoma cases *.
It is well-known from clinical practice that familial melanoma often presents with multiple
primary melanomas and clinically atypical moles and it is usually diagnosed at a much
younger age than sporadic cutaneous melanoma °.

The criteria of FAMMM syndrome are the following (all of them): (1) malignant
melanoma in one or more first- or second-degree relatives, (2) high total body nevi count
(often >50) including some of which are clinically atypical (polychrome asymmetric
irregular shaped lesions with macular component) and (3) nevi with certain histological
features on microscopy. Cancer risks reported for FAMMM vary widely®*.

The genetic predisposition to melanoma is quite heterogeneous. The complex genetic
network involved in melanoma proliferation, progression and survival as well as the genes
involved in melanocyte development and survival has been investigated extensively by many

groups over the last three decades and has been recently summarised in a review article by



Lin J et al. . These studies contributed to the framework of our current understanding of the
genetic factors and gene-environmental interactions in the pathogenesis of melanoma.
Genetic linkage analyses in large melanoma pedigrees identified the cell-cycle regulatory
cyclin-dependent kinase inhibitor 2A (CDKN2A/p16INK4A) gene on chromosome 9p21 as
a major locus for melanoma predisposition'?. Germline mutations of the gene within this

13,14

chromosomal region are responsible for melanoma susceptibility though alterations in it

have been detected in only 20-40% of melanoma-prone families®>**.

CDKNZ2A mutation prevalence in FAMMM is 25-40%. The penetrance of melanoma in
CDKNZ2A mutation carriers is approximately 60-90% by age 80 and for pancreatic cancer it
is about 17% by age 75. The cancer risk of FAMMM patients not carrying a CDKN2A

mutation is unclear *°.

1.3.  Structure and function of the CDKN2A gene

The CDKN2A gene (MIM 600160) generates a couple of transcript variants from its four
exons: 1b, la, 2 and 3, as a result of alternative splicing. Two transcript variants encode
structurally related isoforms known to function as inhibitors of the CDK4 kinase (Figure 3).

Transcript variant 1 encodes the p16 (also known as INK4a or p16™<*

) protein, which is
encoded by exons la, 2 and 3. Transcript variant 3, encoding the pl12 isoform is rarely
mentioned in the context of melanoma. It was described by Robertson and Jones'® and in
their study it showed a strict pancreas-specific expression, with a first exon including a 274-
ntintronic part flanking the 5’ end of exon la and sharing exons 2 and 3 of the other
isoforms. The recognition of the 274-nt sequence as an exon in case of the pancreas specific
variant results in a different reading frame and an earlier stop codon. Transcript variant 4
includes an alternate first exon (1B) located 20 Kb upstream of the remainder of the gene
resulting in an alternate open reading frame (ARF) that specifies a protein which is
structurally unrelated to the products of the other variants.

Variations in the CDKNZ2A intronic sequences have been reported in association with
melanoma either or not directly affecting the splice sites®=*. The inclusion of a cryptic exon of
the CDKN2A gene has been described in human cancer cell lines: the pl6gamma isoform
(and the mRNA referred to as transcript variant 5), includes a 197-nt sequence between

exons 2 and 3 and the expressed protein acts as a cell-cycle inhibitor'-*".
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Figure 3. Structure of the CDKN2A gene, the related mRNA transcripts and proteins

The two main tumour suppressor proteins encoded by CDKN2A, are the p16'™*** and the

4"RF (alternative reading frame), both of which are thought to contribute to senescence and

pl
tumour growth restriction. The main function of these is preventing cell cycle progression
via two separate pathways. p16'™<** binds to the CyclinD-CDK4/6 complex inhibiting the
CDK4/6-mediated phosphorylation of the retinoblastoma protein (Rb). In the
hypophosphorylated state, Rb binds and represses the E2F transcription factor and prevents
G;-to-S transition. p14“~F directly prevents MDM2 from accelerating the degradation of
p53. Therefore, loss of the CDKN2A locus negatively impacts on both the Rb and p53

pathways™* (Figure 4).
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Figure 4. The CDKN2A pathway (after Lin et al. 2008) **

1.4.  Structure and function of the melanocortin-1 receptor (MC1R) gene

The melanocortin-1 receptor gene (MC1R, MIM 155555) with a 951-bp long single exon, is
a key determinant of normal human pigmentation and sun sensitivity. It is located on
chromosome 16 (16924.3) and encodes the receptor protein for the alpha-melanocyte
stimulating hormone (alpha-MSH). MCI1R is a seven-pass transmembrane, G-protein
coupled receptor expressed in human cutaneous and hair follicle melanocytes, involved in
the regulation of melanogenesis. MC1R expression is upregulated by UV radiation and
melanocortins (e.g. adrenocorticotrop hormone [ACTH], alpha-MSH). Binding of alpha-
MSH to the MC1R in the cell membrane initiates a G-protein coupled intracellular signaling
which leads to pigment production, the balance of which varies according to the several
existing MC1R variants but results in predominantly eumelanin production in individuals
with a wild type MC1R. Eumelanin (brown/black pigment) is photoprotective while
pheomelanin (yellow/red pigment) generates free radicals upon UV radiation therefore may
contribute to UV-induced skin damage. MC1R activation can be inhibited by Agouti-

signaling protein (ASIP) reducing melanogenesis and related processes. Melanin is stored in
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melanosomes which can be distributed to neighboring keratinocytes to protect them from
UV-induced DNA damage *®-*° (Figure 5.).
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Figure 5. The MC1R gene and melanin production (after Garcia-Borron, 2008 and Law et
al, 2012) 1819

The MCI1R locus is highly heterogeneous, especially in individuals of Caucasian descent.
Certain MC1R variants have been associated with the so called “red hair colour” (RHC)
phenotype that is red hair, fair skin, freckling and inability to tan, while many other and less
frequently detected types are called “non-red hair colour” (NRHC) variants. MC1R has
consistently shown to be a low-penetrance melanoma susceptibility gene in many studies
worldwide and its role in modifying the penetrance of other gene mutations has been

intensively investigated 2°-%,
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1.5. Aims

The frequency of CDKN2A mutations and the proportion of families with the most
frequent founder mutations of each locale vary remarkably across geographical areas as
demonstrated in a GenoMEL study comparing seven regions across Europe, North America,
Asia and Australia”. Our aims were to gather data on the frequency and pattern of CDKN2A
mutations and polymorphisms in Hungarian melanoma prone families in order to be able to
compare CDKN2A mutation detection rates in Hungarian patients to those in the European
and world population. We also aimed our work at contributing to the understanding of the
genetic factors and the gene-environmental interactions — including the role of MCI1R

polymorphisms — in the pathogenesis of melanoma.
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2. PATIENTS AND METHODS
2.1.  Enrolment of patients to the study

The Department of Dermatology and Allergology runs a well established
Dermato-Oncology service serving the population of Csongrad, Békés and Bacs-Kiskun
counties. Patients with suspected skin cancer, including melanoma, are referred by general
practitioners, primary dermatology services (e.g. Bor-és Nemibeteg Gondoz0) or directly
from the general dermatology clinics of the department, while some patients are picked up
by campaign screening such as the annual Regional Melanoma Day. Once the diagnosis of
melanoma is established, histology results and management plan are discussed at the weekly
multidisciplinary team meetings (so called OnkoTeam). The regular follow-up provides the
opportunity to enrol family members of our patients into screening in case the early
presentation of melanoma or family history of the disease is suggestive of an inherited
susceptibility to cancer. The usual practice is to extend follow-up beyond the standard 5-year
period therefore most of our melanoma patients are offered lifelong care.

Patients and their relatives were recruited from the Dermato-Oncology clinics of the
department. Patients who presented with (1) melanoma affecting at least one first- or second-
degree relative, (2) melanoma and at least one first- or second degree relative with atypical
moles and/or high total body nevi count and/or melanoma (FAMMM), (3) multiple primary
melanoma and (4) melanoma with presentation of other malignancies in the patient or family
members, especially pancreatic cancer (FAMMM-PC syndrome) were offered participation
in genetic testing. The human samples used in this study were taken after written informed
consent of the enrolled patients and family members. The protocol was approved by the
Local Ethics Committee and adherent to the Helsinki guidelines. Over 120 samples from
melanoma prone families were tested for germline genetic alterations in the CDKN2A gene.
The four exons and flanking intronic sequences of the CDKN2A gene were amplified using
methods detailed below at the individual chapters. In the current chapter, the author would
like to highlight three clinical cases in which the results of genetic analysis were found

remarkable in view of current data on CDKN2A mutations.
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2.2.  Genetic studies
2.2.1. Case history 1 and details of the genetic analysis

A 30-year-old Caucasian male presented to our department in 1997 with a thick ulcerated
nodular melanoma (pT3b) in the right femoral region (Figure 6a). He also had features of a
sporadic form of multiple atypical mole syndrome (Figure 6b-c). At the time of diagnosis of
the primary tumour in the right femoral region which was already 2 cm in size and bleeding,
two early primary melanomas were also diagnosed on his trunk (indicated by arrows in
Figure 6b-c). After removal of the three primary melanomas, he underwent delayed elective
radical lymph node dissection of the right inguinal region. (The patient was treated according
to the accepted medical practice at the time of his presentation, i.e. elective radical lymph
node block dissection in case of a melanoma with more than 1.5 mm Breslow thickness.
After recent changes in the guidelines on the management of melanoma in Hungary, current
practice is doing a sentinel lymph node biopsy before radical interventions.)

The lymph node metastasis was an indication for interferon alpha 2b therapy; therefore
the patient was treated with 10 million units/3 tw interferon alpha 2b for 3 months. During
immunotherapy, the patient developed leucopenia and thrombocytopenia and he refused
continuation of the treatment. During the 8-year follow-up period, further five new early
melanomas developed. There was no internal organ involvement for as long as 7 years. In
2004, intra-abdominal lymph node metastases were found. The patient was treated with
bleomycin, vincristine, lomustine and dacarbazine (BOLD) polychemotherapy, which
resulted in a slight regression of the metastatic mass. At the end of year 2004, radiotherapy
was started to treat the chemo resistant tumour mass in the iliac and retroperitoneal regions.
After irradiation, his general condition remained satisfactory for 3 months, with regression of
the metastatic lymph nodes. In July 2005, however, intrahepatic metastases were found. At

the end of year 2005, the patient died from multiple liver, lung and intracranial metastases.
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Figure 6.  Nodular melanoma in the
right femoral region (a); atypical nevi (b-

c) and early melanomas (arrows).

The presentation of multiple primary melanomas at a relatively young age and the
presence of numerous atypical nevi suggested a genetic predisposition to melanoma;
therefore we decided to investigate whether there was any alteration of the CDKN2A gene in
the background. 2 ml of venous blood was taken. Genomic DNA was isolated by using the
Genomic DNA Purification Kit of Gentra (Minneapolis, MN, USA) and exons 1A, 1B, 2 and
3 of the CDKN2A gene were amplified under previously reported conditions %°. The PCR
products were purified using the Quantum Prep PCR Kleen Spin Columns of Bio-Rad
(Hercules, CA, USA). Sequence analysis revealed a homozygote 142C>A transition, which
translates the P48T. The mutation was detected in exon 1A, which means that it affects the
fifth amino acid of the second ankyrin repeat of p16'“* protein but the protein sequence of
p14”RF is unaffected.

After detecting this rare mutation in a homozygous form in our patient, we conducted
genetic analysis of his parents, his 6-year-old daughter and his wife (Figure 7a). The father
and the mother — age 69 and 63 — had no history of any malignancy and both are free of any
atypical moles. They were not aware of consanguinity or the occurrence of familial
melanoma among their relatives. Oral swabs were taken from the family members and
genomic DNA was isolated from the samples with the MagNA Pure Compact system
(Roche, Mannheim, Germany). Exon 1A was sequenced with the Resequencing Amplicon
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probe system (http://www.ncbi.nlm.nih.gov/genome/probe/reports/probereport), probe ID:
RSA001284450.

Based on data that MC1R gene polymorphisms have the potential to contribute to
melanoma susceptibility in CDKN2A mutation carriers and non-carriers independently of

26,27

skin type , we also performed sequence analysis of the MC1R in all the family members.

The whole length of the only exon of MC1R gene was amplified using methods detailed in

the paper of Széll et al. %.

2.2.2. Case history 2 and details of the genetic analysis

The second highlighted case is of a 33-year-old female patient who developed melanoma,
metachronous ductal adenocarcinoma of the breast and primary pancreas adenocarcinoma.
The three tumours developed independently of each other. Although it is important to note
that there are several dysplastic nevi and evidence of photodamage on her skin, past medical
history of the patient was otherwise unremarkable. During the course of the treatment, her
family history of malignancies was investigated. The patient reported that her father suffered
from gastric and laryngeal carcinoma and that her paternal aunt had died from breast cancer
at a young age several decades ago (Figure 8a). The occurrence of multiple primary tumours
in a relatively young individual, together with the family history of different types of
cancers, suggested that there might be genetic predisposition to develop multiple
malignancies. We therefore set out to perform genetic investigations and check whether there
are any cancer predisposing factors, causing the high prevalence of consecutively appearing
independent primary malignancies in the patient and in her family.

DNA from venous blood was isolated using the QIAmp DNA Blood Mini Kit (Qiagen,
Hilden, Germany) and exons 1A, 1B, 2 and 3 of the CDKNZ2A gene were amplified with the
Resequencing Amplicon probe system
(http://www.ncbi.nlm.nih.gov/genome/probe/reports/probereport; probe IDs:
RSA001284450, RSA000045423, RSA000942236, RSA000942233). The PCR products
were purified using the Quantum Prep PCR Kleen Spin Columns (Bio-Rad, Hercules, CA,
USA) as in our previous experiments. Because of the occurrence of breast adenocarcinoma
in our patient’s medical history, it was also tested whether she carried mutations in the
BRCAL and BRCAZ2 genes. The 15 most common (so-called ‘hot spot’) BRCA mutations
were studied (Table 1) using external service (Delta Bio 2000 Kft.).


http://www.ncbi.nlm.nih.gov/genome/probe/reports/probereport
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Gene and Mutation Primers

TCTGGGTCCTTAAAGAAACAAAGTC

BRCAL 3135delCATT
ACTTGGAATGTTCTCATTTCCC
CATCTCAGTTCAGAGGCAACG
BRCAL 3153delAG
TGCATGACTACTTCCCATAGGC
TCACCCATACACATTTGGCTC
BRCAL 3875delGTCT
AATCCATGCTTTGCTCTTCTTG
CGTTGCTACCGAGTGTCTGTC
BRCAL 4184delTCAA
GACGTCCTAGCTGTGTGAAGG
GGTTGGCAGCAATATGTGAAA
BRCAL 185delAG
TGCAGAACCAATCAAGACAGA
GGCTCTTAAGGGCAGTTGTG
BRCA1 300T>G
AGAAAGGCAGTAAGTTTCTAATACCTG
TGTAATGATAGGCGGACTCCC
BRCAL 1294del40
CTCAGGATGAAGGCCTGATG
GACATGACAGCGATACTTTCCC
BRCA1 2382GT
TGTTGCACATTCCTCTTCTGC
GTGTCTGCTCCACTTCCATTG
BRCAL 5382insC
CGAGACGGGAATCCAAATTAC
BRCA2 6079delAGTT, 6174delT, GTTGTTACGAGGCATTGGATG
6274delT GGAAACTTGCTTTCCACTTGC
TATGGCAGATTTAGCAGGAGG
BRCAZ2 8034insAG
TCGAGAGACAGTTAAGAGAAGAAAGA
CTGGCCTCAAGCAATCCTC
BRCA2 8138delCCTTT
TTGACATGGAAGTCACAGACTACAC

TCCACTACTAATGCCCACAAAG
BRCAZ2 9326insA
CACCTCAGAACAAGATGGCTG

Table 1.The 15 most common hotspot mutations of the BRCAL and BRCA2 genes and the

primers used for the amplification of the surrounding genetic regions
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2.2.3. Case history 3 and details of the genetic and functional analysis

Investigations in an extensive Hungarian family with FAMMM syndrome were carried
out in collaboration with the Human Molecular Genetics Laboratory at the International
Centre for Genetic Engineering and Biotechnology (ICGEB), Trieste, Italy.

Detailed analysis of the family tree revealed other malignancies beside melanoma. The
genetic analysis of family members in branches B and C was carried out using the same
methods as previously detailed under Case 2. Unfortunately, members in Branch A were not
available for genetic screening. However, collateral history revealed that individual 111/2 died
from lung carcinoma and individual 1V/1 developed prostate carcinoma at a young age
(Figure 9). Detection of an intronic mutation (IVS1+37 G AC) of the CDKN2A gene in
several family members led to further functional investigations.

The manifestation of atypical nevi andor melanoma in nearly all family members
carrying the IVS14+37 G /C mutation in intron 1 of the CDKN2A gene, along with the family
history of other malignancies, led to the hypothesis that the mutation may result in aberrant
splicing and that the aberrant mMRNA may play a pathogenetic role in the development of
melanoma. Unfortunately, the members of the melanoma-prone Hungarian family declined
providing skin biopsy specimens to facilitate the in vivo identification of the alternative
CDKN2A splice variants. We therefore conducted in vitro functional analysis to investigate
whether the [VS1+37 G/C intronic mutation had any effect on splicing regulation.

Two minigenes were constructed: one that harboured the wild-type and one that
harboured the mutant allele of CDKN2A (Figure 10a). To investigate the effects of the
mutation on splicing, HeLa cells were transfected with the wild-type and mutant minigenes.
Transfection was carried out with the Turbofect reagent (Fermentas, Vilnius, Lithuania). The
cells were cultured for 24 hours and total RNA was isolated using the TRI Reagent Solution
(Applied Biosystems, Foster City, CA, U.S.A.). Reverse transcription was performed with
the iScript cDNA Synthesis Kit (BioRad, Hercules, CA, U.S.A.) and the splice variants were
detected with PCR. T7 and Sp6 primers were used for the pcDNA3 vector in order to avoid
the amplification of internal CDKNZ2A transcripts. PCR reactions were performed in
GoTagHot Start mix (Promega, Madison, WI, U.S.A.). The PCR products were run on 2%
agarose gel and photographed, and the bands were purified from the gel and sequenced
(Figure 10b).

In addition to CDKN2A studies in the family, the MC1R gene was also amplified and the
951-bp coding region was sequenced in two overlapping fragments using the same methods
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as described earlier?®. Sequences were analysed using the BioEdit software (available at
http://www.mbio.ncsu.edu/BioEdit/bioedit.html).
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3. RESULTS

3.1. Detection of the rare P48T mutation in the CDKN2A gene and melanoma
susceptibility related MC1R polymorphisms

In case of the young male patient with multiple primary melanoma and unaffected family
members (case 1), sequence analysis of the four exons of the CDKN2A gene revealed a
homozygote 142C>A transition in exon 1A, which causes a proline-threonine amino acid
change at codon position 48 (P48T) (Figure 7c). The single nucleotide change in exon 1A
affects the fifth amino acid of the second ankyrin repeat of p16 protein, while the protein
sequence of ARF remains unaffected. As demonstrated in Figure 7b, the patient’s father,
mother and daughter are all heterozygote carriers of the 142C>A mutation and the wife of
the patient harbours the wild-type allele. Our results suggest that the patient had inherited
one mutant allele from his father and one from his mother, and further transmitted the mutant
allele to his daughter. There were no other mutations detected in the exon sequences of the
CDKN2A gene in the patient.
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Figure 7. Family tree of the multiple primary melanoma patient (a). Detection of the P48T
mutation in homozygote form in the patient (11:1) and in heterozygote form in the parents
and daughter of the patient (1:1, 1:2, 111:1) (b-c).
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Analysis of the coding region of the MC1R gene in the family members showed that
there are three different well-known MC1R polymorphisms running in the family. The
parents and the widow of the patient (individuals I:1, 1:2 and 11:2) harbour only one
polymorphism in heterozygote form: CGC>TGC (R151C), GTG>ATG (V92M) and
CGC>CAC (R142H), respectively. The patient and his young daughter, however, are
compound heterozygotes and carry two melanoma susceptibility-related MCI1R
polymorphisms: V92M, R151C and V92M, R142H (Table 2).

po'\ll;r;'sf;'h?zm Ar:r']r;?];:'d B 1:2 L | o2 1
GTG>ATG VI2M GG | GA | GA | GG GA
CGC>CAC R142H GG | GG | GG | GA GA
CGC>TGC R151C cT | cc | cT | cc cc

Table 2. MC1R gene polymorphisms detected in the family harbouring the P48T CDKN2A

mutation.

3.2. Detection of the R24P CDKN2A mutation in association with multiple primary

malignancies including melanoma

The 33-year-old female patient (11/1, melanoma, breast and pancreas carcinoma), her
father (1/2, gastric and laryngeal carcinoma) and her mother (1/3, no malignancy) were
investigated (case 2). The father’s sister (1/1) had died from breast cancer at a young age
several decades earlier, therefore her genetic investigation could not be performed
(Figure 8a). Sequence analysis revealed that probands 1/2 and I1/1 carried a heterozygote
missense mutation (G/C) in exon 1A of the CDKN2A gene (Figure 8b), causing an arginine
to proline amino acid change in codon 24 (R24P) affecting only the p16™"* transcript
variant (Figure 8c).

According to the sequencing data of the BRCA1 and BRCAZ2 genes, none of the 15 most
common BRCA mutations could be detected in the female patient. Having received these

data, we did not perform BRCA gene analysis on her father.
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Figure 8. Family tree of the patient (11/2) with multiple primary malignancies (a). The patient
(11/2) and her father (1/2) carry the R24P CDKN2A mutation in heterozygote form (b). The
mutation occurred in exon 1A of the CDKNZ2A gene (c).

3.3.  Detection of the rare 1VS1+37 G/C intronic mutation and its role in splicing

regulation

In case of the family with FAMMM syndrome (case 3), a rare intronic CDKN2A
mutation was detected (Figure 9).The mutation is situated in intron 1 (IVS1+37 G AC) and
has so far been mentioned twice in case reports: in a FAMMM pedigree and in a single
patient with primary melanoma, both from Italy and summarized in a review paper by Orlow
et al.>>=L In silico assays reported in one of these papers did not reveal any predicted defects
in mMRNA processing caused by the mutation and it was therefore qualified as a mutation of

unknown significance.
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Figure 9. Family tree of the extensive melanoma-prone Hungarian family and detection of

the IVS1+37 G/C CDKN2A intronic mutation.

Our sequence analysis involving the comparison of the mRNA arising from the wild-type

and that from the mutant minigene revealed a differential splicing pattern (Figure 10b): the

shorter band corresponds to a 339-nt CDKN2A sequence as a result of normal splicing,

while the 459-nt upper band relates to an extended alternative splice product formed by the

addition of a 120-nt sequence of intron 1 as an exon (Figure 10c). This result was identically

obtained in three independent transfection experiments on HelLa cells, including work both at

the ICGEB and the Department of Dermatology and Allergology laboratories, suggesting

that the in vitro minigene approach applied was suitable for studying the effects of the

identified intronic IVS1+37 G/C mutation on splicing.
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Figure 10. In vitro minigene approach for studying the effects of the 1VS1+37 G/C

CDKN2A intronic mutation on splicing regulation

In addition to the CDKN2A studies, we also examined the MC1R status of the family
members. The results showed that all family members carry at least one frequent MC1R
variant. Four family members harbour the frequently detected Val92Met (V92M), so called
red hair colour (RHC) variant in heterozygote form. The two most senior individuals
examined (11/3, 11/5), who developed melanoma carry at least two MC1R variants, including
the Argl60Trp (R160W) variant in heterozygote form, which is also a frequent RHC variant.
All examined family members carry the common synonymous Thr314Thr variant either in

homo- or heterozygote form (Table 3.).

Individuals
SNP and 1/3 11/5 11/4 /e | 1v/ie | IV/i8 | IV/9
amino acid change
GTG>ATG VI2M GG GA GG GA GG | GA | GA
CGG>TGG R160W CT CT CcC CC CC CcC CcC
ACG>ACA T314T AA GA AA GA AA | GA | GA

Table 3. MC1R polymorphisms detected in the family carrying the 1VS1+37 G/C mutation
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4. DISCUSSION

Three cases from our cohort of patients and relatives are highlighted in which the
detection of CDKN2A mutations was thought to strongly contribute to melanoma

susceptibility and possibly contribute to other malignancies.

The CDKNZ2A gene is known as a major locus for melanoma predisposition. Germline
mutations in the CDKN2A gene have been identified in many hereditary melanoma cases
and they are associated with the appearance of multiple primary melanomas**-®. The gene
consists of four coding regions: exons 1A, 1B, 2 and 3. Exons 1A, 2 and 3 code for the
plGINK4A

of the cell cycle®-**. Various types of mutations of CDKN2A have been detected and

protein, while exons 1B, 2 and 3 code for p14”7%*

protein, both inevitable regulators
reported in association with different malignancies. Mutations of CDKN2A are listed in the
Human Gene Mutation Database®. Some of the listed mutations, detected worldwide, have
been implicated in melanoma susceptibility and their inheritance has been intensively studied
in the affected families®, while some CDKN2A mutations have been detected only
sporadically and their association with melanoma susceptibility has not been demonstrated in

distant ethnic groups.

Most of the so far reported mutations (116 of the 189 so far registered in the Human
Gene Mutation Database) are missense or nonsense mutations in the coding regions of the
gene and their pathogenetic role in familial and/or multiple primary melanoma has been
unquestionably demonstrated in distant ethnic populations. However, in case of a few

missense and nonsense CDKN2A mutations®’~*

, the association with melanoma and/or
other malignancies has so far been shown only in certain ethnic groups. This is the case with
the CDKN2A 142C>A (P48T) transition, which leads to the amino acid change from
proline to threonin in codon position 48 (Figure 7c). This rare CDKN2A germline mutation
has been reported to date in only four cases. It was first detected in an Italian pancreatic
cancer patient®’, then later in an Italian multiple primary melanoma patient*, and in a
Brazilian familial melanoma patient with Italian ancestors*’. Foppiani et al.** detected the
P48T mutation in an Italian patient with multiple endocrine neoplasia 2A (MEN 2A)
syndrome and papillary thyroid carcinoma along with a RET proto-oncogene mutation. The
patient had past history of melanoma and family history of melanoma, pancreatic carcinoma

and several other malignancies.
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All four patients mentioned above with Italian ancestry were heterozygous for the P48T
mutation. None of the above studies reported genetic studies on family members therefore
the possible association of the P48T mutation and the disease phenotype in those cases

cannot be discussed. The extensive genetic analysis carried out by Della Torre et al.?

ona
large melanoma-prone Italian family revealed that the heterozygous carriers of the P48T
mutation were susceptible not only to melanoma but also other forms of malignancy.
Similarly, disease association of the CDKN2A mutation resulting in the P48L amino acid
change at the same position was demonstrated beyond question*’. The associated family
analysis revealed the association of this mutation with a very high susceptibility to various

types of cancers, including melanoma.

The presented case suggests that the CDKN2A P48T mutation is highly associated with
the appearance of multiple primary melanomas. Our case lends further support to the
multifactorial nature of melanoma predisposition, where the penetrance of a certain allele
might depend on modifying factors and can be extremely variable across geographic areas™,
since the heterozygote mutant parents of the patient, at the age of 69 and 63 were free of any
malignancies and atypical nevi despite the fact that both have had a rural lifestyle with
extensive exposure to sunlight. Furthermore, it is extremely rare to discover individuals
homozygous for CDKN2A mutations. These cases therefore offer an opportunity to study the
effects of potential human null mutations of this ultimate cell cycle regulatory protein. By
studying an endogenous Dutch family with a strong founder effect, Gruis et al.*® observed
that homozygous carriers of a small deletion in exon 2 of CDKNZ2A did not appear to be
more seriously affected than heterozygous carriers.

Taken together, these results and our present data suggest that CDKN2A mutations in
either heterozygous or homozygous form are strong susceptibility factors for various
malignancies. The case we presented strongly supports that the rare P48T mutation of
CDKNZ2A is a melanoma-predisposing factor, but our genetic analysis suggests that the
heterozygous status itself is not causative of malignant disease. Other modifying factors may
be needed for the manifestation of these disorders. The fact that the patient carried two
MC1R polymorphisms (V92M, R151C), both of which have been shown to be associated
with melanoma and also thought to predispose to non-melanoma skin cancer, independently
of the effect on skin type, supports the role of certain MC1R polymorphisms as additional
predisposing factors to melanoma. The fact that the daughter of the deceased patient carries

both the P48T CDKN2A mutation, as well as two frequently detected, melanoma-associated
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MCI1R variants (V92M and R142H), underlines the importance of dermatology follow-up.
However, the risk of developing melanoma from carrying these genetic variants can not be

quantified accurately.

Although the patient’s parents were not aware of consanguinity in their families, the fact
that they both harbour the rare 142C>A CDKN2A germline mutation suggests that there
must have been such an event or events a few generations ago. It is interesting that the only
four previous reports of this mutation, and the one reported after our results were published,
involved Italian patients and a Brazilian patient with Italian ancestors. The members of the
mentioned Hungarian family are unaware of any Italian family relatives. The question
whether this mutation is the result of an independent event or whether the founder mutation
migrated some generations ago from lItaly to Hungary or from Hungary to Northern Italy

demands further investigation.

In contrast with the P4A8T CDKN2A mutation (which has so far been detected only in
Italy and Hungary), the R24P mutation of CDKN2A has been worldwide implicated as a
melanoma predisposing genetic factor. The R24P germline mutation was first described by

Australian authors. Holland et al. #

reported on a survey performed on 17 melanoma-prone
families in 1995 and they identified this mutation in one of the studied families. Since then
many independent studies proved the melanoma-predisposing nature of this mutation being
one of the most widespread among the so far identified disease-associated mutations of the
CDKNZ2A gene. Soon after the first detection, the R24P mutation was also identified in US
melanoma-prone families as early as in 1998 * and its function was also assessed by yeast
two-hybrid assay. According to the results, the R24P missense mutation almost completely
abrogates the binding activity of the protein, thus explaining the disease-predisposing nature
of the mutation. Following the “New World” publications of the R24P mutation, authors also
reported it in European melanoma prone families. It was reported in 1998 in the UK in the
case of a relatively young (31 years old) male patient with multiple primary melanomas and
in the case of two unrelated melanoma-prone kindreds in France *°. This is why review
papers from the mid-2000s refer to the R24P mutation as one of the most widespread
CDKNZ2A mutations in the world, contributing to the genetic predisposition to both familial
as well as multiple primary melanoma. To our best knowledge, ours is the first report on the
identification of the R24P mutation in a Central-European family. Taken together, the above
summary well reflects that the R24P CDKN2A mutation is a relatively frequent one all over

the world. Whether it is an ancient founder mutation that has spread to many geographical
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locales in the past, or independent mutation events happened, would be interesting to
investigate. There have been good examples provided where similar intriguing questions
were addressed. Hashemi et al. > demonstrated that the 113insR CDKN2A mutation found
only in Southern Scandinavia is a founder mutation that arose approximately 98 generations
ago. Similarly, the G101W mutation that is frequent in Northern Italy, Southern Germany
and France, is also a founder mutation that arose approximately 97 generations ago 2.
Although the mutations occurred around the same time, the latter has spread worldwide,
while the Scandinavian 113insR could not be so far identified in any other geographical
locale apart from Sweden. In view of these findings, it would also be very interesting to
perform the haplotype mapping of R24P carrier patients to figure out whether it is also a

founder mutation and if so, when it occurred in the past.

The idea that CDKN2A mutations may contribute to the predisposition of other primary
malignancies beside melanoma came early in the middle of 90’s, right after the identification

of the gene’s role in melanoma predisposition. Monzon et al. *®

performed epidemiology and
genetic studies on multiple primary melanoma cases and melanoma cases associated with
multi-organ primary malignancies. They found that about 5 percent of patients have one or
more additional primary lesions. This higher-than-expected prevalence of multiple primary
melanomas may be due to excessive sun exposure, but according to the authors, genetic
factors may also lay behind the phenomena. To support these data, Monzon et al. claimed
that patients with multiple primary melanomas very often have a family history of the
disease. From epidemiology studies it was already known at the time that approximately 10
percent of melanoma cases have family history of the disease, which suggested genetic
predisposition. Moreover, in 20 percent of the familial melanoma cases CDKN2A mutations
could also be detected. The authors also claimed that in such families pancreas cancer also

has a higher prevalence.

The first in-depth analysis of this topic was reported in 1995 ?* by Goldstein and
colleagues who compared the prevalence of other tumours in melanoma-prone families
harbouring or not harbouring CDKN2A mutations. According to their analysis, CDKN2A
mutation-harbouring melanoma-prone families have a 13-fold increased risk to develop
pancreas cancer compared to those who do not carry such mutations. There was only one
breast cancer patient mentioned in the paper who carried a mutant CDKN2A allele, while no
breast cancer case could be detected in the group of melanoma-prone families with wild type

CDKN2A alleles. The authors cited previous contrasting data demonstrating that the
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incidence of other types of cancers in melanoma-prone families in the US is not increased >,
Moreover, another workgroup in the 80’s suggested that patients with familial melanoma
even had fewer other types of cancers than those suffering from sporadic melanoma **. These
early data had been overwritten since and it is mainly due to the combined in-depth
epidemiological and genetic studies performed within this special group of melanoma
patients in the last 20 years. As CDKN2A mutation studies became more and more intensive
with the enrolment of centres from all over the world from Australia to the US through
Europe, not only the genetic predisposition of familial melanoma but also its co-morbidities
became recognised. This is a bright example of how genetic investigations can inspire
epidemiological studies and shed light to connections of different diseases and their common
predisposing factors. By reviewing several relevant papers we aim to demonstrate the above
notion.

As early as 1999, Ghiorzo et al. >

reported that the most prevalent melanoma-
predisposing mutation of the Mediterranean, the G101W, was associated not only with a
higher incidence of pancreatic malignancies, but also with breast cancer. In contrast,
melanoma-prone families from the same geographical locale without CDKN2A mutations
did not exhibit any non-melanoma neoplasias. The authors emphasized that the clinical-
epidemiological study was conducted in a small geographical region where the sun and other
types of environmental exposures of the individuals were approximately the same, therefore,
differences in environmental factors could not account for the different occurrence of disease
phenotypes. The authors therefore suggested that determining the underlying CDKN2A
mutation in melanoma-prone families may have important implications not only for

melanoma but also for further non-melanoma risk assessments.

Here the case of a 33-year-old female patient with the occurrence of three primary multi-
organ malignancies was presented. Malignant melanoma, pancreas and breast carcinoma
developed independently, within a short period of time. The family history of the patient
prompted us to perform a genetic study and we identified the melanoma-predisposing R24P
CDKNZ2A germline mutation in her case as well as in her father, suffering from gastric and
laryngeal carcinomas. Since the late aunt of the young female patient died of breast cancer at
her twenties several decades ago, we also surveyed the patient for the presence of BRCAL
and BRCA2 hotspot mutations but found no alterations in her case. Although we can not

exclude the possibility that other predisposing gene variants may have contributed to the
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breast cancer of the patient, we suggest that the disclosed R24P CDKN2A mutation may

have played a key role in the pathogenesis of her multi-organ primary malignancies.

Surveying the relevant literature clearly revealed that CDKN2A germline mutations are
highly accepted as predisposing genetic factors for patients who suffer from co-existing
pancreas carcinoma and malignant melanoma. However, no such consensus exists for the
association of CDKN2A germline variants and the primary multiple occurrence of melanoma
and breast cancer. Studies performed in relatively small cohorts of patients resulted in
contradictory data: some of them support while others reject the notion of the breast cancer-
predisposing nature of CDKN2A germline mutations. To resolve this problem, extended
studies on a wide range of low- and high-penetrance genetic predisposing factors must be
examined on a multicentre basis. We believe that single cases such as the one we presented
here may contribute to the understanding of the role of genetic susceptibility and

environmental factors in the pathogenesis of multiple primary malignancies.

With regards to the frequency of melanoma prone families linked to 9p21, the detection
of germline coding mutations of the CDKN2A gene is lower than expected. Germline
intronic mutations of the CDKN2A gene have also been found in association with
melanoma. These were either splice site or deeper intronic mutations. Some of them have
been characterized from a functional aspect and their melanoma-predisposing nature has
been proved #-%°-°°-%8 We detected the 1VS1+37 G/C heterozygote intronic mutation of
the CDKN2A gene in an extensive Hungarian family with familial atypical multiple mole
and melanoma (FAMMM) syndrome. Detailed analysis of the family tree revealed other
types of malignancies besides melanoma. The mutation is located at intron 1 (IVS1+37 G/C)
considering transcript variants 1 and 4, whereas in case of the pancreas-specific variant, the
same nucleotide change theoretically results in a p.Gly63Arg amino acid change in the
protein coded by transcript variant 3.

The 1VS1+37 G/C mutation has so far been mentioned twice in case reports: in a
FAMMM pedigree and in a single primary melanoma patient, both from Italy **-*° and
summarized in a review paper of Orlow et al*®. In silico assays reported in one of these
papers did not reveal any predicted defects in mRNA processing caused by the mutation
therefore it was categorised as a mutation of unknown significance. However, the fact that
the same mutation hypothetically results in an amino acid change in the protein coded by the

pancreas-specific transcript variant 3 was not discussed in those papers.
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Our in vitro minigene experiments showed that the presence of the IVS1+37 G/C
mutation results in the recognition of an otherwise intronic sequence as an exon and a 120nt
long sequence is therefore included in the mMRNA. Whether the aberrant mRNA is stable and
translated or not, our results indicate that it may play a pathogenetic role in familial
melanoma. If the aberrant mRNA was translated, the inclusion of the cryptic exon would
result in a frameshift and an early stop codon would change the structure of the p16 protein;
if the aberrant MRNA was not stable, it would indirectly reduce the quantity of functional
pl6. It is interesting that, regarding the pancreas-specific isoform, the mutation theoretically
causes a p.Gly63Arg amino acid change. However, mutations in the coding region might

also affect splicing regulation >"-%.

In conclusion, the segregation of the IVS1+37 G/ intronic CDKN2A mutation with
FAMMM in the extensive melanoma prone family and the results of our in vitro minigene
experiments suggest that this mutation may have a pathogenetic role, most likely involving
alteration of the splicing of the CDKN2A primary mRNA. It is important to note that besides
CDKN2A coding mutations, intronic mutations of the loci may contribute to melanoma
susceptibility. Identification and characterization of these mutations could significantly
contribute to our understanding of so far relatively unexplored mechanisms in melanoma
pathogenesis and explain why the frequency of germline coding mutations of the CDKN2A

gene is lower than expected in melanoma-prone families linked to chromosome 9p21.

Genetic susceptibility to any condition may vary significantly depending on several
factors. There are predisposing genes with near 100% penetrance (everyone with the
predisposition will develop the syndrome if they live long enough) for which Huntington
chorea is a good example. Other genes have a much lower penetrance depending on
environmental or lifestyle factors, as well as the modifying effect of other genes. Melanoma
is a typical example of multifactorial diseases. There are well known environmental
predisposing factors as well as multiple genes linked to melanoma susceptibility, the effects
of which are highly variable on each individual. There have been several studies worldwide
investigating the complex genetic networks and environmental modifying factors in the
background of melanoma. GenoMEL, the Melanoma Genetic Consortium, is an international
research consortium comprised of the majority of research groups worldwide working on the
genetics of familial melanoma. The aim of the consortium is better sharing of information
and pooling of data. GenoMEL categorises melanoma predisposing genes into rare high
penetrance genes such as CDKN2A, and low penetrance genes, MC1R being the most
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common. Melanoma risk in CDKN2A mutation carriers is modified by multiple factors
including MC1R variants, pigmentation and nevus phenotype. According to a recent study
by Demenais et al., carrying any one of the four most frequent MC1R variants (V60L,
V92M, R151C, R160W) in CDKN2A mutation carriers is associated with a statistically
significantly increased risk for melanoma across all continents. A consistent pattern of
increase in melanoma risk was also associated with increase in number of MC1R variants.
The joint analysis of MC1R variants and host phenotypes (hair colour, propensity to
sunburn, and number of nevi) showed statistically significant associations of melanoma risk,
together with MC1R variants?. These joint associations may have important implications in
risk assessment of families with multiple cases of melanoma. However, we currently do not

have sufficient data to quantify melanoma risk according to these.

Having detected three CDKN2A mutations as detailed out of more than 120 samples
analysed, we concluded that CDKN2A mutation detection rates in Hungarian melanoma-
prone families are comparable to the European and worldwide statistics. The advantage of
the proximity of academic resources provides the opportunity to perform genetic analysis.
However, in our current practice it is for research purposes only and the results of the
analysis and experiments are not directly fed back to our patients. This is partially due to
ethical considerations but most importantly because clinical testing for CDKN2A mutations
still has a limited role at present in the clinical management. The patients and relatives
involved in this study are followed-up closely regardless of their genetic results in our

experiments.

The recommendations of the American Academy of Dermatology regarding the selection
of patients with familial melanoma for genetic testing are based on a paper of Leachman et
al. According to these criteria, for moderate to high melanoma incident areas, individuals
with 3 or more primary melanomas and/or families with at least one invasive melanoma and
two or more other diagnoses of melanoma and/or pancreatic cancer in aggregate among first-
or second-degree relatives on the same side of the family are appropriate candidates for a
genetics evaluation. For low melanoma incidence areas, two melanoma and/or pancreatic
cancer events in a family may be sufficient to consider a genetics referral. Regardless of
whether or not genetic testing is part of the care for families with hereditary melanoma, there
is likely benefit from identifying these highest risk families and targeting them for intensive
screening and education. They also mention that although not in all cases but the presence of

pancreatic cancer in a family with melanoma greatly increases the likelihood of CDKN2A
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mutation detection. Before undergoing genetic testing, patients should be informed of the
potential benefits and limitations of testing by a genetic counsellor or other professional with
expertise in melanoma genetics ®*.

The Melanoma Genetics Consortium (http://www.genomel.org) ® set similar criteria.
However, their current consensus is that it is premature to suggest gene testing routinely

which may change as more is known of the genes predisposing to melanoma.

The above considerations and our documented cases well demonstrate that genetic testing for
research purposes has an important contributory role to science, and potentially to evidence
based medicine on the long term. Our cases also underline the standpoint that malignant
melanoma even with a highly predisposing genetic background must be considered as a
multifactorial disease where the straightforward genetic testing and counselling can not be
performed as in the cases of monogenic diseases. This also highlights the importance of
multidisciplinary team working between professionals of various specialties, sharing their
research, up-to-date evidence based knowledge and experience for a better and holistic

patient care.
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5. SUMMARY

In the genetic studies we found that CDKN2A mutation detection rates in Hungarian
melanoma prone families are low, similarly to international data. Investigations regarding
three highlighted CDKN2A mutations were detailed along with the clinical case histories.

The P48T mutation of the CDKNZ2A gene is a rare mutation and our results suggest that it
is indeed a melanoma susceptibility factor but also highlights the variable penetrance of
CDKN2A germline mutations. We first detected the P48T mutation in homozygote form
which makes it even more interesting in view of the rarity of the mutation. The fact that this
mutation has so far been reported in only four cases, all in patients with Italian ancestors,
opens questions about whether a founder mutation occurred some generations ago and
whether it migrated from Italy to Hungary or vice versa.

The R24P mutation has been world wide implicated as a melanoma predisposing genetic
factor. Our genetic studies in the context of the clinical case and the extensive literature
review suggest that it is a susceptibility factor not only for melanoma but also for various
malignancies possibly including breast cancer.

The segregation of the 1VS1+37 G/C intronic mutation with FAMMM syndrome led to
an international collaboration which provided benefit to our laboratory by establishing
minigene experiments in the investigation of the effect of intronic mutations on splicing. The
results of our in vitro analysis suggest that the mutation may have a role in the pathogenesis
of melanoma, most likely by altering the mRNA splicing process. It would have been very
interesting to compare our in vitro results to that of in vivo experiments had the involved
family contributed to our experiments by providing further skin specimens. Nevertheless, we
hope that our work will open further research in the investigation of germline intronic
mutations of the CDKN2A gene. In addition to CDK2A mutation detection, our results
regarding MC1R polymorphisms support the role of genetic interactions in the pathogenesis

of melanoma.
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7. OSSZEFOGLALAS

CDKN2A gén mutéciok és génkdlcsonhatasok szerepe a melanoma patogenezisében

Bevezetés

A melanoma malignum incidencidja vilagszerte emelkedd tendencidt mutat. A
melanomara hajlamosito tényezok koziil jol ismert az UV sugarzas, mint kdrnyezeti tényezo
szerepe. Az alkati tényezok koziil legfontosabbak a vilagos bortipus, nagyszamu és/vagy
nagyméretii anyajegyek jelenléte. A betegség az esetek mintegy 10%-aban familiaris jellegii.
A Klinikai gyakorlatbdl jol ismert, hogy a familiaris esetek gyakran dysplasticus naevus
syndroma talajan, ill. multiplex primer melanomakent jelennek meg, és a sporadikus
melanomés esetekhez viszonyitva joval fiatalabb korban jelentkeznek. Nagy csalddokon
végzett tanulmanyok alapjan azonositottak egy ,,melanoma fogékonysagi locust” a 9-es
kromoszoma révid karjan (9p21). Bizonyitottd valt, hogy ezen a région beldl a sejtciklust

szabéalyoz6 cyclin-dependens kinaz inhibitor 2A (CDKN2A/p16™4#

) gén ivarsejtvonal-beli
mutacioi jatszanak szerepet a familiaris melanoma kialakuldsdban. A CDKN2A gén
mutaciodinak listaja megtalalhaté a Human Gene Mutation Database honlapjan. Némelyik, a
weboldalon felsorolt — vilagszerte elterjedt — mutaciot er6s melanomara hajlamosito
tényezonek tartjak, és az érintett csaladokban intenziven tanulmanyoztak ezek 6roklodését,
mig mas CDKN2A mutaciokat eddig elvétve detektaltak, igy a melanomaval vald

Osszefliggésiiket nem igazoltak nagyobb populacion, ill. eltéré etnikumokban.

A melanocortin-1 receptor (MC1R) gén a normal human pigmentacid, valamint a bor
napsugarzasra torténd reakcidjanak f6 meghatarozdja. A gén UV sugarzas és melanocortin
tipusu hormonok (pl. POMC, ACTH) hatasara fokozottan fejezddik ki. A gén miikodésének
eredményeképpen termel6dd festékanyag 0Osszetételének egyensulydt szamos génvariacio
befolyasolja. Altalanossagban elmondhatd, hogy a vad tipusu allélt hordozd egyénekben
elsdsorban eumelanin termelddik. Az eumelanin (fekete/barna pigment) fényvédd hatasu,
mig a pheomelanin (vOrds/sarga pigment) UV hatasara szabadgyokok termel6dését segiti
eld, mely hozzajarulhat a napsugarzas bérre gyakorolt karos hatdsaihoz. A MCIR igen nagy
valtozatossagot mutat, foként a kaukazusi népcsoportokban. Bizonyos variacioi vords

hajszinnel, szeplés, nehezen barnuld bdrtipussal hozhatok Osszefliggésbe, mig masok a

borszintdl és napégésre vald hajlam fokozasa nélkiil is emelik mind a melanomara, mind
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nem melanoma tipust borrakra valdé hajlamot. A MCIR gén vilagszerte végzett szamos
tanulmanyban alacsony penetrancidjd, melanomara hajlamosité tényezonek bizonyult, és az
egyéb melanomara hajlamosito génekkel — mint pl. a CDKN2A génnel — valo kdlcsonhatasat

jelenleg is intenziven kutatjak.
A betegek genetikai vizsgalatba val6 bevonasa és kisérleti modszerek

A Kklinika Dermato-Onkoldgiai részlegének gondozasaban all6 betegek korében
dysplasticus naevus syndroma, familiaris melanoma, multiplex primer melanoma, valamint
egyéb daganatok egyiittes eldforduldsa, s foként fiatal életkorban valé megjelenése a
genetikai predispozicio lehetéségére hivta fel figyelmiinket, ezért célul tiiztik ki annak
felderitését, hogy a CDKN2A gén mutacioi, illetve genetikai kolcsonhatasok szerepet
jatszhatnak-e a betegseg patogenesiseben. A betegek és kozvetlen hozzatartozdinak genetikai
vizsgalatat az SZTE AOK Regionalis és Intézményi Human Orvosbioldgiai Kutatasetikai

Bizottsaga engedélyezte.

A vizsgalatba bevont mintegy 120 beteg esetében 2 ml vénas vérbol genomi DNS-t
izolaltunk, majd a CDKNZ2A gén négy exonjat, valamint kivalasztott esetekben a MC1R geén
egyetlen exonjat PCR reakcioval felszaporitottuk. A csaladtagoknal a genomi DNS izolalas
vérmintabol, illetve szdjnyadlkahartya kenetbdl tortént. Az amplikonokat a reakcid
melléktermékeitél  vald  megtisztitas utdn a  Szegedi Bioldgiai  Kdzpontban
megszekvenaltattuk. A szekvenciak 06sszehasonlitasat a BioEdit szoftver segitsegével

veégeztik.
Eredmények, diszkusszio

Genetikai vizsgalataink eredmeényei a nemzetkdzi adatokkal 6sszhangban azt mutatjak,
hogy a CDKN2A gén mutacidinak el6fordulasa a melanomara hajlamos magyarorszagi
csalddokban igen ritka. A dolgozatban harom magyar csalddban azonositott CDKN2A

mutécid kerilt részletes bemutatasra a hozzajuk kapcsolodé kortorténet keretében.

A multiplex primer melanoméval kezelt fiatal férfi beteglink és csaladja esetében
detektalt P48T mutacio a CDKN2A gén ismert, azonban ritka eltérése. Eredményeink
tdmogatjak a mutacié melanomara hajlamositd voltat, azonban egyben azt is alatamasztjak,
hogy az ivarsejtvonal-beli CDKN2A mutaciok penetrancidja meglehetésen valtozo. A P48T

mutéacié homozigéta formaban valdé azonositdsa a mutacié eleve ritka voltat tekintve is
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érdekes eredmény. Mivel a mutaciorol mindeddig csak négy olasz vagy Brazilidban €16 olasz
szarmazasl csaladban szamoltak be, feltételezzilkk, hogy az alapitd mutacio vagy
Olaszorszagban keletkezett és vandorolt valahogyan Magyarorszagra, vagy hazankbdl kerlt

az észak-olasz vidékekre, majd onnan tovabb Brazilidba is.

Az R24P mutaci6 vilagszerte ismert, mint melanomara hajlamositd genetikai tényez6. A
bemutatott, hdrom egymast kovetd primer rosszindulati daganatban (melanoma, emld
ductalis adenocarcinoma ¢s pancreas adenocarcinoma) szenvedd ndbeteg esetéhez
kapcsolodoan, a CDKN2A, BRCAL és BRCA2 géneken végzett vizsgalatok, valamint a
szakirodalom alapos éattekintése alapjan ugy véljik, ezen mutacié nem csak melanomara,
hanem mas rosszindulatd folyamatra, tobbek kozott emld daganatra is genetikai

fogakonysagot jelenthet.

Egy Szeged kornyéki familiaris melanomaban és dysplasticus naevus syndroméaban
szenvedd csalad tanulmanyozasa sordn egy tjabb CDKN2A mutacidt azonositottunk. A gén
introni  szakaszat érinté ritka IVS1+37 G/C mutécié jellemzése nemzetkdzi
egyiittmiikodéshez vezetett. A mutdcid mRNS splicing folyamatra gyakorolt hatasanak
vizsgalatat de novo eldallitott CDKN2A minigén segitségével végeztiik. In vitro
vizsgalataink eredményei azt mutattak, hogy az 1VS1+37 G/C mutacio6 feltehetéen szerepet
jatszik a melanoma patogenezisében, legnagyobb valdszinliséggel az mRNS splicing
befolyasolasa révén. Ezen eredményeink szévetmintakon vegzett, in vivo kisérletekkel valo
megerdsitéséhez az érintett csaldd nem jarult hozza, azoban reméljiik, hogy eddigi munkank
eredményei Uj utakat nyitnak az ivarsejtvonal-beli CDKN2A introni mutaciok szerepének
vizsgalataban.

Genkolcsonhatasok tekintetében a MCLR gén polimorfizmusainak vizsgalata soran
kapott eredmeényeink tamogatjdk a gén CDKN2A mutéaciokkal val6 kdlcsonhatasainak
szerepét a melanoma patogenezisében. A P48T CDKN2A mutéciét hordozd csaladban
harom jol ismert MC1R polimorfizmust is azonositottunk. Beteglink és gyermeke két
melanomaval asszocialt MC1R geéneltérést, mig szilei és felesége egyetlen polimorfizmust
hordoznak heterozigota formaban. Az 1VS1+37 G/C introni CDKN2A mutéciot hordozd
familiaris melanomara hajlamos csaladban a MC1R status vizsgalata arra deritett fényt, hogy
minden csaladtag hordoz legaldbb egy gyakori MCIR varianst, ebbdl négy csaladtag
hordozza a gén egyik Un. vorés hajszinnel asszocialt valtozatat. Azok az idésebb

csaladtagok, akiknél melanoma alakult ki, legalabb ketté MCIR polimorfizmust hordoz
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heterozigdta formaban, kdztik egy ismert, melanomaval gyakran asszocialt valtozatot. Ezen
eredmények 0Osszhangban allnak azzal a nemzetkdzi tanulmanyokban 6sszegzett
megfigyeléssel, miszerint a MC1R vords hajszinnel ill. melanoméaval asszocialt valtozatai
szamanak novekedésével gyakrabban fordul el melanoma a CDKN2A mutécidkat is
hordozé egyénekben, valamint azzal, hogy a MC1R bizonyos polimorfizmusainak jelenléte

befolyassal van a melanoméaval dsszefliggésbe hozhato CDKN2A mutacidk penetranciajara.

A dolgozat kitér a genetikai kisérletekhez fliz6d6 eredmények klinikai gyakorlatban valo
alkalmazéasanak dilemmajara. Az American Academy of Dermatology szakmai ajanlasa
alapjan — a foldrajzi terlilet melanoma incidencidjat tekintetbe véve — adott csalddban két ill.
harom melanomas és/vagy pancreas carcinomas megbetegedés eldfordulasa elegendd lehet
ahhoz, hogy a beteg és csaladtagjainak klinikai genetikushoz — CDKN2A sziirés céljabol —
valé beutalasat megfontoljuk. Ajanlasaik hangsllyozzdk a betegek genetikushoz vald
beutaldsa el6tti tdjékoztatasanak fontossagat ezen adatok megismerésének eldnyeirdl és
vesz€lyeirdl. Amerikai kollegaink ezidaig arra az érdekes megfigyelésre jutottak, hogy a
genetikussal valo taldlkozas és a CDKN2A sziirés teszt eredményeit6l fliggetleniil is
elosegiti a betegek melanomdaval kapcsolatos ismereteinek bovitését és a betegség
megeldzésével kapcsolatos viselkedés tudatos kialakitdsat. Ezzel szemben a GenoMEL
Genetikai Konzorcium nem ajénlja a familiaris melanomara hajlamos csaladok rutinszerti
CDKN2A szirését, — ez hazankban sem bevett gyakorlat — de reményeink szerint ez a
kozeljovoben valtozhat, hiszen egyre tobb adat all rendelkezésiinkre. Bizunk benne, hogy
munkank hozzéjarul a familiaris melanoma genetikai hatterének megértéséhez, és hosszu

tdvon betegeink koriiltekint6 és korszerli gondozasahoz.
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First detection of the melanoma-predisposing
proline-48-threonine mutation of p16 in Hungarians:

was there a common founder either in ltaly or in Hungary?
Marta Széll**, Klara Balogh®*, Attila Dobozy®°, Lajos Kemény®®

and Judit Olah®

The P48T germ line mutation of p16 was detected in a
Hungarian multiple primary melanoma patient (deceased
at the age of 39) with no affected family members. Genetic
analysis of the patient and his family revealed that the
patient was homozygous for the mutation, whereas his
parents (father currently aged 69 and mother 63), who are
free from any malignancies and atypical moles, are both
heterozygous for the mutation. Our data suggest that the
P48T mutation of p16 is a strong melanoma-predisposing
factor, but the fact that the heterozygous mutant parents
have not yet exhibited melanoma or atypical moles
indicates that the penetrance of this allele might depend
on modifying factors. The rare P48T germ line mutation of
p16 has been reported previously in only four independent
studies, all in patients with Italian ancestry. Here, we first
report the inheritance of the rare P48T mutation of
CDKN2A in a Hungarian family with a homozygous multiple
primary melanoma member and unaffected heterozygous
family members. The question of whether the mutation

Introduction

The incidence of cutaneous malignant melanoma is
increasing worldwide and familial cutaneous melanoma
accounts for approximately 10% of melanoma cases [1]. It
is well known from dermatological practice that familial
melanoma frequently presents with multiple primary
melanomas and clinically atypical moles, and is diagnosed
at a much younger age than sporadic cutaneous melanoma
[2]. Genetic linkage analysis in large melanoma kindreds
identified a melanoma susceptibility locus on human
chromosome 9p21 [3], germ line mutations of the cyclin-
dependent kinase inhibitor 2a (CDKNZA/p16INK4A)
gene within this chromosomal region are responsible for
melanoma susceptibility [4,5]. Mutations of CDKN2A
are listed in the Human Gene Mutation Database, Azp://
www.hgmd.cf.acuk (accessed 15 August 2006). Some of the
listed mutations, detected worldwide, have been im-
plicated in melanoma susceptibility and their inheritance
has been intensively studied in the affected families [6],
whereas some CDKNZA mutations have been detected
only sporadically, and their association with melanoma
susceptibility has not been demonstrated in distant
ethnic groups. This applies to the P48T mutation of
CDKNZ2A which has so far been detected in only one
Italian pancreas carcinoma patient [7], one Italian [8] and
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detected in Hungary is the result of an independent event,
or migration of the founder mutation occurred at some
time in the past, necessitates further investigations.
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one Brazilian [9] melanoma patient, and has been most
extensively studied in a large Iralian melanoma-prone
family [10]. Here, we report the inheritance of the rare
P48T mutation of CDKN2A in a Hungarian family with a
homozygous multiple primary melanoma member and
unaffected heterozygous family members.

Patients and methods

A 30-year-old Caucasian male presented at our depart-
ment in 1997 with a thick ulcerated nodular melanoma
(pT3b) in the right femoral region (Fig. 1a). He also
suffered from a sporadic form of multiple atypical mole
syndrome (Fig. 1b and c). At the time of diagnosis of the
primary tumor in the right femoral region which was
already 2cm in size and bleeding, two early primary
melanomas were also diagnosed on his trunk (indicated
by arrows in Fig. 1b and c). After removal of these three
primary melanomas, he underwent delayed elective
radical node dissection from his right groin. The lymph
node metastases indicated interferon a2b therapy, and he
was treated with 10 million units/3 tw interferon a2b for
3 months. Leucopenia and thrombocytopenia compli-
cated the therapy and the patient refused to continue it.
During the 8-year follow-up period, a further five new
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Fig. 1

Clinical presentation of the patient. (a) The thick ulcerated nodular
melanoma (pT3b) in the right femoral region of the patient at the time of
presentation. (b and c) The atypical mole syndrome of the patient is
apparent on his trunk; the arrows indicate two early primary melanomas
diagnosed at the same time as the thick ulcerated nodular melanoma.

early melanomas developed. No internal organ involve-
ment was found for 7 years. In 2004, intra-abdominal
lymph node metastases were diagnosed. The patient
received bleomycin, vincristine, lomustine and dacarba-
zine (BOLD) polychemotherapy, which resulted in a
slight regression of the metastatic lump. At the end of

2004, radiation therapy was started for the chemoresis-
tant tumor mass in the iliacal and retroperitoneal regions.
After irradiation, his condition remained satisfactory for
3 months, with regression of the metastatic lymph nodes.
In July 2005, however, intrahepatic metastases were
diagnosed. At the end of 2005, he died from multiple
symptomatic liver, lung and intracranial metastases.

The appearance of multiple primary melanoma at a
relatively young age and the existence of numerous
atypical moles suggested a genetic background in this
patient, and we therefore decided to investigate the
possible involvement of CDKNZ2A mutations in the
pathogenesis. The genetic analysis of the patient and
consequently his family members was approved by the
local ethics committee. Two millilitres of venous blood
was taken, genomic DNA was isolated by using the
Genomic DNA Purification Kit of Gentra (Minneapolis,
Minnesota, USA), and exons la, 1B, 2 and 3 of the
CDKNZ2A gene were amplified under the previously
reported conditions [11]. The PCR products were
purified with the Quantum Prep PCR Kleen Spin
Columns of Bio-Rad (Hercules, California, USA). Se-
quence analysis revealed a homozygote 142C > A trans-
version, which translates the P48T. The mutation is
detected in exon o, meaning that it affects the fifth
amino acid of the second ankyrin repeat of pl6 protein,
but the protein sequence of ARF is unaffected.

After detecting this rare mutation in a homozygous form
in our patient, we conducted genetic analysis of his
parents, his 6-year-old daughter and his wife (Fig. 2a).
The father and the mother, currently aged 69 and 63, had
no history of any malignant diseases and both are free of
any atypical moles. They had no knowledge of con-
sanguinity or the occurrence of familial melanoma among
their relatives. Oral sputum samples were taken from
the family members and genomic DNA was isolated from
the samples with the MagNA Pure Compact system
(Roche, Mannheim, Germany). Exon la was sequenced
with the Resequencing Amplicon probe system (%zzp://
www.nchi.nlm.nih.gov/genome/probe/reports/probereport), probe
ID: RSA001284450.

Results and discussion

As demonstrated in Fig. 2b, the patient’s father, mother
and daughter are all heterozygote carriers of the 142C > A
mutation, and the wife of the patient harbors the wild-
type allele. Our results suggest that the patient had
inherited one mutant allele from his father and one from
his mother, and further transmitted the mutant allele to
his daughter.

Germ line mutations in the CDKNZ2A gene have now
been identified in many hereditary melanoma cases, and
are associated with the appearance of multiple primary
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Molecular analysis of the 142C/A CDKN2A variant. (a) The patient
(proband) is individual 1l:1. His father (individual I:1) and mother
(individual 1:2) are free from malignancies and atypical nevi.

(b) Chromatograms showing the 142C/A variants; the individuals in
the patient’s family are listed below the chromatograms according

to their genotype. (c) The C/A transversion at nt 142 leads to the
Pro/Thr amino acid change in codon position 48 of the p16 transcript.

melanomas [4,5]. The gene is composed of four coding
regions: exons la, 1B, 2 and 3; exons 1a, 2 and 3 code for
pl6 protein, whereas exons 1B, 2 and 3 code for ARF
protein, both inevitable regulators of the cell cycle
[12,13]. Various types of mutations are detected on
CDKNZA, and their association with different malignant
diseases has been documented. Most of the mutations
(67 of the 106 so far registered in HGMD; /hup://
wow.hgmd.cf.ac.uk) are missense or nonsense mutations,
and their pathogenic role in familial and/or multiple
melanoma has been unquestionably demonstrated in
distant ethnic populations. For a few missense and
nonsense CDKN2A mutations [7,14-16], however, the
association with melanoma and/or other malignant
diseases has so far been shown only in certain ethnic
groups. This is the situation with the transition
142C > A, which causes the amino acid change P/T in
codon position 48 (Fig. 2¢). This rare CDKN2A germ line
mutation has been reported to date in only four cases. It
was first detected in an Italian pancreatic cancer patient
[7], then in an [talian multiple primary melanoma patient

[8], and subsequently in a Brazilian familial melanoma
patient with Italian ancestors [9]: all three patients were
heterozygous for the P48T mutation. None of the above
studies reported genetic studies on family members, and
the possible association of the CDKINZA P48T mutation
and the disease phenotype in those cases can therefore
not be discussed. The extensive genetic analysis carried
out by Della Torre ez 4/. [10] on a large melanoma-prone
Italian family revealed that the heterozygous carriers
of the P48T mutation were susceptible not only to
melanoma, but also to other forms of malignancies.
Similarly, the disease association of the CDKNZ2A
mutation resulting in the P48L. amino acid change at
the same codon was demonstrated beyond question [17].
The associated family analysis clearly revealed the
association of this mutation with a very high suscept-
ibility to various types of cancers, including melanoma.

The present case suggests that the CDKN2A P48T
mutation is highly associated with the appearance of
primary multiple melanoma. Our case lends further
support to the multifactorial nature of melanoma predis-
position, where the penetrance of a certain allele might
depend on modifying factors and can be extremely
variable across geographic areas [18], because the
heterozygote mutant parents of the patient, at the ages
of 69 and 63, are so far free of any malignancies or any
atypical nevi, in spite of the fact that both have had a
rural lifestyle, with extensive exposure to sunlight.
Furthermore, it is extremely rare to discover individuals
homozygous for CDKN2A mutations; these cases there-
fore offer an opportunity to study the effects of potential
human null mutations of this ultimate cell cycle
regulatory protein. By studying an endogenous Dutch
family with a strong founder effect, Gruis ¢ @/ [19]
observed that homozygous carriers of a small deletion in
exon 2 of CDKNZA did not appear to be more seriously
affected than heterozygous carriers. Taken together,
these results and our present data suggest that CDKN2ZA
mutations in either the heterozygous or the homozygous
state are strong susceptibility factors for various malig-
nant diseases, but other additional factors, such as
genetic variations of the melanocortin 1 receptor gene
in the case of melanoma, are also needed for manifesta-
tion of the malignancies.

Although the patient’s parents were not aware of
consanguinity in their families, the fact that they both
harbor the rare 142C > A CDKNZ2A germ line mutation
suggests that there must have been such an event or
events a few generations previously. It is interesting that
the only four previous reports of this mutation involved
[talian patients or a Brazilian patient with Italian
ancestors. The members of the present Hungarian family
are unaware of any Italian family relatives. The question
of whether this mutation is the result of an independent
event, or whether the founder mutation migrated some
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generations ago from Italy to Hungary, or from Hungary to
Northern Italy, demands further examination.

In conclusion, the case we have presented here has
confirmed that the rare P48T mutation of pl6 is a
melanoma-predisposing factor, but our genetic analysis
suggests that the heterozygous status itself is not
causative of malignant disease: other modifying factors
may be needed for the manifestation of these disorders.

Acknowledgements

The authors thank Moénika Kohajda for her technical
assistance. 'This work was funded by the Grants OTKA NI
62007, GVOP-3.2.1-2004-04-0372/3.0 and ETT531/2006,
500/2006. M.S. is the holder of Bolyai Janos Research Grant.

References

1 Hayward NK. Genetics of melanoma predisposition. Oncogene 2003;
22:3053-3062.

2 Aitken JF, Green AC, MacLennan R, Youl P, Martin NG. The Queensland
Familial Melanoma Project: study design and characteristics of participants.
Melanoma Res 1996; 6:155-165.

3 Cannon-Albright LA, Goldgar DE, Meyer LJ, Lewis CM, Anderson DE,
Fountain JW, et al. Assignment of a locus for familial melanoma, MLM, to
chromosome 9p13-p22. Science 1992; 258:1148-1152.

4 Sharpless E, Chin L. The INK4a/ARF locus and melanoma. Oncogene
2003; 22: 3092-3098.

5 Czajkowski R, Placek W, Drewa G, Czajkowska A, Uchanska G. FAMMM
syndrome: pathogenesis and management. Dermatol Surg 2004; 30:
291-296.

6 Eliason MJ, Larson AA, Florell SR, Zone JJ, Cannon-Albright LA, Samlowski
WE, Leachman SA. Population-based prevalence of CDKN2A mutations in
Utah melanoma families. J Invest Dermatol 2006; 126:660-666.

7 Moore PS, Zamboni G, Falconi M, Bassi C, Scarpa A. A novel germline
mutation, P48T, in the CDKN2A/p16 gene in a patient with pancreatic
carcinoma. Hum Mutat 2000; 16:447-448.

Mantelli M, Pastorino L, Ghiorzo P, Barile M, Bruno W, Gargiulo S, et al. Early
onset may predict G101W CDKN2A founder mutation carrier status in
Ligurian melanoma patients. Melanoma Res 2004; 14:443-448.

Huber J, Ramos ES. The P48T germline mutation and polymorphism in the
CDKN2A gene of patients with melanoma. Braz J Med Biol Res 2006;
39:237-241.

Della Torre G, Pasini B, Frigerio S, Donghi R, Rovini D, Delia D, et al.
CDKN2A and CDK4 mutation analysis in Italian melanoma-prone families:
functional characterization of a novel CDKN2A germ line mutation. Br J
Cancer 2001; 85:836-844.

Fargnoli MC, Chimenti S, Keller G, Soyer HP, Dal PV, Hofler H, Peris K.
CDKN2a/p16INK4a mutations and lack of p19ARF involvement in familial
melanoma kindreds. J Invest Dermatol 1998; 111:1202-1206.

Brotherton DH, Dhanaraj V, Wick S, Brizuela L, Domaille PJ, Volyanik E, et al.
Crystal structure of the complex of the cyclin D-dependent kinase Cdké
bound to the cell-cycle inhibitor p19INK4d. Nature 1998; 395:244-250.

Ruas M, Peters G. The p16INK4a/CDKN2A tumor suppressor and its
relatives. Biochim Biophys Acta 1998; 1378:F115-F177.

Soufir N, Lacapere JJ, Bertrand G, Matichard E, Meziani R, Mirebeau D, et al.
Germline mutations of the INK4a-ARF gene in patients with suspected
genetic predisposition to melanoma. Br J Cancer 2004; 90:503-509.

Borg A, Sandberg T, Nilsson K, Johannsson O, Klinker M, Masback A, et al.
High frequency of multiple melanomas and breast and pancreas carcinomas
in CDKN2A mutation-positive melanoma families. J Nat/ Cancer Inst 2000;
92:1260-1266.

Levanat S, Situm M, Crnic |, Marasovic D, Puizina-lvic N, Pokupcic N, et al.
Alterations in CDKN2A locus as potential indicator of melanoma
predisposition in relatives of non-familial melanoma cases. Croat Med J
2003; 44:418-424.

Platz A, Hansson J, Mansson-Brahme E, Lagerlof B, Linder S, Lundqyvist E,
et al. Screening of germline mutations in the CDKN2A and CDKN2B genes
in Swedish families with hereditary cutaneous melanoma. J Nat/ Cancer
Inst 1997; 89:697-702.

Bishop DT, Demenais F, Goldstein AM, Bergman W, Bishop JN, Bressac-de
Paillerets B, et al. Geographical variation in the penetrance of CDKN2A
mutations for melanoma. J Natl Cancer Inst 2002; 94:894-903.

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 melanoma kindreds. Nat Genet 1995; 10:351-353.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.






BORGYOGYASZATI ES VENEROLOGIAI SZEMLE 84. EVF. 3. 71-75.

Szegedi Tudomdnyegyetem Szent-Gyorgyi Albert Klinikai Kozpont
Bdrgyogydszati és Allergologiai Klinika (igazgato: Dr. Kemény Lajos egyetemi tandr)’
és a Magyar Tudomdnyos Akadémia — SZTE Dermatologiai Kutatocsoport
(igazgato: Dr. Kemény Lajos egyetemi tandr)’

A CDKN2A gén ritka, ivarsejtvonal-beli mutacioja
egy multiplex primer melanomaban szenvedé betegben és csaladjaban

Rare germ-line mutation of CDKN2A in a Hungarian
multiple primary melanoma patient and his family

BALOGH KLARA DR.', SZELL MARTA DR, DOBOZY ATTILA DR.",
KEMENY LAJOS DR."?, OLAH JUDIT DR.!

OSSZEFOGLALAS SUMMARY

A CDKN2A prolin-48-treonin  aminosavcserét okozé  The P48ST germ line mutation of the CDKN2A gene was
(P48T) ivarsejtvonal-beli mutdciojdat detektdaltuk egy multi-  detected in a Hungarian multiple primary melanoma
plex primer melanomdban szenvedd (39 éves kordban exi-  patient (deceased at the age of 39) with no affected
talt) betegben és tiinetmentes csalddtagjaiban. A csaldd ge-  family members. Genetic analysis of the patient and his
netikai vizsgdlata sordn kideriilt, hogy betegiink homozigo-  family revealed that the patient was homozygous for the
ta, mig jelenleg 65 ill. 71 éves sziilei — akik sem dysplasti- — mutation, while his parents (mother currently aged 65
cus naevus syndromdban, sem melanomdban, sem egyéb  and father71), who are free from any malignancies and
malignus betegségben nem szenvednek — mindketten hete-  atypical moles, are both heterozygous for the mutation.
rozigota formdban hordozzdk a mutdciot. Eredményeink azt ~ Our data suggest that the P48T mutation of CDKN2A is
sugalljdk, hogy a CDKN2A gén P48T mutdcioja erds mela-  a strong melanoma-predisposing factor, but the fact that
noma predispondlo faktor, azonban az a tény, hogy a hete-  the heterozygous mutant parents have not yet exhibited
rozigota mutdns sziiloknél mindeziddig nem jelentkezett — melanoma or atypical moles indicates that the
melanoma vagy dysplasticus naevus syndroma, arra utal, a  penetrance of this allele might depend on modifying
mutdcié penetrancidjdt egyéb tényezdk is nagymértékben  factors. The rare P48T germ line mutation of CDKN2A
befolydsolhatjik. A CDKN2A génben bekévetkezd ivarsejt-  has been reported previously in only four independent
vonal-beli, meglehetdsen ritka P48T mutdciot eziddig négy  studies, all in patients with Italian ancestry. Here we first
egymadstol fiiggetlen tanulmdny tdrgyalta; a betegek az ese-  report the inheritance of the rare P48T mutation of
tek mindegyikében olasz 6sok leszarmazottai. Cikkiink el6- CDKN2A in a Hungarian family with a homozygous
szOr mutatja be ezen ritka, melanomdval asszocidlt mutdcié  multiple primary melanoma member and unaffected
oroklodését magyar csalddban. Annak megvdlaszoldsa,  heterozygous family members. The question of whether
hogy vajon a Magyarorszdgon detektdlt mutdcio fiiggetlen — the mutation detected in Hungary is the result of an
esemény-e, vagy ugyanannak a mutdcionak a migrdciojarol  independent event, or migration of the founder mutation

van sz6 Olaszorszdagbol Magyarorszdgra, vagy esetleg for-  occurred at some time in the past, necessitates further
ditva, tovabbi vizsgdlatokat igényel. investigations.
Kulcsszavak: Key words:
melanoma - dysplasticus naevus multiple primary melanoma -
syndroma - CDKN2A gén - p16 fehérje - p16 protein - CDKN2A gene -
ivarsejtvonal-beli mutacio germ line mutation

A melanoma malignum incidencidja vildgszerte emelkedd  nyitva joval fiatalabb korban jelentkeznek (2). Nagy csa-
tendencidt mutat. A betegség az esetek mintegy 10%-dban  lddokon végzett tanulmdnyok alapjdn azonositottak egy
familidris jellegli (1). A klinikai gyakorlatbdl jol ismert, ,melanoma fogékonysdgi locust” a 9-es chromosoma ro-
hogy a familidris esetek gyakran dysplasticus naevus  vid karjdn (9p21) (3). Bizonyitotta valt, hogy ezen a chro-
syndroma talajin ill. multiplex primer melanomaként je- mosomadlis région beliil a cyclin-dependens kindz inhibi-
lennek meg, és a sporadikus melanomds esetekhez viszo-  tor 2a (CDKN2A/p16INK4A) gén ivarsejtvonal-beli mu-
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tacioi szerepet jatszanak a familidris melanoma kialakula-
saban (4,5). A CDKN2A gén muticidinak listdja megtalal-
hat6 a Human Gene Mutation Database honlapjan
(http://www.hgmd.cf.ac.uk). Némelyik, a weboldalon fel-
sorolt — vildgszerte elterjedt — mutaciét er6s melanomara
hajlamosité tényezének tartjak, és az érintett csalddokban
intenziven tanulmanyoztak ezek 6roklédését (6), mig mas
CDKN2A mutécidkat eddig elvétve detektaltak, igy a me-
lanomadval valé Osszefiiggésiiket nem igazoltdk nagyobb
populécion ill. eltérd etnikumokban.

A CDKN2A gén prolin-48-treonin aminosav cserét oko-
z6 (P48T) muticidjat mindeziddig egy olasz pancreas car-
cinomads (7), egy olasz (8), ill. egy olasz szarmazasu brazil
(9) melanomas betegben detektiltdk, és legalaposabban
egy melanomadra hajlamos olasz nagycsalddban tanulma-
nyoztdk (10). Cikkiink a CDKN2A gén ezen rendkiviil rit-
ka P48T mutacidjanak o6roklodését mutatja be egy magyar
csaladban, amelynek multiplex primer melanomaban
szenvedd tagja homozigéta formdaban, malignus betegség-
t6l megkimélt, vér szerinti hozzatartozéi pedig heterozi-
g6ta formaban hordozzdk a mutdciot.

Esetismertetés

1997-ben jelentkezett klinikankon egy akkor 30 éves, kifejezetten
fehér bord (Fitzpatrick IT) fiatalember a jobb femoralis régioban
megjelent, vastag, ulceralt (pT3b), nodularis melanomaval (/A db-
ra), mely dysplasticus naevus syndroma talajan alakult ki (/B, C db-
ra). A jobb femoralis régioban jelentkezd, 2 cm atmérdj, kifekélye-
sedett, vérzd primer tumor diagnézisanak feldllitasaval egyidejtileg
két korai stadiumban felfedezett primer melanomat diagnosztizal-
tunk (1B, C abran nyilakkal jelolve). A harom primer tumor eltavoli-
tasat kovetden betegiink késleltetett electiv jobb inguinalis radicalis
blokk dissection esett at. Az igazolt nyirokcsomo metastasis interfe-
ron o2b therapidt indokolt, ezért a miitétet kovetd 3 hénapon at a
beteget heti harom alkalommal 10 milli6 egység interferon o2b-vel
kezeltiik. A kezelés mellékhatdsaként jelentkezd leucopenia és
thrombocytopenia miatt a paciens visszautasitotta a kezelés folytata-
sat. Az ezt kovetd nyolc éves gondozds €s nyomonkovetés sordn to-
véabbi 6t korai primer melanoma keriilt eltavolitasra a b6rébdl. Bel-
szervi érintettség hét éven at nem alakult ki, azonban a szakszert
kezelés ellenére 2004-ben intraabdominalis nyirokcsomé metastasi-
sokat €szleltiink. Betegiink emiatt bleomycin, vincristin, lomustin,
dacarbazin (BOLD) polychemotherapidban részesiilt, mely a meta-
staticus tumor tomeg mérsékelt csokkenését eredményezte. Az ilia-
calis ill. retroperitonealis elhelyezkedésti chemoresistens tumor
massza kezelésére 2004. év végén radiotherapidt inditottunk. Az ir-
radiaciot kovetden betegiink allapota a metastaticus nyirokcsomo to-
meg regressidjanak koszonhetéen harom hénapon at kielégité ma-
radt, azonban 2005. jiliusaban intrahepaticus metastasis igazolddott.
2005. végén a fiatal beteg multiplex maj-, tiidé- és intracranialis me-
tastasisok kovetkeztében exitalt.

Moédszer

A dysplasticus naevus syndroma, valamint a multiplex primer mela-
noma fiatal életkorban valé megjelenése a genetikai predispozicié
lehetdségére hivta fel figyelmiinket, ezért célul ttztiik ki annak fel-
deritését, hogy a CDKN2A gén mutaciéi szerepet jatszhatnak-e a
betegség pathogenesisében. A beteg és kozvetlen hozzatartozéinak
genetikai vizsgélatt az SZTE AOK Regiondlis és Intézményi Hu-
mén Orvosbioldgiai Kutatdsetikai Bizottsdga engedélyezte.

A betegtdl 2 ml vénds vérbdl genomi DNS-t izolaltunk (Genomic
DNA Purification Kit; Gentra, USA), majd a CDKN2A gén 1o, 1B,
2 ill. 3 exonjat egy korabbi kozleményben (11) leirt PCR reakcid ko-
riilmények alapjan felszaporitottuk. A csalddtagokndl a genomi DNS
izoldlds szdjnydlkahdrtya kenetbdl tortént (Magna Pure Compact
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1. dbra
A multiplex primer melanomds beteg klinikai képe
A Az elsé észleléskor diagnosztizalt vastag, ulceralt
melanoma (pT3b) a jobb femoralis régidban
B, C Dysplasticus naevus syndroma a beteg torzsén;
a nyilak a femoralis localisatioji nodularis melanoma
diagnézisdval egyid6ben észlelt két, korai stddiumu
primer melanomat jelzik

System; Roche, Németorszag). A hozzatartozok mintdibol a
CDKN2A gén low exonjat szaporitottuk fel az Interneten elérhetd
Resequencing Amplicon Probe rendszer segitségével
(http://www.ncbi.nlm.nih.gov/genome/probe/reports/probereport,
probe ID: RSA001284450). Az amplikonokat a reakcié mellékter-
mékeitdl valé megtisztitds (Quantum Prep PCR Kleen Spin Colo-
umns; Bio Rad, USA) utdn a Szegedi Biolégiai Kézpontban meg-
szekvendltattuk. A szekvencidk osszehasonlitdsat a BioEdit szoftver
segitségével végeztiik
(http://www.mbio.ncsu.edu/BioEdit/BioEdit.html).



transzmembran motivumanak otodik aminosavat érinti,
azonban az mRNS splicing sordn — ugyanerrél a génrdl
képz6d6 — alternativ médon kivagddo pl4ARF fehérjében
nem okoz eltérést. Miutan a ritka PA8T mutdciét homozi-
gbta formdban detektaltuk betegiink mintdjaban, a beteg
sziilei, jelenleg 8 éves kislanya és felesége mintdibdl is el-
végeztiik a genetikai vizsgélatot (2A. dbra).

Eredmények

A szekvencia elemzése sordn detektdltuk a CDKN2A gén
142. nukleotid pozicidéjdban a C>A transitiét (142C>A),
amely a 48. aminosav poziciéban prolin > treonin (P48T)
aminosav cseréhez vezet. A mutici6 a CDKN2A gén 1o
exonjdban kovetkezett be, amely a pl6 fehérje masodik
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2. dabra
A CDKN2A 142C>A varians molekularis vizsgalata
A A beteg édesanyja (I:2) és édesapja (I:1) esetében nem alakult ki dysplasticus naevus syndroma vagy malignus tumor.
B A chromatogramok a 142C>A mutéaci6é homo-, ill. heterozigéta forméajat, valamint a vad tipusu allél jelenlétét
mutatjak be. C A 142C>A transitio a 48. aminosav poziciéoban P48T aminosav cserét eredményez.
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Amint a (2B. dbra) mutatja, a beteg édesanyja, édesap-
ja, és kislanya mindannyian heterozigéta formaban hor-
dozzdk a 142C>A mutaciét, mig 6zvegy felesége a vad ti-
pusu allél hordozéja. Az eredmények alapjan tehat bete-
giink egy-egy muténs allélt 6rokolt sziileitl, majd azt to-
vabb orokitette gyermekébe.

Megbeszélés

A CDKN2A gén ivarsejtvolnal-beli mutacidit szdmos, csa-
ladban 6rokl6dé melanomas esetben detektaltak, €s azokat
Osszefiiggésbe hoztdk multiplex primer melanoma kialaku-
lasaval (4, 5). A gén négy kodolo6 egységbdl épiil fel: exon
lo, 1B, 2 ill. 3. Az exonla, 2 és 3 kédolja a pl6 fehérjét,
mig az exonlf, 2 és 3-rél a pl4ARF protein képzddik.
Mindkét fehérje a sejtciklus szabdlyozasban t6lt be fontos
szerepet (12, 13). A szakirodalom szdmos, a CDKN2A
génben detektalt muticio, ill. ezeknek kiilonb6z4 malignus
betegségekre val6 hajlam kialakitdsaban betoltott szerepét
targyalja. A muticiok tobbsége ,,missense” vagy ,,nonsen-
se” tipusu, €s a familidris ill. multiplex melanoma pathoge-
nezisével val6 szoros Osszefiiggésiik egymastdl tavoli po-
puldcidkban is egyértelmiien igazolddott. Bizonyos ,,mis-
sense” ill. ,,nonsense” tipusi CDKN2A muticidk (7,14-
16) pathogenetikai szerepét melanomaval vagy egyéb ma-
lignus betegséggel Osszefiiggésben azonban csak néhany
egymastol tavoli etnikai csoportban irtdk le.

Ez mondhat6 el a 142C>A transitiordl is, amely a 48.
aminosav poziciéban Pro>Thr aminosav cserét eredményez
(2C dbra). Ezt az igen ritka, CDKN2A génben bekovetke-
z0, ivarsejtvonal-beli muticiét mindeziddig 4 esetben irtak
le. Els6ként egy olasz, pancreas carcinomdban szenvedd
betegben detektdltak (7), majd egy olasz multiplex primer
melanomaban megbetegedett paciensnél (8), ill. egy olasz
szarmazasu brazil melanomads betegben (9). Ezek a betegek
mindannyian heterozigéta formaban hordoztdk a P48T mu-
taciét. Az emlitett munkdk egyikében sem vizsgdltdk az
egyenes agi rokonok genetikai stitusit, ezért ezekben az
esetekben a P48T muticio €s a beteg phenotypus 6sszefiig-
gésérol sem lehetett kovetkeztetéseket levonni.

Della Torre és mtsai (10) egy nagy, melanomdra hajla-
mos csalddon végzett, kiterjedt genetikai vizsgalata feltar-
ta, hogy a P48T mutéicié hordoz6i nem kizarélag melano-
madra, hanem mds malignus betegségekre is fogékonyab-
bak. Az ugyanebben az aminosav poziciéban bekovetke-
206, de eltérd nukleotid csere altal okozott, P48L mutacio
tumoros megbetegedésre hajlamositd voltit ismertette egy
svéd munkacsoport (17). A csalddtagokra is kiterjesztett
analizis soran kimutattdk, hogy a mutacié malignus tumo-
rokra, koztiikk melanomadra is, kifejezett hajlamot eredmé-
nyez. Egy endogdm holland kozosség vizsgdlata sordn
Gruis és kutatocsoportja (18) a kovetkez6t figyelte meg: a
CDKN2A gén exon2-ben bekovetkezett kis delécidjat
(mely nagy valészintiséggel alapité muticid) homozigdta
formdban hordozé melanomds csalddtagokndl nem volt
klinikailag észlelhetd kiilonbség a betegség sulyossdgdban
a heterozigdta hordozékhoz viszonyitva. Mindent egybe-
vetve, a fenti adatok és jelen eredményeink alapjan ugy
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gondoljuk, hogy a CDKN2A gén mutaciéi mind homo-,
mind heterozigéta formaban erés melanoma predisponal6
faktorok, azonban egyéb addiciondlis genetikai eltérések,
mint pl. — melanoma estén — a melanocortin-1 receptor
gén egyes genetikai varidcidinak megléte is sziikségesek
lehetnek a betegség manifesztaciéjahoz.

A jelenleg ismertetett magyarorszagi eset arra enged ko-
vetkeztetni, hogy a CDKN2A génben létrejott PA8T muta-
ci6 szorosan Osszefiigg a multiplex primer melanoma
kialakuldsdval. Esetiink tdmogatja azt az elméletet is,
mely szerint a melanomdra valé hajlam multifaktoridlis
természetli: az allélok penetrancidja nagyban fligg kornye-
zeti ill. egyéb genetikai tényez6ktol, és foldrajzi teriileten-
ként nagyfoku valtozatossagot mutat (19). Betegiink hete-
rozigéta mutans sziileinél (akik jelenleg 65, ill. 71 éve-
sek), mdig nem manifesztalédott sem dysplasticus naevus
syndroma, sem melanoma, sem egyéb malignus betegség
annak ellenére, hogy mezd&gazdasaggal foglalkoznak, igy
egész életiikben erds napfény expoziciénak voltak kitéve.
A fentieken kiviil esetiink amiatt is ritkasdgnak szamit,
mert a CDKN2A gén mutdciéit homozigéta formaban
csak elvétve detektdljak; ezek az esetek azt teszik lehetd-
vé, hogy tanulmanyozhassuk az ebben az alapvetd sejtcik-
lus szabélyoz6 génben bekovetkezd valtozasok hatdsdt a
tumor képzddésre.

Habdar a beteg sziileinek nincsen tudomdsa a csalddban
el6fordult rokonhdzassagrol, az a tény, hogy a rendkiviil
ritka P48T CDKN2A mutdciét mind a ketten heterozigéta
formdban hordozzak, arra enged kovetkeztetni, hogy ge-
neraciokkal kordbban ez esetleg mégis bekovetkezhetett.
Figyelemre mélté az a tény is, hogy ezt a mutaciot minde-
ziddig kizardlag észak-olaszorszagi 6s0k leszarmazottai-
ban detektaltdk. Az érintett magyar csaldd nem ismer
olasz szarmazdsu csalddtagot. Annak tisztazasa, hogy va-
jon ez a mutdcio fiiggetleniil jott-e 1étre, vagy esetleg ala-
pité mutdcié keletkezett generdciokkal ezel6tt, amely
Eszak-Olaszorszagbdl hazdnkba vandorolt, vagy akar for-
ditva, tovabbi vizsgdlatokat igényel.

Osszefoglalva, a bemutatott eset megerdsitette a rendki-
viil ritka P48T mutidcié melanomadra hajlamosité szerepét,
azonban azt is kijelenthetjiik, hogy a heterozigéta allapot
onmagdban nem vezet a betegség kialakuldsdhoz, hanem
egyéb befolydsold tényezdk is szerepet jatszanak annak
manifeszticidjaban.
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Background The major locus for melanoma predisposition is the cell cycle regula-
tory CDKN2A gene on chromosome 9p21. However, the frequency of germline
coding mutations of the CDKN2A gene is lower than expected in melanoma-prone
families linked to chromosome 9p21.

Objectives To investigate whether the rare IVS1+37 G/C intronic mutation of the
CDKN2A gene, recently identified in a Hungarian melanoma-prone family, influ-
ences mRNA splicing regulation.

Methods CDKN2A minigenes containing the wild-type and the mutant intronic
sequence were created and transfected into Hela cells with the aim of studying
the mRNA transcripts.

Results The results revealed the emergence of a differential splicing pattern from
the wild-type and the mutant minigene, suggesting that this mutation may alter
the splicing of CDKN2A primary mRNA and therefore might have a pathogenetic
role in familial melanoma.

Conclusions We believe that these results confirm the importance of the identifica-
tion and characterization of CDKN2A intronic mutations with a view to improving
our understanding of the pathogenesis, and explain why the frequency of germ-

line coding mutations of the CDKN2A gene is lower than expected in melanoma-

prone families linked to chromosome 9p21.

The major locus for melanoma predisposition is the cell cycle
regulatory CDKN2A gene on chromosome 9p21. In the last two
decades we have gained much information on the melanoma-
predisposing coding mutations of the gene;'”” however, we
know much less about the role of its intronic mutations.>”’
The frequency of germline coding mutations of the CDKN2A
gene is lower than expected in melanoma-prone families linked
to chromosome 9p21; therefore identification and functional
characterization of the intronic variants may provide further
insight into the genetic determinants of malignant melanoma.
We report the detection and functional data on the possible
pathogenetic role of a rare intronic mutation of the CDKN2A
gene found in an extensive Hungarian family with familial
melanoma and atypical multiple mole (FAMMM) syndrome.

Patients and methods

Detailed analysis of the family tree revealed other types of
malignancies besides melanoma (Fig. 1). We recently detected
the IVS1+37 G/C heterozygote intronic mutation of the
CDKN2A gene in the above-mentioned Hungarian melanoma-

© 2012 The Authors
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prone family. Regarding the occurrence of atypical naevi
and/or melanoma in nearly all family members carrying the
IVS1+37 G/C mutation, along with the family history of man-
ifestation of other malignant tumours, we hypothesized that
the mutation may result in aberrant splicing and that the aber-
rant mRNA may play a pathogenetic role in the development
of melanoma. Unfortunately, the members of the melanoma-
prone Hungarian family declined to provide skin specimens to
facilitate the in vivo identification of the alternative CDKN2A
splice variants. We therefore conducted in vitro functional anal-
ysis to investigate whether the IVS1+37 G/C intronic mutation
had any effect on splicing regulation. Two minigenes were
constructed: one that harboured the wild-type and one that
harboured the mutant allele of CDKN2A (Fig. 2a).

For investigation of the effects of the mutation on splicing,
HeLa cells were transfected with the wild-type and mutant
minigenes. Transfection was carried out with the TurboFect
reagent (Fermentas, Vilnius, Lithuania), the cells were cultured
for 24 h and total RNA was isolated through the use of TRI
Foster City, CA,
U.S.A.). Reverse transcription was performed with the iScript

Reagent Solution (Applied Biosystems,
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prone Hungarian family and detection of the
IVS14+37 G/C CDKN2A intronic mutation.
Direct sequencing of the CDKN2A gene was
performed on specimens from seven members
of the family (I11/3, 11/5, 111/4, 111/6, IV/6,
IV/8 and IV/9) in branches B and C. Members
in branch A were not available for genetic
screening. Most of the family members
carrying the IVS1+37 G/C mutation developed

atypical naevi and/or melanoma. However,
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developed prostate carcinoma at a young age.
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Fig 2. In vitro minigene approach for studying the effects of the IVS1+37 G/C CDKN2A intronic mutation on splicing regulation. (a) Two regions
of the CDKN2A gene (Acc. No. AL449423.14; 5’ insert: nt 65456—64678 and 3” insert: nt 62359—61715) were amplified from the genomic DNA
of patient II/5, who carried the IVS1+37 G/C CDKN2A intronic mutation in a heterozygous form, and were cloned consequently into the pcDNA3

vector (Life Technologies, Carlsbad, CA, U.S.A.). The first insert of the minigene construct included a 38-nt sequence of exon la and a 741-nt

sequence of the downstream intron (wild-type and mutant versions), while the second insert consisted of a 410-nt sequence of intron 1 and a

236-nt sequence of exon 2. The entire length of the insert was 1424 nt, lacking a 2318-nt deep intronic sequence of the CDKN2A gene (Acc. No.

AL449423.14; nt 64677-62360). (b) Reverse transcription—polymerase chain reaction, in which the mRNA arising from the wild-type minigene

(wt) was compared with that from the mutant (mut), revealed a differential splicing pattern. (c) Sequence analysis demonstrated that the IVS1+37

G/C mutation resulted in the recognition of cryptic splice sites in intron 1 and thus a 120-nt extension of the mRNA product.

cDNA Synthesis Kit (BioRad, Hercules, CA, U.S.A.) and the
splice variants were detected with polymerase chain reaction
(PCR), T7 and Spé6 primers being used for the pcDNA3 vector:
in this way, the amplification of internal CDKN2A transcripts
could be avoided. PCR reactions were performed in GoTaq
Hot Start mix (Promega, Madison, WI, U.S.A.). The PCR prod-
ucts were run on 2% agarose gel and photographed, and the
bands were purified from the gel and sequenced (Fig. 2b).
Sequences were analysed with the BioEdit program (http://
www.mbio.ncsu.edu/BioEdit/ bioedit.html).

Results

The mutation is situated in intron 1 (IVS1+37 G/C) and has
so far been mentioned twice in case reports: in a FAMMM

pedigree and in a single patient with primary melanoma, both
from Italy,>® and summarized in a review paper by Orlow
et al.® In silico assays reported in one of these papers did not
reveal any predicted defects in mRNA processing caused by
the mutation and it was therefore qualified as a mutation of
unknown significance.

Our sequence analysis involving the comparison of the
mRNA arising from the wild-type and that from the mutant
minigene revealed a differential splicing pattern (Fig. 2b): the
shorter band corresponds to a 339-nt CDKN2A sequence as a
result of normal splicing, while the 459-nt upper band relates
to an extended alternative splice product formed by the add-
ition of a 120-nt sequence of intron 1 as an exon (Fig. 2c).
This result was identically obtained in three independent
transfection experiments on HeLa cells, suggesting that the

© 2012 The Authors
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in vitro minigene approach applied was suitable for studying
the effects of the identified intronic IVS1+37 G/C mutation

on splicing.

Discussion

Whether the aberrant mRNA is stable and translated or not,
our results indicate that it may play a pathogenetic role in
familial melanoma. If the aberrant mRNA were translated, the
inclusion of the cryptic exon would result in a frameshift and
an early stop codon would change the structure of the pl6
protein; if the aberrant mRNA were not stable, it would
reduce the quantity of functional p16 indirectly.

In conclusion, the segregation of the IVS1+37 G/C intronic
CDKN2A mutation with FAMMM in the extensive melanoma-
prone family and the results of our in vitro minigene experi-
ments suggest that this mutation may have a pathogenetic
role, most likely involving alteration of the splicing of the
CDKN2A primary mRNA. Besides CDKN2A coding mutations,
intronic mutations of the loci may contribute to melanoma
susceptibility and identification of these mutations would
facilitate our understanding of why the frequency of germ-
line coding mutations of the CDKN2A gene is lower than
expected in melanoma-prone families linked to chromosome
9p2l.

What’s already known about this topic?

e The major locus for melanoma predisposition is the
cell cycle regulatory CDKN2A gene on chromosome
9p21.

e However, the frequency of germline coding mutations
of the CDKN2A gene is
melanoma-prone families linked to chromosome 9p21.

lower than expected in

© 2012 The Authors
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What does this study add?

e We report the detection and functional data on the pos-
sible pathogenetic role of a rare IVS1+37 G/C intronic
mutation of the CDKN2A gene found in a Hungarian
melanoma-prone family.

e This mutation most likely involves alteration of the
splicing of the CDKN2A primary mRNA.
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1. Introduction

The authors present the case of a 33-year-old female patient who developed melanoma,
ductal adenocarcinoma of the breast and primary pancreas adenocarcinoma nearly
simultaneously, but independently of each other. Past medical history of the patient was
unremarkable, however, in her family history gastric, laryngeal and breast cancer was noted
on the paternal side. The occurrence of multiple primary tumours in a relatively young
individual, together with the family history of different malignancies, suggested that there
might be genetic predisposition to the development of multiple tumours. In this chapter we
present the case of the young female patient suffering from three independent primary
tumours and review current data on the germ-line mutations detected to date in the
CDKN2A gene, in view of the association not only with melanoma, but also with additional
malignant diseases, such as pancreas carcinoma and breast cancer.

2. Case presentation and review of the literature

2.1 Clinical observations and management

The 33-year-old female patient presented with a lesion which had the clinical appearance of
a verrucous pigmented nevus on the left lower back for the preceeding 2 years. Histology of
the excised lesion showed a pT2b stage malignant melanoma consisting of exulcerated
nodular (Fig. 1a) and superficial (Fig. 1b) areas with 1.524 mm Breslow’s thickness and
Clark’s level II-III. Based on the above results, reexcision and sentinel lymph node biopsy
were performed. Histological examination of the sentinel lymph nodes from the left axillary
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and left inguinal regions did not reveal any metastases. Staging investigations - chest x-ray,
ultrasound scan of the abdomen, pelvis, left axillary and left inguinal regions - did not find
any regional lymph node or internal organ involvement. Results of laboratory tests,
including serum lactate dehydrogenase levels, were all normal. The patient received low
dose (3 MIU - 3 times a week sc.) interferon-a 2a treatment for one year.

Fig. 1. Histology of primary malignant melanoma. Hematoxylin-eosin staining of the
excised lesion revealed its combined nature having nodular (a) and superficial (b) parts.

im

'% A

Fig. 2. Histology and immunohistochemistry of the breast adenocarcinoma. The marked
nuclear polymorphism, lack of tubular forming and high number of mitoses indicated the
diagnosis of ductal adenocarcinoma (a). Two of the excised 14 lymph nodes proved to have
metastases with capsular invasion (b). HMF-G staining indicated a poorly differentiated
breast adenocarcinoma (c).

www.intechopen.com
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Fifteen months after the completion of interferon treatment, the patient noted a firm nodule
in the lateral area of the left breast which was biopsied. Histological examination revealed
four foci of Grade III invasive ductal adenocarcinoma (Fig. 2a). Grading was based on the
marked nuclear polymorphism, lack of tubular forming and high number of mitoses. In
view of the multifocal malignant enhancement seen on the MRI and the histology report of
the core biopsy, the patient underwent left mastectomy with radical left axillary lymph node
dissection. Metastases infiltrating the capsule were found in 2 out of the 14 lymph nodes
examined (Fig. 2b).

With regards to the diagnosis of breast cancer, PET CT was performed in order to exclude
dissemination. The PET CT suggested the presence of a malignant lesion in the region of the
pancreas. Abdominal MRI revealed a neoplasm of 2 cm in diameter in the caudal part of the
pancreas (Fig. 3a). Laboratory investigations showed elevated CA 19-9 and serum amylase
levels. On explorative laparotomy, an irresectable tumour mass involving the pancreas, liver
and the regional lymph nodes was found. The tumour was biopsied and was initially
described as metastatic adenocarcinoma (Fig. 3b). However, further immunohistochemical
(CK20 and CK7) and mucin staining (MUC5AC) of the specimens from the breast (Fig. 2c)
and abdominal mass (Fig. 3c), clearly differentiated two tumours: 1. poorly differentiated
[CK7+/CK20-/MUC5AC-] breast adenocarcinoma, 2. moderately differentiated
[CK7+/CK20+/MUC5AC+]) pancreas adenocarcinoma. This verified the gastrointestinal
origin of the primary tumour i.e. the abdominal mass originated from the primary pancreas
adenocarcinoma.

Fig. 3. Diagnosis of pancreas adenocarcinoma. Abdominal MRI showed a neoplasm in the
caudal part of the pancreas (a). Hematoxylin-eosin staining indicated the malignant nature
of the excised tumour (b). CK-20 immunohistochemistry indicated a moderately
differentiated metastatic adenocarcinoma with globular components in the pancreas (c).
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With regards to the case of multiple primary tumours, the patient received gemcitabine plus
cisplatin combined chemotherapy. Repeated laparotomy performed on follow up after the
treatment course noted complete regression of the previously detected primary tumours
and tumour-free abdominal organs. Subsequently, the results of all re-staging investigations
were negative and tumour markers returned to the normal range.

2.2 Genetic investigations

During the course of the patient’s treatment, her family history for tumours was
investigated. She reported that her father was suffering from gastric and laryngeal
carcinoma and that her father’s sister had died from breast cancer at a young age several
decades ago. (Fig. 4a). We therefore set out to perform genetic investigations and check
whether there are any cancer predisposing factors, causing the high prevalence of
simultaneously appearing independent primary malignancies in the patient and in her
family. The blood samples used in this study were taken after written informed consent of
the patient and family members. The protocol was approved by the Local Ethics Committee
in adherence to the Helsinki guidelines. Two ml of venous blood was taken, genomic DNA
was isolated using the QIAmp DNA Blood Mini Kit (Qiagen, Hilden, Germany) and exons
1a, 1B, 2 and 3 of the CDKN2A gene were amplified with the Resequencing Amplicon probe
system (http:/ /www.ncbi.nlm.nih.gov/genome/ probe/reports/probereport; probe IDs:
RSA001284450, RSA000045423, RSA000942236, RSA000942233). The PCR products were
purified using the Quantum Prep PCR Kleen Spin Columns (Bio-Rad, Hercules, CA, USA).
The genetic analysis revealed that the patient and her father both carried the R24P CDKN2A
mutation in a heterozygote form (Fig. 4b). The mutation is located in exon 1a, therefore only
the p16!INK4a transcript variant is affected (Fig. 4c).

Patients /2 and 1111

GG

plgis GIC heterozygote
= — i ..'— ‘ 1 .'J'I CGG)CC-G
j . Arg=Pro
RIAA R24F

Fig. 4. Genetic analysis of the patient and her family. The 33-year-old female patient (II/1,
melanoma, breast and pancreas carcinoma), her father (I/2; gastric and laryngeal carcinoma)
and her mother (I/3; without any malignant diseases) were investigated. The father’s sister
(I/1) had died from breast cancer at a young age several decades ago, therefore her genetic
investigation could not be performed (a). Sequence analysis revealed that probands I/2 and
II/1 carried a missense mutation (G/C) in exon 1a of the CDKN2A gene (b), causing an
arginine to proline amino acid change in codon 24 (R24P) affecting only the p16NK4a
transcript variant (c).
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Because of the occurrence of breast adenocarcinoma in our patient’s medical history, it was
also tested whether she carried mutations in the BRCA1 and BRCA2 genes. The 15 most
commonly occurring (so-called “hot spot”) BRCA mutations were studied (Table 1), but
according to the sequencing data, none of them could be detected in the case of the female
patient. After having received these data, we did not perform the BRCA1 and BRCA2
examinations on the genetic material of her father.

Based on these results, we hypothesize that the detected R24P mutation of the CDKN2A
gene may be responsible for the melanoma and pancreas carcinoma of the 33-year-old
female patient. At the same time, it may have contributed to the genetic predisposition for
the breast cancer of our patient and her late aunt, as well as to the gastric and laryngeal
carcinoma of her father. In the coming chapter we review current literature data about the
possible breast cancer predisposing nature of CDKN2A mutations in general and the R24P
mutation in particular.

2.3 The R24P mutation of CDKN2A has been worldwide implicated as a melanoma-
predisposing genetic factor

The R24P germline mutation of the CDKN2A gene was first described by Australian
authors. Holland et al. (Holland et al., 1995) reported on a survey performed on 17
melanoma-prone families in 1995 and they identified this mutation in one of the studied
families. Since that time many independent studies proved the melanoma-predisposing
nature of this mutation being one of the most widespread among the so-far identified
disease-associated mutations of the CDKN2A gene. Soon after the first detection, the R24P
mutation was also identified in US melanoma-prone families as early as in 1998 (Monzon et
al,, 1998) and its function was also assessed by yeast two-hybrid assay. According to the
results, the R24P missense mutation almost completely abrogates the binding activity of the
protein, thus explaining the disease-predisposing nature of the mutation. Following the
“New World” publications of the R24P mutation, authors also reported it in European
melanoma-prone families: it was reported in 1998 in the UK (MacKie et al., 1998) in the case
of a relatively young (y31) male patient with multiple primary melanomas and in the case of
two unrelated melanoma-prone kindreds in France (Soufir et al., 1998). This is why review
papers from the mid-2000s refer to the R24P mutation as one of the most widespread
CDKN2A mutations in the World, contributing to the genetic predisposition to familial, as
well as multiple primary melanoma. To our best knowledge, ours is the first report on the
identification of the R24P mutation in a Central-European family.

Taken together, the above summary well reflects that the R24P CDKN2A mutation is a
relatively frequent one all over the World. Whether it is an ancient founder mutation that
was spread to many geographical locale in the past, or independent mutation events
happened, would be interesting to investigate (Table 2). There have been already very good
examples provided where similar intriguing questions were addressed. Hashemi et al.
(Hashemi et al., 2001) demonstrated that the 113insR CDKN2A mutation found only in
Southern Scandinavia is a founder mutation that arose approximately 98 generations ago.
Similarly, the G101W mutation that is frequent in Northern Italy, Southern Germany and
France, is also a founder mutation that arose approximately 97 generations ago (Ciotti et al.,
2000). Although the mutations appeared around the same time, the latter one is spread
worldwide, while the Scandinavian 113insR could not be so far identified in any other
geographical locale apart from Sweden. In view of these findings, it would also be very
interesting to perform the haplotype mapping of R24P carrier patients to figure out whether
it is also a founder mutation and if so, when it occurred in the past.
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Gene and Mutation

Primers

BRCA1 3135delCATT

TCTGGGTCCTTAAAGAAACAAAGTC

ACTTGGAATGTTCTCATTTCCC

BRCA1 3153delAG

CATCTCAGTTCAGAGGCAACG

TGCATGACTACTTCCCATAGGC

BRCA1 3875delGTCT

TCACCCATACACATTTGGCTC

AATCCATGCTTTGCTICTTCTTG

BRCA1 4184delTCAA

CGTTGCTACCGAGTGTCTGTC

GACGTCCTAGCTGTGTGAAGG

BRCA1 185delAG

GGTTGGCAGCAATATGTGAAA

TGCAGAACCAATCAAGACAGA

BRCA1 300T>G

GGCTCTTAAGGGCAGTTGTG

AGAAAGGCAGTAAGTTTCTAATACCTG

BRCA1 1294del40

TGTAATGATAGGCGGACTCCC

CTCAGGATGAAGGCCTGATG

BRCA1 2382GT

GACATGACAGCGATACTTTCCC

TGTTGCACATTCCTCTTCTGC

BRCA1 5382insC

GTGTCTGCTCCACTTCCATTG

CGAGACGGGAATCCAAATTAC

BRCA2 6079delAGTT, 6174delT,
6274delT

GTTGTTACGAGGCATTGGATG

GGAAACTTGCTTTCCACTTGC

BRCA2 8034insAG

TATGGCAGATTTAGCAGGAGG

TCGAGAGACAGTTAAGAGAAGAAAGA

BRCA2 8138delCCTTT

CTGGCCTCAAGCAATCCTC

TTGACATGGAAGTCACAGACTACAC

BRCA2 9326insA

TCCACTACTAATGCCCACAAAG

CACCTCAGAACAAGATGGCTG

Table 1. Hotspot mutations of the BRCA1 and BRCA?2 genes and the primers used for the
amplification of the surrounding gene regions.

Cancer-prone families identified to carry the R24P CDKN2A mutation

Cancer types .detected in the Geographic locale Authors Da'te of
pedigrees publication
Melanoma Australia Holland et al. 1995.
Melanoma Canada Monzon et al 1998.
Melanoma France Soufir et al. 1998.
Melanoma UK. Mackie et al. 1998.

Sarcoma
Melanoma*
Cancer of the esophagus*
Pancreas carcinoma* North America
Carcinoma of the mouth and throat* Lynch et al. 2002.
Colon carcinoma*
Lung carcinoma*
Cancer of the gallbladder*®
Breast carcinoma*
Blg/c[lzl:?g;?ier Italy Landi et al. 2004.

* The mutation was not identified in the late carcinoma patients but in a descendant with sarcoma.

Table 2. Publications on the R24P CDKN2A mutation and cancer types detected in the R24P

families.
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2.4 CDKN2A germline mutations in multiple primary malignancies

The idea that CDKN2A mutations may contribute to the predisposition of other primary
malignancies beside melanoma came early in the middle of 90s, right after the identification
of the gene’s role in melanoma predisposition. Monzon et al. (Monzon et al., 1998)
performed epidemiology and genetic studies on multiple primary melanoma cases and
melanoma cases associated with multi-organ primary malignancies. They found that about 5
percent of patients have one or more additional primary lesions. This higher-than-expected
prevalence of multiple primary melanomas may be due to excessive sun exposure, but
according to the authors, genetic basis may also lay behind the phenomena. As supporting
data, Monzon et al. claimed that patients with multiple primary melanomas very often have
a family history of the disease. From epidemiology studies it was already known at that
time that approximately 10 percent of melanoma cases have family background, which
suggested genetic predisposition. Moreover, in 20 percent of the familial melanoma cases
CDKN2A mutations could also be detected. The authors also claimed that in such families
pancreas cancer also has a higher prevalence (Monzon et al., 1998).

The first in-depth analysis of this topic was reported in 1995 (Goldstein et al., 1995) by
Goldstein and colleagues who compared the prevalence of other tumours in melanoma-
prone families harboring or not harboring CDKN2A mutations. According to their analysis,
CDKN2A mutation-harbouring melanoma-prone families have a 13-fold increased risk to
develop pancreas cancer compared to those who do not carry such mutations. There was
only one breast cancer patient mentioned in the paper who carried a mutant CDKN2A
allele, while no breast cancer case could be detected in the group of melanoma-prone
families with wild type CDKN2A alleles. The authors cited previous contrasting data
demonstrating that the incidence of other types of cancers in melanoma-prone families in
the US is not increased (Bohn et al., 2010). Moreover, another workgroup in the 80s
suggested that patients with familial melanoma even had fewer other types of cancers than
those suffering from sporadic melanoma (Kopf et al., 1986). These early data had been
overwritten since and it is mainly due to the combined in-depth epidemiological and genetic
studies performed within this special group of melanoma patients in the last 20 years.

As CDKN2A mutation studies became more and more intensive with the enrolment of
centres from all over the world from Australia to the US through Europe, not only the
genetic predisposition of familial melanoma but also its co-morbidities became recognized.
This is a bright example of how genetic examinations can inspire epidemiological studies
and shed light to connections of different diseases and their common predisposing factors.
With reviewing several relevant papers we aim to demonstrate the above notion.

As early as 1999, Ghiorzo et al. (Ghiorzo et al., 1999) reported that the most prevalent
malanoma-predisposing mutation of the Mediterranian, the G101W, was associated not
only with a higher incidence of pancreatic malignancies, but also with breast cancer. In
contrast, melanoma-prone families from the same geographical locale without CDKN2A
mutations did not exhibit any non-melanoma neoplasias. The authors emphasized that the
clinical-epidemiological study was conducted in a small geographical region where the
sun and other types of environmental exposures of the individuals were approximately
the same, therefore, differences of environmental factors could not account for the
differential appearance of disease phenotypes. The authors therefore suggested that
determining the underlying CDKN2A mutation in melanoma-prone families may have
important implications not only for melanoma but also for further non-melanoma risk
assessments.
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In 2002, Lynch et al (Lynch et al., 2002) published the results of a survey where they aimed
to elucidate the genetic background of the so-called FAMMM-pancreas carcinoma
syndrome. They reported that their familial pancreas carcinoma database comprises of 159
families, of which 19 (12%) showed the FAMMM cutaneous phenotype. Lynch and co-
workers studied the family tree, the history and the genetic background of eight families in
detail. Most of the families had five-generation history of cancer where pancreas carcinoma
predominated, but many other types of cancers were also prominent. A female patient of
one of the families exhibited very similar multiple primary tumours as our 33-year-old
patient: she had melanoma malignum, pancreas carcinoma and breast cancer with an onset
at the age of 51, 56 and 61, respectively. Although the two patients exhibited a very similar
pattern of tumours, there are two striking differences. The patient in the US study was
already over the age 50 when her “march” of diseases started, while the Hungarian patient
we are reporting now was only at the beginning of her 30s when the multiple primary
tumours started. The other difference is that in the case of the Hungarian patient a
melanoma-predisposing CDKN2A mutation could be detected, while in the case of the US
female patient no such mutation was apparent. At the same time, Lynch et al. could also
detect the previously described R24P mutation in another family of the study. In that
extended family, a broad spectrum of cancers was apparent with the dominancy of pancreas
carcinoma and malignant melanoma. In the case of a female family member, breast
carcinoma was detected at her age of 60, but there was no report on any other malignancies.
Whether she had any other predisposing genetic factors (eg BRCA1 or BRCA2 mutations) or
her case was considered as a sporadic one is not discussed in the paper. Lynch et al. drew
the conclusion that the cancer spectrum of the studied families in concert with CDKN2A
mutations suggest a new putative hereditary carcinoma syndrome referred to as FAMMM-
PC. The big variety of other types of cancers they demonstrated in the eight studied families
raise the possibility that the predisposing CDKN2A mutations may contribute not only to
FAMMM and PC but also to other types of malignancies, too. In this respect the case we
present in this paper is also a supporting one to confirm the notion of Lynch et al.

Since Lynch and co-workers provided the first genetic study in FAMMM-PC syndrome
(Lynch et al., 2002), the existence of such an entity became widely accepted and recent
papers from various geographical locale were published in this topic. Bartsch and co-
workers performed a survey in German pancreas cancer-prone families. Out of 110 such
families, they identified 18 in which both melanoma and pancreas cancer occurred. The 18
families could be divided into two subgroups: five families with FAMMMS-PC syndrome
and 13 PC/melanoma families without the multiple mole phenotype (PCMS families). The
authors found that the co-occurrance of pancreas carcinoma and melanoma was similar in
the two subgroups; however, the prevalence of other tumour types, especially breast
carcinoma was significantly higher in the latter group. Bartsch et al. checked CDKN2A
germline mutations and mutations of genes contributing to breast cancer susceptibility.
They identified CDKN2A mutations in 2 of the PCMS families but they could not identify
any breast cancer susceptibility ones, only a co-segregating BRCA2 variant in a PCMS
family without breast cancer. The conclusion they drew from the above was that families
with an accumulation of pancreas cancer and melanoma show a large variety of phenotypic
expression. Finally, the authors warn that more PC/melanoma families need to be analysed
to clarify whether they represent a variation of the FAMMM-PC syndrome or there are two
distinct hereditary cancer syndromes. The case we present in this paper may be considered
as a reflection to their call since the family we studied does not show the multiple mole
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phenotype. It may be classified as a PCMS family with an apparent CDKN2A mutation that
is responsible for the malignant melanoma and pancreas carcinoma and possibly also
contributing to breast carcinoma.

In an extended study performed in Southern Scandinavia, Borg et al. (Borg et al., 2000)
found that patients carrying the 113insArg melanoma-predisposing founder mutation,
pancreas carcinoma and as the second most frequent malignancy, breast carcinoma can also
be frequently detected. The authors studied nine 113insArg mutation-carrying families and
42 CDKN2A mutation-free melanoma-prone families. The incidence of multiple primary
malignancies was significantly higher in 113insArg families compared to those free of any
genetic alteration in the CDKN2A gene. Borg et al. therefore claimed that the CDKN2A
113insArg mutation carriers have an increased risk not only to malignant melanoma but
also to pancreas and breast cancer.

Prowse et al. presented a very elegant work in 2003 (Prowse et al., 2003) with an approach
from the opposite direction. They studied BRCA1 and BRCA2 mutation-free breast cancer-
prone families presenting multiple cases of early onset breast cancer and tried to find out
what type of other gene mutations could predispose them to develop the disease. According
to their estimation, only one third of breast cancer-prone families carry either BRCA1 or
BRCA2 mutations, therefore other candidate genes contributing to disease predisposition
must also be considered. The fact that eight families out of the 31 reported multiple cases of
pancreas cancer and malignant melanoma prompted the authors to study the CDKN2A
gene in detail. In one of the studied families, a novel COKN2A mutation was identified: the
IVS1-1G>C intronic mutation. The nucleotide substitution occurs at a highly conserved base
in the 3" splice junction of intron 1, thus both p16INK4a and p14ARF transcript variants are
affected. The authors performed a functional analysis to prove that the mutation indeed
causes the emergence of an aberrant splice variant. Owing to the fact that two proteins
playing pivotal role in cell cycle regulation are affected by the same mutation, it is plausible
to hypothesize that it may be of key importance in predisposition to various forms of
malignancies.

Up to this point rare mutations of the CDKN2A gene were discussed in relation to
predisposition to melanoma and other malignant diseases. However, a Polish workgroup
also provided data on a relatively common variation of the same gene, the A148T
polymorphism also contributed to disease pathogenesis. Debniak and co-workers (Debniak
et al., 2005b) first showed that the A148T variant having a 3% allele frequency in the general
Polish population was a melanoma-predisposing factor with an odds ratio of 2.5. Next they
studied whether the same variant exhibits breast-cancer-predisposing nature too and found
that the odds ratio associated with the CDKN2A allele for women diagnosed with breast
cancer before the age of 50 was 1.5 and after the age of 50 it was 1.3. The effect was the
strongest for women diagnosed at or before the age of 30 (Debniak et al., 2005a), suggesting
a role of the A148T polymorphism in breast cancer predisposition. As a next step, the
workgroup performed a population-based study where they compared the genotypes and
the allele frequency of the A148T polymorphism in the group of 3,583 unselected cancer
cases and 3,000 random controls. They found a positive association between the A148T
variant and lung cancer and colorectal cancer with odds ratios of 2.0 and 1.5, respectively.
The authors concluded that the A148T variant of the CDKN2A gene may contribute to
multi-organ cancer risk (Debniak et al., 2006). How this variant reveals its disease-
predisposing effect is still unclear. It has been demonstrated that the A148T allele did not
have a major effect on the protein function (Ranade et al., 1995; Lilischkis et al., 1996);
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however, according to Debniak and co-workers (Debniak et al., 2005a) we can not exclude
the possibility that it subtly affects pl6INK4a function or reduces its level of expression.
Moreover, they could demonstrate that the A148T variant is in strong linkage
disequilibrium with a promoter polymorphism of the CDKN2A gene, the P493 variant
(Debniak et al, 2005b). Taken together, the Polish workgroup provided a very
demonstrative set of data suggesting that beside the rare variants with high penetrance, a
relatively common low-penetrance CDKN2A variant may also contribute to the
pathogenesis of various cancer types. These findings may gain importance in the discovery
of the pathogenesis of both familial and sporadic cancers.

The melanoma-predisposing nature of the A148T CDKN2A polymorphism have so far been
most extensively studied in the Polish population, but sporadic data on the same variant
exist in other populations. For example, Nagore and co-workers (Nagore et al., 2009)
reported on the identification of two women in the Spanish population carrying the same
A148T CDKN2A polymorphism and one of them having a hereditary breast/ovarian cancer
family pedigree. At the same time, the authors claim that they could not find a significant
difference in the allele frequency of the A148T variant in the general Spanish population and
the studied breast cancer/melanoma patients” population. Nagore et al. could identify two
more CDKN2A mutations in their study population: the V59G and the A85T, both of them
frequently occurring in women suffering from both malignant melanoma and breast
carcinoma. As a conclusion, the authors claim that because CDKN2A mutations are
infrequent in female patients with melanoma and breast cancer, other deleterious variants
such as mutations in BRCA1, BRCA2, TP53 must be studied in these types of patients’
groups.

The above notion of Nagore et al. was confirmed by Monnerat and co-workers (Monnerat et
al., 2007) who studied BRCA1, BRCA2, TP53 and CDKN2A genes in a group of female
patients presenting both melanoma and breast cancer. The authors found that patients with
a positive family history of both of these malignancies often carry variants of the
aformentioned genes with a higher frequency than those without a family history. This
study and all the above cited ones prompt us to draw two important conclusions: the co-
occurrence of primary multi-organ malignancies are very often genetically determined but
to reveal the exact pattern of genetic variants (the combination of high- and low-risk
susceptibility factors), a well-defined set of genes must be studied in detail in large cohorts
of patients. At the same time, we believe that single cases, for instance the one we present in
this report, may add valuable data to the topic.

Until the mid-2000s, there was no opportunity to study the co-morbidities of familial
melanoma in large cohorts of patients. The international GenoMEL Consortium, however,
made it possible to perform large scale surveys in this topic and several hundreds of
melanoma-prone families could be investigated both for their genetic predisposition and for
their co-existing malignancies. Goldstein and the co-workers (Goldstein et al., 2007) of the
GenoMEL Consortium published the results of their large scale survey in 2006. They studied
385 melanoma-prone families and out of them 39% carried one of the melanoma-
predisposing CDKN2A mutations. The lowest ratio of such mutation carriers was identified
in Australia, where the incidence of sporadic melanoma is higher than that of in Europe and
in North America. This difference is also reflected in the relationship between pancreas
cancer and CDKN2A mutations: while within the European and North American
melanoma-prone families a clear connection could be identified between the mutation
carrier status and pancreas carcinoma, no such relationship could be discovered in the
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Australian patients. The authors hypothesize that the lack of pancreas cancer-CDKN2A
mutation relationship in Australia reflects the divergent spectrum of CDKN2A mutations
detected in Australian melanoma-prone families versus those from North America and
Europe. In a follow-up paper (Goldstein et al., 2006), the authors extended their survey to
neural system tumours and to uveal melanoma but found no association between CDKN2A
mutations and these two malignancies either.

3. Conclusion

In this paper we presented the case of a 33-year-old female patient with the occurrence of
three primary multi-organ malignancies, malignant melanoma, pancreas and breast
carcinoma within a short period of time. The family history of the patient prompted us to
perform a genetic study and we identified the melanoma-predisposing R24P CDKN2A
germline mutation in her case as well as in her father, suffering from gastric and laryngeal
carcinomas. Since the late aunt of the young female patient died of breast cancer at the age
of her 20s several decades ago, we also surveyed the patient for the presence of BRCA1 and
BRCA?2 hotspot mutations but found no alterations in her case. Although we can not exclude
the possibility that other predisposing gene variants may have contributed to the breast
cancer of the patient, we suggest that the disclosed R24P CDKN2A mutation may have
played a key role in the pathogenesis of her multi-organ primary malignancies.

Surveying the relevant literature clearly revealed that CDKN2A germline mutations are
highly accepted as predisposing genetic factors for patients who suffer from co-existing
pancreas carcinoma and malignant melanoma. However, no such consensus exists for the
association of CDKN2A germline variants and the primary multiple occurrence of
melanoma malignum and breast cancer. Studies performed in relatively small cohorts of
patients resulted in contradictory data: some of them supporting while others rejecting the
notion of the breast cancer-predisposing nature of CDKN2A germline mutations. To resolve
this problem, extended studies on a wide range of low- and high-penetrance genetic
predisposing factors must be examined on a multicentric base. We believe that single cases
such as the one we presented in this paper may contribute to the understanding of the role
of genetic susceptibility and environmental factors in the pathogenesis of multiple primary
malignancies.
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Neonatal Blue Light Phototherapy and Melanocytic

Nevi: A Twin Study

WHAT’S KNOWN ON THIS SUBJECT: Neonatal blue light \
phototherapy is an essential therapeutic tool in the management of
neonatal jaundice to reduce the plasma concentration of bilirubin.
Only a few and controversial data are available as to how blue light
phototherapy influences melanocytic nevus development.

WHAT THIS STUDY ADDS: This is the first survey in the literature
that allows the precise investigation of the impact of blue light
phototherapy on cutaneous and uveal melanocytic nevus
development with its possible genetic aspects in a homogenous
study population of twins. j

BACKGROUND: Neonatal blue light phototherapy (NBLP) has been
widely and successfully used for the treatment of neonatal jaundice to
reduce the plasma concentration of hilirubin and, hence, to prevent
kernicterus. Only a few and controversial data are available in the
literature as to how NBLP influences melanocytic nevus development.

OBJECTIVE: Our goal was to conduct atwin study with the aim of better
understanding the role of NBLP in melanocytic nevus development. We
also investigated the roles of other environmental and constitutional
factors in nevus formation.

METHODS: Fifty-nine monozygotic and dizygotic twins were included in
this cross-sectional study. One of the twin members received NBLP, and
the other did not. A whole-body skin examination was performed to
determine the density of melanocytic skin lesions. The prevalence of
benign pigmented uveal lesions was evaluated during a detailed oph-
thalmologic examination. A standardized questionnaire was used to
assess data relating to constitutional, sun-exposure, and other vari-
ables. To search for possible gene-environmental interactions involved
in the appearance of pigmented lesions, the melanocortin 1 receptor
variants and the 1439V polymorphism of histidine ammonia-lyase genes
were also determined in the enrolled twins.

RESULTS: NBLP was associated with a significantly higher prevalence
of both cutaneous and uveal melanocytic lesions. No association was
found between the examined gene polymorphisms and the number of
pigmented alterations in the examined study group.

CONCLUSIONS: Our data suggest that NBLP could well be a risk factor for
melanocytic nevus development. Phototherapy with blue-light lamps is a
standard and essential therapeutic modality in neonatal care; therefore,
additional in vivo and in vitro studies are necessary to establish its poten-

tial long-term adverse effects. Pediatrics 2011;128:e856—e864
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The number of people with large num-
bers of common (CMN) and clinically
atypical (CAMN) melanocytic nevi has
recently been continuously increas-
ing.! Numerous epidemiologic studies
have revealed that the number of cuta-
neous nevi is affected by different con-
stitutional, environmental, hormonal,
and genetic factors.2” However, there
are only a few reports on endogenous
and exogenous factors that influence
the development of benign pigmented
uveal lesions (BPULS). The presence of
large numbers of CMN and CAMN is a
well-established independent pheno-
typic marker of a highly increased risk
of the development of both cutaneous
and uveal malignant melanoma 16
and the identification of any additional
factor that might contribute to nevus
formation is therefore of great impor-
tance. We previously investigated the
prevalence of melanocytic nevi and as-
sociated factors in a large study popu-
lation of adolescents and young adults,
and we found that neonatal blue light
phototherapy (NBLP) was associated
with a significantly higher prevalence
of CAMN.17.18

NBLP is an essential therapeutic tool in
the management of neonatal jaundice
to reduce the plasma concentration of
bilirubin and hence to prevent ker-
nicterus.'2' Its potential acute, short-
term adverse effects are well known
and can be adequately treated in neo-
natal practice. Much less is known on
its long-term adverse effects. Of these,
only a few and controversial data are
available as to how NBLP influences
melanocytic nevus development,22-24
and there is a lack of surveys in the
literature as concerns pigmented ocu-
lar alterations in such patients.

On the basis of our previous results, our
goal was to conduct a twins study with
the aim of a better understanding of the
role of NBLP in melanocytic nevus devel-
opment. We also investigated the roles of
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other environmental and constitutional
factors in nevus formation.

To understand the complex nature of
melanocytic nevus development, it is of
pivotal interest to investigate the gene-
environment interactions that cause
this melanoma-predisposing condi-
tion. It is well established that variants
of the melanocortin 1 receptor (MG1R)
gene are associated with the combina-
tion of red hair, freckling, and sun sen-
sitivity.2-2" Histidase, encoded by the
HAL (histidine ammonia-lyase) gene,
catabolizes the amino acid L-histidine
to trans-urocanic acid (trans-UCA);
then, on UV-B induction, trans-UCA pho-
toisomerizes to ¢is-UCA, which plays a
basic role in UV-induced immunosup-
pression. -0 |t has recently been dem-
onstrateds' that the interaction of sun-
burn with the 1439V polymorphism of
HAL is associated with nonmelanoma
skin cancers such as basal cell car-
cinoma and squamous cell carci-
noma. To search for possible gene-
environmental interactions involved
in the appearance of pigmented le-
sions, we determined the MC1R vari-
ants and the 1439V polymorphism of
HAL in the enrolled twins.

METHODS

Patients

Fifty-eight pairs of twins and 1 set of
triplets of white origin, aged 3 to 30
years, were included in our study,
which was performed between Janu-
ary 5, 2008, and April 12, 2008, in the
Department of Dermatology and Aller-
gology at the University of Szeged
(Szeged, Hungary). The distribution of
the participating twin pairs was as fol-
lows: 15 monozygotic pairs (7 female
and 8 male pairs), 11 dizygotic female
pairs, 11 dizygotic male pairs, 21 dizy-
gotic pairs of different genders, and 1
dizygotic female triplet. After approval
and permission had been obtained
from the institutional review board of
Albert Szent-Gyorgyi Medidal Center at
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the University of Szeged, all the partic-
ipants or their parents gave their writ-
ten consent before the start of the sur-
vey. As we put special emphasis on the
investigation of the effect of NBLP on
nevus development, we enrolled mo-
nozygotic and dizygotic twin pairs,
where 1 of the twins had received pho-
totherapy for neonatal jaundice and
the other had not. Data relating to the
neonatal history of the subjects (pre-
maturity, icterus, and NBLP) were ob-
tained from the official neonatal medi-
cal charts.

The study was based on 4 major ele-
ments: a clinical skin examination, a
standardized questionnaire, an oph-
thalmologic examination, and DNA
sampling. Neither the dermatologists
northe ophthalmologist knew whether
the investigated subjects had received
NBLP.

Skin Examinations

All twin pairs underwent a whole-
body skin examination, excluding the
scalp and the anogenital area. Mela-
nocytic nevi were counted as in the
standardized international protocol
according to English et al.’? Pig-
mented lesions with the morphologic
features of CMN, CAMN, congenital
melanocytic nevi, blue nevi, Spitz
nevi, nevi spili, halo nevi, lentigines,
and café-au-lait macules were
counted separately, and the pres-
ence of freckles was also recorded in
each subject.

Interview

After the clinical skin examinations, a
standardized questionnaire was com-
pleted by all the participants or the
accompanying parents. The question-
naire sought information on sunbath-
ing habits, sun protection methods,
other sun-exposure variables, and a
family history of a large number of
melanocytic nevi, melanoma, or non-
melanoma skin cancers. Pigmentary
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traits such as eye color, hair color,
skin color, and skin phototype were
evaluated in each subject. Skin photo-
type was assessed on the Fitzpatrick
scale, which is based on a person’s re-
action to 30 minutes of midday sun-
light for the first time in the summer (I
= always burns, never tans; Il = al-
ways burns, sometimes tans; lll =
sometimes burns, always tans; IV =
never burns, always tans). Skin color
was described on a 3-grade scale
(dark, medium, or fair).

Ophthalmologic Examination

Detailed ophthalmologic examinations
were conducted, including slit-lamp bio-
microscopic examination of the anterior
segment without dilation of the pupil (us-
ing the Inami L-0189 slit-lamp, Inami &
Co. Ltd., Tokyo, Japan) and applanation
tonometry (using the Inami L-5130 appla-
nation tonometer, Inami & Co. Ltd., To-
kyo, Japan). Gomplete indirect ophthal-
moscopic examinations of the fundi
were performed after maximal dilation
of the pupil with cyclopentolate 0.5%, us-
ing the Heine Omega 100 (Heine Opto-
technik GmbH & Co. KG., Herrsching, Ger-
many) indirect ophthalmoscope.

For all participants, a standardized
form was used to record the iris color,
the presence and location of conjunc-
tival nevi, the numbers and distribu-
tion of iris freckles (IF), iris nevi (IN),
choroidal nevi (CHN), or any pigmented
lesions of other ocular structures. Le-
sions identified were defined accord-
ing to the Shields system of classifica-
tion3¥ Exclusion criteria were (1)
media opacity that precluded examina-
tion of the choroid, (2) iris heterochro-
mia, (3) disorders or medication that
could alter the iris color (eg, iris neo-
vascularization, anamnestic uveitis or
ocular injury, the use of prostaglandin
analogue eye drops), and (4) ocular or
oculodermal melanocytosis or neuro-
fibromatosis as known factors predis-
posing to ocular nevus formation.
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TABLE 1 Prevalence of Common and Clinically Atypical Melanocytic Nevi According to Age Groups

Among Twin Pairs

Age No.of  Median No. of CMN  Median No. of CAMN  Median No. of Melanocytic
Subjects (Lower, Upper (Lower, Upper Nevi (CMN + CAMN)
Quartile) Quartile) (Lower, Upper Quartile)
Monozygotic twin pairs
(n=30)
36y 4 1(0.5-2) 0(0-0) 1(0.5-2)
7-10y 6 3.5 (3-6) 0(0-0) 4 (3-6)
11-14y 8 12.5 (8.5-26.5) 2.5 (0-3.5) 15 (10-28.5)
15-18y 2 3(3-7) 0(0-1) 4 (3-7)
19-22y 2 11.5 (11-12) 0.5 (0-1) 12 (11-13)
23-26y 6 12 (9-21) 1(0-3) 14 (9-22)
271-30y 2 7.5 (3-12) 8 (3-13) 15.5 (6-25)
Dizygotic twin pairs
(n=289)
36y 18 2 (1-4) 0(0-0) 2 (1-4)
7-10y 20 9 (5.5-135) 0(0-1) 9 (6-14.5)
11-14y 14 6 (3-9) 1(0-2) 7 (4-10)
15-18y 11 1(10-23) 3(1-9) 2 (12-33)
19-22y 12 22.5 (6.5-34) 2.5 (0.5-95) 25.5 (6.5-40)
23-26y 6 17 (8-34) 2(0-2) 19 (9-36)
271-30y 8 29.5 (13.5-35) 1(0-3.5) 30.5 (15.5-36.5)

Determination of MC1R Gene
Variants and the 1439V
Polymorphism of the HAL Gene

Genomic DNA was isolated from oral
sputum sample of monozygotic and dizy-
gotic twin pairs and triplets using BioRo-
bot EZ1 and Qiagen EZ1 DNA Investigator
Kit (Qiagen, Hilden, Germany). Determi-
nation of MC1R gene variants were per-
formed by using the full-length sequenc-
ing of the gene as described previously,
and the 1439V polymorphism of HAL gene
was investigated by a method devised by
Welsch et al 3!

TABLE 2 Prevalence of Other Pigmented Skin
Lesions Among Monozygotic and
Dizygotic Twin Pairs (N = 119)

Lesion No. of Subjects No. of

With Lesions Lesions
Congenital nevus 19 28
Café au lait macules 20 24
Nevus spilus 2 2
Becker nevus 1 1

Statistical Analyses

The correlations between the preva-
lence of melanocytic nevi and possible
endogenous and exogenous risk fac-
tors were initially assessed univari-
ately by using the nonparametric
Kruskal-Wallis test, and the Wilcoxon
signed rank test. The Spearman rank
correlation test was conducted to
evaluate the correlations between
the numbers of CMN, CAMN, and
BPUL. All P values calculated were
2-sided, and a significance level of
0.05 was assumed. All variables were
entered into multivariate logistic or
linear regression analyses to evalu-
ate the simultaneous effect of differ-
ent factors on melanocytic nevus de-
velopment. For pigmented cutaneous
lesions, the dependent variable was
the number of nevi with a logarith-
mic transformation; the natural log-
arithm of the nevus count demon-

TABLE 3 Summary of Statistical Analysis (Wilcoxon Signed Rank Test, P Values) for the Difference
in Prevalence of Melanocytic Nevi Between Blue Light—Exposed and Nonexposed Twin

Members (N = 119)

Subjects CMN CAMN All Melanocytic Nevi
Monozygotic twin pairs (n = 15) .025 017 014
Dizygotic twin pairs (n = 44) .042 12 038
All twin pairs (n = 59) 010 016 .005
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strated a normal distribution with the
Kolmogorov-Smirnov 1-sample test,
and multivariate linear regression
analysis was performed. The number
of BPUL did not show normal distribu-
tion by the Kolmogorov-Smirnov test,
and because of the high numbers of 0
values inthe survey, multivariate logis-
tic regression analysis was conducted.
Statistical analyses were performed
with SPSS 15.0 (SPSS Inc, Chicago, IL).

RESULTS

Skin Examinations

The prevalence of CMN and CAMN is
presented by median nevus counts
with interquartile ranges in different
age groups in Table 1. The number of
CAMN was strongly associated with the
prevalence of CMN (the Spearman
rank correlation test, »r = 0.589). The
prevalence of other pigmented cutane-
ous lesions is presented in Table 2.

On univariate analysis, NBLP was asso-
ciated with a significantly higher prev-
alence of both CMN and CAMN in the
examined twin pairs. When the analy-
sis was focused separately on the mo-
nozygotic and the dizygotic twin pairs,
a statistically significant difference in
the number of nevi was still observed
between the exposed and nonexposed
subjects in the monozygotic twins. In
the case of dizygotic twin pairs, the
number of CMN and the whole number
of melanocytic nevi differed in a statisti-
cally significant manner between the
treated and the untreated twin mem-
bers (Wilcoxon signed rank test; Table 3).

The associations between gender, con-
stitutional and sun-exposure vari-
ables, and the prevalence of melano-
cytic nevi with the nonparametric
Kruskall-Wallis test are presented in
Table 4. In multivariate linear regres-
sion analysis, the number of melano-
cytic nevi was significantly and inde-
pendently associated with age, with
the number of summer holidays be-
side the sea inthe Mediterranean orin
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TABLE 4 Associations Between Gender, Constitutional, and Sun-Exposure Variables and the

ARTICLES

Prevalence of Melanocytic Nevi Among Monozygotic and Dizygotic Twin Pairs (N = 119)

(Nonparametric Kruskall-Wallis Test)

Factors n Median No. of P
Melanocytic Nevi
Gender
Male 59 7 (4-16)
Female 60 9 (4-21) 46
Eye color
Brown 57 6 (3-15.5)
Hazel, greenish-brown 12 8 (5—30.75)
Green, gray, blue 50 12.5 (4-26.25) .049
Hair color
Black, dark-brown 25 12 (5.5-30.5)
Medium-brown, light-brown 81 7 (4-17.5)
Blond 13 12 (2-19.5) .33
Skin color
Dark, medium 62 8 (3—20.25)
Fair 57 9 (4-21) 46
Skin phototype
[l 32 8 (4-13.25)
1A% 87 9 (4-23) .36
Frequency of use of sunscreens
Never 11 8 (3-13)
Occasionally 43 9 (4-24)
Always at the beginning of the summer, then occasionally 31 10 (6-17)
Regularly 34 5 (3-14) 12
Duration of use of sunscreens
Never 18 8 (3.75-13.75)
1-5y 47 9 (2-16)
6-10y 30 7.5 (4-18.5)
1020y 24 17.5 (6-32.75) .048
SPF
0 11 8 (3—-13)
1-10 20 18 (8.256—-32.25)
10-20 43 13 (4-24)
>20 45 6 (2.5-10)
No. of severe painful sunburns during childhood
0 62 6 (3-15.25)
1-2 46 9 (4-24.25)
3-5 11 16 (11-27) 0.014
No. of severe painful sunburns during adolescence
0 39 10 (5-30)
1-2 21 24 (13.5-33)
3-5 4 17.5(9.5-51.75) 0.043
No. of severe painful sunburns during adulthood
0 25 17 (7-35.5)
1-2 13 14 (11.5-30.5)
3-5 2 15 (3-27) 0.69
Frequency of sunbathing episodes between April and
September
0 17 9 (4-21)
1-10 32 8 (6-17.75)
10-20 19 17 (8-35)
>20 47 6 (3—-16) 0.020
Duration of 1 sunbathing episode
<30 min 23 7(3-13)
30minto 1h 31 17 (7-33)
1-3h 41 6 (2.5-17.5)
>3h 22 9 (5.75-14.5) 0.005
No. of days per week when >4 h was spent outdoors during
childhood
0-1 17 5(2.5-12.5)
2-3 44 11.5 (4.5-26.75)
4-5 31 13 (4-21)
6-7 27 6 (3—10) 0.08
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TABLE 4 Continued

Factors

n Median No. of P
Melanocytic Nevi

No. of days per week when >4 h was spent outdoors during

adolescence

01 11 9 (4-32)

2-3 22 21.5(13.5-33.5)

4-5 23 13 (7-30)

6-7 6 17.5 (7.5-33.75) 0.33
No. of days per week when >4 h was spent outdoors during

adulthood

01 6 20.5 (5-66.25)

2-3 13 30 (9-38.5)

4-5 10 16 (11-26.25)

6-7 10.5 (8.5-33.25) 0.67
No. of summer holidays beside the sea in the Mediterranean

or in a subtropical or tropical climate

0 63 8 (3-14)

1-2 25 6 (4-16)

34 14 13 (4-24.25)

57 14 25 (9-43.75)

>8 3 33 (6-35) 0.008
Use of sunbeds

Never 106 8 (4-17.25)

Occasionally 10 20 (11.5-30.75)

Regularly 3 17 (9-109) 0.013
Family history of large numbers of melanocytic nevi

No 52 9.5 (4-21)

Yes 56 7.5 (3.25-22.5) 0.49

a subtropical or atropical climate, and
with a history of NBLP (see Table 5).

Ophthalmologic Examination

The following pigmented ocular le-
sions were documented during the
ophthalmologic examination: IF in 18
subjects; IN in 2 subjects; and GHN in 3
subjects (Table 6). A statistically signif-
icant correlation was found between
the prevalence of BPUL and the num-
ber of CAMN (the Spearman rank cor-
relation test, r = 0362).

When all of the melanocytic ocular
findings were examined together,

NBLP was associated with a substan-
tially higher prevalence of these le-
sions. IF were observed in 16 subjects
with a history of NBLP, and in 2 persons
who did not receive NBLP. The differ-
ence between the 2 groups in the rate
of occurrence of IF also proved to be
statistically ~ significant  (Wilcoxon
signed rank test; Table 7).

In univariate analysis, the frequency of
sunbathing and a history of severe pain-
ful sunburns during childhood were also
significantly related to the density of
BPUL (nonparametric Kruskall-Wallis
test; Table 8). Multivariate logistic re-

TABLE 6 Prevalence of Benign Pigmented
Ocular Lesions Among Monozygotic
and Dizygotic Twin Pairs (N = 113)

Lesion No. of Subjects No. of
With Lesions Lesions
IN 2 5
CN 3 4
IF 18 123

TABLE 7 Prevalence of Benign Pigmented
Ocular Lesions in Blue Light—Exposed
and Nonexposed Twin Members
(Wilcoxon Signed Rank Test)

Lesion No. of Lesions No. of Lesions P
in Subjects in Subjects
With no NBLP ~ With NBLP
IN 1 4 NAa
CHN 0 4 NA@
IF 18 105 .009
IN + CHN + IF 19 114 .006

aIn view of the low rate of occurrence of uveal nevi in the
study population, statistical analyses were not possible.

gression analysis confirmed the signif-
icant correlation between NBLP and
the prevalence of BPUL (Table 9).

MC1R and HAL Polymorphisms

Genetic analysis was performed on 75
subjects (36 twin pairs and 1 set of
triplets). For this analysis, we selected
twin pairs in whom the difference in
nevus count was significant. Within
this selected subgroup, there was an
unequivocal association of NBLP both
with the CMN count (P = .010; Wilcoxon
signed ranks test) and with the CAMN
count (0.055, Wilcoxon signed ranks
test). When the number of cutaneous
pigmented lesions (CMN + CAMN) was
analyzed as a function of NBLP, a highly
significant effect was detected (P =

TABLE 5 Factors Associated With the Prevalence of Melanocytic Nevi: Results of Multivariate Linear Regression Analysis

Variable Unstandardized Standardized P 95% Gonfidence Limits for B
Coefficients, B Coefficients, B Lower Bound Upper Bound
Age 0.076 0.503 .000 0.051 0.101
No. of summer holidays beside the sea in the Mediterranean, or in a 0.172 0.178 .035 0.012 0.332
subtropical or tropical climate
NBLP 0.177 0.158 .047 0.003 0.352

The multivariate linear regression (stepwise method) model included gender, eye color, hair color, skin color, skin phototype, the frequency of use of sunscreens, a history of severe painful
sunburns, the frequency and duration of sunbathing, the number of days per week when >4 hours was spent outdoors, the number of summer holidays beside the sea in the Mediterranean,
or in a subtropical or tropical climate, the use of sunbeds, a family history of large numbers of melanocytic nevi, a history of NBLP, and age. The number of melanocytic nevi did not show
normal distribution by the Kolmogorov-Smirnov test. Multivariate linear regression was therefore performed on the natural logarithm of the nevus count.
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.006; Wilcoxon signed ranks test). Our
sequencing survey detected 9 MC1R
polymorphisms:  the  synonymous
T413T SNP (single nucleotide polymor-
phism) in heterozygous form in 3 sub-
jects, the rare 1120T polymorphismin a
twin pair as a heterozygous variant, 2
red hair color (RHC) variants (R151C
and R160W), 4 frequent non-RHC vari-
ants (V60L, V92M, 1155T, and W163Q),
and a new variant, W169R, in 1 subject.

Statistical analyses were performed
with various groupings of the MC1R
polymorphisms: (1) the presence of ei-
ther of the RHC alleles (R151C and
R160W) was considered; (2) the pres-
ence of any of the most frequent 6
MC1R polymorphisms (V60L, V92M,
R151C, R160W, W1630, and 1155T =
SNPB) was considered; (3) the pres-
ence of any of the SNP6 group and the
rare 1120T polymorphism (= SNP7)
was considered; or (4) the presence of
either of SNP7 and the newly identified
W169R polymorphism (= SNP8) was
considered. It was unambiguously
demonstrated that the MG1R polymor-
phisms have a significant effect on the
skin type of the examined twins (R151C
and R160W, P = .001; SNP6, P = .013;
SNP7, P = .013; SNP8, P=.023), but the
1439V HAL polymorphism did not ex-
hibit any association with the skin type
in our study population.

The effect of the polymorphisms on the
numbers of pigmented skin lesions
and the presence of pigmented uveal
lesions was assessed by using univar-
iate and multivariate statistical analy-
ses. Neither the univariate (Mann-
Whitney test; Table 10) nor the
multivariate (analysis of variance; Ta-
ble 11) analysis revealed any effects of
the studied polymorphisms on the skin
and uveal pigmented lesions.

DISCUSSION

Physiologic jaundice develops in a no-
tably high proportion of otherwise
healthy newborn infants as a result of
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TABLE 8 Associations Between Gender, Constitutional, and Sun-Exposure Variables and the

ARTICLES

Prevalence of Benign Pigmented Ocular Lesions Among Monozygotic and Dizygotic Twin

Pairs (N = 113) (Nonparametric Kruskall-Wallis Test)

Factors No. of Subjects P
Gender
Male 66/56
Female 66/57 .66
Eye color
Brown 63/51
Hazel, greenish-brown 34/11
Green, gray, blue 35/51 19
Hair color
Black, dark-brown 18/21
Medium-brown, light-brown 89/80
Blond 25/12 71
Skin color
Dark, medium 49/58
Fair 83/55 A7
Skin phototype
[l 59/31
1A% 73/82 .33
No. of severe painful sunburns during childhood
0 49/59
1-2 80/44
3-5 3/10 042
No. of severe painful sunburns during adolescence
0 60/34
1-2 24/21
3-5 0/3 61
No. of severe painful sunburns during adulthood
0 24/20
1-2 1/11
3-5 73 .09
Frequency of sunbathing episodes between April and September
0 0/17
1-10 43/31
10-20 40/16
>20 44/45 .040
Duration of 1 sunbathing episode
<30 min 24/24
30 min—1h 30/31
1-3h 62/37
>3h 14/19 16
No. of days per week when >4 h was spent outdoors during childhood
0-1 12/17
2-3 70/43
4-5 18/27
6-7 32/26 45
No. of days per week when >4 h was spent outdoors during adolescence
0-1 12/7
2-3 24/23
4-5 26/21
6-7 14/6 45
No. of days per week when >4 h was spent outdoors during adulthood
0-1 2/6
2-3 16/9
4-5 0/9
6-7 14/8 21
No. of summer holidays beside the sea in the Mediterranean or in a
subtropical or tropical climate
0 58/59
1-2 41/24
34 21715
5-7 12/13
>8 0/2 .88
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TABLE 8 Continued

Factors No. of Subjects P

Use of sunbeds

Never 125/100

Occasionally 5/11

Regularly 2/2 64
Family history of large numbers of melanocytic nevi

No 62/53

Yes 70/50 86

TABLE 9 Factors Associated With the
Prevalence of Benign Pigmented
Ocular Lesions: Results of
Multivariate Logistic Regression

Analysis
P 0dds 95% Confidence
Ratio Limits for Odds
Ratio
Lower Upper
Blue light 0.001 3.778 1.694 8.423

Cl indicates confidence interval. The multivariate logistic
regression (stepwise method) model included gender, eye
color, hair color, skin color, skin phototype, the frequency
of use of sunscreens, a history of severe painful sunburns,
the frequency and duration of sunbathing, the number of
days per week when >4 hours was spent outdoors, the
number of summer holidays beside the sea in the Mediter-
ranean or in a subtropical or tropical climate, the use of
sunbeds, a family history of large numbers of melanocytic
nevi, a history of NBLP, and age. The number of ocular
lesions did not show normal distribution by the
Kolmogorov-Smirnov test, and due to the high numbers of
Ovalues inthe survey, multivariate logistic regression was
performed.

excessive bilirubin formation. Without
adequate treatment, the lipid-soluble,
unconjugated bilirubin crosses the
blood-brain barrier. The deposition of
bilirubin in the basal ganglia and
brainstem nuclei can result in very se-
vere, permanent central nervous sys-
tem damage (ie, acute and chronic bil-
irubin encephalopathy). Phototherapy,

applying the clinically most effective
blue emission spectrum (425—475
nm), has been widely and successfully
used for the treatment of neonatal
jaundice to reduce the plasma concen-
tration of bilirubin and hence to pre-
vent kernicterus.!9-21

So far, only a few and contradictory
data are available as to how NBLP in-
fluences melanocytic nevus develop-
ment. 17182272455 Qur results reveal a
significantly higher prevalence of cuta-
neous melanocytic nevi among twin
members with a history of NBLP. A
standardized questionnaire was used
to assess the data relating to constitu-
tional, sun-exposure, and other vari-
ables. These factors proved to be very
consistent in the examined monozy-
gotic twin pairs. The phenotypic char-
acteristics of the dizygotic twins were
partly different, but the environmental
impacts were very similar until adult-
hood. The emission spectrum of the
blue light lamps used in Hungary is be-
tween 370 and 600 nm (maximum: 450
nm). Approximately 0.3% of the emit-
ted light comprises UVA radiation. The

TABLE 10 Summary of Statistical Analyses (Mann-Whitney Test; P Values) for the Gene
Polymorphism Skin/Ocular Pigmented Lesions Associations

Variable Common CAMN All Melanocytic Nevi IF IN + CHN IF + IN + GHN
CMN of the Skin
(CMN + CAMN)
HAL 81 15 83 9 96 86
R151C_R160W 99 62 92 53 76 62
SNP6 95 71 91 T 74 .76
SNP7 95 71 91 7 74 76
SNP8 85 97 78 79 .68 86

HAL indicates 1439V polymorphism of the histidase gene; R151C_R160W, the presence of either of the RHC alleles (R151C and
R160W) of MC1R gene; SNP6, the presence of any of the most frequent 6 MC1R polymorphisms (V60L, V92M, R151C, R160W,
W1630Q, and 1155T); SNP7, the presence of any of the SNP6 group and the rare 1120T polymorphism; SNP8, the presence of
either of SNP7 and the newly identified W169R polymorphism.
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TABLE 11 Summary of Multivariate Statistical

Analyses
Variable Pigmented Pigmented
Lesions of the  Ocular Lesions
Skin (IF+ IN + CHN)®
(CMN + CAMN)a
HAL .62 .88
Blue light 011 010
Age .000 4
R151C_R160W .35 .56
Blue light .05 010
Age .000 45
SNP6 .82 .65
Blue light 004 010
Age .000 .39
SNP7 .82 .65
Blue light 004 010
Age .000 .39
SNP8 .59 90
Blue light .006 010
Age .000 41

HAL indicates 1439V polymorphism of the histidase gene;
R151C_R160W, the presence of either of the RHC alleles
(R151C and R160W) of the MC1R gene; SNP8, the presence
of any of the most frequent 6 MC1R polymorphisms (V60L,
V92M, R151C, R160W, W1630, and 1155T); SNP7, the pres-
ence of any of the SNP6 group and the rare 1120T polymor-
phism; SNP8, presence of either of SNP7 and the newly
identified W169R polymorphism.

2 According to the results of the Kolgomorov-Smirnov test,
the number of CMN + CAMN did not show normal distri-
bution. Analysis of variance was therefore performed on
the In(CMN + CAMN).

b According to the results of the Kolgomorov-Smirnov test,
the number of IF + IN + CHN did not show normal distri-
bution, and because of the high numbers of 0 values in the
survey, logistic regression was performed.

wavelengths of blue light and UV light
are adjacent, and they might therefore
exert partly similar biological effects.
In addition to inducing melanocyte pro-
liferation, UV irradiation has profound
immunosuppressive  and immuno-
modulatory effects, and it is well estab-
lished that immunosuppression in-
creases the risk of both nevus
formation and melanoma develop-
ment. In view of the special character-
istics of newborn skin and the immune
system, intensive NBLP may mean an
acute shock-like attack on the imma-
ture melanocytes of the epidermis.

We also observed a significantly ele-
vated number of IF among participants
with anamnestic NBLP. The number of
melanocytic lesions of the iris in our
study proved to be age independent,
which can be explained by the time
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course of iris pigmentation: the con-
centration of melanin peaks during
early childhood, thereafter usually re-
maining constant throughout life,
unless affected by certain ocular
disorders, which can lead to
hypopigmentation or hyperpigmenta-
tion.3837 The eyes of phototreated in-
fants are routinely patched to exclude
eye burning.®83% Although eye patching
shields and phototherapy hoods are
effective in reducing the intensity of in-
cident light, accidental exposure may
occur.*94! Patches are prone to slip:
there may be difficulties in securing
eye shields effectively. Conversely, the
precise patching of an infant’s eye may
be of secondary importance to more
immediate and potentially life-
preserving interventions. Although the
potential hazard of blue light is allevi-
ated by the fact that neonates tend to
keep their eyes shut in bright light, it is
known that light in the visible spec-
trum penetrates the skin. The level of
blue light transmission through the
closed eyelids of infants cannot be as-
sessed with accuracy. With regard to
the light transmissibility profile of the
neonatal cornea and crystalline lens,
which allows the penetration of an ap-
preciable amount of potentially harm-
ful light into the eye, additional studies

REFERENCES

1. CsomaZ, ErdeiZ, BartusekD, et al. The prev-
alence of melanocytic naevi among school-
children in South Hungary. J Eur Acad Der-
matol Venereol. 2008;22(12):1412—1422

2. CarliP, Biggeri A, Nardini P, Giannotti B. Sun
exposure and large numbers of common
and atypical melanocytic naevi: an analyti-
cal study in a southern European popula-
tion. Br J Dermatol. 1998;138(3):422—425

3. Garbe C, Buttner P, Weiss J, et al. Associated
factors in the prevalence of more than 50
common melanocytic nevi, atypical melano-
cytic nevi, and actinic lentigines: multi-
center case-control study of the Central Ma-
lignant Melanoma Registry of the German
Dermatological Society. J Invest Dermatol.
1994;102(5):700—705

4. Dennis LK, White E, Lee JA, et al. Constitu-

PEDIATRICS Volume 128 Number 4, Octqber 2011
ownfoadec}?

are needed to clarify the possible long-
term effects of neonatal blue light ex-
posure on the melanocytic prolifera-
tion of the uveal tract.*2% Qur results
indicate the importance of appropri-
ate eye care and eye protection of in-
fants receiving phototherapy. In the
event of unavoidable phototherapy
treatment, alternative methods of eye
protection should be used to minimize
accidental blue light exposure of the
extremely vulnerable neonatal eye.

It is well established that both environ-
mental and genetic factors contribute
to melanoma-predisposing melano-
cytic nevus development. To investi-
gate whether polymorphisms known
to be associated with human pigmen-
tation, melanoma predisposition%-2
and skin immune functions?-3' can en-
hance the effects of NBLP, we investi-
gated several SNPs of the MC1R and
HAL genes. The statistical analysis re-
vealed that the examined polymor-
phisms of these genes do not contrib-
ute either to an elevated number of
pigmented skin lesions or to the ap-
pearance of pigmented uveal lesions.
In this respect, we failed to demon-
strate any gene-environmental inter-
actions in our cohort, although the
study group was sufficiently large for
the effects of MC1R polymorphisms on

tional factors and sun exposure in relation
to nevi: a population-based cross-sectional
study. Am J Epidemiol. 1996;143(3):248 —256

5. Green A Siskind V, Hansen ME, Leech P. Melano-
cytic nevi in schoolchildren in Queensland. J Am
Acad Dermatol. 1989;20(6):1054 —1060

6. Darlington S, Siskind V, Green L, Green A. Longi-
tudinal study of melanocytic nevi in adolescents.
JAm Acad Dermatol. 2002;46(5):715—722

7. Gallagher RP, McLean DI, Yang CP, et al. Sun-
tan, sunburn, and pigmentation factors and
the frequency of acquired melanocytic nevi
in children. Similarities to melanoma: the
Vancouver Mole Study. Arch Dermatol.
1990;126(6):770-776

8. Hammer H, Téth-Molnar E, Ol&H J, Dobozy A. Cu-
taneous dysplastic naevi: risk factor for uveal
melanoma. Lancet. 1995;346(8969):255-256

ARTICLES

the skin type to be detected. We cannot
exclude the possibility that, through
enlargement of our cohort, the contri-
bution of some polymorphisms might
become apparent, but the present
findings clearly suggest that NBLP has
a much more robust effect on the de-
velopment of pigmented lesions com-
pared with the possible contribution of
genetic factors.

CONCLUSIONS
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