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ABSTRACT

Melanoma is a type of skin cancer very known for its aggressiveness and prognosis detected in
the metastatic phases. Several mutations were identified, and in addition to the variations of this
disease, predisposition has also been described in the CDKN2A gene. In the present study, 55
individuals had the CDKNZ2A gene sequenced and evaluated. Only one alteration was
highlighted in one individual with melanoma, with this alteration being a substitution of
guanine to adenine in position 436 (436 G>A), which affects exon 2 and leads to the alteration
in the amino acid aspartate for an asparagine in codon 146 (Aspl46Asn) from the CDKN2A
gene. This found mutation is different from the ones related to the individuals in Brazil
associated with the CDKN2A gene, and it is also not among the most common ones found in
different countries and continents.

Keywords: sequencing, DNA, Brazil, skin cancer, melanoma.

RESUMO

O melanoma é um tipo de cancer de pele muito conhecido por sua agressividade e progndstico
detectado nas fases metastaticas. Diversas mutacdes foram identificadas e, além das variacGes
dessa doenca, a predisposicao também foi descrita no gene CDKN2A. No presente estudo, 55
individuos tiveram o gene CDKN2A sequenciado e avaliado. Apenas uma alteracdo foi
destacada em um individuo com melanoma, sendo essa alteracdo uma substituicdo de guanina
por adenina na posicdo 436 (436 G>A), que afeta 0 exon 2 e leva & alteracdo do aminoécido
aspartato por uma asparagina no codon 146 (Aspl46Asn) do gene CDKN2A. Essa mutacao
encontrada é diferente das relacionadas aos individuos do Brasil associados ao gene CDKN2A
e também ndo esta entre as mais comuns encontradas em diferentes paises e continentes.

Palavras-chave: sequenciamento, DNA, Brasil, cancer de pele, melanoma.

1 INTRODUCTION

Skin cancer is one of the most representative types of cancer in Europe, Oceania, North
America, and South America [1]. In Brazil, it represents 30% of all malignant tumors and is
considered rare in children and black skin adults. It is a pathology that is more prevalent in

white skin people, over 40, who are more susceptible to the harmful and cumulative actions of
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ultraviolet radiation (UV) and more willing to present skin lesions, which enhance the
predisposition to develop the disease [2].

Skin cancer may be separated into two categories: melanoma and nonmelanoma.
Nonmelanoma skin cancer (NMSC) is the result of the massive proliferation of keratinocytes
and the suppression of the skin inflammatory response [3]. This is the most frequent type of
cancer in Brazil and corresponds to approximately 25% of all malignant tumors registered in
the country [4]. Skin melanoma (SM) is a type of skin cancer that originates in melanocytes
(which are cells that produce melanin, a substance that determines the color of the skin) and
presents high lethality. However, it shows a low incidence when compared to NMSC. It has a
prevalence in Caucasian adults and represents 4% of malignant skin neoplasms, with this being
the most severe due to the high probability of metastasis. Some risk factors contribute to the
appearance of SM, such as intermittent or sporadic exposure to the sun; pigmentation
characteristics; artificial sun tanning; lack of vitamin D; family history; immune suppression;
light skin and presence of nevi, where the risk of melanoma onset is related to the amount of
nevi that appear in individuals [5-9].

Of these melanomas, 10 to 15% fit into the category of syndromes of hereditary cancer,
being these more prevalent in people from the same family, and in these cases, genetic
alterations are passed on through generations. Hereditary melanomas present a high rate of
penetrance, and the individual who has the mutation presents a high risk of developing lesions
associated with the syndrome throughout life. Some characteristics are associated with this
hereditary cancer, such as young age at diagnosis, multiple cases of melanoma in the family,
multiple primary melanomas in one individual and other neoplasms (especially pancreatic
cancer and tumors of the central nervous system) in the same family, more than one neoplasm
in a single individual and multiple generations affected [10-16]. In patients classified under this
family category, the risk of developing the disease is from 30 to 70 times higher than in the
general population [11,15].

However, melanoma has one of the largest mutational somatic burdens among
malignant solid tumors [16]. In 2015, The Cancer Genome Atlas Network (TCGA) published
the largest genetic study to date characterizing DNA and RNA alterations and protein analysis
of primary or metastatic melanomas and identified 48 main genes related to the appearance of
the disease [14, 17].

The CDKN2A (Cyclin-Dependent Kinase Inhibitor 2A) gene, responsible for most
hereditary melanomas, acts as a negative regulator of cell proliferation, highly interacting with
CDK4 and CDKG. It consists of 3 coding exons, E1, E2, and E3, totaling 30 kb. It encodes
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proteins that act in the regulation of the p53 (TP53; 191170) and RB1 (614041) paths, both
critical regulatory paths of the cell cycle. Among their coding products, proteins p14ARF and
pl6INK4A are the most important because they are related to the control of the cell cycle,
acting in the mechanisms of tumor suppression [14, 17, 18].

In Brazil, some pathogenic mutations and other still unknown functions were identified
by sequencing the CDKN2A gene in families with predisposition to melanoma and not
pathogenic variants in individuals without family history [21, 22]. Evidence of germinative
mutations related to melanoma with probably European origin has also been found in the
population of the Rio Grande do Sul State [20]. Therefore, the present paper analyzes the
genetic composition of the CDKNZ2A gene in a population of the western part of Parana State
with German ascendancy and was founded by immigrants from Rio Grande do Sul State.

2 MATERIAL AND METHODS
2.1 RESEARCH SCENERY

Missal is a city located in southern Brazil and in western Parand State, colonized during
the sixties by Catholic immigrants from German origin, who were previously established in Rio
Grande do Sul State, Brazil, which is the Brazilian state with the highest incidence of melanoma
when compared to the rest of Brazil. Nevertheless, an important part of the population of Missal
presents phenotypic characteristics similar to the European and North American patterns, which
are particularly susceptible to melanoma.

According to the last sense, Missal presents a population of 10.474 inhabitants.
According to the data of the Network of Health Assistance, available by TABNET
(DATASUS), neoplasms occupy second place in the number of ambulatory attendances and
hospitalizations in this city, being only after diseases of the respiratory system. Mortality data
also point out neoplasm as the second cause of death (25%), with diseases from the circulatory
system in the first place (26%). The more prevalent age range regarding the presence and death
by neoplasm is from 50-64 years of age (37.5%), followed by 20-49 years of age (19.6%) [2°I.

2.2 SAMPLE POPULATION AND ETHICAL ASPECTS

This project was approved by the Research Ethics Committee/National Commission for
Research Ethics (CONEP)/Brazil Platform, CAAE number 79421517.9.0000.0107.

For the molecular analysis, patients over 18 years of age who were diagnosed with skin
cancer (melanoma and non-melanoma) and residents for over three years in the city of Missal

were invited voluntarily to participate in the research. Individuals with nonmelanoma skin
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cancer and without skin cancer were included as comparison groups. Therefore, for the analysis
of population variability of Missal and comparison of patterns, individuals with melanoma (mel
group), skin cancer (skin ca group), and healthy people (negative control) were sampled.

Information regarding the socio-demographic profile and life habits was obtained
through a questionnaire at the moment of collection of the biological material to verify whether
the individual fits into the family melanoma category. The following information was used in
the questionnaire: a) individuals with > 3 close family members (parents, siblings, uncles,
cousins, grandparents) affected with melanoma; b) individuals with > 3 multiple primary
melanomas; ¢) individuals diagnosed with melanoma at a young age (<40 years of age); and d)
individuals with the presence of pancreatic cancer and melanoma in the family 12629,

For the DNA sequencing of the regions of interest, 100% of the cases of melanoma in
the city were sampled (three men and six women); 38 individuals with skin cancer (21 men and
17 women); and eight individuals without a personal history of cancer (four men and four
women), who volunteered to participate in this step of the study, totaling 55 individuals.

For amplification of the CDKN2A gene, the primers CDKN2A, 450 and 930 were used.
The primers CDKN2A were used to evaluate whether the population of Missal presents the
same genetic information found in the Rio Grande do Sul State Y and the other primers
connect each other in different regions of the CDKNZ2A gene, with amplicons larger than 400
bp and present variables indicated as pathogenic for melanoma, but not exclusively in Brazil
(Table 1).

Table 1. Specifications with regions of interest, sequences of the initiation primers, target exon and size of the
expected amplicon after sequencing.

Regions of linkage of the

initiators Sequence Transcribed exon
CDKN2A - Forward 21971092 to 21971092 5-CTTCCTGGACACGCTGGT-3'
CDKN2A - Reverse 21970595 to 21970614 5-AGTCTTCATTGCTCCGCAGT-3' 3 P16!NKaA
450 - Forward 21995032 to 21995055 5’-TCCGCTCCTCTTCTAGATTTGGAAA-3’
450 - Reverse 21995528 to 21995507 5’-GGGAGACCGGAGAGAGAACGTA-3’ 1 P14ARF
930 - Forward 21968490 to 21968509 5’-GAGGGCAGAGAAAGCGCGAC-3’
930 - Reverse 21968993 to 21968969 5’-ACGGGAGAAAGAAACTCAAGTGCAA-3’ 3 p16!NKeA

Source: Authors

For the molecular analysis, approximately 10 ml of peripheral blood from the volunteers
was drawn. Samples were identified and placed in a tube with ethylenediaminetetraacetic acid
(ETDA) as an anticoagulant using disposable needles for posterior processing and analysis at
the Research Laboratory in Medical Science at UNILA.
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For the extraction of DNA, the Invitrogen PureLink Genomic DNA kit was used,
following the recommended instructions by the manufacturer. The extracted samples were
guantified in a NanoDrop spectrophotometer (Thermo Scientific) following the
recommendations of the manufacturer.

The amplification of the regions of interest was performed with a total of 15 pL of a
solution having 7.0 pL of MilliQ water, 3 pL of 2 mM dNTP, 1.5 pL of buffer 10X (NH4)2SO4
2 M, Tris-HCI 2 M, MgCl21 M and Tween 20 at 1%, 0.6 uL of MgClI (magnesium chloride) 0.6
uL for each initiator at 10 mM/uL, 0.15 pL of Taq DNA polymerase (5 U) and 1.5 uL of DNA
(50 ng/uL). The parameters of amplification for the CDKN2A initiators were as follows: 95 °C
for 1 minute, 30 cycles of 95 °C for 1 minute, annealing at 60 °C for 1 minute, and 72 °C for 1
minute and 30 seconds. Finally, a final extension of the cycle was performed at 72 °C for 7
minutes. For the initiators 206, 450, and 763, the following PCR patterns were used: 95 °C for
1 minute, 30 cycles of 95 °C for 1 minute, annealing at 57 °C for 1 minute and 72 °C for 1
minute and 30 seconds. Finally, a final extension was performed at 72 °C for 7 minutes.

For initiator 930, the following were used: 95 °C for 1 minute, 30 cycles of 95 °C for 1
minute, annealing at 55 °C for 1 minute, and 72 °C for 1 minute and 30 seconds. Finally, a final
extension was performed at 72°C for 7 minutes.

The following reagents were used to perform the sequencing: Thermo Fisher Scientific
ExoSAP-IT™ PCR; BigDye™ Terminator v3.1 Cycle Sequencing Kit, precipitation with
EtOH/EDTA and the analysis of the sample via ABI-3500 software developed and provided by
ThermoFisher.

After the sequencing procedure was performed in the sequencer ABI-3500, the results
generated were transferred to a computer for the analysis of the electropherograms and

sequences. These analyses were performed using Bioedit and Chromas software.

3 RESULTS

Among all 55 sampled individuals, only one mutation in the CDKN2A gene in one
individual belonging to the melanoma group was detected using the primer CDKN2A (Figure
1). This individual presented a substitution of guanine to one adenine in position 436 (436G>A),
which affects exon 2 of the CDKN2A gene, switching an Aspartate for one Asparagine in codon
146 (Asp146Asn).
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Figure 1. Consensus alignment of the sequences of the nonmelanoma and melanoma (Mel) skin cancer samples
using the CDKN2A primer showing a SNP in position 436, which affects exon 2 of the CDKN2A gene,
switching an Aspartate for one Asparagine in codon 146 in an individual with melanoma (Mel SNP). The
sequencing of the CDKN2A gene is presented on the first line between the groups and was obtained from the
NCBI data bank
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Source: https://www.ncbi.nlm.nih.gov/gene/1029

4 DISCUSSION

One of the first records of family melanoma was performed by Norris in 1820 in
England [30]. Since then, studies have been performed in families with a higher propensity to
develop family melanoma [7, 31-35]. Such studies allow evaluation of the degree of
susceptibility to melanoma in predisposed individuals and serve as a form of prevention,
obtaining a better prognosis and even the early detection of the disease, in addition to
developing strategies for better public health management [20, 36, 37]. This information is
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highly relevant since family melanoma is a disease with syndrome characteristics, which means
that in addition to the predisposition to melanoma, individuals who possess such characteristics
may develop other types of tumors, such as pancreatic and tumors of the central nervous system
[36].

The main lead gene of family melanoma is CDKN2A, which is present in at least 20%
— 40% of families with two or more affected members [41]; however, melanoma is a multi-
factor disease, and only approximately 10% to 15% of all melanoma cases have hereditary
characteristics [21, 22, 32, 34, 39, 40], showing environmental importance in determining most
cases.

In the present study, 44% of the melanoma patients fit into the inclusion criteria of
family melanoma, having an age of melanoma diagnosis below or equal to 40 years of age. If
considering only individuals who possess family members affected by melanoma, the
frequency becomes 11% within the normal found mean number [11, 26, 28, 41]. For Australia,
Spain and the United Kingdom, the probability of detecting one mutation in people with a
family history (>2 relatives affected) is 25%, with three or more primary melanoma of 29%, or
more than one primary melanoma who also has other relatives affected is 27% [42]. In the
present study, of the nine melanoma patients analyzed, only one presented a point mutation in
the CDKN2A gene (1/9 = 11.11% of the sample), therefore, below the expected mean of 20-
40%.

The patient with the point mutation in CDKNZ2A is male, has German ascendancy, white
skin color, does not use tobacco, does not drink alcohol, is an inhabitant of the countryside,
performs plantation and creation of animals, does not have or has not defined previous jobs, is
exposed to the sun at least five days a week and uses photoprotection at least once a week. The
diagnostic age of this patient is 40 years old and presents family members with skin cancer, not
specifying whether these relatives have melanoma skin cancer or non-melanoma. In general,
the average age at diagnosis of the first melanoma is a factor closely related to the frequency of
mutation in CDKNZ2A in Europe, Australia and the United States of America, with a decrease
in frequency with the increase in the average age of diagnosis of melanoma [19, 37].

The highlighted mutation in the present work is an SNP (single nucleotide
polymorphism) that refers to the exchange of a guanine base for adenine at position 436
(436G>A), chr9:21970923 (GRCh38.p12). This implies the exchange of the amino acid
aspartic acid (ASP) for asparagine (ASN) in codon 146 (p.Aspl46Asn). Among the
descriptions provided by the NCBI, this mutation is considered a germinate mutation, and it is

related to hereditary cutaneous melanoma, however, with uncertain clinical significance [41].
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Therefore, since there is not much information on this mutation in the literature, it is interesting
that traceability could exist of this mutation in individuals considered relatives of first, second,
and even third-degree from this individual to know more about the penetrance of this mutation
and its Mendelian characteristics.

The first germinate mutation described with non-coding clinical significance of the
CDKN2A gene and the first direct evidence of the non-coding regions in melanoma
susceptibility is the ¢.34 G>T mutation, located in exon la. Studies in cells and cultivated
tissues have shown functional consequences and progressive diminishing of the expression of
the protein p16 [44]. The first evidence found in this mutation was in English patients [42], and
in Brazil, evidence of this mutation has also been found in patients with European ascendancy
[20, 45]. However, in the present study, this mutation was not evidenced.

Among the other mutations found in Brazil that were also not highlighted in the present
study is the p. P48T that leads to an alteration of the protein p16, whose function becomes
impossible to execute. This happens because there is an exchange of a cytosine (C) by adenine
(A) in the sequence CCG by ACG, leading to a substitution of the proline amino acid by
threonine [19]. Additionally, this mutation occurs in exon la, affecting only the protein p16
more precisely in the first part of the repetition of ankyrin, a critical location for the inhibition
activity of p16 regarding the CDK4 protein [46]. Most of the mutations related to p. P48T were
found in families with Italian ascendancy [47, 48]. In Brazil, Hubner and Ramos [19] found this
same mutation in a patient with melanoma with Italian ascendancy, indicating a possible
hotspot. Nevertheless, in a larger study performed in Latin America related to family melanoma
involving the cities of Porto Alegre and S&o Paulo and in other Latin American countries, this
mutation was found in four families, one of them with Italian ascendancy, suggesting a possible
founding effect [45].

Another commonly found variant in the population with hereditary melanoma is p.
A148T, located in exon 3 and codifies the transcript p16. This mutation leads to the substitution
of the guanine base (G) for adenine (A) (GCG /ACG), switching the alanine amino acid for
threonine [36]. This mutation is highly controversial regarding its penetrance and its significant
clinical value [46, 49, 50]. It is more common in some European countries where patients
susceptible to melanoma were found [10, 50, 51], in addition to being the most common in
Southern Brazil [36]; however, this was also not evidenced in the present study.

In addition, another frequent mutation that occurs in different countries, such as Italy,
the United States, Australia, France, Israel, Spain, and Uruguay, is p. Gly101Trp [10, 52-57].
This mutation affects codon 101 from exon 2, affecting as much the protein p16 as p14 once
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both share the same exon. The mutation of the p. Gly101Trp occurs due to a substitution of
guanine by thymine (GGG to TGG), which leads to the substitution of glycine to tryptophan in
the protein p1l6 and protein pl4. A substitution of the guanine by thymine (CGG to CTG)
occurs, switching an arginine for a leucine [55].

Nevertheless, it is highlighted that the most prevalent mutations and the penetrance of
the gene CDKNZ2A in high-risk families vary according to geographic location, being higher in
locations with a higher incidence of UV radiation [35, 58, 59]. In Europe, the mutation
€.225 243del19 is more prevalent (18 of 89 analyzed individuals = 20.22%), followed by p.
R112 L113insR (11 of 89 analyzed individuals = 12.36 %) and p. G101W (10 of 89 analyzed
individuals = 11.24%). In Australia, mutations p. M531 (5 from 32 analyzed individuals
15.63%); p. R24P, p. L32P, c. IVS2-105A .G (totaling 3 from 29 analyzed individuals
10.34%), and in North America, the mutations c.-34G T (5 from 29 analyzed individuals =
17.24%), p. G101W (4 from 29 analyzed individuals = 13.8%), p. V126D (4 from 29 analyzed
individuals = 13.8%) are the most frequent [39]. Nevertheless, in Italy, the mutations p. G23S,
p. A36T, p. A60V, p. R80, p. R24P related to CDKN2A was detected in 6/16 (37.5%) of

patients with multiple primary melanomas with a family history [60].

The only mutation found in the present study differs from those related to individuals in
Brazil associated with the CDKN2A gene [19, 21, 22, 36, 44, 60] and nor is it among the most
common mutations found in different countries and continents. This indicates that the pattern

of colonization of the region is not the only determinant factor for the onset of melanoma.

5 CONCLUSIONS

Therefore, a single mutation found in the present study differs from those reported to
belong to Brazil associated with the CDKN2A gene [19, 20, 21, 22] and is also not among the
most common mutations found in different countries and continents, indicating that the
colonization pattern in the municipality is not the only determining factor for the appearance of
melanoma. Seeing that the majority of melanomas diagnosed at an early stage are curable and
that mortality is high among patients diagnosed at more advanced stages, an identification of
those genetically predisposed to melanoma is important to direct surveillance actions, early
diagnosis and treatment in this group of patients with high risk, expectation of further reduction
in morbidity and mortality.

Brazilian Journal of Health Review, Curitiba, v. 7, n. 1, p. 764-779, jan./fev., 2024



Brazilian Journal of Health Review
ISSN: 2595-6825

774

FUNDING

This work was supported by the city hall of Missal, PR, Brazil funds grants, Federal University
of Latin American Integration - Brazil (UNILA) and the Coordenacao de Aperfeicoamento de
Pessoal de Nivel Superior - Brazil (CAPES). C.W. L was granted a fellowship from the Social
Demand Program (DS), Federal University of Latin American Integration (UNILA)

ACKNOWLEDGMENTS

This work was supported by the city hall of Missal, PR, Brazil funds grants, Federal University
of Latin American Integration - Brazil (UNILA) and the Coordenacdo de Aperfeicoamento de
Pessoal de Nivel Superior - Brazil (CAPES). C.W. L was granted a fellowship from the Social
Demand Program (DS), Federal University of Latin American Integration (UNILA). The
English language was revised by AGS Traducdo (Certification Code: 010813-20). CWL was
supported by the UNILA.

Brazilian Journal of Health Review, Curitiba, v. 7, n. 1, p. 764-779, jan./fev., 2024



Brazilian Journal of Health Review
ISSN: 2595-6825

775

REFERENCES

1. World Health Organization. Cancer prevention and control in the context of an
integrated approach. WHA cancer resolution WHA70.12 2017.
https://apps.who.int/iris/bitstream/handle/10665/275676/A70_R1-
en.pdf?sequence=1&isAllowed=y

2. Instituto Nacional de Cancer José  Alencar Gomes da  Silva.
Estimativa 2020: incidéncia de cancer no Brasil / Instituto Nacional de Cancer José Alencar
Gomes da Silva. — Rio de Janeiro: INCA, 2019. 120 p.

3. Griffin L. L., Rehman A. F., Ali B., Lear, J. T. Non-Melanoma Skin Cancer. Clinical
Medicine 2016, 16: 62-65. Doi: 10.7861/clinmedicine.16-1-62

4. Instituto  Nacional Do Céncer. Cancer de pele melanoma. 2020.
https://www.inca.gov.br/tipos-de-cancer/cancer-de-pele-melanoma. Accessed 23/05/2020.

5. Goldstein A. M., Struewing J. P., Chidambaram A., Fraser M. C., Tucker M. A.
Genotype-phenotype relationships in U.S. melanoma-prone families with CDKN2A and CDK4
mutations. Journal of the National Cancer Institute, 2000, 92 (12), 1006-10. Doi:
https://doi.org/10.1093/jnci/92.12.1006

6. PopimR. C., Corrente J. E., Marino J. A. G., Souza C. A. Cancer de pele: uso de medidas
preventivas e perfil demografico de um grupo de risco na cidade de Botucatu. Ciéncia & Salde
coletiva, 2008, 13, 1331-1336. Doi: https://doi.org/10.1590/s1413-81232008000400030

7. Hawkes J. E., Truong A., Meyer L. J. Genetic predisposition to melanoma. Seminars in
oncology, 2016, 43(5), 591-597. Doi: https://doi.org/10.1053/j.seminoncol.2016.08.003.

8. Araujo Neto, F. A., Ventura, A. T. P. R., & de Oliveira, L. S. R. (2021). Deficiéncia de
vitamina d e sua relagdo com pior progndstico em melanoma: uma revisao sistematica/ Vitamin
d deficiency and its relationship with poor prognosis in melanoma: a systematic review.
Brazilian  Journal of  Development, 2021, 7(10), 101133-101148. Doi:
https://doi.org/10.34117/bjdv7n10-432

9. Kuhn, C. A., Koehler, C. H., de Noronha, L., & Montemor Netto, M. R. (2021).
Significancia progndéstica da expressdo de ki-67, receptores de estrdgeno e receptores de
progesterona em pacientes com melanoma cutaneo / Prognostic significance of ki-67, estrogen
receptors and progesterone receptors expression in patients with cutaneous melanoma.
Brazilian Journal of Development, 7(10), 100118-100146. Doi:
https://doi.org/10.34117/bjdv7n10-361

10. Ruiz A., Puig S., Malvehy J., Lazaro C., Lynch M., Gimenez-Arnau A. M., Puig L.,
Sanchez-Conejo J., Estivill X., Castel T. Cdkn2a mutations in spanish cutaneous malignant
melanoma families and patients with multiple melanomas and other neoplasia. Journal of
medical genetics, 1999, 36, 490-493. Doi: http://dx.doi.org/10.1136/jmg.36.6.490

11.  Carvalho C.A., Cunha M.E., Giugliani R., Bakos L., Ashton-Prolla P. Melanoma
hereditario: prevaléncia de fatores de risco em um grupo de pacientes no sul do Brasil. Anal

Brazilian Journal of Health Review, Curitiba, v. 7, n. 1, p. 764-779, jan./fev., 2024


https://apps.who.int/iris/bitstream/handle/10665/275676/A70_R1-en.pdf?sequence=1&isAllowed=y
https://apps.who.int/iris/bitstream/handle/10665/275676/A70_R1-en.pdf?sequence=1&isAllowed=y
https://www.inca.gov.br/tipos-de-cancer/cancer-de-pele-melanoma.%20Accessed%2023/05/2020
https://doi.org/10.1093/jnci/92.12.1006
https://doi.org/10.1590/s1413-81232008000400030
https://doi.org/10.1053/j.seminoncol.2016.08.003
https://doi.org/10.34117/bjdv7n10-432
https://doi.org/10.34117/bjdv7n10-361
http://dx.doi.org/10.1136/jmg.36.6.490

Brazilian Journal of Health Review
ISSN: 2595-6825

776

Brasileiro de Dermatolologia, 2004, 79, 53-60. Doi: https://doi.org/10.1590/S0365-
05962004000100006

12.  Udayakumar D., Mahato B., Gabree M., Tsao H. Genetic determinants of cutaneous
melanoma predisposition. Semin Cutan Med Surg, 2010, 29 (3), 190-195.
D0i:10.1016/j.sder.2010.06.002.genetic

13.  Lorenzo S. D., Fanale D., Corradino B., Calo V., Rinaldi G., Bazan V., Giordano A.,
Cordova A., Russo A. Absence of germline cdkn2a mutation in sicilian patients with familial
malignant melanoma: could it be a population-specific genetic signature? Cancer Biology and
Therapy, 2016, 17, 83-90. Doi: 10.1080/15384047.2015.1108494

14.  Toussi A., Mans N., Welborn J., Kiuru M. Germline mutations predisposing to
melanoma.  Journal of Cutaneous Pathology, 2020, 47, 606-616. Doi:
https://doi.org/10.1111/cup.13689

15.  Grupo Brasileiro De Melanoma. 2020. https://gbm.org.br/. Access 14/08/2020.

16. Reddy B.Y., Miller D.M., Tsao H. Somatic driver mutations in melanoma. Cancer,
2017, 123, 2104-2117. Doi: 10.1002/cncr.30593.

17. ReadJ., Wadt K AW., Hayward N.K. Melanoma genetics. Journal of Medical
Genetics, 2016, 53,1-14. Doi: https://jmg.bmj.com/content/53/1/1

18. Besson A., Dowdy S. F., Roberts J. M. CDK inhibitors: cell cycle regulators and
beyond. Developmental cell, 2008, 14, 159-169. Doi:
https://doi.org/10.1016/j.devcel.2008.01.013

19.  Hubner J., Ramos E.S. The p48t germline mutation and polymorphism in the CDKN2A
gene of patients with melanoma. Braz J Med Biol Res, 2006, 39, 237-41. Doi:
https://doi.org/10.1590/S0100-879X2006000200010

20.  Ashton-Prolla P., Bakos L., Junqueira Jr G., Giugliani R., Azevedo S.J., Hogg D.
Clinical and molecular characterization of patients at risk for hereditary melanoma in southern
Brazil. J Invest Dermatol, 2008, 128 (2), 421-425. Doi: https://doi.org/10.1038/sj.jid.5701030

21.  Avila A.L.R. Caracterization of the CDKN2A, CDK4 and MC1R genes in patients with
clinical criteria for the diagnosis of familial melanoma syndrome and multiple sporadic
melanoma. Doctoral thesis of Antonio Prudente Fundation, Sao Paulo, 2010.

22.  Avila A.L.R., Krepischi A.C.V., Moredo L.F., Aguiar T.F.M, Silva F.C, Sa B.C.S.,
Nobrega A.F, Achatz M.I.W., Duprat J.P., Landman G., Carraro D.M. Germline CDKN2A
mutations in brazilian patients of hereditary cutaneous melanoma. Familial Cancer, 2014, 13
(4), 645-649. Doi: http://dx.doi.org/10.1007/s10689-014-9736-1

23.  Prefeitura De Missal. 2016. https://www.missal.pr.gov.br/municipio/tradicao-e-
costumes. Access 14/08/2020.

24. Instituto Paranaense De Desenvolvimento Economico e Social. Caderno Estatistico do
Municipio de Missal.

Brazilian Journal of Health Review, Curitiba, v. 7, n. 1, p. 764-779, jan./fev., 2024


https://doi.org/10.1590/S0365-05962004000100006
https://doi.org/10.1590/S0365-05962004000100006
https://doi.org/10.1111/cup.13689
https://jmg.bmj.com/content/53/1/1
https://doi.org/10.1016/j.devcel.2008.01.013
https://doi.org/10.1590/S0100-879X2006000200010
https://doi.org/10.1038/sj.jid.5701030
http://dx.doi.org/10.1007/s10689-014-9736-1
https://www.missal.pr.gov.br/municipio/tradicao-e-costumes.%20Access%2014/08/2020
https://www.missal.pr.gov.br/municipio/tradicao-e-costumes.%20Access%2014/08/2020

Brazilian Journal of Health Review
ISSN: 2595-6825

777

http://www.ipardes.gov.br/cadernos/MontaCadPdf1.php?Municipio=85890&btOk=0k. Access
14/08/2020.

25.  Niendorf K.B., Goggins W., Yang G., Tsai K.Y., Shennan M., Bell D.W., Sober A.J.,
Hogg D., Tsao H. MELPREDICT: a logistic regression model to estimate CDKN2A carrier
probability. Journal of Medical Genetics, 2006, 43 (6), 501-506. Doi:
10.1136/jmg.2005.032441

26. Reimer R.R., Clark-Jr W.H., Greene M.H., Ainsworth A.M, Fraumeni-Jr J.F. Precursor
lesions in familial melanoma. A new genetic predisposition syndrome. Jama, 1978, 239 (8),
744-746. Doi:10.1001/jama.1978.03280350068019

27.  [25] Tucker M.A., Elder D.E., Curry M., Fraser M.C., Pichler V., Zametkin D. Risks of
melanoma and other cancers in melanoma-prone families over 4 decades. Journal of
investigative dermatology, 2018, 138 (7),1620-1626. Doi:
https://doi.org/10.1016/j.jid.2018.01.021

28.  Goldstein D.B., Linares A.R., Cavalli-Sforza L.L., Feldman M.W. An evaluation of
genetic distances for use with microsatellite loci. Genetics, 1995, 139, 463-471. Goldstein DB,
Ruiz Linares A, Cavalli-Sforza LL, Feldman MW. An evaluation of genetic distances for use
with microsatellite loci. Genetics. 1995 Jan;139(1):463-71. PMID: 7705647; PMCID:
PMC1206344.

29. Davis E.J., Johnson D.B., Sosman J.A., Chandra S. Melanoma: what do all the mutations
mean? Cancer, 2018, 124(17), 3490-3499. Doi: 10.1002/cncr.31345

30.  Rossi M., Pellegrini C., Cardelli L., Ciciarelli V., Nardo L., Fargnoli M.C. Familial
Melanoma: diagnostic and management implications. Dermatol Pract Concept, 2019, 9 (1),10-
16. Doi: https://doi.org/10.5826/dpc.0901a03

31.  Bakos L., Wagner M., Bakos R. M., Leite C. S. M., Sperhacke C. L., Dzekaniak K. S.,
Gleisner A. L. M. Sunburn, sunscreens, and phenotypes: some risk factors for cutaneous
melanoma in southern brazil. International Journal of Dermatology, 2002, 41(9), 557-562.
Doi: 10.1046/j.1365-4362.2002.01412.x

32.  Melo A.C., Wainstein A.J.A, Buzaid A.C., Thuler L.C.S. Melanoma signature in Brazil:
epidemiology, incidence, mortality, and trend lessons from a continental mixed population
country in the past 15 years. Melanoma res. 2018 dec;28(6):629-636. Doi:
10.1097/cmr.0000000000000511.

33.  Goldstein A.M, Chan M., Harland M., Gillanders E.M., Hayward N.K., Avril M.F.,
Azizi E., Bianchi-Scarra G., Bishop D.T., Paillerets B.B., Bruno W., Calista D., Albright L.A.C.
et al. Melanoma Genetics Consortium (GenoMEL). High-risk melanoma susceptibility genes
and pancreatic cancer, neural system tumors, and uveal melanoma across GENOMEL. Cancer
Research, 2006, 66 (20), 9818-9828. Doi: 10.1158/0008-5472.CAN-06-0494.

34.  Goldstein A.M, Chan M., Harland M., Hayward N.K., Demenais F., Bishop D.T., Azizi
E., Bergman W., Bianchi-Scarra G., Bruno W., Calista D., Albright L.A.C., Chaudru V. et al.
Features associated with germline CDKN2A mutations: a GENOMEL study of melanoma-

Brazilian Journal of Health Review, Curitiba, v. 7, n. 1, p. 764-779, jan./fev., 2024


https://doi.org/10.1016/j.jid.2018.01.021
https://doi.org/10.5826/dpc.0901a03

Brazilian Journal of Health Review
ISSN: 2595-6825

778

prone families from three continents. Journal of Medical Genetics, 2007, 44 (2), 99-106. Doi:
10.1136/jmg.2006.043802

35.  Leachman S.A., Carucci J., Kohlmann W., Banks K.C., Asgari M.M., Bergman W.,
Bianchi-Scarra G., Brentnall T., Bressac-De Paillerets B., Bruno W., Curiel-Lewandrowski C.,
De Snoo F.A., Debniak T., Demierre M.F., Elder D., Goldstein A.M. et al. Selection criteria
for genetic assessment of patients with familial melanoma. J Am Acad Dermatol, 2009, 61 (4),
677.e1-14. Doi: 10.1016/j.jaad.2009.03.016.

36.  Winship 1.M., Dudding T.E. Lessons from the skin--cutaneous features of familial
cancer. Lancet Oncol, 2008, 9 (5), 462-72. Doi: https://doi.org/10.1016/S1470-2045(08)70126-
8

37.  Gabree M., Patel D., Rodgers, L. Clinical applications of melanoma genetics. Current
Treatment Options in Oncology, 2014, 15 (2), 336-350. Doi: https://doi.org/10.1007/s11864-
014-0282-8

38.  Potrony M., Badenas C., Aguilera P., Puig-Butille J., Carrera C., Malvehy J., Puig S.
Update in genetic susceptibility in melanoma. Annals of Translational Medicine, 2015, 3 (15),
210. Doi: 10.3978/j.issn.2305-5839.2015.08.11

39. Nykamp K., Anderson M., Powers M., Garcia J., Herrera B., Ho Y.Y., Kobayashi Y.,
Patil N., Thusberg J., Westbrook M. Sherloc: a comprehensive refinement of the ACMG-AMP
variant classification criteria. Genetics in Medicine, 2017, 19 (10), 1105-1117. Doi:
https://doi.org/10.1038/gim.2017.37

40.  Liu L., Dilworth D., Gao L., Monzon J., Summers A., Lassam N, Hogg D. Mutation of
the CDKNZ2A 5' utr creates an aberrant initiation codon and predisposes to melanoma. Nature
genetics, 1999, 21,128-132. Doi: https://doi.org/10.1038/5082

41.  Lilischkis R., Sarcevic B., Kennedy C., Warlters A., Sutherland R.L. Cancer-Associated
Missense And Deletion Mutations Impair p16ink4 Cdk Inhibitory Activity. Int J Cancer, 1996,
66 (2), 249-54. Doi: https://doi.org/10.1002/(SICI)1097-0215(19960410)66:2%3C249::AlD-
1JC19%3E3.0.CO;2-7

42.  Torre G.D., Pasini B., Frigerio S., Donghi R., Rovini D., Delia D., Peters G., Huot T
J.G., Bianchi-Scarra G., Lantieri F., Rodolfo M., Parmiani G., Pierotti M.A. CDKNZ2A and
CDK4 mutation analysis in italian melanoma-prone families: functional characterization of a
novel CDKN2A germ line mutation. Br J Cancer, 2001, 85 (6), 836-844. Doi:
10.1054/bjoc.2001.1991.

43. Mantelli M., Pastorino L., Ghiorzo P., Barile M., Bruno W., Gargiulo S., Sormani M.P.,
Gliori S., Vecchio S., Ciotti P., Sertoli M.R., Queirolo P., Goldstein A.M., Bianchi-Scarra G.
et al. Early onset may predict G101W CDKN2A founder mutation carrier status in Ligurian
melanoma patients. Melanoma Res, 2004, 14 (6),443-448. D0i:10.1097/00008390-200412000-
00002

44, Debniak T., Scott R.J., Huzarski T., Byrski T., Rozmiarek A., Debniak B., Zatuga E.,
Maleszka R., Ktadny J., Gorski B., Cybulski C., Gronwald J., Kurzawski G., Lubinski J.

Brazilian Journal of Health Review, Curitiba, v. 7, n. 1, p. 764-779, jan./fev., 2024


https://doi.org/10.1016/S1470-2045(08)70126-8
https://doi.org/10.1016/S1470-2045(08)70126-8
https://doi.org/10.1007/s11864-014-0282-8
https://doi.org/10.1007/s11864-014-0282-8
https://doi.org/10.1038/gim.2017.37
https://doi.org/10.1038/5082
https://doi.org/10.1002/(SICI)1097-0215(19960410)66:2%3C249::AID-IJC19%3E3.0.CO;2-7
https://doi.org/10.1002/(SICI)1097-0215(19960410)66:2%3C249::AID-IJC19%3E3.0.CO;2-7

Brazilian Journal of Health Review
ISSN: 2595-6825

779

CDKN2A common variants and their association with melanoma risk: a population-based
study. Cancer Res, 2005, 65(3), 835-9.

45.  Hussussian C.J., Struewing J.P., Goldstein A.M., Higgins P.A.T, Ally D.S., Sheahan
M.D., Clark Jr. W.H., Tucker M.A., Dracopoli N.C. Germline p16 mutations in familial
melanoma. Nat Genet, 1994, 8:15-21. Doi: https://doi.org/10.1038/ng0994-15

46.  Soufir N., Avril M.F., Chompret A., Demenais F., Bombled J., Spatz A., Stoppa-
Lyonnet D., Bénard J., Bressac-De Paillerets B. Prevalence of p16 and cdk4 germline mutations
in 48 melanoma-prone families in france. The french familial melanoma study group. Hum Mol
Genet, 1998, 7 (2), 209-16. Doi: 10.1093/hmg/7.2.209.

47.  Holland E.A., Schmid H., Kefford R.F., Mann G.J. CDKN2A. (p16ink4a) and CDK4
Mutation Analysis In 131 Australian Melanoma Probands: Effect Of Family History And
Multiple Primary Melanomas. Genes Chromosomes Cancer, 1999, 25:1-10. Doi:
https://doi.org/10.1002/(SIC1)1098-2264(199908)25:4<339::AID-GCC5>3.0.CO;2-H

48.  Ciotti P., Struewing J.P., Mantelli M., Chompret A., Avril M.F., Santi P.L., Tucker
M.A., Bianchi-Scarra G., Bressac-De Paillerets B., Goldstein A.M. A single genetic origin for
the g101w cdkn2a mutation in 20 melanoma-prone families. Am J Hum Genet, 2000, 67 (2),
311-319. Doi: 10.1086/303001

49.  Youl P., Aitken J., Hayward N., Hogg D., Liu L., Lassam N. Melanoma in adolescents:
a case-control study of risk factors in Queensland, Australia. Int J Cancer, 2002, 98, 92-8.
Doi: 10.1002/ijc.10117

50.  Betti M., Aspesi A., Biasi A., Casalone E., Ferrante D., Ogliara P.,Gironi L.C.,
Giorgione R., Farinelli P., Grosso F., Libener R., Rosato S., Turchetti D. et al. CDKN2A and
BAP1 germline mutations predispose to melanoma and mesothelioma. Cancer Letters, 2016,
378 (2), 120-130. Doi: 10.1016/j.canlet.2016.05.011

51.  Bishop D.T., Demenais F., Goldstein A.M., Bergman W., Bishop J.N., Bressac-De
Paillerets B., Chompret A., Ghiorzo P., Gruis N., Hansson J., Harland M., Hayward N., Holland
E.A., Mann G.J., Mantelli M., Nancarrow D., Platz A., Tucker M.A. Melanoma genetics
consortium. Geographical variation in the penetrance of CDKN2A mutations for melanoma. J
Natl Cancer Inst, 2002, 94 (12), 894-903. Doi: 10.1093/jnci/94.12.894.

52.  SouraE., Eliades P.J., Shannon K., Stratigos A.J., Tsao H. Hereditary melanoma: update
on syndromes and management: genetics of familial atypical multiple mole melanoma
syndrome. Journal of the American Academy of Dermatology, 2016, 3,395-407.
Doi: 10.1016/j.jaad.2015.08.038

53.  Casula M., Paliogiannis P., Ayala F., Giorgi V., Stanganelli I., Mandala M., Colombino
M., Manca A., Sini M.C., Caraco C., Ascierto P.A., Satta R.R. et al. Germline and somatic
mutations in patients with multiple primary melanomas: a next generation sequencing
study. BMC Cancer, 2019,19 (1),772. D0i:10.1186/s12885-019-5984-7

Brazilian Journal of Health Review, Curitiba, v. 7, n. 1, p. 764-779, jan./fev., 2024


https://doi.org/10.1038/ng0994-15
https://doi.org/10.1002/(SICI)1098-2264(199908)25:4%3c339::AID-GCC5%3e3.0.CO;2-H

