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RESUMO

A epigenética é o estudo das alteracdes hereditarias na expressao génica sem mudancgas na sequéncia
priméaria do DNA. No nosso estudo investigamos a influéncia da exposicdo solar sobre o perfil de
metilacdo e hidroximetilacdo global de DNA e em sitios especificos nos genes miR-9-1, miR-9-3 e
MTHFR em amostras de pele humana. Para isso, biopsias foram obtidas por punch circular de area
exposta e ndo exposta ao sol do braco de 24 cadaveres de ambos os sexos, com idade entre 16-89 anos
sem historico de doencas de pele oriundos do Servico de Verificagdo de Obitos da Paraiba (SVO). O
DNA foi extraido e a anélise de metilagdo e hidroximetilacdo global do DNA foi realizada através de
Elisa indireto. A andlise de metilacdo nos sitios especificos dos genes miR-9-1, miR-9-3 e MTHFR foi
realizada por meio de PCR especifica para metilacdo (MSP) seguida de eletroforese. As analises
estatisticas foram realizadas pelo software BioEstat 5.0 ao nivel de significancia de 5%. Nao
encontramos diferencas significativas nos niveis de metilacdo e hidroximetilacdo global de DNA entre as
areas exposta e nao exposta da pele, tipo de pele ou idade. No entanto, foram detectadas diferencas em
relacdo ao género, onde as mulheres apresentaram nivel de metilagdo global mais alto em comparagdo aos
homens. O nivel de metilacdo global de DNA foi maior do que o nivel de hidroximetilagéo, sendo estes,
correlacionados no tecido da pele. Para sitios especificos, ndo foi detectada nenhuma diferenca entre as
areas. Andlises adicionais mostraram ndo haver diferengas significativas no perfil de metilacdo quando
consideradas a idade, género e o tipo de pele. Conclui-se que a exposi¢do ao sol ndo induz mudangas no
perfil de metilacéo e hidroximetilacdo global do DNA ou em sitios especificos dos genes miR-9-1, miR-9-3 e

MTHFR para os tipos de pele estudado.

Palavras-chave: epigenética, metilacdo, hidroximetilacdo, radiagdo solar, MTHFR, microRNAs, pele
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ABSTRACT

Epigenetics is the study heritable changes of in gene expression without modifications in the primary
sequence of DNA. In our study we investigated the influence of sun exposure on global DNA
methylation and hydroxymethylation status and at specific sites of the miR-9-1, miR9-3 and MTHFR
genes in skin samples of subjects with no history of skin diseases. Skin biopsies were obtained by
punch on sun-exposed and sun-protected arm areas from 24 corpses aged 16-89 years old from the
Brazilian Service of Death Investigation. Genomic DNA was extracted from skin samples that were
ranked according to Fitzpatrick’s criteria as light, moderate and dark brown. Global DNA methylation
and hydroxymethylation and DNA methylation at specific sites analyses were performed using an
ELISA and MSP, respectively. No significant differences in global DNA methylation and
hydroxymethylation levels were found between the skin areas, skin type or age. However, gender-
related differences were detected, where women showed higher methylation levels in comparison to
those in men. Global DNA methylation levels were higher than hydroxymethylation levels, and the
levels of these DNA modifications correlated in skin tissue. For specific sites, it was detected no
differences among areas. Additional analyses showed no differences in the methylation status when
age, gender and skin type were considered. We conclude that sun exposure does not induce changes in
the global DNA methylation and hydroxymethylation status or at specific sites in the miR-9-1, miR-9-
3 and MTHFR genes for skin types studied.

Keywords: epigenetic, methylation, hydroxymethylation, sun exposure, MTHFR, microRNA, skin
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1. INTRODUCAO

O termo epigenética foi introduzido pela primeira vez, em 1940, por um bidlogo
chamado Conrad Hal Waddington, que estudando o desenvolvimento embrionario de
Drosophilas designou o conceito epigenético como sendo o estudo das interacdes entre 0s
genes e o0 seu ambiente resultando na origem de diferentes fendtipos por meio de mudangas
programadas durante o desenvolvimento (MURREL et al., 2005; WADDINGTON, 2012). No
entanto, a epigenética é definida, atualmente, como o estudo de alteracbes hereditarias na
expressao génica sem a existéncia de mudancas na sequéncia primaria do DNA, incluindo os
mecanismos de metilacdo e hidroximetilagdo do DNA, metilacdo, fosforilacdo e acetilacdo
nas caudas N-terminais das proteinas histonas, incorporacdo de histonas variantes nos
nucleossomos, remodelamento de nucleossomos e RNAs nédo codificantes (BERGER et al.,
2009; SHARMA et al., 2010).

O perfil epigenético melhor caracterizado e estudado atualmente é a metilacdo do
DNA, pois sdo mais frequentes que mutacfes e sdo responsaveis por equilibrar a plasticidade
com estabilidade, visto que pode exibir-se em tecidos especificos, variar potencialmente com
a idade e com as exposicdes ambientais (FARRE et al., 2015). Sabe-se que a epigenética
representa a interface entre o genoma e o ambiente, e dessa forma, novas pesquisas vém a
cada dia tentando elucidar como a exposicdo a radiacdo solar pode influenciar o nosso
epigenoma.

A pele humana em constante exposicdo a radiacdo UV pode apresentar lesdes
diretamente no DNA gendmico nuclear e mitocondrial, assim como através da geracdo de
espécies reativas de oxigénio, gerando consequentemente varios efeitos deletérios, tais como:
eritema, fotoenvelhecimento, imunossupressao e cancer (CADET et al., 2005).

Estudos recentes tém reforcado que o descontrole aberrante do perfil epigenético em
promotores de genes representam um dos principais mecanismos associados com a inativacéo
de genes e, frequentemente, ocorre em genes supressores de tumores contribuindo para a
iniciacdo e progressdo do cancer (FUKUSHIGE et al, 2009; USHIJIMA et al, 2010; SHAH et
al., 2014). Uma pesquisa realizada com roedores mostrou que a exposicdo a radiagdo
ultravioleta é capaz de induzir alteracGes epigenéticas podendo acarretar o desenvolvimento
de cancer de pele (YANG et al., 2014).

As células, para manterem a sua integridade gendmica possuem além dos mecanismos

de reparos, um grupo de pequenos RNAs enddgenos e nao-codificantes conhecidos como
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microRNAs, e que atuam regulando negativamente a expressdo génica em nivel pos-
transcricional atraves da degradacdo de mRNAs ou blogueando a traducdo (BAER et al.,
2013; DEEBA et al., 2013). A desregulacdo epigenética de microRNAs vém sendo
considerada uma das principais apostas de pesquisas recentes, pois tem assumido um papel
importante no silenciamento de genes envolvidos na proliferacdo celular, diferenciacéo,
apoptose e carcinogénese (BUSHATI et al., 2007; MEOLA et al., 2009).

O perfil de metilacdo de diversos genes envolvidos em lesGes de pele provocadas pela
exposicdo a radiacdo solar ja foram demonstrados em varios estudos, dentre eles, o de
Sathyanarayana et al., (2007) que investigaram o padrdo de metilacdo de regides promotoras
de genes que atuam como supressores tumorais no carcinoma basocelular e carcinoma de
células escamosas da pele, e descobriram altas frequéncias de metilacdo em varios genes:
CDH1, CDH3, LAMA3, LAMC2 e RASSF1A.

Um gene que tem sido ultimamente explorado quanto ao seu perfil epigenético em
diferentes enfermidades, € o MTHFR, que codifica uma importante enzima que regula a
disponibilidade de folato ativo, este por sua vez, € uma vitamina B que desempenha um papel
fundamental na remetilacdo de homocisteina em metionina, na qual, atua na formacédo de um
dos principais doadores do grupo metil, a S-adenosilmetionina (JONGBLOET et al., 2008).
No entanto, ainda séo escassos trabalhos que visam investigar a influéncia de fatores externos
sobre o perfil de metilacdo do gene MTHFR.

Baseado nesses fatos o estudo da influéncia da exposicdo solar sobre o perfil de
modificacdes no DNA € bastante interessante e pode revelar novos marcadores moleculares
associados a alteracdes causadas pela radiacdo solar, que por sua vez, é a principal causa do
envelhecimento precoce e cancer de pele (QUAN et al., 2009; YAN et al., 2011; AMARO-
ORTIZ et al., 2015). Esses dados podem ser utilizados para elucidar sobre como a rede
complexa de regulacdo epigenética influencia as células e promove malignidade e/ou

fotoenvelhecimento.
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2. REVISAO BIBLIOGRAFICA
2.1 Metilagdo e Hidroximetilagdo de DNA

A metilacdo de DNA constitui um importante mecanismo epigenético regulador da
integridade e expressdo génica, cuja modificacdo é herdavel, reversivel e ndo altera o codigo
genético. Tal mecanismo consiste em uma modificacdo covalente do DNA na qual um
grupamento metil (CH,) é transferido da S-adenosilmetionina (SAM-CH;) para o carbono 5
de uma citosina (5-mC) que geralmente precede uma guanina denominado de dinucleotideo
CpG, sendo catalisada pela acdo de uma familia de enzimas especificas que recebem o nome
de DNA-metiltransferases (DNMTs) (Figura 1) (MEERAN et al., 2010; OLIVEIRA, 2010;
COSTA & PACHECO, 2013).

A Tn: Tu:
& i . "
Citosina Y DNA 2 \/ \(/(
|(| metitrangfrase )\ /I(l 5-Metilcitosina
« il ) o

SAM-CH3 SAM

i
N
B I T
0,C \l/\/S\ o N N (D) M
NH2 < 7| G (& A T Cc G A
| C G T A G C S 3
M)

OH OH M)
S-Adenosilmetionina

Figura 1. Formagdo da 5-metilcitosina (5-mC). (A) A¢do da DNA metiltransferase sobre a citosina,
gerando 5-mC. (B) S-adenosilmetionina, molécula responsavel por doar o grupamento metil. (C)
Dinucleotideos CpG metilados. Fonte: Adaptado de Turek-Plewa e Jagodzinski, 2005; Meeram et al,
2010.

Em células diferenciadas a metilacdo ocorre quase exclusivamente em dinucleotideos
CpG e tem uma importante fungdo na regulacdo da expressdo génica e no silenciamento de
elementos repetitivos no genoma, sendo ela randémica ou sitio especifica (FEINBERG et al.,
2004). Sitios potenciais de metilacdo, os dinucleotideos CpG aparecem esparsos pelos
genomas eucariotos ou agrupados em regides conhecidas como ilhas CpG que séo regides do
DNA maior que 200 pares de base contendo aproximadamente 50% de bases C e G. A
presenca esperada de dinucleotideos CpG é de aproximadamente 60% e apresentam-se

mais frequentes em regides promotoras de certos genes sendo prevalentes nos genes
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housekeeping e reguladores do desenvolvimento (LI et al., 2002; HERMANN & BAYLIN,
2003; SMITH & MEISSNER, 2013).

O processo de metilacdo ocorre devido a acdo das enzimas DNA-metiltransferases
que estdo agrupadas em trés classes: As DNMTL, nas quais, Sdo responsaveis por manter o
padrdo de metilagdo nas novas fitas de DNA que sdo formadas durante a replicacdo
(Figura 2), e que sdo conhecidas como metilases de manutengdo. As DNMT2 e DNMT3A
e DNMT3B, que desempenham a maioria dos processos de metilacdo de novo, que
ocorrem em sitios sem nenhum tipo de indicacdo de metilacdo, ou seja, sem a presenca de
metilacdo prévia (BESTOR, 2000; JIM et al., 2011).

Fita A

Fita g 2RI
l REPLICACAO DO DNA
FitaA 20000000 ™ ROVEIVOIO  Fita B

Manutencaoda
metilacao do DNA

Figura 2. Aquisicdo de radical metil pelas fitas-filhas de DNA (DNMTL1). Fonte: Allis et al.,
(2006).

As acdes destas enzimas requerem um substrato que atue como doador de radical
metil e estes sdo obtidos da dieta, como o folato, a metionina, a colina e a vitamina B12
(WATERLAND et al., 2003; WATERLAND, 2006).

A metilacdo normal do DNA, em mamiferos, controla vérias funcbes do genoma
como: o controle da replicacdo, estabilizacdo e manutencdo da expressdo génica, regulacdo da
diferenciacdo celular, inativagdo do cromossomo X em fémeas, dos genes que sofrem
imprinting e de sequéncias repetitivas de DNA, sendo essencial durante a morfogénese para
que ocorra desenvolvimento normal (SUTER et al., 2004; BAYLIN & JONES, 2011; JONES,
2012; ADALSTEINSSON & FERGUSON-SMITH, 2014). Os padrbes de metilacdo do DNA
estdo relacionados a estrutura da cromatina. DNA desmetilado esta tipicamente associado a
uma conformacéo ativa da cromatina enquanto que o DNA metilado esta associado a uma
cromatina inativa, assim, ilhas CpG em promotores encontram-se normalmente ndo metiladas

na eucromatina, mas apresentam nivel elevado de metilagdo na heterocromatina
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(EILERTSEN et al., 2008; SCHINKE et al., 2010). No entanto, um estudo mostrou que
durante a desregulacdo epigenética a metilacao de ilhas CpG ¢é alterada, afetando a expressao
de genes codificadores de proteinas e também a expressao de varios microRNAs (BAYLIN &
JONES, 2011).

A transcricdo génica pode ser fortemente inibida pela adi¢éo de radical metil que atua
bloqueando a ligacdo de fatores de transcricdo. A auséncia de ligagdo de fatores de
transcricdo aos seus sitios especificos pode resultar na auséncia ou diminuicdo da
transcricdo génica. Proteinas que apresentam afinidade pelo grupo metil (MBPs- Methyl
Binding Protein), ligam-se as regides CpGs localizadas nos promotores e impedem o acesso
dos fatores de transcri¢do aos seus sitios (ATTWOOD et al., 2002) (Figura 3).

A B . cSs #
& & Dk ‘63"66"’-(

.’CpG @ CH;nacitosina @y Fator de transcricio i P

Figura 3. Mecanismo pelo qual a metilacio do DNA inibe a transcricdo génica. (A) Regido
promotora desmetilada permitindo a ligacdo dos fatores de transcri¢do. (B) Metilacdo impedindo a
ligacdo dos fatores de transcri¢do. (C) Proteinas que se ligam a metilcitosina em ilhas CpG blogueiam
a ligacdo dos fatores de transcrigdo. Fonte: Atwood et al., 2002.

Além da metilacdo, estudos descrevem a descoberta da base 5-hidroximetilcitosina
(5-hmC) como participante na regulacdo epigenética, influenciando a regulacdo da
transcricdo de genes a curto e longo prazos a partir da manutencéo de estados ndo metilados
em regides promotoras de genes, sendo considerada uma das moléculas-chave envolvidas
no processo de desmetilagdo do DNA (HUANG et al., 2010; DAHL et al., 2011).

A 5-hidroximetilcitosina € gerada pela oxidacdo de 5-metilcitosina atraves da acao
das enzimas Ten-Eleven Translocation (TET) que promovem o processo de desmetilagdo
ativa dos dinucleotideos CpG, parecendo ser esse processo necessario para ativar genes
especificos ou apagar a marca epigenética durante o desenvolvimento ou em respostas as
perturbacGes ambientais. (Figura 4). As TET 1 e TET 2 possuem expressdo diferenciada
em tecidos especificos, poréem, apresentam-se altamente expressas em células

embriondrias e sdo responsaveis pela regulacao de genes envolvidos com a pluripoténcia e
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com o potencial de diferenciacdo das linhagens embrionérias e extraembrionéria
(TAHILIANI et al., 2009; ITO et al., 2010; WALTER, 2011).

C 5mC ShmC c
M, DNA iy Oy,  Desmetilagdo  w,
Sy Metiltransferases A TET Ay assiva :

A,  EE— i — i L i
A N0 N o] N" o

Figura 4. Modelo proposto para a geracdo da 5-hidroximetilcitosa através da desmetilacdo passiva do
DNA mediado pelas enzimas TET. Fonte: Adaptado de Wu & Zhang, 2011.

A desmetilacdo ainda pode ocorrer de maneira passiva, quando ndo héa
envolvimento de desmetilases e ocorre quando a manutencao das marcas de metilagcdo nédo
2009; ARIOKA et al., 2012). Assim, o nivel e o padrdo de 5-mC sdo dependentes dos
processos de metilacdo e desmetilacdo e a acdo das enzimas envolvidas nesses processos é

altamente regulada pelas células.

A 5-hidroximetilcitosina € uma forma recém-descoberta da citosina modificada que
tem sido considerada como uma importante modificacdo epigenética, porém, pesquisas que
buscam investigar sobre a influéncia de fatores ambientais sobre o perfil hidroximetilacéo
global do DNA sdo pouco exploradas. A exposi¢cdo ao arsénio foi estudada e os resultados
obtidos indicaram que ocorrem alteracfes nos niveis de hidroximetilacdo (TELLEZ-PLAZA
etal., 2014).

Varios grupos de pesquisa reportaram recentemente uma reducdo marcada nos niveis
de 5-hmC em diversos tipos de cancer, dentres eles: mama, figado, pulméo, pancreas, célon,
prostata, cérebro e leucemia mieldide (GAMBICHLER et al., 2013). Lian et al., (2012)
detectaram que, durante a progressdo do melanoma ocorre reducdo de 5-hmC acompanhada
de uma redugdo nos niveis de TET2, proteinas relacionadas a sua formacdo. A 5-
hidroximetilcitosina atua como um marcador Util para diferenciar entre 0os melanomas
malignos e benignos (UCHIYAMA et al., 2014).
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2.2 Pele e Radiacéo Solar

A pele humana € o maior 6rgdo do corpo que atua como uma interface com o meio
externo recobrindo toda a superficie corporal, representando 16% do peso total de uma
pessoa. Devido as suas caracteristicas fisicas, quimicas e bioldgicas, a pele é responsavel por
diversas atividades, tais como protecdo imunoldgica, termorregulacéo, percepcao sensorial,
secrecdo e protecdo contra radiacdo solar (SAMPAIO e RIVITTI, 2001; RICHELLE et al.,
2006).

E constituida por trés camadas: a epiderme, a derme e a hipoderme (Figura 5). A
epiderme é a camada mais externa da pele, formada por uma camada cornea rica em queratina
e diversas camadas celulares justapostas e organizadas em uma estrutura multilamelar. E
constituida de queratindcitos (cerca de 85%), melandcitos, células de Langerhans e células de
Merkel, células essas, que se renovam continuamente provomendo um constante processo de
descamacdo da epiderme (MILSTONE, 2004). A derme representa a porcao interna da pele,
cuja estrutura € rica em elementos de matriz extracelular, como as fibras de colageno e
elastina, apresentando também vasos sanguineos, vasos linfaticos e terminagGes nervosas.
Basicamente, a derme é responsavel por todo o tipo de sustentacdo da pele, em termos fisicos
e nutricionais, representando cerca de 90% da espessura cutanea. A hipoderme é a camada
mais interna e que praticamente é constituida pelo tecido adiposo e conjuntivo frouxo que
serve para unir, de maneira pouco firme, a derme aos outros 6rgdos do corpo (SAMPAIO e
RIVITTI, 2001; COSTIN E HEARING, 2007; BOUWSTRA et al., 2008;).

Eixo folicular

Glandulas sebaceas

Va3sos sanguineos

Corpusculosde Meissner
Suporte muscular
- Terminacdesnervosas

Derme

Corpusculosde Pacini
< Glandulas écrinas

Camads subcutanes

Figura 5. Estrutura morfoldgica da pele, mostrando suas camadas e seus respectivos componentes.
Fonte: Adaptado de Robins, 1991.
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A pele humana desenvolveu dois principais mecanismos de defesa para se proteger
contra os efeitos nocivos dos raios ultravioleta (UV): o espessamento da epiderme e a
estimulacdo da sintese de melanina. No entanto, quando as células da camada cornea sé@o
expostas a altos niveis de radiacdo solar ocorre danos nos queratindcitos e a pele,
consequentemente, fica menos protegida e mais vulneravel as duas formas principais de
carcinomas epidérmicos: carcinomas de células basais e de células escamosas. (BRENNER e
HEARING, 2008; D’ORAZIO et al., 2013).

A coloracdo da pele é resultante da espessura das camadas celulares e da quantidade
de pigmentos, como a melanina, que além de ser modulada geneticamente, a sua producéao
também é influenciada por fatores como idade, ocorréncia de resposta inflamatoria, variagdes
hormonais e influéncias ambientais como exposicao a radiacéo solar (COSTIN E HEARING,
2007; BRENNER E HEARING, 2008; RIGAL et al., 2010).

Com base na coloragdo da pele e sua reagdo a exposi¢do solar, a Sociedade Brasileira
de Dermatologia (SBD) adotou uma escala para classificacdo dos tipos de pele (Figura 6),
criada em 1976 pelo dermatologista e diretor do departamento de Dermatologia da Escola de
Medicina de Harvard: Thomas B. Fitzpatrick (1988).

Tipos de pele e resposta do paciente a exposigdo inicial do sol

Fototipo I: Pele muito branca, sempre queima, nunca bronzeia e € muito sensivel ao sol;
Fototipo II: Pele branca, sempre queima, bronzeia muito pouco e é sensivel ao sol;

Fototipo III: Pele morena clara, queima (moderadamente), bronzeia (moderadamente) e tem
sensibilidade normal ao sol;

Fototipo IV: Pele morena moderada, queima (pouco), sempre bronzeia e tem sensibilidade
normal ao sol;

Fototipo V: Pele morena escura, queima (raramente), sempre bronzeia e é pouco sensivel ao
sol;

Fototipo VI: Pele negra, nunca queima, totalmente pigmentada e € insensivel ao sol.

Figura 6. Classificacdo adotada no Brasil dos tipos de peles segundo os critérios de Fitzpatrick
(1988). Fonte: Adaptado de www.laserdocs.co.uk.
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A pele apresenta muitas vantagens para o estudo de alteragdes induzidas pelo
envelhecimento e por danos no DNA, ja que possui fendtipo dependente da idade e quando
alterada € caracterizada por mudancas na rede vascular, reducdo da epiderme, baixos niveis
de colagenos especificos e esta diretamente exposta a muitos fatores ambientais, dentre o
mais preocupante atualmente estid a radiacdo solar (GILHAR et al., 2004; BAUMANN,
2007).

A exposicdo aguda da pele a radiacdo ultravioleta causa queimaduras, alteracdo da
pigmentacdo, inflamac&o, imunosupressao e danos no tecido conjuntivo da derme (AMBACH
et al., 1993; BRASH et al., 2001; DAMIAN et al., 2011). A exposi¢do cronica por muitos
anos altera a arquitetura normal da pele causando o envelhecimento prematuro
(fotoenvelhecimento) (FISHER et al., 2002) e cancer de pele, pois quando a radiacdo solar
UV ¢ absorvida pelas células da pele ocorre alteracdes na estrutura quimica do DNA e causa
estresse oxidativo (BIESALSKI et al., 2003; ICHIHASHI et al., 2003; YAAR et al., 2007,
PFEIFER et al., 2012).

A maior parte da energia irradiada pelo sol estd na regido do espectro Ultravioleta
(UV) (comprimento de 100-400 nm) em comparacao ao espectro da luz visivel (comprimento
de 400-700 nm). A menor parte destes comprimentos de onda é absorvida pelo oxigénio
atmosférico e a camada de ozdnio. Os raios ultravioleta B (UVB) (comprimento de 280-320
nm) sdo absorvidos eficientemente, embora incompletamente pela camada de
ozonio,enquanto que os raios ultravioleta A (UVA) (comprimento de 320-400 nm) €
absorvido menos eficientemente e assim pode ser mais facilmente transmitido para a
atmosfera terrestre (CRUTZEN, 1992). Durante muitos anos a diminuicdo da camada de
0zOnio tem sido observada como resultante da atividade humana, principalmente devido a
emissdo de compostos contendo halogénio resultando em um aumento da dose de UVB sobre
a Terra e consequentemente na pele (CRUTZEN, 1992; DE FABO, 2000).

2.3 Fotoenvelhecimento e Cancer

O fotoenvelhecimento ou envelhecimento prematuro €é caracterizado por mudancas na
aparéncia e estrutura da pele decorrente de danos acumulados durante exposic¢do a radiacao
solar (KIM et al., 2015). Diversas alteragcdes patoldgicas sdo notaveis no fotoenvelhecimento
como: espessamento da pele, rugas, pigmentacéo e secura (KIM et al., 2013; HWANG et al.,
2014). As consequéncias mais graves da radiacdo solar estdo associadas com o risco

aumentado de desenvolvimento de neoplasias, dentre as quais se destaca o cancer de pele. O
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melanoma é o tipo de cancer de pele mais agressivo que acomete frequentemente pessoas
com idade acima de 40 anos, no entanto, pessoas jovens também tém possibilidades de
desenvolver. E decorrente de danos nos melandcitos devido a exposicdo cronica a radiacao
solar, sendo os casos mais frequentes (86,3%) em pessoas brancas (FERRARI JUNIOR et al.,
2008; CHENG et al., 2015).

Além de mutagBes genéticas desordens epigenéticas sdo frequentes no
desenvolvimento de doencgas relacionadas ao envelhecimento e cancer, nas quais, atualmente
tem sido fortemente enfatizadas pelo crescente numero de trabalhos relatando falhas tanto
nos processos de metilacdo de DNA, quanto de modificagdes de histonas em diversos tipos
tumorais (RODRIGUEZ-PAREDES & ESTELLER, 2011; OLIVEIRA, 2012).

2.4 MicroRNAs (miRNAS)

MicroRNAs compreendem uma classe de pequenos RNAs ndo-codificantes com
aproximadamente 19 a 24 nucleotideos que sdo essenciais reguladores de uma variedade de
processos celulares, tais como: homeostase celular, proliferacdo, diferenciacdo, apoptose e
carcinogénese (SAND et al., 2009; WIDMER et al., 2014; AYALA-ORTEGA et al., 2016).
Desempenham um papel chave na regulacdo da expressdo de genes em nivel pos-
transcricional, acarretando a degradacdo ou reprimindo a tradugdo de RNAs mensageiros
(MRNAs) (FRIEDMAN et al., 2009; SATO et al., 2011).

A biogénese dos microRNAs consiste em um processo complexo que inclui varias
etapas e encontra-se esquematizada na figura 7. Inicialmente, os microRNAs sdo transcritos
pela RNA polimerase Il (pol 1I), em seguida s&o processados formando longos transcritos
primarios (pri-miRNAs) contendo em uma extremidade o cap 5’ e na outra uma extensa cauda
poli (A). Ainda no nucleo, os transcritos primarios sdo processados pela acdo de uma enzima
RNAse 11l endonuclease (DROSHA) juntamente com seu cofator DGCRS, liberando entéo,
microRNAs precursores (pre-miRNA) em forma de grampo com cerca de 60-75 nucleotideos
(HUPPI, K. et al., 2007; MACK, 2011; ARAO et al., 2012). Estes por sua vez estio prontos
para serem exportados do nucleo através de um complexo chamado Exportina-5/Ran-GTP.
No citoplasma, o pre-miRNA ¢ clivado por outra RNase Ill, a DICER, gerando um
microRNA duplex maduro com aproximadamente 19-24 nucleotideos. Apenas uma das fitas
do miRNA maduro é retida pelo complexo multiproteico de inducdo de silenciamento de

RNA (RISC), no qual uma vez associados, o complexo pode regular negativamente a



22

expressio de mRNAs por meio da degradacio e repressdo da traducdo (ARAO, 2012;
FUZIWARA & KIMURA, 2014). Quando ocorre pareamento perfeito entre as ribonucleases

associadas ao complexo miRNA-RISC com 0 mRNA, este ¢ entdo degradado, mecanismo que
é comum em plantas (LLAVE et al., 2002). No entanto, nos amimais o silenciamento de

mRNAs através do pareamento imperfeito da regido 3° UTR com o complexo miRNA-RISC
é mais frequente. Tal mecanismo inibe a traducgdo e possibilita que varios mRNAs diferentes
sejam regulados por Unico miRNA e ainda, que diferentes miRNAs controlem de forma

cooperativa a expressdo de um Unico mRNA alvo (BARTEL & CHEN, 2004; FUZIWARA
2010).
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Figura 7. Biogénese de miRNA e os mecanismos de silenciamento génico através da degradagdo do
RNAmM e da represséo da tradugdo. Fonte: Adaptado de Chen, 2005; Sand et al., 2009

Atualmente cerca de 1000 microRNAs humanos séo conhecidos, e sabe-se que estes
dependendo do tipo celular podem desempenhar funcbes oncogénicas ou atuarem como
supressores tumorais reprimindo seus genes-alvo. Estima-se que estes regulam a expressédo de
mais de 50% dos genes humanos, configurando assim uma complexa rede regulatdria pouco

esclarecida, mas que vem sendo ultimamente bastante explorada em pesquisas (TSAI et al
2011; WIDMER et al., 2014).
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Estudos recentes tém demonstrado que mecanismos epigenéticos, incluindo a
metilacdo do DNA e modificagdes em histonas, ndo s6 regulam a expressdo de genes
codificadores de proteinas, mas também dos miRNAs (WATANABE et al., 2015; VIBOR et
al., 2016). E como previsto, a desregulacdo da expressao desses microRNAs estdo altamente
associados a doencgas, dentre elas: o cancer e doencas relacionadas ao envelhecimento
(SATO et al., 2011). Uma classe de microRNAs bastante estudada é o miR-9, o qual possui
trés loci independentes no DNA, o miR-9-1 localizado no cromossomo 1, o0 miR-9-2

localizado no cromossomo 5 e 0 miR-9-3 localizado no cromossomo 15 (Figura 8).
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Figura 8. Localizacdo dos genes da familia miR-9: miR-9-1(cromossomo 1); miR-9-2 (cromossomo 5)
e miR-9-3 (cromossomo 15). Fonte: www.genecards.org

O papel dos miR-9 nos diferentes tipos de canceres ainda é controverso, podendo
atuarem como um supressor tumoral ou como promotor do desenvolvimento tumoral,
dependendo do estagio e da especificidade maligna de cada tumor (TSAI et al., 2011,
TANNOUS, 2014). Ma e colaboradores (2010), mostraram em seus estudos que no cancer de
mama metastatico, 0 miR-9 apresenta-se superexepresso pela ativacdo de proteinas da familia
MYC e atua na inducdo de metéstase e transicdo epitélio-mesenquimal atraves da ligagcéo no
mRNA-alvo da E-caderina (CDH1). Em adicdo, estudos mostram que o silenciamento de
miR-9 pela hipermetilacdo das ilhas CpG nas regides promotoras é encontrada em diversos
canceres, incluindo cancer de mama e melanoma (LUJAMBIO et al., 2008; LIU et al., 2012;
TANNOUS, 2014).


http://www.ncbi.nlm.nih.gov/pubmed/?term=Watanabe%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26256448
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2.5 Gene MTHFR

O gene metilenotetrahidrofolato redutase (MTHFR) esté localizado no brago curto do
cromossomo 1 (Figura 9), é responsavel por codificar uma enzima chave no metabolismo do
folato, chamada de metilenotetrahidrofolato redutase (MTHFR) (GOYETTE, 1995). O
folato é uma forma solivel da vitamina B que é catalisado pela enzima
metilenotetrahidrofolato redutase para a sintese do 5-metilenotetrahidrofolato que é a forma
predominante de folato sérico e doador de carbono para a metilagdo da homocisteina em
metionina, sendo esta reacdo extremamente fundamental para a sintese de S-
adenosilmetionina (SAM), um dos mais importantes doadores de metil para o DNA (Figura
10) (BALAGHI e WAGNER, 1993; ROSENBLATT et al., 1995; IZMIRLI, 2013). Portanto,
quando a expressao do gene MTHFR é reduzida, os niveis de metionina diminuem enquanto
os niveis de homocisteina aumentam, culminando respectivamente na desregulacéo da via de
metilacdo, e com o desenvolvimento de doencas como a homocistinaria (SIBANI et al.,
2000; LY etal., 2012).
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Figura 9. Localizacdo do gene MTHFR (cromossomo 1). Fonte: www.genecards.org

Estudos mostram que a desregulacdo epigenética do gene MTHFR é comum em
varios tipos de cancer. Um estudo feito por Paz et al. (2002) mostrou que existe uma
associacdo positiva entre o perfil de metilacdo aberrante e o alelo variante T do gene MTHFR
nos canceres colorretal, de mama e de pulmao. A analise de metilacdo da regido promotora
do gene MTHFR em lesGes cervicais, mostrou que 0s genes apresentam-se hipermetilados
(BOTEZATU et al., 2013). Segundo Laing et al., (2010) com base em seus resultados
mostram que os niveis aberrantes de metilagdo de DNA em carcinoma de células escamosas

podem estar relacionados com o polimorfismo do gene MTHFR.
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Figura 10. Via metabolica do folato. Fonte: Dhillon et al., 2007.

2.6 Justificativa

Atualmente, estudos que abordam as modificacBes epigenéticas tém emergido
como um importante campo de pesquisa e tem revelado como o0 meio ambiente pode afetar
nossos genes e alterar drasticamente a expressdo génica, resultando em doencas

inflamatdrias e tumorais, ou mesmo no envelhecimento (ATTWOOD et al., 2002).

Ja estda bem estabelecido como a radiacdo UV do sol pode causar muta¢bes no
DNA e aumentar o risco para o desenvolvimento de cancer de pele (PFEIFER et al.,
2009). Entretanto, pouco se sabe sobre a capacidade da radiacdo UV em causar altera¢des
epigenéticas na pele, e esse pode ser outro mecanismo pelo qual a exposicao cronica ao sol

leva a tumorigénese.

A maioria das evidéncias em amostras ndo tumorais de que a radiacdo ultravioleta
pode causar alteracdes epigenéticas sao oriundas de trabalhos experimentais com roedores
ou linhagem celulares (MITTAL et al., 2003; NANDAKUMAR et al., 2011; CHEN et al.,
2012).

Os estudos utilizando amostras de pele obtidas de humanos apresentam resultados
controversos. Um desses estudos mostrou hipermetilacdo no gene que codifica a caderina
1 (CDH1) em regides expostas ao sol (SATHYANARAYANA et al., 2007). Outro estudo
revelou tendéncia a hipometilacdo no promotor do gene KRT75 (queratin 75), em
amostras de pele expostas ao sol e em adi¢do, mostrou ainda que, essas alteragdes eram
mais acentuadas em individuos mais velhos (GRONNIGER et al., 2010). Entretanto, Da

Silva Melo et al., (2015) ndo detectaram influéncia da exposicdo solar sobre o perfil de


http://www.ncbi.nlm.nih.gov/pubmed/?term=Dhillon%20VS%5BAuthor%5D&cauthor=true&cauthor_uid=17277043
http://www.ncbi.nlm.nih.gov/pubmed/?term=Da%20Silva%20Melo%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=26424515
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metilacdo dos genes MMP9, miR-137, KRT14 e KRT19 em amostras de pele humana. Outro
estudo, realizado por Vandiver et al., (2015) comparou epiderme e derme de pele exposta e
protegida do sol de individuos jovens (com menos de 35 anos de idade) e idosos (mais de 60
anos de idade), e obtiveram como resultados que a hipometilacdo é mais frequente em
amostras de epiderme expostas ao sol de individuos idosos, e associaram o0 grau de
hipometilacdo com medidas clinicas de fotoenvelhecimento. Eles também observaram que
as mesmas regides génicas estudadas sdo igualmente hipometiladas em amostras de
carcinoma de células escamosas, 0 segundo tipo de cancer de pele mais comum. Entretanto,
Lahtz et al., (2013) revelaram que a exposicdo de queratindcitos a radiagdo UVB ndo
apresentou nenhum efeito reconhecivel em padrGes de metilagdo global de DNA, e,
sugeriram que as alteracdes na metilacdo do DNA, tal como observado em tumores da pele,

ndo sdo consequéncias imediatas da exposicao a radiacdo UVB solar.

Um estudo realizado em uma populacdo de adultos saudaveis na Australia mostrou
gue a exposicdo a radiacdo UV solar pode reduzir os niveis de metilacdo de DNA em
linfdcitos circulantes e que esta associacdo nao € influenciada ou mediada pela vitamina D
(NAIR SHALLIKER et al., 2014).

Sabe-se que a 5-hmC atua como um marcador Util para diferenciar entre os melanomas
malignos e benignos (UCHIYAMA et al., 2014), e que 0s genes miR-9 e MTHFR ja foram
relacionados a tumorigénese em alguns tipos de cancer. Contudo, até 0 momento nada se sabe
sobre a influéncia da exposi¢édo solar sobre o perfil de metilacdo de DNA em nenhum gene da
familia de microRNAs e no gene MTHFR nem sobre o perfil de hidroximetilacdo global em
células da pele. Uma vez que essas marcas epigenéticas ja foram associadas ao cancer, o
estudo de alteracGes nesses alvos em células ndo tumorais expostas a agentes cancerigenos,
como a radiacdo UV, pode auxiliar no entendimento de como a rede complexa de regulagédo

epigenética influencia as células e promove malignidade e/ou fotoenvelhecimento.

Baseado nesses fatos o presente estudo investigou a influéncia da exposi¢éo solar
sobre o perfil de modificagdes no DNA ainda ndo investigadas em pele humana, na tentativa

de encontrar marcadores relacionados a alterac6es associadas a exposi¢éo solar.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Lahtz%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24555035
http://www.ncbi.nlm.nih.gov/pubmed/?term=Nair-Shalliker%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24727138
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3. OBJETIVOS

3.1 Geral

Analisar a influéncia da exposicéao solar sobre o perfil epigenético de células de pele humana.

3.2 Especificos

s Investigar se a exposicdo solar tem influéncia sobre o perfil de metilagdo e

hidroximetilacdo global de DNA,;

% Investigar se a exposi¢do solar tem influéncia sobre o perfil de metilagdo em sitios

especificos nos genes miR-9-1, miR-9-3 e MTHFR;

+ Investigar se fatores intrinsecos, como idade, género e tipo de pele tem influéncia sobre o
perfil de metilacdo e hidroximetilacdo global do DNA e em sitios especificos dos genes
miR-9-1, miR-9-3 e MTHFR.
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4. RESULTADOS
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ABSTRACT

Introduction: Epigenetic changes represent the interface between the genome and the
environment, and they are heritable, reversible, and more frequent than mutations and do not
alter the primary sequence of the DNA. Purpose: to investigate the influence of sun exposure
on global DNA methylation and hydroxymethylation status and at specific sites of the miR-9-
1, miR9-3 and MTHFR genes in skin samples of subjects with no history of skin diseases.
Materials and Methods: skin biopsies were obtained by punch on sun-exposed and sun-
protected arm areas from 24 corpses aged 16-89 years old from the Brazilian Service of Death
Investigation. Genomic DNA was extracted from skin samples that were ranked according to
Fitzpatrick’s criteria as light, moderate and dark brown. Global DNA methylation and
hydroxymethylation and DNA methylation at specific sites analyses were performed using an
ELISA and MSP, respectively. Results: no significant differences in global DNA
methylation and hydroxymethylation levels were found between the skin areas, skin type or
age. However, gender-related differences were detected, where women showed higher
methylation levels in comparison to those in men. Global DNA methylation levels were
higher than hydroxymethylation levels, and the levels of these DNA modifications correlated
in skin tissue. For specific sites, it was detected no differences among areas. Additional
analyses showed no differences in the methylation status when age, gender and skin type were
considered; however, the methylation status of the miR-9-1 gene seems to be gender related.
Conclusion: sun exposure does not induce changes in the global DNA methylation and
hydroxymethylation status or at specific sites in the miR-9-1, miR-9-3 and MTHFR genes for
skin types studied.

Keywords: epigenetic, methylation, hydroxymethylation, sun exposure, MTHFR, microRNA,

skin
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Introduction

Continuous exposure to ultraviolet (UV) radiation leads to lesions in the nuclear and
mitochondrial genomic DNA in human skin cells, as well as to the generation of reactive
oxygen species, thereby generating various deleterious effects, such as erythema, photoaging,
immunosuppression and cancer.! Given that skin cancer is associated with epigenetic changes,
a current concern of the scientific community is how exposure to solar radiation can affect our
epigenome.? However, studies that address the effects of solar radiation on our epigenome
remain scarce and controversial

Epigenetic changes represent the interface between the genome and the environment,
and they are heritable, reversible, and do not alter the primary sequence of the DNA.*> DNA
methylation is one of the most common epigenetic modifications, and it is characterised by
being able to balance stability with plasticity, tissue-specificity, and potentially varying with
age and environmental exposures.*® It consists of a covalent modification of DNA in which a
methyl group (CHs) is transferred from S-adenosylmethionine (SAM) to a cytosine that
precedes a guanine (CpG dinucleotide). It is catalyzed by a family of specific enzymes called
DNA methyltransferases (DNMTSs). Recent studies have reported that aberrant methylation
profiles of gene promoters represent a major mechanism associated with gene inactivation,
contributing to the initiation and progression of various diseases, including skin cancer.®’

In addition to DNA methylation, other epigenetic mechanisms are responsible for the
integrity and regulation of gene expression such as: DNA hydroxymethylation; methylation,
phosphorylation and acetylation of the N-terminal tails of histone proteins and non-coding
RNAs.®® 5-hydroxymethylcytosine (5-hmC) is generated by oxidation of 5-methylcytosine (5-
mC) through the action of TET enzymes (Ten-Eleven translocation). 5-hmC is responsible for
regulating gene transcription in the short and long term for the maintenance of unmethylated
DNA in gene promoters, and they are considered one of the key molecules involved in the
process of DNA demethylation.®°

Cells have developed a system that involves a group of small non-coding endogenous
RNAs (known as microRNAs) to negatively regulate gene expression at the post-
transcriptional level by degrading or blocking mRNA translation.** It is estimated that these
molecules regulate the expression of more than 50% of human genes, and it was estimated
that approximately 10% of miRNAs are epigenetically regulated by DNA methylation.*** It
was reported that microRNAS can act as oncogenes or tumour suppressors depending on the

cell type in which they are expressed.” Epigenetic regulation of microRNAs has been
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considered a major bet of current research due to their important roles in the silencing of
genes involved in cell proliferation, differentiation, apoptosis and carcinogenesis.*>*°

In particular, the family of microRNAs called miR-9, presents three independent loci
in DNA including miR-9-1 located on chromosome 122, miR-9-2 located on chromosome
5914.3 and miR-9-3 located on chromosome 15926. They are an interesting family because
their association with skin cancer has been demonstrated.’

The methylene tetrahydrofolate reductase (MTHFR) gene is located on chromosome 1
and encodes the methylenetetrahydrofolate reductase enzyme involved in folate metabolism.
MTHFR is essential for metabolic pathways generating S-adenosylmethionine (SAM), which
is the most important methyl donor for DNA.*® Most of the studies focusing on MTHFR have
considered polymorphisms, and some of them have shown an association with DNA
methylation changes.*®

The mechanisms governing how external factors affect the methylation profiles of the
miR and MTHFR genes are poorly explored. However, studies have shown that a variety of
environmental factors, including solar radiation, can influence microRNA expression,
suggesting that they are valuable novel biomarkers for exposure.?>?* For MTHFR gene, it was
shown that exposure to arsenic can change their methylation profile.?

In this context, the aim of this study was to investigate the influence of sun exposure
on global DNA methylation and hydroxymethylation and at specific sites of the miR-9-1,
miR-9-3 and MTFHR genes in subjects with no history of skin disease. The basis of the study
was that changes in epigenetic profiles could be used as markers of changes related to sun

exposure.

Materials and methods
Ethics statement and subject population

The study was performed in accordance with the Ethics Committee in Research of the
Federal University of Paraiba (protocol number 430/2011) and with the Helsinki Declaration
of 1975. Twenty-four corpses of both genders of individuals ranging from 16-89 years of age
at the time of their death were included. The corpses were obtained from the Brazilian
Service of Death Investigation. Written informed consent for participation was obtained from
all families. The demographic data and general health were obtained via records and did not
include individuals with smoking habits or a medical history of skin diseases. Skin samples

were collected and ranked according to Fitzpatrick’s criteria.”® by two observers and
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confirmed by skin type declaration in the record of each individual.

Sample collection and genomic DNA extraction

Biopsies were collected from the 24 corpses by punch (5-mm diameter) from the
outer forearm (sun-exposed area) and inner arm (sun-protected area) of each corpse, up to
10 hours after death. Immediately after removal, the biopsies (epidermis and dermis) were
stored in a tube containing 800 uL of RNAholder (Bioagency, Sao Paulo, SP, Brazil) and
frozen at —20 °C until DNA extraction. Afterwards, the genomic DNA of skin biopsies was
purified using the TRIZOL reagent (Invitrogen, Carlsband, CA, USA) following the
manufacturer’s recommendation and using a tissue homogeniser. DNA quantification was
performed using a NanoDrop spectrophotometer (Thermo Scientific). The samples were

then frozen at —20 °C until further analysis.

Global DNA methylation and hydroxymethylation quantification

Global DNA methylation and hydroxymethylation levels were assessed with an
ELISA-based technique. Briefly, wells were coated with 50 ng of DNA diluted in Coating
solution. The methylated and hydroxymethylated fraction of DNA was detected separately
using the respective capture monoclonal antibodies [5-mC- 1:125 (Merck Millipore) and 5-
hmC- 1:2000 (Epigentek)]. Coating, Wash, Stop and Blocking Solutions and detection
antibodies were provided by the Protein Detector Kit™ ELISA (KPL Inc.) and used
according to the manufacturer’s recommendations. The optical density was read at 405 nm
using a microplate reader Multiskan GO ™ Microplate Spectrophotometer (Thermo Fisher
Scientific Inc.). The relative percentage of global DNA methylation and hydroxymethylation
was derived by subtracting the optical density of the positive controls for both modifications
studied, methylated or hydroxymethylated @ DNA  (5-Methylcytosine &  5-
hydroxymethylcytosine DNA Standard Set-Zymo Research) on the optical density of each

sample.?* All analyses were performed in duplicate and the average was reported.
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DNA methylation analysis of the promoters of the miR-9-1, miR-9-3 and MTHFR genes

DNA methylation analysis of specific sites was performed using methylation-specific
PCR (MSP). Bisulfite modification of genomic DNA (500 ng) was performed with the
CpGenome™ Turbo Bisulfite Modification Kit (Merck Millipore), according to the
manufacturer’s instructions. Each MSP reaction incorporated 100 ng of bisulfite-modified
DNA, 1 pL (10 pM) of each primer and 1 x Go Taq Hot Start Green Master Mix (Promega
Corporations, Madison, WI, USA) in a final reaction of 25 puL. Fragments were amplified with
specific primers for either methylated or unmethylated targets as previously described.?>?°
(Table 1). Methylated DNA (Methylated Control DNA, Sigma Aldrich) and unmethylated
(CpGenome Universal Unmethylated DNA, Merck Millipore) were modified, as previously
described, and amplified by PCR as control reactions with primers for the methylated and
unmethylated condition, respectively. All reactions were performed in duplicate, and
amplified PCR samples (10 pL) were loaded in 6% polyacrylamide gels and subjected to
electrophoresis. DNA bands were detected after silver staining.

Statistical analysis

To evaluate the differences in DNA methylation among sun-exposed and sun-
protected skin areas, a paired non-parametric McNemar test was used for specific
methylation and a paired t-test was used for global methylation and hydroxymethylation.
Differences between methylation and hydroxymethylation levels in the skin were analysed
with a t-test, and a Pearson correlation test was used for correlation analysis. Additional tests
to evaluate the influence on age, gender and skin type were performed using t-tests and
ANOVA. All analyses were performed using Bioestat 5.0 software (Para- Brazil) at a 5%

level of significance.

Results

Demographic and skin type data are shown in Table 2.
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Global DNA methylation and hydroxymethylation

Quantification of 5-mC and 5-hmC levels showed no significant difference between
the sun-exposed and sun-protected skin areas (5-mC = 16.9 % and 17.3%; 5-hmC = 11.4%
and 11.3%; p > 0.05). However, 5-mC levels were higher in comparison to 5-hmC levels (p <
0.0001) in skin cells. In addition, a significant correlation was found between %methylation
and %hydroxymethylation (p < 0.0001) (Fig. 1A). Females presented a higher methylation
level (18.4%) in comparison to that of men (15.1%) (p = 0.03), while no differences were
observed for DNA hydroxymethylation (p > 0.05) (Fig. 1B). In relation to age and skin type,
no differences were observed for both DNA methylation and hydroxymethylation (p > 0.05)
(Figs. 1C and D).

DNA methylation at specific sites

miR-9-1- no significant differences were observed between areas because out of a
total of 17 samples, only six (35.3%) showed differences between sun-exposed and sun-
protected areas [2 methylated in SE (11.8%) and 4 methylated in SP (23.5%)], and most
(64.7%) had the same condition for both areas [7 methylated (41.2%) and 4 unmethylated
(23.5%); p = 0.68] (Fig. 2A and D).

miR-9-3- no significant differences were observed between areas because out of a
total of 21 samples, only five (23.8%) showed differences between sun-exposed and sun-
protected areas [1 methylated in SE (4.8%) and 4 methylated in SP (19%)], and most had the
same condition for both areas [16 unmethylated (76.2%) (p = 0.37)] (Fig. 2B and E).

MTHFR- no significant differences were found between areas because out of a total
of 14 samples, only one (7.2%) showed differences between sun-exposed and sun-protected
areas (1 methylated in SP and unmethylated in SE), and most had the same condition for both
areas [13 methylated (92.8%) (p = 1)] (Fig. 2C and F).

Figure 2G shows the analysis of the three genes, emphasizing the frequency of

discordant samples (samples with different profiles in sun-exposed and sun-protected areas)

and concordant samples (samples with same profile in sun-exposed and sun-protected areas).
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Discussion

Beside UV radiation is crucial for the synthesis of vitamin D in the skin and other
physiological aspects of the human life, it has been currently considered one of the most
potent carcinogens to which the human population is exposed.?” Furthermore, the intensity of
ultraviolet UV sun radiation on Earth's surface has been consistently increasing and correlates
with an increased incidence of skin cancer.?® Therefore, the detection of genomic changes in

non-tumoural cells may be a powerful marker to predict a malignant state.

Global DNA methylation and hydroxymethylation

In the present study, differences in global DNA methylation levels between sun-
exposed and sun-protected skin areas were not observed (Fig. 1A). Furthermore, there were
no detectable differences in global methylation levels in relation to age and skin type (Figs.
1C and D). It has also been shown that the human keratinocytes chronically exposed to UV
radiation presents a specific methylation pattern.?® In contrast, another study reveals that
UVB irradiation of keratinocytes has no recognisable global effect on DNA methylation
patterns.®® In samples obtained from human sun-exposed arm areas, the global DNA
hypomethylated condition appeard to be more frequent in comparison to that of sun-
protected skin areas.®** Gronniger et al.*! has already shown on a genome-scale level, that
aging and sun exposure of human skin are characterised by distinct epigenetic variations,
with aging associated with hypermethylation at specific sites and sun-exposure associated
with global hypomethylation, which was more pronounced in the epidermis. However, the
types of skin samples used were not reported. In addition, they reported that age-related
changes were more pronounced than sun-exposure related changes. More recently, large
blocks of hypomethylated genomic material were observed in nonmalignant skin in older and
sun-exposed epidermal samples, however, the authors limited the samples to Caucasian
donors.® In the present study, it was not possible to separate dermis and epidermis and,
therefore, the levels of global DNA 5-mC and 5-hmc for keratinocytes and fibroblasts were
analysed together. In contrast, we analysed samples of individuals that represent the
Brazilian population, classified as light, moderate and dark brown (type I, IV and V)
according to Fitzpatrick’s criteria 2°, and the study cited analysed Caucasian sample as type II.
This type of skin is more sensitive to the sun and, therefore, more likely to undergo epigenetic

changes. The fact we did not find differences in relation to age can be explained by small
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sample size of young people which may influence the statistical analysis, and perhaps also
the fact that we have not separate dermis and epidermis, since changes reported in the
literature were more pronounced in the epidermis.®

We detected differences in relation to gender with women showing higher global
methylation levels than men (Fig. 1B). Godderis et al.** did not observe significant
differences in global DNA methylation levels in the blood and saliva between males and
females, however the sample size was limited (4 males and 10 females).

In relation to hydroxymethylation, to the best of our knowledge, this is the first study
to report levels of global DNA hydroxymethylation in sun-exposed and sun-protected skin
areas and to reveal that there are no differences between them (Fig. 1A). Studies focussing on
the influence of environmental factors on the DNA global hydroxymethylation profile are
unexplored, however, a recent study showed that exposure to arsenic is associated with
changes in these levels.?? The levels of 5-hmC have previously been shown to be an important
hallmark of human melanoma, in which there is a reduction of 5-hmC levels in comparison to
that in mature melanocytes.® In addition, hydroxymethylcytosine is a useful marker to
differentiate between malignant melanomas and benign melanocytic nevi.*®

In the present study, it was shown that DNA global methylation levels are
significantly higher in comparison to hydroxymethylation levels (p < 0.0001; Fig. 1A). In
fact, DNA methylation is the predominant epigenetic modification and as well as 5-mC, the
5-hmC is also tissue-specific **.We also detected a correlation between 5-mC and 5-hmC
levels in the skin tissue (p < 0.0001; Fig. 1A). Godderis et al.*® observed that global DNA
methylation and hydroxymethylation levels were correlated in saliva but not in blood. It was
previously proposed that the balance between 5-mC and 5-hmC levels is involved in the
balance between cellular pluripotency and lineage commitment.®” The correlation of the two
bases support the hypothesis that the 5-hmC acts as an intermediary of active demethylation
of 5-mC.

It is known that both global and site-specific DNA methylation profiles are influenced
by aging.*®*° Currently, global DNA hydroxymethylation is being characterised as a strong
and reproducible trademark of chronological age, potentially acting on assessment of health
and disease prevention.*® Truong et al.** recently reported that the level of
hydroxymethylation in peripheral blood T cells from humans is dependent on age and is
associated with a gradual decrease of TET3 expression levels during aging. However, in our
study, we detected no influence of age on DNA global methylation and hydroxymethylation

levels in skin tissue (Fig. 1D). In relation to skin tissue, it was previously suggested that age-
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related changes are more pronounced at specific sites than on the global DNA profile *!, and
this may also be true for hydroxymethylation levels.

DNA methylation at specific sites

For the miR-9-1 gene, our data show that the methylated condition for both sun-
exposed and sun-protected skin areas was the most frequent (41.2%); however, 23.5% of the
samples showed an unmethylated condition. Given the lack of influence of sun exposure on
this profile, the differences could be explained by age, skin type or gender. However, it was
also observed that age and skin type did not influence this profile, because for the methylated
samples (41.2%), in individuals ranging from 30 to 89 years old 17.6% had skin type llI,
11.8% skin type IV, and 11.8% skin type V.

However, gender may be a factor that influences the DNA methylation profile of this
gene because we observed that the methylated profile included 29.4% women out of a total of
41.2% individuals. However, a study with a larger sample size is required to validate this
hypothesis. Our group has previously demonstrated that the methylated profile of miR-137 in
skin samples is also associated with female gender.*? In fact, female gender has been
demonstrated to be positively associated with DNA methylation for some genes.”*** For
unmethylated samples, we observed that aging, gender or skin type did not influence this

1945 or even a combination of

profile. Other intrinsic factors, such as genetic polymorphisms
several intrinsic factors, could explain the variability in methylated and unmethylated miR-9-1
profiles among the skin samples of individuals.

For samples with different methylation profiles between areas (35.3%), both
methylated (11.8%) and unmethylated (23.5%) profiles were observed in sun-exposed skin
areas. This suggests that factors in addition to sun exposure, such as exposure to chemical
agents, occupation and habits, may have influenced the methylation profile. However, there is
insufficient information to validate this hypothesis.

Cheng & Cho 46 suggest that dermatologists are practiced skeptics of the dogma “‘one
genome per individual” because genetic diversity within individuals reveals itself routinely
in skin cells. For example, there are mosaic presentation conditions such as incontinentia
pigmenti, McCune-Albright disease, localized lesions of neurofibromatosis, Darier disease,
and even the abundant nevi harbouring BRAF mutations.*’*® We risk to say “one epigenome
per individual” is even more pronounced, since the epigenome is influenced by both intrinsic

and extrinsic factors and every individual is exposed to different conditions and the
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combination of these factors can lead to a variety of epigenome profiles. We suggest this is
the basis for the mir-9-1 epigenetic profile given the presence of four observed methylation
profiles (Fig. 2), indicating that other environmental factors in addition to sun exposure can
influence the methylation profile of this gene. Our experience in studying the epigenome of
skin cells shows that the methylation status of a particular microRNA can be influenced by a
variety of factors in addition to sun exposure and gender. This is based on evidence that in
addition to the four different miR-9-1 methylation profiles among the individuals analysed in
the present study, there were five different miR-137 methylation profiles previously observed
in a sample of 30 individuals.** Therefore, epigenome profiles can vary both among various
cell types and within a particular individual, which then may lead to unique epigenome
profiles associated with a particular disease state. This finding reinforces the issue of the
significant influence of intrinsic and extrinsic factors on epigenetic profiles, and it should be
used as a basis for the individualization of drug therapies.

Our data shows that sunlight exposure does not influence the DNA methylation
profiles of the miR-9-3 and MTHFR genes based on the similar frequencies of the
unmethylated and methylated conditions for both skin areas for miR-9-3 and MTHFR,
respectively (Fig. 2). The high frequencies show that age, gender and skin type also do not
influence the methylation profile of these genes.

A comparison of the frequency of concordant and discordant profile between skin
areas for the three genes revealed that miR-9-1 may be the most susceptible to intrinsic or
extrinsic factors. Although miR-9-1 showed no difference between skin type areas, it showed
the highest frequency of differences among sun-exposed and sun-protected skin areas
(35.3%), and its methylation status was distributed in four profiles suggesting that this gene
may be susceptible to intrinsic or extrinsic factors, including gender.

Furthermore, the methylation analysis for the miR-9-3 and MTHFR genes showed that
unmethylated and methylated DNA is a common profile of skin cells for these genes,
respectively, because it was observed in both areas and in more than 70% of the cases, in
contrast to miR-9-1 (Fig. 2G). In contrast to miR-9-1 profiles, those of miR-9-3 and MTHFR
showed a homogeneity between cells in the dermis and epidermis.

According to controversial dada that UV radiation can lead to global methylation

changes®*

, this is also true for specific sites since some studies have shown differences
among sun-exposed and sun-protected skin areas and others not.*** Gronniger et al.*! has

already shown that sun exposure of human skin is associated with hypermethylation at
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specific sites which was more pronounced in the epidermis. Another study of our group has
shown no influence in the methylation profile of four genes 2.

So, inconsistencies can be explained by skin types studied (Gronniger et al.,** although
not reveal the type of skin, the study was conducted in Europe, where individuals are mostly
caucasians (skin type 11), in contrast with our studies (previous ** and present) wich was
performed with skin type II, IV and V), population exposure levels (we do not know the dress
habits of the studied population), study designs (Gronniger et al.,** separated dermis and
epidermis and our group did not; Gronniger et al., performed Array-based methylation
analysis and Bisulfite sequencing, in contrast with ELISA and MSP performed by our group)
or in fact this changes can be observed in just some genes and even the genes evaluated in this

study may present others CpG sites more susceptible to sun radiation.

Conclusion

We conclude that sun exposure does not influence the DNA methylation status at specific
sites of the miR-9-1, miR9-3 and MTHFR genes, as well as the global DNA methylation and
hydroxymethylation levels in individuals with light, moderate or brown skin types. However,
it was detected female-related global methylation levels. In addition, global methylation
levels were higher in comparison to hydroxymethylation levels, and the 5-mC and 5-hmC

levels are correlated in skin tissue.
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Table 1. Primers sequences and MSP analysis conditions for miR-9-1, miR-9-3 and MTHFR genes.

tataagggtttcgtttcgtttttaac (M) 110 55 (40 sec) 35
miR-9-1 acccgtcaccgaaaaaaa (M)
gottttgttttgtttttaatgt (U) 110 60 (40 sec) 35

caaccaaaaccctaccttcaac (U)

attggtcgatttttggattgac (M) 116 58 (1 min) 35
miR-9-3 cgcttaaaaaacctcgaacg (M)
gattggttgatttttggattgat (U)
caaaacacttaaaaaacctcaaaca (U) 116 55 (1 min) 35
tagatttaggtaggtgaagtagggtagac(M) 180 58 (40 sec) 40
MTHFR gaaaaactaataaaaaacggacgaa(M)
tttaggtatgtgaaatagggtagatgt (U) 180 58 (40 sec) 40

Caaaaaactaataaaaaaccaacaaa (U)

*F-Forward, R-Reverse, M-methylated, U-methylated, MSP- Methylation Specific PCR.

Table 2. Demographic and skin type data in studied population.

Global DNA 24 57.9+21.6 11/13 09- type I11; 10- type IV; 05- type V
methylation and
hydroxymethylation
miR-9-1 17 57.8+20.9 7/10 06- type 111; 07- type 1V; 04- type V
miR-9-3 21 56.1+21.3 10/11 08- type I11; 09- type 1V; 04- type V
MTHFR 14 58.5+21.8 5/9 06- type 11I; 04- type 1V; 04- type V
Type I light brown, type IV: moderate brown and type V: dark brown. We collected samples of 24 corpses,

but some samples are not available for amplification or showed no fragments after PCR amplification, and were
excluded from the study.
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Fig 1- Global DNA methylation and hydroxymethylation level in skin tissue. Data are presented as mean
and standard deviation. (A) Methylation and hydroxymethylation among sun-exposed and sun-protected
skin areas (p>0.05; Paired t test). Methylation versus hydroxymethylation in the skin (*p<0.0001; T test).
Correlation of methylation and hydroxymethylation (#p<0.0001; Pearson Correlation). (B) Global DNA
methylation and hydroxymethylation between genders (p=0.03; T test). (C) Global DNA methylation and
hydroxymethylation among skin types (p>0.05; ANOVA). (D) Global DNA methylation and
hydroxymethylation between age (p>0.05; T test). n=24, SE - sun-exposed, SP - sun-protected, Il1-light
brown, IV- moderate brown, V-dark brown.
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Fig 2- DNA methylation analysis of miR-9-, miR-9-3 and MTHFR promoter of skin tissue. A) Bands
of positive (methylated) and negative (unmethylated) control DNA, showing specific amplification
for methylated and unmethylated conditions for miR-9-1 and bands of two representative samples
obtained after polymerase chain reaction (110 bp). B) Bands of positive (methylated) and negative
(unmethylated) control DNA, showing specific amplification for methylated and unmethylated
conditions for miR-9-3 and bands of two representative samples obtained after polymerase chain
reaction (116 bp). C) Bands of positive (methylated) and negative (unmethylated) control DNA,
showing specific amplification for methylated and unmethylated conditions for MTHFR and bands of
two representative samples obtained after polymerase chain reaction (180 bp). D) Methylation
frequency for miR-9-1 (n=17, p>0.05; McNemar). E) Methylation frequency for miR-9-3 (n=21,
p>0.05; McNemar). F) Methylation frequency for MTHFR (n=14, p>0.05; McNemar). G)
Methylation frequency of discordant samples (samples with different profile in sun-exposed and sun-
protected areas) and concordant samples (samples with the most frequent profile in both sun-exposed
and sun-protected areas: methylated for miR-9-1 and MTHFR genes and unmethylated for miR-9-3
gene). NC- negative control, PC- positive control, M - methylated, U - unmethylated, SE - sun-
exposed, SP - sun-protected.
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5. CONCLUSAO

A exposicdo solar ndo teve influéncia sobre o perfil de metilacdo e hidroximetilacao
global do DNA em amostras de pele humana do tipo Ill, IV e V. Entretanto, o nivel de
metilagdo global foi maior em comparacdo ao nivel de hidroximetilacdo, e esses niveis

estdo correlacionados na pele.

A exposicdo solar nao teve influéncia sobre o perfil de metilacdo nos genes miR-9-1,
miR-9-3 e MTHFR, sendo a condicdo metilada, caracteristica comum dos genes miR-9-1
e MTHFR, enquanto a condi¢cdo ndo metilada parece ser tipica do gene miR-9-3 em
celulas da pele.

Fatores intrinsecos como idade, género e tipo de pele ndo tém influéncia sobre o perfil de
hidroximetilacdo global e sobre o perfil de metilacdo nos sitios especificos dos genes
miR-9-1, miR-9-3 e MTHFR, contudo, o género feminino tem influéncia sobre o perfil de

metilacdo global, visto que, o nivel de metilacdo foi maior no sexo feminino.
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