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RESUMO

Pesquisas tem mostrado que a radiacdo UV do sol pode causar mutacées no DNA e aumentar o
risco para o desenvolvimento de céncer de pele. Entretanto, ainda pouco se sabe sobre a
capacidade da radiacdo UV em causar alteracdes epigenéticas na pele. A metilacdo do DNA é
caracterizada pela adicdo do grupo metil em uma citosina precedida por uma guanina (dinucleotideo
CpG), o que pode alterar a transcricdo génica, diminuindo a expressdo ou silenciando um gene.
AlteragBes epigenéticas podem representar um importante caminho de como os fatores ambientais
influenciam no envelhecimento e no desenvolvimento de certas doencas de maneira tecido especifica.
Queratinas epiteliais sdo chamadas de citoqueratinas, e sua principal funcado é manter a integridade
e estabilidade mecéanica do tecido epitelial. Neste trabalho investigamos se ha influéncia da
exposicao solar sobre o perfil de metilacdo de DNA nos genes das citoqueratinas 14 (KRT14) e
(KRT19), em células da pele de individuos sem histérico de doencas de pele. Biopsias de pele
foram obtidas através de um Punch circular da de area exposta e ndo exposta ao sol de 30
cadaveres do Servico de Verificagdo de Obito. A andlise de metilagdo do gene KRT14 foi realizada
pelo método de PCR Especifica para Metilacdo (MSP), e para o gene KRT19 foi realizado o método
de Restricdo Enzimética Sensivel a Metilacdo (MSRE) das areas expostas e protegidas do sol. A
andlise estatistica mostrou que ndo ha diferencas significativas entre as regides exposta e nao
exposta ao sol, sendo a condicdo metilada a mais frequente tanto para o gene KRT14 quanto para o
gene KRT19 (p>0,05; McNemar). Assim, concluimos que nédo ha influéncia da exposicdo solar no
perfil de metilacdo de DNA nos genes KRT14 e KRT19.

Palavras Chave: citoqueratina, epigenética, metilacdo de DNA, radiacdo UV, pele
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ABSTRACT

It is well established that solar UV radiation can cause mutations in DNA and increase the risk of
developing skin cancer. However, little is known about the ability of UV radiation to cause epigenetic
changes in the skin. DNA methylation, characterised by the addition of a methyl group in cytosines
within CpG dinucleotides, can modify gene transcription, leading to decreased expression or even
silencing of a gene. Epigenetic changes could represent an important pathway by which
environmental factors influence aging and disease risks, with a tissue-specific manner. Epithelial
keratins are called cytokeratins, the main function of cytokeratins is to maintain the integrity and
mechanical stability through cell-cell contacts with epithelial tissue. The aim of this study was to
investigate the sun exposure influence on DNA methylation status in the cytokeratin 14 (KRT14) and
19 (KRT19) genes of skin cells of subjects whithout history of skin disease. Skin biopsies were
obtained by punch of sun-exposed (outer forearm) and sun-protected areas (inner arm) from 30
corpses of the Brazilian Services of Death Investigation. The KRT14 gene DNA methylation analysis
was performed using Methylation-Specific PCR (MSP), and the KRT19 gene DNA methylation
analysis was performed using Methylation-Sensitive Restriction Enzymes (MSRE) of sun-exposed and
sun-protected skin areas. Statistical analysis showed no significant differences between sun-
protected and sun-exposed areas and the most frequently methylated condition for CpG studied for
KRT14 and KRT19 genes (p> 0.05; McNemar). We conclude that sun exposure does not induce
changes in DNA methylation status in the KRT14 and KRT19 genes.

Keywords: cytokeratin, DNA methylation, epigenetic, UV radiation, skin
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1. INTRODUCAO

1.1 - EPIGENETICA

Epigenética é definida como o estudo das modificacdes do DNA e das histonas que
séo herdaveis e ndo alteram a sequéncia de bases do DNA. Dentre as modifica¢cdes que as
histonas podem sofrer, estdo: metilagéo, fosforilacéo e acetilagdo. Entretanto, na molécula
de DNA ocorre apenas a metilagdo (BERGER et al., 2009). A metilagdo consiste em uma
modificacéo covalente do DNA na qual um grupamento metil (CH;) € transferido da 5-
adenosilmetionina para o carbono 5 de uma citosina que geralmente precede uma guanina
(dinucleotideo CpG), pela agdo de uma familia de enzimas que recebe o nome de DNA-

metiltransferase (DNMT).

As DNAs metiltransferases estdo divididas em duas classes de representantes:
aguelas envolvidas na metilacdo de fitas hemimetiladas do DNA, conhecidas como
metilases de manuten¢édo, como a DNMT1, e outro grupo responsavel pela maioria dos
processos de metilacdo de novo, que ocorrem em sitios sem nenhum tipo de indicacéo
de metilacdo, ou seja, sem a presenca de metilacdo prévia, como as DNMT2 e
DNMT3A e DNMT3B (BESTOR, 2000). A acdo destas enzimas requer um substrato
gue atue como doador de radical metil e estes sdo obtidos da dieta, como o folato, a
metionina, a colina e a vitamina B12 (WATERLAND; JIRTLE, 2003; WATERLAND,
2006).

Estudos revelam que o padrdo epigenético é influenciado pelo meio ambiente, e

alteracdes epigenéticas sdo mais frequentes que mutacdes (USHIJIMA; ASADA, 2010)

Os mecanismos epigenéticos sdo balanceados para garantir que ocorra 0
desenvolvimento normal das células, garantindo que haja a correta expressao dos genes.
Estes mecanismos sao altamente regulados por um grande numero de proteinas que
estabelecem, leem e apagam as marcacdes epigenéticas especificas, definindo onde e
quando a magquinaria de transcricdo pode acessar a sequéncia de DNA (DE BRITO;
PACHECO, 2013).

Durante o desenvolvimento e a diferenciacdo celular, as marcas epigenéticas sofrem
mudangas dindmicas que contribuem para a producdo e manutencdo de diferentes tipos
celulares. A andlise de como essas marcas epigenéticas participam da regulagédo génica é
crucial para o melhor entendimento do desenvolvimento embrionario e a etiologia de muitas
doencas (AUCLAIR ; WEBER, 2012).

A metilacdo do DNA ocorre quase exclusivamente em dinucleotideos CpG em células



diferenciadas e tem uma importante funcdo na regulacdo da expressdo génica e no
silenciamento de elementos repetitivos no genoma, sendo ela randbmica ou sitio
especifica (FEINBERG; TYCKO, 2004). Os dinucleotideos CpG aparecem esparsos pelos
genoma dos eucariotos ou agrupados em regides definidas como ilhas CpG. Estas ilhas
sdo frequentes em regibes promotoras de certos genes, incluindo genes de
manutencdo que S80 genes constitutivos, necessarios para a manutencdo da funcao
celular de base e sdo expressos em todas as células do organismo sob condicbes
normais e fisiopatolégicas. llhas CpG sao regides do DNA maior que 200 pares de base
contendo aproximadamente 50% de bases citosina e guanina, € comum a presenga
esperada de aproximadamente 60% de dinucleotideos CpG (LI; DAHIYA, 2002).

A transcricdo génica pode ser fortemente inibida pela adicdo de radical metil. A
presenca de um “capuz” metil sobre uma citosina que precede uma guanina pode inibir a
ligacdo de fatores de transcricdo a estas regifes. A ndo ligacéo de fatores de transcricao
aos seus sitios especificos pode resultar na auséncia ou diminuigdo da transcricdo génica
(figura 1). Proteinas chamadas MBPs (Methyl Binding Proteins), com afinidade pelo grupo
metil, ligam-se as regides CpGs localizadas nos promotores e impedem o0 acesso dos

fatores de transcricdo aos seus sitios (ATTWOOD et al. 2002).

A B < cC ~ “

.' CpG @ CH;nacitosina g Fator de transcricdo i MBP

Figura 1. Mecanismo pelo qual a metilacdo do DNA inibe a transcricdo génica. A. Regido promotora
desmetilada permitindo a ligacdo dos fatores de transcrigdo. B. Metilagdo impedindo a ligagéo dos fatores de
transcricdo. C. Proteinas que se ligam a metilcitosina em ilhas CpG bloqueiam a ligacdo dos fatores de
transcricdo. Fonte: Attwood et al. 2002.

O perfil de metilacdo de DNA pode ser passado por varias geragfes e esta sempre
sendo influenciado por fatores presentes no meio ambiente, como &lcool, fumo,
medicamentos, radiacdo solar entre outros agentes quimicos e fisicos que interferem na

regulacdo e expressao génica.



1.2 - RADIACAO SOLAR

A maior parte da energia irradiada pelo sol esta na regido do espectro Ultravioleta
(comprimento de 100-400nm) em compara¢do ao espectro da luz visivel (comprimento de
400-700nm). A radiacdo UV pode ser subdividida em UVA, UVB e UVC. As fracdes que
atingem a Terra sdo a UVA e UVB. A atmosfera terrestre blogueia a passagem da radiacéo
UVC, impedindo que ela chegue a superficie do planeta. Os raios ultravioleta B (UVB)
(comprimento de 280-320nm) séo absorvidos eficientemente, embora incompletamente pela
camada de ozdnio, enquanto que os raios ultravioleta A (UVA) (comprimento de 320-400nm)
séo absorvidos menos eficientemente e assim pode ser mais facilmente transmitido para a
atmosfera terrestre (CRUTZEN, 1992). Durante muitos anos a diminuicdo da camada de
oz6nio tem sido observada como um resultante da atividade humana, principalmente devido
a emissado de compostos contendo halogénio resultando em um aumento da dose de UVB

sobre a Terra e consequentemente na pele (CRUTZEN, 1992; DE FABO, 2000).

O efeito da radiacéo solar tem sido uma das maiores preocupac¢des humanas, pois a
exposicdo aguda da pele a radiagcdo UV causa queimaduras, alteracdo da pigmentacao,
inflamacao, imunossupressao e danos no tecido conjuntivo da derme (DAMIAN et al., 2011).
A exposicdo crbnica por muitos anos altera a arquitetura normal da pele causando o
envelhecimento prematuro (foto envelhecimento) (FISHER et al., 2002) e cancer de pele
(PFEIFER; BESARATINIA, 2012).

O radiacdo UVB possui efeitos benéficos a salde do ser humano, como estimulante
para a producao de vitamina D, porém exposicdo aguda aos raios UVB podem causar
efeitos deletérios na pele como eritema e fotodermatoses e nos olhos podem ocorrer
queratites e conjutivites. (AMBACH; BLUMTHALER, 1993). Os raios UVB penetram na
epiderme e causam as queimaduras solares, e é o principal responsavel pelas alteracdes
celulares que predispem ao cancer da pele. Os raios UVA penetram mais profundamente
na pele atingindo a derme, com importante participacdo nas fotoalergias e também

predispde a pele ao surgimento do cancer (ICHIHASHI, M. et al.,2003).



1.3 PELE

A pele é o maior 6rgao do corpo humano sendo responséavel pela termorregulacéo,
pela defesa, pela percepcéo e pela protecdo. Este 6rgao se apresenta em duas camadas: a
epiderme e aderme. A epiderme € constituida por um epitélio estratificado
pavimentoso queratinizado e a derme € um tecido conjuntivo que sustenta a epiderme,

sendo constituido por elementos fibrilares, como o colageno e a elastina (BAUMANN, 2007)

A pele humana representa um 6rgdo com muitas vantagens para o estudo de
alteracdes induzidas pelo envelhecimento e pelos fatores ambientais, pois é o 6érgdo mais
exposto (BAUMANN, 2007; GILHAR et al., 2004).

Absor¢do da radiacédo solar UV pelas células da pele altera a estrutura quimica do
DNA e causa estresse oxidativo (BIESALSKI et al., 2003; ICHIHASHI et al., 2003; YAAR;
GILCHREST, 2007). Essas alteragbes ativam vias de sinalizagdo celular que regulam
multiplas funcdes celulares na pele (FISHER et al., 2002; QUAN et al., 2005; RITTIE;
FISHER, 2002). Células de mamiferos respondem a radiacdo UV com varias alteracdes
bioguimicas incluindo a expresséo de genes distintos chamados de genes de resposta UV,
e j& foi mostrado que esses genes estdo relacionados a transducdo de sinal, defesa
antioxidante e controle do ciclo celular (SCHARFFETTER-KOCHANEK et al., 2000;
SHAULIAN et al.,, 2000). Ainda, genes que respondem a radiacdo UVB compreendem
muitas proteases, dentre elas as metaloproteases de matriz (MMPs) (QUAN et al., 2009),
as quais degradam os componentes da matriz extracelular (HO et al., 2005), bem como
reduzem a producédo de pro colageno tipo | (FISHER et al., 2002).

Alteracdes na epiderme também sao resultados da exposi¢éo solar, e estas incluem
perda da adesdo entre as células, aumento da pigmentacao e proliferacdo celular
(POLEFKA et al., 2012), e estas alteracGes podem acarretar em mudancas no perfil de

metilacdo de certos genes.


http://pt.wikipedia.org/wiki/Queratina
http://pt.wikipedia.org/wiki/Col%C3%A1geno
http://pt.wikipedia.org/wiki/Elastina

1.4 - QUERATINAS

Queratinas sao proteinas pertencentes a familia de filamentos intermediéarios, as
guais sao predominantemente expressas em células epiteliais. As queratinas representam
em torno de trinta proteinas, diferindo pelo peso molecular; sendo 0 mais baixo (40 KDa),
as queratinas 8 e 18, as quais sdo encontradas no epitélio simples e glandular; queratinas
de peso molecular intermediario, encontradas no epitélio estratificado; e as mais pesadas
queratinas (aproximadamente 67 KDa) sdo encontradas no epitélio estratificado
queratinizado (MOLL et al., 2008).

A familia génica das queratinas consiste no maior nimero de membros em
humanos com 54 genes funcionais distintos: 31 queratinas epiteliais (citoqueratinas), 15
gueratinas especificas do cabelo e 8 queratinas da bainha radicular interna (HESSE et al.,
2004). De acordo com a proposta do Comité de Nomenclatura de Queratina
(SCHWEIZER et al., 2006), as queratinas estdo divididas em dois grupos: tipo | (K9-K10,
K12—- K28, e K31-K40 incluindo K33a e K33b) as quais sdo &cidas e codificadas pelo
cromossomo 17, enquanto as do tipo |l (K1-K8 (incluindo K6a, K6b e K6c, K71-K86) séo
basicas e codificadas pelo cromossomo 12 (ROMANO V. et al., 1988). Uma propriedade
Gnica das queratinas é que em contraste com outras proteinas dos filamentos
intermediarios, somente conseguem constituir seus filamentos pela formacdo de
heteropolimeros, formando pares de moléculas do tipo | e do tipo Il (1:1) (MOLL et al.,
1983).

A principal funcao das queratinas € manter a integridade e estabilidade mecanicas,
através de contatos célula-célula do tecido epitelial. Consequentemente, elas séo parte
inerente da estabilidade continua de cada célula na formacdo do tecido. Como o0s
filamentos de queratina sdo estabilizadores estruturais das células epiteliais, o interesse
por essas moléculas abrange o contexto biolégico, embriolégico, patolégico e
dermatoldgico. Tipicamente, os filamentos de queratinas ficam inseridos aos
desmossomos e hemidesmossomos. Dessa forma, contribuem ndo somente com a
estabilidade entre as células epiteliais, mas também com a conexdo a membrana basal na

ligagcéo entre o epitélio e o tecido conjuntivo (MOLL et al., 2008).

As queratinas também sdo importantes para a polaridade da membrana das
células epiteliais (ORIOLO et al., 2007). Dessa forma, as queratinas apresentam além da

sua funcdo mecanica, mas também na sinalizacdo celular.

O padrdo de expressdo das queratinas ndo sO caracterizam as células como
epiteliais, mas também as caracterizam como distintas, incluindo o estagio terminal

durante a diferenciacdo epitelial do embrido ao adulto ou o programa interno de



maturacdo durante o desenvolvimento. As citoqueratinas apresentam distribuicdo
especifica para cada subtipo de epitélio, permitindo que sejam utilizadas como
importantes marcadores de sua diferenciacdo. Todos os epitélios estratificados possuem
K5 e K14 nas células basais indiferenciadas, mas diferencas emergem na camada
suprabasal com a diferenciacdo (COULOMBE; LEE, 2012)

Enquanto a troca entre proliferacdo e diferenciacdo € normalmente controlada e
compartimentalizada dentro da camada basal e suprabasal respectivamente, as células
mitGticas podem ocorrer nas camadas diferenciadas durante o processo de reparo e em
doencas como o cancer (SINGER; CLARK, 1999). Tumores epiteliais, incluindo metastases,
em sua maioria retém o padrdo normal de queratinas de seu epitélio de origem (MOLL et
al., 1983). De fato, as queratinas sdo um dos mais potentes marcadores de diferenciacéo
epitelial e marcador tumoral. Técnicas de imunohistoquimica, as quais utilizam anticorpos
especificos contra queratinas sdo usados de forma rotineira em laboratérios para
diagnosticos de tumores (BARAK et al., 2004).

A citoqueratina 14 (K14) tipo | e a citoqueratina 5 (K5) tipo Il formam o par primério de
queratinas do epitlélio estratificado escamoso, incluindo a epiderme como também o epitélio
estratificado ndo queratinizado das mucosas (MOLL et al., 1983). Elas s&o fortemente
expressas nas células indiferenciadas da camada basal contendo células-tronco e sao
menos expressas na camada suprabasal diferenciada (FUCHS; GREEN, 1980). O par
K5/K14 sdo empacotados como tonofilamentos e se ligam aos desmossomos e
hemidesmossomos. Mutag¢des nos genes da K14 e K5 tém sido associadas a Epidermélise
Bolhosa Simples, doenca de pele caracterizada pela fragilidade da epiderme, mesmo em
traumas leves como friccdo (ISHIDA-YAMAMOTO; AKEMI ET AL., 1991).

A citoqueratina 19 (K19) tipo | € a menor e diferente das outras queratinas, uma vez
gue ndo apresenta cauda alfa-helicoidal (BADER et al., 1986) é expressa em epitélio
simples, além de epitélio pseudoestratificado como também na camada basal de células do
epitélio estratificado ndo queratinizado. J& foi observado na mucosa oral que a expresséo
de K19 pode ser induzida por displasia (LINDBERG; RHEINWALD, 1989) e inflamacéo
(MOLL eta al.,, 1983). Recentemente, aumento da expressdo da K19 foi observado em
cancer de tireoide e de figado (SETHI et al., 2011). Alguns estudos mostram que a K19 é
regulada epigeneticamente (PAIVA et al., 2011; PLACHOT; LELIEVRE, 2004).

Os genes da queratina 14 (KRT14) e 19 (KRT19) estéo localizados no cromossomo 17
e nao possuem ilhas CpG em suas regides promotora, porém na regiao proximal do éxonl
da KRT14 h4 diversos dinucleotideos CG espalhados, e na regido proximal do gene da

KRT19 ha uma ilha CpG com 606 pb, como verificado pelo Programa MethPrimer.



1.5 - JUSTIFICATIVA

Estudos de metilacdo de DNA tém emergido como um importante campo de
pesquisa e revelam como o0 meio ambiente pode afetar nossos genes e alterar
drasticamente a expressao génica, resultando em doencas inflamatorias e tumorais, ou

mesmo no envelhecimento.

J& estd bem estabelecido como a radiacdo UV do sol pode causar mutac6es no DNA
e aumentar o risco para o desenvolvimento de cancer de pele (PFEIFER; BESARATINIA,
2009). Entretanto, ainda pouco se sabe sobre a capacidade da radiacdo UV em causar
alteragbes epigenéticas na pele, e esse pode ser outro mecanismo pelo qual a exposi¢ao

crbnica ao sol leva a tumorigénese.

A maioria das evidéncias em amostras ndo tumorais de que a radiagdo ultravioleta
pode causar alteragdes epigenéticas no DNA sdo oriundas de trabalhos experimentais
com ratos, linhagem celulares ou pele reconstruidas in vitro (BERNERD, 2001; MITTAL
et al., 2003; NANDAKUMAR et al., 2011; CHEN et al., 2012). Raros sdo os estudos
utilizando amostras de pele obtidas de humanos. Um desses estudos mostrou
hipermetilacdo no gene CDH1 (cadherinl) em regides expostas ao sol
(SATHYANARAYANA et al., 2007). Outro estudo revelou tendéncia a hipometilagdo no
promotor dos genes KRT75 (queratina 75), SEC31L2 (SEC31 homolog a B (S.
cerevisiae), DDAH2 (dimethyl arginine dimethyl aminohydrolase 2) e TET2 (tetmethyl
cytosine dioxygenase 2) 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).

Proteinas do citoesqueleto, como as citoqueratinas presentes no tecido epitelial ja
foram descritas estarem desreguladas em amostras ndo tumorais de peles expostas a
radiacdo solar (BERNERD, 2001) e em amostras tumorais (HADLER-OLSEN et al., 2011).
Contudo, nada se sabe sobre o mecanismo molecular pelo qual a expressao dessas

proteinas em peles expostas a radiacado solar sofreram desregulacéo.



2. OBJETIVO

O objetivo deste trabalho foi investigar a influéncia da exposi¢édo solar sobre o estado de
metilacdo do DNA no promotor dos genes KRT14 e KRT19 em amostras de células da pele
de individuos sem histérico de doencas de pele.
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ABSTRACT

The ability of environmental factors to induce epigenetic changes has been investigated and
many studies have shown a relationship between them. The aim of this study was to
investigate the sun exposure influence on DNA methylation status in the cytokeratin 14
(KRT14) and cytokeratin 19 (KRT19) genes of skin cells of subjects without history of skin
disease. Skin biopsies were obtained by punch of sun-exposed (outer forearm) and sun-
protected areas (inner arm) from 30 corpses of the Brazilian Service of Death Investigation
and genomic DNA was extracted. KRT14 DNA methylation analysis was performed using
Methylation-Specific PCR (MSP) and KRT19 DNA methylation analysis was performed using
Methylation-Sensitive Restriction Enzymes (MSRE) of sun-exposed and sun-protected skin
areas. The methylated condition was found to be a common event in skin cells for both
KRT14 and KRT19 genes and no differences were found among areas (p>0.05; McNemar).
We conclude that sun exposure does not induce changes in DNA methylation status in the

KRT14 and KRT19 genes.

Key words: epigenetic, DNA methylation, UV radiation, cytokeratin, skin, sun
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1. Introduction

The effect of solar radiation is one of the greatest human concerns. Acute exposure
of the skin to UV radiation causes burns, abnormal pigmentation, inflammation,
immunosuppression and damage to the connective tissue of the dermis [1,2,3]. Chronic
exposure over many years could change the normal architecture of the dermis and epidermis
causing premature aging (photoaging) [4] and skin cancer [5]. Data from the National Cancer
Institute (INCA-Ministry of Health-Brazil) have shown that skin cancer is what most affects

Brazilians, especially in the Northeast, where UV levels are high for most of the year [6].

Absorption of UV radiation by skin cells alters the chemical structure of DNA and
causes oxidative stress [7,8]. These changes activate signalling pathways that regulate many
cellular functions of the skin [4,9,10]. Mammalian cells respond to UV radiation with various
biochemical alterations, including the expression of different genes called UV response
genes, and it has been shown that these genes are related to signal transduction, antioxidant
defence and cell cycle control [11,12]. It is well established that solar UV radiation can cause
mutations in DNA and increase the risk of developing skin cancer [13]. However, little is
known about the ability of UV radiation to cause epigenetic changes in the skin, and this may

be another mechanism by which chronic exposure to the sun leads to tumorigenesis.

Epigenetic information is defined as information other than the DNA sequence that is
faithfully replicated upon somatic cell replication. It is carried by DNA methylation, post-
translational histone modifications, and non-coding RNAs, all of which are related to gene
expression and chromatin structure. In particular, DNA methylation, characterised by the
addition of a methyl group in cytosines within CpG dinucleotides, can modify gene
transcription, leading to decreased expression or even silencing of a gene [14]. The ability of
environmental factors to induce epigenetic changes has been investigated and many studies

have shown a relationship between them. Studies have shown that fungicides [15], metal
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ions [16,17], drugs [18], diet [19], alcohol dependence [20] and smoking [21] are all

associated with epigenetic changes.

Surprisingly, the number of studies examining the effects of sun exposure on DNA
methylation is limited. Most evidence in non-tumour samples that ultraviolet radiation can
cause epigenetic changes is derived from experimental studies with mice or cell culture
[22,23,24]. Studies using skin samples obtained from humans suffering from sun exposure

are scarce [25,26].

Epidermal architecture is maintained by a family of proteins that compose
intermediate filaments of the cytoskeleton, such as keratins. Epithelial keratins are called
cytokeratins, which Moll et al. [27] classified into 20 subtypes according to their molecular
weight and isoelectric pH in an attempt to clarify the diversity and expression patterns of
keratins among epithelial tissue types. The main function of cytokeratins is to maintain the
integrity and mechanical stability through cell-cell contacts with epithelial tissue. It has
been shown that these proteins are dysregulated in non-tumour samples of skin cells
exposed to UV radiation, especially cytokeratins 14 and 19 [28], and also in tumour

samples [29].

Based on these facts and in order to contribute more data on the ability of sun
exposure causes epigenetic changes, we hypothesised that sun radiation could alter the
DNA methylation profile on the cytokeratin 14 (KRT14) and cytokeratin 19 (KRT19) genes of

skin cells of subjects with no history of skin disease.
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2. Materials and Methods

2.1. Ethics Statement and Subject Population

Prior to commencement, the study design was approved by the Institutional Review Board of
the Federal University of Paraiba (protocol number 430/2011). The sample covered male and
female corpses of the Brazilian Service of Death Investigation aged over 30 years. The
family of each individual was prompted to sign the consent and agree to participate in the
study. The demographic data and general health were obtained via record and individuals
with a medical history of skin diseases were not included. Skin samples were collected and
ranked according to the criteria of Fitzpatrick [30]. A sample of 30 unrelated subjects was
included, and samples were divided into two conditions according to sun exposure: sun-

exposed areas (SE) and sun-protected areas (SP).

2.2. Sample Collection and DNA Extraction

Biopsies were collected by punch (5mm diameter) from the outer forearm (sun-
exposed area) and inner arm (sun-protected area) up to 10 hours after death. Immediately
after removal, biopsies (epidermis and dermis) were stored in a tube containing 800 pL of
RNAholder (Bioagency, Sao Paulo, SP, Brazil) and frozen at -20°C until analyses were
performed. After, genomic DNA of skin biopsies was purified using the TRIZOL reagent
(Invitrogen, Carlsband, CA, USA) following the manufacturer's recommendations. DNA
quantification was performed by NanoDrop spectrophotometer. Samples were then frozen at

-20°C until DNA methylation analysis.

2.3. DNA Methylation Analysis

KRT14 - DNA Methylation analysis was performed using Methylation-Specific PCR

(MSP) [31]. Bisulphite modification of genomic DNA (800 ng) was performed with the EZ
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DNA Methylation-Gold kit, according to the manufacturer’s instructions. Two fragments were
amplified with specific primers for either methylated or unmethylated targets. Each MSP
reaction incorporated 100ng of bisulphite modified DNA, 1uL (10 uM) of each primer and 1x
Go Taqg Hot Start Green Master Mix (Promega Corporations, Madison, WI, USA) in a final
reaction of 20 yL. Methylated and unmethylated cycling conditions were as follows: 95°C x 5
minutes; 40 cycles x (95°C x 1 min, specific for fragment A and B) x 1 min, 72°C x 1 min);
and 72°C x 5 min (Table 01). Methylated (Methylated CpG Jurkat Genomic DNA, New
England Biolabs) and unmethylated (5-Aza-dc Treated Jurkat Genomic DNA, New England
Biolabs) DNA was modified as previously quoted and amplified by PCR as control reactions
with primers for the methylated and unmethylated condition, respectively. Amplified PCR
samples (6ul) were loaded in 6% polyacrylamide gels and subjected to electrophoresis. DNA

bands were detected after silver staining.

KRT19 — Optimal primers for methylation analysis by MSP for the region of interest of
this gene were not found. Therefore, DNA Methylation analysis of KRT19 was performed
using Methylation-Sensitive Restriction Enzymes (MSRE) [32]. Polymerase chain reaction
(PCR) analysis was performed, which relied on the inability of restriction enzymes to digest
methylated sequences. The examined sites were recognised by one of the following
restriction enzymes, whose activity was always blocked by CpG methylation: Hhal and Hpall.
Genomic DNA (100ng) was completely digested with the restriction enzymes in a total
volume of 20pL, as recommended by the manufacturer (New England Biolabs, Beverly, MA).
The reaction with each restriction enzyme was conducted in an individual manner. The
concentrations of the restriction enzymes, as well as the amount of DNA to be digested, have
been previously described and calculated [32]. After digestion, 2.7pL (20ng) of each solution
was pipetted into a 15ul PCR mixture containing 7.5ul Go Taq Green Master Mix (Promega
Corporations, Madison, WI, USA), and 1pl (10pmol) of each primer, sense and antisense. A
specific number of cycles of the PCR reaction was defined at the exponential phase of

amplification. The PCR was performed under the following conditions: 94°C x 5 minutes; 35
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cycles x (95°C for 1min., 58°C for 1 min. and 72°C for 1 min) and 72°C for 1 min. (Table 1).
The non-enzyme-treated control DNA sample was always amplified with primers, in parallel
with the enzyme-treated samples, and both were subjected to electrophoresis in adjacent
lanes. This provided a positive control for the PCR reaction and for DNA loading. Amplified
PCR samples (6pl) were loaded in 6% polyacrylamide gels and subjected to electrophoresis.

DNA bands were detected after silver staining.

2.4. Statistical Analysis

DNA methylation status among the two conditions was compared by paired non-
parametric McNemar Test at a level of 5% using the BIOESTAT 5.0 software (Instituto

Mamiraua, Brazil) [33].

3. Results and Discussion

There are many evidences that epigenetic changes are an important mechanism for
aging and disease development. Both intrinsic and environmental factors, or a combination
of both, may trigger these changes and lead to aging and disease. The most studied
environmental factor is cigarette smoke. Little is known about whether sun exposure causes
epigenetic changes. It is known that UV radiation is strongly associated with the development
of skin cancer and this ability is directly linked to causative mutations; however, the
association between UV radiation and epimutations is still limited. In addition, in Brazil, the
UV levels are high throughout much of the year, and especially in the Northeast, where the
skin cancer rates are also high. Therefore, we were curious to study the effect of solar

radiation on the most exposed organ.

This study analysed the influence of sun exposure on the DNA methylation profile in

genes of the cytokeratin family related to tumorigenesis [29], epidermolysis bullosa [34],
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aging [35] and photoaging [36]. In particular, KRT14 and KRT19 are located on chromosome

17, and the protein products have a MW of 50 and 40 kDa, respectively [37].

KRT14 - Twenty-eight subjects aged 30-89 years old (60.7+17.6; mean+SD) were
enrolled in the study. Of these, 15 were women and 13 were men. According to skin type, 9
were classified as type Il (light brown), 12 as type IV (moderate brown) and 7 as type V

(dark brown).

MethPrimer software was used to search CpG islands and sparse CG dinucleotides
for KRT14 analysis and we observed that there is no CpG island in the promoter; however, in
the proximal exon 1 there are several CpG sites. The optimal primers were selected for three
CpG sites located at position +116, +226 and +272. We observed that most individuals had
skin cells in both sun-exposed and sun-protected areas that were positive to the methylated
condition (p>0.05) (Figure 1). To date, there have been no studies on the DNA methylation

profile in the human KRT14 gene in any context.

KRT19 - Thirty subjects aged 30-89 years old (61.8+18.0; mean+SD) were enrolled in
the study. Of these, 16 were women and 14 were men. According to skin type, 10 were
classified as type Il (light brown), 13 as type IV (moderate brown) and 7 as type V (dark

brown).

Also, in the KRT19 gene promoter, there is no CpG island, as verified by MethPrimer
Software; however, in the proximal exon 1, there is one CpG island with 606 bp and we
selected two CpG sites located at position +44, which was recognised by Hpall, and +81,
recognised by Hhal. Our data show that the predominant condition was methylated in both
sun-exposed and sun-protected areas (p>0.05) (Figure 2). KRT19 hypermethylation of
tumour cell lines was shown in renal cancer, but has not been confirmed in samples from
patients with renal cancer [38]. However, in the same study, it was observed that KRT19

expression is epigenetically regulated.
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The data obtained from skin obtained from humans are limited, but it seems that
methylation in sun-exposed areas occurs in a specific way. CDH1 methylation was highly
significantly related to sun exposure, and sun-protected specimens had little or no
methylation [25]. Another study revealed a tendency to hypomethylation in the promoter of
KRT75 (queratin 75) in skin samples exposed to sunlight. The same study in the promoters
genes SEC31L2 (SEC31 homolog a B (S. cerevisiae), DDAH2 (dimethylarginine
dimethylaminohydrolase 2) and TET2 genes (tet methylcytosine dioxygenase 2) were found
hypermethylated and these changes were more pronounced in older individuals [26].
However, the same study showed no differences between the sun-protected and sun-

exposed areas in other CpG sites studied.

Regarding the analysis of gene expression obtained from the skin of sun-exposed
and sun-protected areas, the decreased expression of several genes expressed in both the
dermis and the epidermis, including cytokeratin family genes, collagen, claudin, aquaporin,
and elastin, among others, has been shown [39], along with increased levels of the stratifin

protein, which is expressed ubiquitously [40].

Intrinsic factors such as age and gender are also associated with different DNA
methylation between individuals [41,42,43]. Although our demographic data show variations
in age and gender among individuals, in addition to skin type, we observed that the most
commonly found DNA methylation status (methylated condition) reached high frequencies,
showing that age, gender and skin type do not influence the methylation profile of the genes

studied (Figures 1B, D and 2B, C).

Most of the evidence in non-tumour samples that ultraviolet radiation can cause
epigenetic changes in DNA are from experimental studies with rodents or cell lineage
[22,23,24]. However, other studies have revealed that UVB irradiation of keratinocytes has
no recognisable global effect on DNA methylation patterns [44]. Some authors suggest that
changes in DNA methylation, as observed in skin cancers [45], are not immediate

consequences of human exposure to UVB irradiation [44]. These studies are important
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because they can demonstrate how UVA and UVB radiation, which seem to cause different
effects [28], can affect the epigenetic profile of the cells. However, the controlled environment
of the cell cultures and rodents studies rule out other environmental factors and intrinsic
factors of the individuals, which can be protectors or promoters of epigenetic changes.

Epigenetic changes could represent an important pathway by which environmental
factors influence aging and disease risks, with a tissue-specific manner. Such comparative
analyses could lead to an improved biological understanding of skin aging and photoaging,
as well as key biomarkers and new targets for therapeutic intervention of skin diseases.

Our data show that the methylated condition for CpG studied sites for KRT14 and
KRT19 genes is a common feature of skin cells. Therefore, we conclude that sun exposure

does not induce changes in DNA methylation status in KRT14 and KRT19 genes.
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Table 1. Primers sequences for KRT14 (GenBank accession number NG_008624.1) and
KTR19 genes (GenBank accession number AF202321.1), and DNA methylation
analysis conditions.

Gene Primer (3’-5’) Fragment Size Anneling Cycles
F/IR (bp) Temperature (°C)
KRT14 A ttttagttttatgaagggtttttgc (M) 137 47 40
(MSP) gaaaaaataaaacaaacaaaaccg (M)
ttagttttatgaagggtttttgtge (U) 135 48 40
aaaaaaataaaacaaacaaaccacc (U)
KRT14 B tttagttttatgaagggtttttgc (M) 202 49 40
(MSP) tactactactactaaaaccaccgcc (M)
tttagttttatgaagggtttttgtg (U) 202 50 40
tactactactactaaaaccaccacc (U)
KRT19 tgaagagtgggaggagatgg 110 58 35
(MSRE) ggtggaccagatcaccaaag

(Hhal and Hpall CpG site)

*F-Forward, R-Reverse, M-methylated, U-methylated, MSP- Methylation Specific PCR, MSRE- Methylation Sensitive Restriction Enzymes
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Figure 1 - DNA methylation analysis of KRT14 proximal exon 1 of skin cells. (A) Bands of
two representative samples obtained after polymerase chain reaction of KRT14 fragment A
(135 (M) and 137 (U) bp). (B) Methylation status of the KRT14 gene (p>0.05; McNemar;
n=28). (C) Bands of two representative samples obtained after polymerase chain reaction of
KRT14 fragment B (202 bp). (D) Methylation status of the KRT14 gene (p>0.05; McNemar;
n=28). M - methylated, U — unmethylated, SE - sun-exposed, SP - sun-protected.
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Figure 2 - DNA methylation analysis of KRT19 proximal exon 1 of skin cells. (A) Bands of
representative sample obtained after polymerase chain reaction of KRT19 (110 bp). (B)
Methylation status of the KRT19 gene (p>0.05; McNemar; n=30). ND - non-digested sample,
SE - sun-exposed, SP - sun-protected. Hhal — GCGC site, Hpall - CCGG site.
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4. CONCLUSAO

Nossos dados mostram que a condicdo metilada € um aspecto comum dos genes
KRT14 e KRT19 em células da pele. Assim, concluimos que a exposi¢do solar nao

influencia o perfil de metilacdo desses genes.
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