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RESUMO

O alto grau de neoplasia intra-epitelial cervical doenca (NIC) ¢ a lesdo precursora do
cancer do colo do utero, o segundo tipo de cancer mais comum em mulheres em todo o
mundo. Enzimas de reparo sdo importantes para a integridade gendmica e polimorfismo
em genes de reparo por excisao de base de DNA (BER) podem ser relevantes para a
suscetibilidade de lesdes cervicais. Portanto, este estudo teve como objetivo investigar a
associacao de polimorfismos em genes BER APE- [ T2197G ( Asp148Glu ) e PARP- 1
A40676G ( Val762Ala ) em lesdes precursoras do colo do utero, associando com o
cigarro, consumacao alcool, a idade de inicio de atividade sexual e nimero de parceiros
sexuais por ano. Materiais e Métodos - Este estudo de caso-controle participaram 203
mulheres. Das quais: 104 pacientes com indica¢do de bidpsia, 75 foram NIC positivos e
29 NIC negativo. Os 99 casos restantes foram considerados grupo controle. Os
polimorfismos dos genes de reparo de DNA, APE- I T > G e PARP- I T> C foi
determinada por PCR- RFLP. Resultados - Os pacientes incluidos no estudo tinham
idade entre 14-50 anos (média 24 anos). Entre os casos de NIC (+), 66,7 % foram NIC I
e 33,3% NIC II / NICIII. Nenhuma associagao foi observada para os genotipos de APE-
1, mas uma baixa frequéncia do genotipo heterozigoto de PARP- 1 foi associado a NIC I
comparado ao grupo controle. Considerando-se os fatores de risco, o gendtipo TC de
PARP- ] conferiu protecdo para o desenvolvimento NIC, considerando consumacao de
alcool (p = 0,038), a vida sexual inicio antes dos 18 anos de idade (p = 0,044) e 0-1
namero de parceiros (p = 0,001 ) para o desenvolvimento NIC, quando comparado com
o controle. Além disso, o gendétipo TC de PARP- [ conferiu protegdo para o
desenvolvimento NIC entre os pacientes que tiveram baixa exposi¢ao ao risco ¢ entre os
pacientes que comecaram a vida sexual antes dos 18 anos de idade quando comparado
com o gendtipo TT de PARP- 1. Este ultimo resultado também foi observado quando os
NIC (-) foram considerados como controle. No entanto, um risco foi observada entre os
pacientes que relataram ter > 1 parceiro sexual/ano. Levando-se em conta a exposi¢do a
fatores de risco, tendo como referéncia a menor exposicao, observou-se que o genotipo
TT conferia uma prote¢do para o desenvolvimento NIC em usuarios de cigarro (p=
0,017; OR= 0,100) e para pacientes que relataram ter > 1 parceiro sexual/ano (p =
0,000; OR= 0,063). Considerando-se os subtipos de NIC, uma baixa frequéncia do
gendtipo TC foi observada em pacientes NIC I que relataram ter 0-1 parceiro sexual/ano
(p=0,003; OR= 0,150) e um risco entre os pacientes que tiveram > 1 parceiro/ano, (p=
0,015; OR= 28,000). Conclusio - Estes dados sugerem que a eficacia no reparo do DNA
que envolve a PARP- 1 é um balango entre o genotipo e a exposi¢do do fator de risco,
tais como o uso do cigarro ¢ nimero de parceiros sexuais, em que a eficiéncia do
gendtipo heterozigodtico para a reparagdo do DNA esta dependente da exposi¢do ao
risco. Este estudo adicionou dados para a associagdo do polimorfismo de PARP- 1
Val762Ala ( T40676C ) com NIC e foi o primeiro a incluir o0 APE- 1 Aspl48Glu (
T2197G ) com NIC.

Palavras-chave: Cancer Cervical, APE-1 ¢ PARP-1, Enzimas de reparo.



ABSTRACT

The high-grade cervical intraepithelial neoplasia disease (CIN) is the pre-cursor lesion
of cervical cancer, the second most common cancer in women worldwide. Repair
enzymes are important for genomic integrity and polymorphism in genes of DNA base
excision repair (BER) enzymes can be relevant for cervical lesions susceptibility.
Therefore, this study aimed to investigate the association of polymorphisms in BER
genes APE-1 T2197G (Asp148Glu) and PARP-1 A40676G (Val762Ala) in cervical pre-
cursor lesions, associating with tabaco smoking, alcohol consummation, age of
beginning sexual activity and number of sexual partners per year. Materials and
Methods - This case-control study included 203 women. Among thel04 patients with
biopsy indication, 75 were CIN positive and 29 CIN negative. The remaining 99 cases
were considered control group. The polymorphisms for the DNA repair genes, APE-1 T
> G and PARP-1 T > C was determined by PCR-RFLP. Results - The patients included
in the study were aged 14-50 years (median 24 years). Among the CIN (+) cases, 66.7%
were CIN 33.3% and I were CIN II/CIN III. No association was observed for APE-1
genotypes, but a statically low frequency of PARP-I heterozygous genotype was
associated to CIN I compared to the control group. Considering the risk factors, the
PARP-1 TC genotype conferred a protection for CIN development, considering alcohol
consummation (p = 0.038), onset sexual life before 18 years old (p = 0.044) and 0-1
number of partners (p = 0.001) for CIN development when compared control with CIN
(+). Besides, the PARP-1 TC genotype conferred a protection for CIN development
among patients who had low exposure to risk and among patients who beginning sexual
life before 18 years old when compared to PARP-1 TT genotype. This last result were
also observed when CIN (-) were considered as control, however, a risk was observed
among the patients who reported having more than >1 sexual partner/year. Taking in
account the risk factors exposure, having as reference the less exposure, it was observed
that the TT genotype give a protection for CIN development for tobacco users (p =
0.017; OR = 0.100) and for patients who reported having more than one sexual partner
(» = 0.000; OR=0.063). Considering the CIN subtypes, low frequency of TC genotype
was observed in CIN I patients among the patients who have 0-1 sexual partner/year (p
= 0.003; OR = 0.150) and a risk among patients who had >1 partner/year, (p= 0.015;
OR = 28.000). Conclusion - This data suggest that the efficiency of the DNA repair
involving PARP-1 is a balance between genotype and exposure of the risk factor as
smoking and number of partner, where the efficiency of the heterozygous genotype for
DNA repair is dependent of the risk exposure. This study add data for the association
for PARP-1 Val762Ala (T40676C) polymorphism and CIN and was the first to include
the APE-1 Asp148Glu (T2197G) genotype and CIN.

Keywords: Cervical Cancer, APE-1 and PARP-1, Repair Enzymes.



Lista de Figuras

Figura 1 - Estrutura do Papilomavirus Humano..............iinvveeccisieecisssnnecssneeccssnnnenes 18
Figura 2 - Representagio esquematica do genoma do HPV...........ccueereciuueriiivsnrrcssnnennen. 19
Figura 3 - Relacio evolutiva entre Papilomavirus humano ...........eceeiecnvevcenniicccssscsnneenees 20
Figura 4 - A modulac¢ao das moléculas do ciclo celular por oncoproteinas do HPV ......... 23
Figura 5 - Ciclo biol0gico do HPV ........uiiiiiiiiiiiiiniineiicnssniessssnnissssnnniesssssesesssssssssssosssses 25
Figura 6 - Infecciao pelo HPV na progressao da lesao cervical..........cccovvevcnenriicccsescssnneenees 28
Figura 7 - Mortalidade por cincer do colo do uitero no mundo ..........cccceeecueeecsscnnriessnenenne 29

Figura 8 - Diferencas regionais da mortalidade por cincer do colo do utero no Brasil em

21 T 30
Figura 9 - Anatomia do VeI ......ccceevveueieiiiveiiisisniiiiscsetiesssnnesssssssiessssnssesssssssesssssssssssosssses 31
Figura 10 - Imagem do colo do utero saudavel (A) e com 1520 (B) .c.cooevunueerieccsscsnnnnriesecns 32
Figura 11 - Esquema representativo da APE-1 no reparo no DNA...........ceevueenverccnnenen. 36

Figura 12 - Esquema representativo do papel da PARP1 no reparo por excisio de base



Lista de Tabelas

Tabela 1 - Taxas de incidéncia estimados por regido para 2014

Tabela 2 - Classificacio das lesdes pré-cancerosas do colo uterino...........ccceeeeecerscecscnnnns 33



Lista de Abreviaturas

HPV

PV

INCA

IARC

EUA

LSIL

HSIL

NIC

ASC-US

ASC-H

JEC

RNA

DNA

URR

LCR

ORI

ORF

MDM2

ARF

LOH

SNP

Papilomavirus Humano

Papilomavirus

Instituto Nacional de Cancer

Agéncia Internacional para pesquisa do Cancer

Estados Unidos da América

Lesao Intraepitelial de Baixo Grau

Lesao Intraepitelial de Alto Grau

Neoplasia Intraepitelial Cervical

Células Escamosas Atipicas de Significado Indeterminado

Células Escamosas Atipicas ndo podendo excluir Lesdo Intraepitelial de
Alto Grau

Juncdo Escamocolunar

Acido Ribonucléico

Acido Desoxirribonucléico
Regido Regulatoria Inicial
Regido de Controle Longo
Origem de Replicacdo
Quadro de Leitura Aberto
Mouse Double Minute 2
Quadro de Leitura Alternativa
Perda de heterozigosidade

Polimorfismo de Nucleotideo Unico



PCR
RFLP
Da
Glu
8-0x0-G
aa
Ala
AP
APE-1
Asp
BER
NER
0GG-1
PARP-1
ROS
Val
WHO

NCBI

Reagdo de Cadeia de Polimerase

Polimorfismo dos comprimentos dos fragmentos de restri¢ao
Dalton

Acido Glutamico

8-0x0-7,8-diidroguanina. (Produto da oxidacdo da guanina)
Aminoécidos

Acido Alanina

apurinicos/apurimidinicos

Endonuclease apurinica/apirimidinica-1

Acido Aspartico

Reparo por excisdo de bases

Reparo por excis@o de nucleotideos

8-oxoguanina DNA glicosilase

Poli (ADP-Ribose) Polimerase-1

Espécies reativas do oxigénio

Acido Valina

Organizacdo Mundial de Saude

Centro Nacional de Informagdes sobre Biotecnologia



SUMARIO

1. INEFOAUCAOD ..uvuviiirirereresccssscsscesseesssessecssssssssssssssssssssssssssssssssssssassssssssasasssasssssssssssssssssssessseses 16
1.1. Papilomavirus humano (HPV).......iiiiiivviiininiicnniienicnsnnnticsscsssesssnssiosssnssens 16
) B & 1] 1) 3 (o OO 16
1.1.2. Caracteristicas € ClasSifiCACAOD ......cccecereeeneeneneneeeneeeneeeeeeeeeeeeeeeereeeeeeeseeseseeenee 17
1.1.3. Papel das Proteinas .........ceeeeeeverienisveniesssniicsscsssiosssssesssssssssssssssesssnssssssosssses 21
1.1.4. Ciclo DI0lOZICO ...cuueeerierriisersnnariecsssesssnnnreriosssssssssesiesssssssssssassssssssssassassssssssssens 25
1.2. Cancer de Colo Uterino ........cocueeiieeecsseecssnnisnicnseccsssessseccsseessseessssesssseesssansens 28
1.2.1. EPidemiologia ......ceeeeeieiieiiisessnnnniieicssssssnnnesissssssssssssssssssssssssssssssssssssonsassssssss 28
1.2.2. Caracteristicas Clinicas e HiStopatologicas .........cccccceeervrnneericccssessennaniesocss 31
D I8 TR 075 (1) (17 T N 34
1.3. Genes de reparo N0 DINA......ccoccvvvueeiiicisnscsssnneisiccssssssssssssossssssssssssssssssssssssssssssosss 35

1.4. Polimorfismos genéticos em genes de reparo e sua relacio no Cancer de Colo
ULRIINO ccouenrieinieniiinnitniensueenniensnnessneessanesssssesssnsssssnsssssessssnssssssssssassssssssssssssssassssns 39
1.5. Pergunta de partida.........eceeecicennneiiiiiiiiinsnnnnieeieisissnnneeeiccssssssssssesesssssssnssssseseens 40
1.6. Hipotese de Trabalho........eiciinveisceinsinsiisceinsnicsicssnssssnsssnesssssssssssssssssssssssssssssans 40
2. ODJOLIVOS .uuuueeiiiiiiiiiirentttiticiisisntettieecssssasseettiessssssssssstsesssssssssssssasessssssssssssssessssssssssasassssse 41
2.1. ODJEtiVO GeTal ...ucuuuueeeerriiiiiiinnnniiiieiiisisnnetteeicissssssnseessecssssssessessssssssssssssssssessssssnss 41
2.2 ODbjetivo eSPeCIfiCO..cccciivieiiiiiinieisirsetiisisniiisicetiesssnnnessssssiesssnntsessossssssssssssssssesssses 41
3. Referéncias bibliograficas........cccivivvvieiiiiceiiiiisiniiiiicseiienisunecssssssiesssnniesssssesissssssssssosssses 42
B, APCIAICES. ueeiirireeiecsssantissssansessssnsssssosssossssssssosssssssssssssssosssssssssssssssosssssssssssssasessssassesssonsssos 52
PAN 01 (11 T N 1 52
Apéndices - I Tabelas COmMPIEMENTATES.......cccerereerensssanecsssessiosssssssssssssasesssasssssosasses 69
APENAICES = ITT ATTIZO ..eviveuieriessenssnnssniosssessenssarssssossssssesssasssssosssosssssossosssosssossasssssosssossssss 78
Apéndices - IV Questionario Clinico Socio-epidemiologico........cevueveuiesecserscnisssiosanes 84
Apéndices - V Termo de Consentimento Livre e Esclarecido............ccceveeeevueecreeecnns 85
S0 ATNIEXO cevruneeriisseneenssnneecisssneesssssreesssssseessssssassssssstessssssessssssssesssssssesssssssessssssassssssssessssasassesss 88



1. INTRODUCAO

1.1. PAPILOMAVIRUS HUMANO (HPV)

1.1.1. HISTORICO

O conhecimento sobre os Papilomavirus Humano (HPVs) e seus aspectos tém
sido evidenciados através de décadas de muitas pesquisas. O médico italiano Rigoni-
Stern, provavelmente foi o primeiro a sugerir que os contatos sexuais poderiam
contribuir no desenvolvimento do cancer de colo uterino, ap6s examinar os registros da
cidade de Verona, entre 1760-1839, observando uma elevada frequéncia deste cancer
entre prostitutas, mulheres casadas, mulheres viivas e raramente entre virgens e freiras
(RIGONI-STERN, 1842).

No final do século XIX, varios trabalhos confirmaram o resultado de Rigoni-
Stern, no entanto somente em 1907 foi demonstrada a etiologia viral através de um
in6culo contendo um filtrado celular com verruga comum, confirmando a transferéncia
da infec¢do (CIUFFO, 1907). Desde entdo, a nomenclatura etiologica viral passou a ser
virus da verruga humana (do inglés, Human wart virus). Durante algumas décadas,
acreditava-se que todas as diferentes manifestacdes de verrugas e papilomas eram
causadas por um tnico tipo de virus (SYRJANEN & SYRJANEN, 2008; ZUR
HAUSEN, 2009).

Diversos trabalhos foram publicados durante este periodo de compreensdo da
forma clinica da doenga, sendo possiveis alguns avangos importantes, dentre eles, a
associacdo do HPV com o céncer de colo uterino que iniciou-se a partir de 1928,
quando o médico patologista George Papanicolaou introduziu o diagndstico citologico
para esse tipo de céncer, com base na modificacido pré-maligna do colo uterino.
(PAPANICOLAOU & TRAUT, 1941).

Strauss e colaboradores em 1949, demonstraram com o auxilio da microscopia
eletronica a presenga das particulas virais em amostras de verrugas cutaneas e somente
em 1969 por Almeida e colaboradores em amostras de verrugas genitais. Ainda em
1949, Ayres e colaboradores identificaram a presenca de halos em células de esfregagos
de papanicolaou e em biopsia cervical. Contudo, somente apds cinco anos, Koss e
Durfee confirmaram os achados prévios, identificando as alteragdes nas células como

“atipia coilocitoticas” (SYRJANEN & SYRJANEN, 2008).
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As pesquisas na area molecular aconteceram a partir de 1965, quando foram
obtidos os primeiros relatorios caracterizando a dupla cadeia circular do HPV por
Crawford (1965) e Klug e Finch (1965). Posteriormente, Rowson e Mahy (1967)
descreveram as varias formas das verrugas e dos papilomas provocados pelo virus da
verruga humana (SYRJANEN & SYRJANEN, 2008; ZUR HAUSEN, 2009).

Todavia, o primeiro indicio da heterogeneidade da familia de HPVs surgiu em
pesquisas utilizando-se hibridizacdo, realizadas na Alemanha pelo infectologista Dr.
Harald Zur Hausen (ZUR HAUSEN et al., 1974). Somente apds dois anos, Zur Hausen
conseguiu formular suas hipoteses sobre o HPV como agente etiologico do cancer de
colo uterino e contou com a colaboracdo do grupo Gerard Orth, em Paris, para
estabelecer a pluralidade do virus, sendo nesse momento revelado os primeiros tipos de
HPVs em verrugas cutaneas (ZUR HAUSEN, 2009).

Na década de 80 ficou bem estabelecida a heterogeneidade do Papilomavirus
Humano e sua associagdo com o cancer de colo uterino. Estudos epidemiologicos e
moleculares confirmaram a infeccdo do colo uterino, por diferentes tipos de HPVs
(ZUR HAUSEN, 2009; LETO et al., 2011).

Os avancos nas pesquisas moleculares dos HPVs tém revolucionado no
rastreamento, diagnostico e tratamento das doengas relacionadas, demonstrando como a
tecnologia pode ser uma grande aliada na prevencdo dessas doengas que sdo

consideradas problemas mundial de saude.

1.1.2. CARACTERISTICAS E CLASSIFICACAO

Os HPVs sdo caracterizados como virus icosaédricos, nao envelopados,
possuindo didmetro de 50 a 60nm. Sdo compostos por um capsideo formado por 72
capsdmeros pentaméricos (figura 1) e o seu genoma ¢ constituido de uma dupla hélice
de DNA circular com aproximadamente oito mil pares de bases (HOWLEY & LOWY,
2001; SILVA etal., 2002; ROSA et al., 2009).

Os Papilomavirus (PVs) estdo incluidos na familia Papillomaviridae. Esses virus
infectam células epiteliais e tém a capacidade de causar lesdes na pele e em mucosas,
causando diversos tipos de lesdes como a verruga comum e verruga genital. Os virus
possuem crescimento limitado e frequentemente a infeccdo regride espontaneamente

(SAAVEDRA et al., 2012).
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FIGURA 1. Estrutura do Papilomavirus Humano.

Fonte: http://thetyee.ca/News/2007/05/31/HPVVax/.

O DNA circular do virus pode ser dividido em trés regides: 1-) Regido URR (do
inglés, Upstream Regulatory Region), conhecida também como LCR (do inglés, Long
Control Region), sendo essa a regido nio codificadora do genoma viral que desempenha
fungdes regulatorias, contém a origem da replicacdo (ORI), promotores precoces com
sitios de ligagdo para fatores de transcri¢do e proteinas reguladoras. 2-) A regido
precoce (do inglés, early region) contém seis ORFs (do inglés, Open Reading Frame),
El, E2, E4, ES, E6 ¢ E7 envolvidos na transativacdo génica, replicagdo, transformagdo e
adaptacdo viral a diversos ambientes celulares. 3-) A regido tardia (do inglés, late
region) que contém dois ORFs codificadores das proteinas tardias L1 e L2 responsaveis
pela formacdo do capsideo (figura 2). As regides precoces e tardias sdo imediatamente
seguidas por sequéncias poli-A (SOUTO et al., 2005; BRINGHENTI et al., 2010;
GARCIA-TAMAYO et al., 2010).

Diferente de outros virus, somente uma das fitas do DNA viral apresenta ORFs,
de forma que, a transcricdo ocorre apenas num sentido. Acerca dos promotores
precoces, o genoma viral pode apresentar até quatro deles (P1, P2, P3, P4), no entanto
para os genétipos do HPV existem pelo menos dois promotores principais: P1 (ou P97)
localizado no gene E6 e o P2 (ou P670) localizado no gene E7 (CHOW et al., 2010).
Outra caracteristica que esses virus possuem sdo os splicing alternativos (PIM e

BANKS, 2010).
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FIGURA 2. Representacdo esquematica do genoma do HPV.
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Adaptado de Chow, Broker e Steinberg (2010); Burk, Chen e Van Doorslaer (2009). O genoma contém
uma regido ndo codificadora reguladora (URR), uma regido precoce (E) e uma regido tardia (L). Existe
também a presencga de trés promotores principais (P1, P2, P3), um promotor menor (P4), ¢ dois poli-A. O
splicing alternativo dos transcritos primarios de RNA, juntamente com a utilizagdo de promotores
alternativos e poli-A, permite a traducdo de proteinas virais com o primeiro ou o segundo ORF nos
mRNAs. Esta organizagdo gendmica ¢ altamente conservada, exceto para a auséncia do P2 em genétipos
do HPV de alto risco.

Os HPVs sdo classificados de acordo com o tipo viral, subtipos e variantes do
mesmo tipo e essa diferenciagdo se deve a semelhanca na sequéncia de seus
nucleotideos. Contudo, essa classificacao so foi possivel devido ao aperfeicoamento das
técnicas moleculares. Com esses métodos pode-se entender a identificagdo de um tipo
novo de HPV, o qual ¢ definindo quando a sequéncia de DNA do quadro de leitura
aberta L1 ou ORF L1, diferir mais de 10% da sequéncia do HPV filogeneticamente
mais proximo, diferencas entre 2% a 10% definem seus subtipos e diferengcas menores
que 2% definem as variantes. Dentre todos os genes, a regido do ORF L1 ¢ o mais

conservado do genoma dos HPVs (DE VILLIERS et al., 2004; INCA, 2011).
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Atualmente os PVs sdo descritos em 16 géneros, sendo estes designados pelas
letras do alfabeto grego (Alfa, Beta, Gama, Delta, Epsilon, Zeta, Eta, Theta, Iota,
Kappa, Lambda, Mu, Nu, Xi, Omikron, Pi). Contudo, os Papilomavirus humano tém
sido descritos em cinco géneros (Alfa-, Beta-, Gama-, Mu- ¢ Nu-papilomavirus),
possuindo mais de 150 genoétipos classificados conforme apresentado na figura 3

(KOVANDA et al., 2011; DOORBAR et al., 2012; FREITAS et al., 2012).

FIGURA 3. Relagdo evolutiva entre Papilomavirus Humano.

Alpha-papilimavirus
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Adaptado de Doorbar et al. (2012); http://pave.niaid.nih.gov/#home; Bernard et al. (2010). Os
papilomavirus Alpha incluem os HPVS de mucosas de baixo risco (muitos dos que estdo dentro do ramo
laranja sombreada) e os de alto risco (contida no ramo com destaque sombreamento rosa). Os tipos de
HPV cutaneas (a maioria dos quais estdo contidos dentro do cinza (Alpha), verde (Beta) ¢ azul (Gama)
ramos sombreadas) geralmente ndo sdo associados com céncer. A imagem mostra a arvore filogenética
mais conhecida de 132 tipos de HPVs.
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Sabe-se que o maior grupo com espécies de HPVs pertence a familia dos
Alfapapilomavirus. Dentre as espécies encontram-se os HPVs de alto risco, tais como
16 ¢ 18 que sdo considerados os responsaveis pelo desenvolvimento de cancer do colo
uterino, além desses os HPVs 6 e 11 que sdo classificados como baixo risco (DE
VILLIERS et al., 2004; KOVANDA et al., 2011; DOORBAR et al., 2012).

Os Betapapilomavirus possuem cinco diferentes espécies. Os HPVs 5 e 8§,
pertencentes a espécie 1 deste género, sdo mais comumente identificados na pele de
individuos com epidermodisplasia verruciforme (EV) (DE VILLIERS et al., 2004;
BERNARD HANS-ULRICH , 2005; KOVANDA et al., 2011).

Os Gamapapilomavirus abrangem cinco espécies diversas com sete tipos de
HPVs diferentes que causam lesdes cutineas: HPVs 4, 48, 50, 60, 88, 65 ¢ 95. Os
Mupapilomavirus contém em seu grupo os HPVs 1 e 63. O Nupapilomavirus ¢ o ultimo
grupo que possui apenas uma espécie, HPV 41, que causa lesdes cutaneas benignas (DE

VILLIERS et al., 2004; DOORBAR JOHN, 2006; KOVANDA et al., 2011).

1.1.3. PAPEL DAS PROTEINAS

A integracdo do DNA viral ao genoma do hospedeiro necessita além de sinais
celulares, de agentes ligantes e de receptores membranais que iniciem a ativagdo de uma
cascata de eventos controladora do ciclo celular. Os genes, da regido precoce ¢ da regido
tardia do HPV possuem grande importidncia nesse processo, sendo cada gene
responsavel por produzir proteinas com fung¢des especificas para transformar e
imortalizar a célula lesada (SILVA et al., 2002; SICHERO et al., 2012).

As E1, E2, E4, ES, E6 e E7, sdo as proteinas precoces do HPV. O papel da El e
da E2 na amplificacdo do genoma viral estd bem estabelecido. Durante a infec¢do
natural, E1 ¢ expressa em niveis muito baixos e requer a presenca de E2, para ser
eficientemente orientada para os seus locais de ligagdo. EI/E2 se associam,
principalmente, através de sua extremidade N-terminal e liga-se ao DNA como um
dimero através de sua extremidade C-terminal (DOORBAR JOHN, 2006).

A proteina E1 se liga a complexos de ciclina/CDK, resultando na fosforilacdo da
proteina viral, necessaria para a localizacdo nuclear da mesma. A El ¢é expressa ao
longo de todo periodo de infeccdo dos HPVs, porém, os niveis mais elevados sdo
constatados na fase vegetativa quando o promotor tardio esta ativo (HEBNER &

LAIMINS, 2006).
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Além de participar da amplificacdo do genoma viral e do controle da replicagao,
a E2 também esta envolvida na regulagdo da transcricdo de genes virais, como a E6 e
E7, através da ligacdo ao sitio E2BS (do inglés, E2-binding site) localizado na URR. A
transcrigdo viral é ativa em baixos niveis de E2, por outro lado, em altos niveis a
transcricdo ¢ reprimida (HEBNER e LAIMINS, 2006).

A proteina E4 (E17E4) ¢ a proteina mais expressa e ocorre ao longo de todo
ciclo viral. O transcrito inclui os cinco primeiros residuos de aminoacidos da El
integrados ao ORF E4 por meio de splicing, por isso a denominagdo E1"E4 (HEBNER
& LAIMINS, 2006). Um dos efeitos constatados ¢ a capacidade da E4 de ligar-ser a
citoqueratinas através de residuos de leucina (LLXLL) na por¢ao N-terminal
(ROBERTS et al.,, 1994). Este evento tem sido associado na liberacdo do virus
(CHOW etal., 2010).

A proteina E5 do HPV possui localizagio membranar, constituida
aproximadamente por 83 aminodcidos, sendo encontrada predominantemente no
reticulo endoplasmatico, onde interage com um préton-ATPse vacuolar, bloqueando a
acidificagcdo de endossomos precoces resultando na alteragdo da transducdo de sinais do
receptor do fator de crescimento epidérmico (EGFR) e receptores tirosino-quinases
relacionados na participagdo da regulacdo do crescimento celular, contribuindo para a
proliferacao celular (Figura 4) (KIVI et al., 2008; FREITAS et al., 2013). A ES ndo ¢
expressa em canceres HPV-positivos, devendo contribuir apenas para as etapas iniciais
da carcinogénese, devido a sua expressdo em Neoplasia Intraepitelial Cervical (NICs)
(CAMARA et al., 2008). Apesar das propriedades conhecidas, o papel desta proteina no
ciclo de vida dos HPVs ainda nao esta claro (CHOW et al., 2010).

A proteina E6 ¢ uma oncoproteina, constituida de 151 aminoacidos, que ao se
ligar a proteina p53 faz com que essa reprima sua atividade de supressor tumoral. O
mecanismo envolvido neste processo se da através da proteina viral E6, que recruta a
proteina celular E6AP que funciona como uma ubiquitina-ligase para o complexo
contendo p53 e este recrutamento resulta na rapida degradacdo da p53 (figura 4)
(SILVA et al., 2002; ROSA et al., 2009: FREITAS et al., 2013). A inducdo da
degradacdo da p53 parece ser uma propriedade exclusiva da proteina E6 dos HPVs de
alto risco (GHITTONI et al., 2010). A E6 induz também de forma independente, a
atividade da telomerase, ativando o promotor da telomerase transcriptase reversa. A

imortalizacdo das células que ocorre quando existe a ativacdo da telomerase ¢ mais um
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importante fator no desenvolvimento de tumores malignos, incluindo o cancer de colo
uterino (ROSA et al., 2009).

A oncoproteina viral E7 atua como um importante fator de progressdo tumoral.
E uma proteina nuclear, que contém aproximadamente 100 aminoacidos e sua atividade
inicial acontece com a associacdo do gene do retinoblastoma (RB). O RB é um gene
supressor tumoral importante no controle do ciclo celular, pois promove a transcrigdo da
fase G1 a S (figura 4) (SILVA et al., 2002; GHITTONI et al., 2010).

Sob regulacdo do ciclo celular normal, a proteina Rb ¢ fosforilada durante a fase
S, mediada por quinase dependente de ciclina (CDK). A Rb se liga ao fator de
transcricdo E2F reprimindo a transcricdo de genes necessarios a sintese de DNA, os
quais sdo transcritos de maneira dependente do ciclo celular e diretamente regulado
pelos E2F (RAPAPORT et al., 2005). Dessa forma, na presenca das proteinas virais, a
Rb fosforilada ¢ impedida pela proteina E7 de se ligar a E2F, permitindo assim que o
fator de transcricdo promova a continuidade do ciclo celular de células epiteliais ja
diferenciadas, favorecendo a replicacdo de genes do HPV (MCMURRAY et al., 2001;
FREITAS et al., 2013).

FIGURA 4. A modulagédo das moléculas do ciclo celular por oncoproteinas do HPV.
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pS3 e orienta a sua degradagdo que resulta na perda de expressdo de genes p53-respondedores (p21) e ES
do HPV ativa a via de sinalizagdo por meio de processos da EGF-dependentes ou independentes de EGF
(Fatores de crescimento epidérmico).

Estudos mostram que a atuacdo da proteina E7 do HPV de alto risco tem a
capacidade dez vezes maior de se ligar ao Rb do que as proteinas E7 de baixo-risco,
mostrando assim, diferencas na eficiéncia de ligacdo ao sitio de Rb (RAPAPORT et al.,
2005).

A maioria dos autores concordam que os efeitos da E6 ¢ da E7 sobre os dois
principais supressores tumorais, p53 e pRb respectivamente, sdo responsaveis pelo
potencial oncogénico do HPV, pois a expressdo de E7 na auséncia de E6 resulta num

ARF : .
9 induzido

aumento do nivel de p53, provavelmente decorrente da ativacdo do pl
pelo E2F. Portanto, a oncoproteina E6 ¢ indispensavel para evitar os estimulos de
parada do ciclo celular ou apoptético advindos da p53 (HOWLEY e LOWY, 2001; PIM
& BANKS, 2010; SAAVEDRA et al., 2012).

Existem ainda outras duas proteinas, conhecidas como proteinas tardias L1 e L2.
A proteina L1 ¢ composta por duas regides (N- e C- terminal) que sdo descritas como
"bragos invasores" que formam alicerce entre os capsideo menor L2 (WOLF et al.,
2010; BUCK et al., 2013). Cada "bragos invasores" da regido C- terminal ligam-se aos
capsomeros vizinhos através das ligacdes de pontes de dissulfeto interL1. Estudos
utilizando vetores de papilomavirus mostram que os capsideo imaturos que ainda ndo
formaram pontes dissulfeto, mesmo sendo infecciosos, sdo fisicamente fragil. Assim,
estas ligacdes dissulfeto parecem ser essenciais para a estabilidade do virus (BUCK et
al., 2013).

As proteinas tardias do HPV sdo compostas pela interacdo da L1 e L2. O virion
do papilomavirus podem acomodar até 72 moléculas do capsideo L2. Contudo, a
expressdo da L2 ¢ apenas na superficie do virus maduro, sendo apenas transitoria nos
virus imaturos (RICHARDS et al., 2006; DAY et al., 2008). A expressdo destas duas
classes de proteinas ¢ altamente regulada e estd associada a diferenciagdo de células
epiteliais infectadas pelo HPV (BRAGAGNOLO et al., 2010).

A regido tardia L1 ORF ¢ a mais conservada dentre as proteinas dos HPVs e o
seu produto representa 80% das proteinas do capsideo viral constituindo a proteina mais
abundante e de alta imunogenicidade. A proteina L2 com a L1 contribui para a

incorporagdo do DNA viral dentro do virion (LETO et al., 2011).
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1.1.4. CICLO BIOLOGICO

As fungdes vegetativas virais, sintese do DNA e de proteinas do capsideo bem
como a montagem dos novos virus, ocorrem exclusivamente nos queratindcitos
diferenciados (SOUTO et al., 2005; CAMARA et al., 2008).

O inicio do ciclo bioldgico acontece apoés as particulas virais penetrarem nas
células da camada epitelial (figura 5), o que ocorre devido as lesdes ou micro-
laceragdes. A progressdo da incubagdo viral para a expressdo ativa depende de trés
fatores: permissividade celular, tipo de virus e condi¢do imunologica do hospedeiro. O
tempo de incubagdo viral pode ser de quatro a seis semanas, meses ou até anos para
provocar o surgimento de lesdes (SOUTO et al, 2005; CASTRO et al., 2006;
DOORBAR et al., 2012).

FIGURA 5. Ciclo biolégico do HPV.
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Apesar de muitos estudos sobre esse assunto, ainda ndo esta claro quais
receptores da superficie celular estdo envolvidos na ligacdo e entrada destes virus nas
células hospedeiras. O que se sabe, ¢ que ocorre uma interacdo das proteinas do
capsideo com tais receptores, principalmente devido as interagdes de L1 com sulfato de
heparano (HS) exibidas em proteoglicanos (JOHNSON et al., 2009; FREITAS et al.,
2012; BUCK et al., 2013). Estudos in vivo demonstraram que a interagdo do HS
proteoglicanos (HSPG) ocorre na membrana basal extracelular, enquanto in vitro os
PVs interagem com HSPG na superficie da célula e em menor grau na matriz
extracelular (SELINKA et al., 2007). No entanto os capsideos L1/L2 ndo interagem
diretamente com as superficies das células de queratinécitos in vivo (KINES et al.,
2009). Sendo relatado como receptor celular secundario para os papilomavirus a a-seis
integrina, devido a expressdo desta integrina em queratindcitos basais e sua associacao
com HSPG (ABBAN & MENESES, 2010; FERRARO et al., 2011). Contudo, Huang e
Lambert, (2012) demonstraram que esta integrina ndo ¢ essencial para infecc¢do in vivo.
Sendo necessario mais estudos para entender essa relagao.

A infecgdo pelo HPV pode ser dividida em duas fases: precoce e tardia. A fase
precoce acontece quando o virus permanece nas células basais, em que a replicacdo
viral acompanha a divisdo celular, sendo regulada por fatores do hospedeiro e por
proteinas precoces virais. Posteriormente, as células-filhas oriundas da divisdao de
células basais e parabasais vao progredindo para camadas mais superiores do epitélio
cessando a divisdo. A diferencia¢do celular ocorre com a produgdo concomitante de
queratinas de elevado peso molecular, ocorrendo uma parada fisioldgica do ciclo celular
nestas células diferenciadas através da acdo de proteinas virais ( principalmente da E6 e
E7), as quais permitir a replicacdo vegetativa do genoma viral e a transcricdo dos genes
estruturais L1 e L2. Tal fendmeno ¢ tipico da fase tardia, sendo entdo liberadas na
camada mais superior do epitélio apés o empacotamento do DNA viral (HEBNER &
LAIMINS, 2006).

Apoés a infeccdo viral, os genes E1 e E2 agem independentes dos sitios de
ligacdo na origem de replicacdo (URR) do papilomavirus. Porém, podera ocorrer a
interacdo das proteinas E1-E2 formando um complexo multimérico que auxiliard a
replicacdo viral, recrutando proteinas que participam da replicagdo do DNA, regulacdo e
expressdo do genoma, sendo também responsaveis por manter o DNA viral na forma

epissomal e por iniciar a replicagdo do epissoma (FERRARO et al., 2011).
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Estudos de transcricdo viral em linhagens de queratindcitos humanos,
imortalizados por HPV-16 proposto por Doorbar (1990) e Rohls (1991), mostraram que
0s genes precoces sdo transcritos a partir de promotores (P1, P2, P3, P4) através de
splicing alternativo, gerando varios RNAs. As proteinas traduzidas a partir desses RNAs
mensageiros vao interferir na fun¢do de proteinas celulares que controlam o ciclo
normal da célula, a diferenciagéo celular e a apoptose (CHOW et al., 2010).

Nos HPVs, a ag¢do das oncoproteinas E6 para a degradagdo de p53 e da E7 para o
bloqueio da Rb sdo mais eficientes nos de alto risco. No estagio produtivo do ciclo viral,
a expressdao de E7 parece reativar o mecanismo celular de replicacdo de DNA para que
ocorra a amplificacdo do genoma viral para a produgdo de novos virions (FLORES et
al., 2000; PIM & BANKS, 2010).

As proteinas L1 e L2 depois de sintetizadas no citoplasma sdo direcionadas ao
nicleo da célula para a montagem de novas particulas virais (VILLA, 1997) nas
camadas mais superficiais do epitélio, sendo entdo liberado as particulas virais na
superficie da lesdo durante a descamacgdo celular, sem lisar a célula do hospedeiro
(DOORBAR JOHN, 2005).

Ap0s a liberagdo do virus na superficie do epitélio, ird continuar ocorrendo a
proliferacdo das células infectadas que ja ndo sdo mais restritas as camadas inferiores do
epitélio, passando a progredir para as demais camadas do tecido contribuindo para o
surgimento das lesOes percursoras da neoplasia cervical, conhecidas também por
neoplasia intraepitelial cervical (NIC) que possuem trés estdgios diferenciados
conforme o grau de gravidade (NIC I, NIC II e NIC III), estando estes diretamente
relacionados a propor¢do em que o epitélio escamoso ¢ substituido por células atipicas

(figura 6) (SANTANA et al., 2008).
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FIGURA 6. Infecgdo pelo HPV na progressao da lesdo cervical.
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Adaptado de Roden e Wu (2006). a. Inicio da infecgdo pelo virus. b. Infecgdo intra-epitelial de baixo
grau, que ap0s a infeccdo pelo HPV nos queratinocitos basais, expressao (ntcleo vermelho) dos genes E1,
E2, E5, E6 e E7. Ja nas camadas superiores do epitélio, o genoma viral ¢ replicado e E4 (verde
citoplasma), L1 e L2 (laranja nucleos) sdo expressos. ¢. Infecgdo com progressdo para lesdo intraepitelial
de alto grau. d. Sem o devido tratamento a lesdo progride para carcinoma in situ.

1.2. CANCER DE COLO UTERINO
1.2.1. EPIDEMIOLOGIA

O cancer de colo uterino no mundo ¢ considerado o segundo tipo de cancer mais
incidente na populagdo feminina, com aproximadamente 530 mil novos casos por ano,
sendo responsavel por aproximadamente 275 mil dbitos/ano (figura 7). Esse cancer ja é

considerado um dos mais importantes e danosos canceres da mulher (IARC, 2013;

WHO, 2013).
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FIGURA 7. Mortalidade por cancer do colo do titero no mundo.
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Adaptado de INCA, GLOBOCAN 2012 e IARC/OMS.
http://www1.folha.uol.com.br/equilibrioesaude/2014/01/ 1393209-cancer-do-colo-do-utero-mata-no-

norte-do-brasil-como-na-india.shtml. Taxa por 100 mil mulheres, ajustada pela idade com corregdo para
paises em desenvolvimento, levando em conta o IDH (Indice de Desenvolvimento Humano).

No Brasil, segundo o Instituto Nacional de Cancer (INCA) e International
Agency for Research on Cancer (IARC), este cancer ¢ o quarto tipo mais incidente na
populacdo feminina brasileira (IARC, 2013; INCA, 2013). Estima-se para o ano de
2014 mais de 15 mil novos casos e o ultimo indice de mortalidade notificado na
populacdo, foi no periodo de 2011 com 5.160 casos, sendo os estados do Amazonas,
Maranhdo e Acre com as maiores taxas de mortalidade no Brasil (figura 8) (INCA,

2013).
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FIGURA 8. Diferencas regionais da mortalidade por cancer do colo do utero no Brasil

em 2011.
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Adaptado de INCA, GLOBOCAN (2012), IARC/OMS e http://www .folha.uol.com.br/equilibrioesaude/
2014/01/1393209-cancer-do-colo-do-utero-mata-no-norte-do-brasil-como-na-india.shtml. Taxas por 100
mil mulheres, ajustada para comparagdes internacionais.

Considerando as regides brasileiras, as incidéncias de novos casos para 2014
(tabela 1) apontam que a regido Norte ocupara a primeira posicao seguidos pelas regides
Centro-Oeste e Nordeste que ocupardo a segunda posi¢do. O Sudeste ocupara a quarta

posicdo e em quinto lugar a regido Sul (INCA, 2013).

TABELA 1. Taxas de incidéncia estimados por regido para 2014.

Norte Centro- Oeste  Nordeste  Sudeste Sul

Incidéncia 23,537 22197 18,79~ 10,19 15,877

Adaptado de http://www.inca.gov.br/estimativa. INCA (2013). * por 100 mil habitantes.
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1.2.2. CARACTERISTICAS CLINICAS E HISTOPATOLOGICAS

O tutero é um o6rgdo do aparelho reprodutor feminino que esta situado no
abdomen inferior por tras da bexiga e na frente do reto, sendo dividido em corpo e colo.
O colo ou cérvice corresponde a por¢do caudal do 6rgao continuado pelo corpo uterino
na sua parte superior, sendo o ponto de juncdo entre essas duas estruturas chamado de
istmo. A vagina se dispde em volta do colo permitindo separar-lhe uma por¢do supra
vaginal e outra vaginal MONTENEGRO & FILHO, 2011).

O colo uterino apresenta uma parte interna chamada de canal cervical ou de
endocérvice que possui umas por¢des revestidas por uma camada unica de células
cilindricas produtoras de muco (epitélio colunar simples). A parte externa que mantém
contato com a vagina ¢ chamada de ectocérvice e ¢ revestida por um tecido de vérias
camadas de células planas (epitélio escamoso e estratificado). Entre esses dois epitélios
encontra-se a jun¢do escamocolunar (JEC), uma linha que pode estar tanto na
ectocérvice como na endocérvice (figura 9), dependendo da situacdo hormonal da

mulher (BRASIL, 2002, 2010; RAMA et al., 2008).

FIGURA 9. Anatomia do utero.

%

Adaptado de Hladik e Mcelrath (2008).
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Nas mulheres, a acidificacdo do pH vaginal durante a adolescéncia, induz a
substituicdo de uma parte do epitélio endocervical exposto por uma ectopia por um
epitélio escamoso metaplasico. Este novo epitélio fica entre os epitélios originais ¢ ¢
conhecido como terceira mucosa ou zona de transformagio (ZT). E nesta zona onde se
localizam mais de 90% dos cénceres do colo uterino (figura 9 ¢ 10) (HERFS et al,
2012). Além da ZT, células cilindricas ou de reserva, também tém sido propostos como
alvos de infec¢do (MARTENS et al., 2009).

Uma das funcdes do colo uterino ¢ proteger a cavidade pélvica de quaisquer
patogenos, através da secrecdo do muco e produgdo de anticorpos impedindo a
disseminagdo desses microrganismos nesta regido. No entanto, a ovulacdo que ¢
acompanhada por hidratacdo e alcalinizacdo do muco, diminui possivelmente a sua

funcdo de barreira protetora (BRASIL, 2002, 2010; RAMA et al., 2008).

FIGURA 10. Imagem do colo do tutero saudavel (A) e com lesdo (B).

[ Endscoe |
l\. 2

Juncdo
escamo-colunar

Adaptado: http://povoadoriachosaudedafamilia.blogspot.com.br

Nas ultimas décadas, a relagdo entre a infec¢do pelo HPV e neoplasia gerou
novos paradigmas de prevencdo do cancer do colo uterino. A infec¢do do colo uterino
pelo HPV ¢ inicialmente um quadro assintomatico, sendo necessario exames
ginecologicos para identificacdo clinica. Convencionalmente, a citologia ¢ o

procedimento inicial de escolha, podendo ser agregado a um procedimento de
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diagnodstico como a colposcopia, que ¢ importante para a visualizagdo do colo uterino,
seguidos da retirada de um fragmento, quando necessario, para a analise histopatologico
de confirmag¢do (HERFS & CRUM, 2013).

A fim de estabelecer um padrdo nas terminologias para diagnosticos, foi criado o
Sistema Bethesda, durante uma reunido de especialistas realizada na cidade de mesmo
nome em Maryland, EUA, no ano de 1988. Nessa reunido foram padronizadas as
normas de classificagdo citologica, com o intuito de reduzir diagnosticos confusos entre
alteracdes celulares benignas e as alteragdes atipicas, antes propostas por Papanicolaou,

Reagan e Richart, conforme a Tabela 2 (VEIGA et al., 2006).

TABELA 2. Classificagdo das lesdes pré-cancerosas do colo uterino.

PAPANICOLAOU REAGAN RICHART BETHESDA
(1943) (1953) (1967) (1988 /2001)
Classe |
Classe ll
HPV HPV HPV
A Displasia Leve NIC | LSIL (Baixo Grau)
Classe lll B Displasia Moderada NIC II
(Suspeito)

Displasia Severa
P HSIL (Alto Grau)

NIC 111
Classe IV Carcinoma “in situ”

Classe V Carcinoma invasivo Carcinoma invasivo Carcinoma invasivo

Adaptado de Araujo (2010) ; Saslow et al. (2012).

O Sistema Bethesda criou os termos citologicos de lesdo intraepitelial escamosa
de baixo grau (low grade intraepithelial lesion — LSIL) compreendendo as alteragdes
sugestivas de infeccdo pelo HPV e neoplasias intraepiteliais de grau I (NIC I), de lesao
intraepitelial escamosa de alto grau (high-grade intraepithelial lesion — HSIL), que
englobam as expressoes citologicas de NIC II e III, e as atipias em células escamosas de
significado indeterminado (atypical squamous cells of undetermined significance -
ASC-US), que ¢ definida pela presenga de achados citologicos insuficientes para o

diagnostico de lesdo intraepitelial (VEIGA et al., 2006; RUSSOMANO et al., 2008).
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Em 2001, o Sistema Bethesda foi revisado e as alteragcdes, anteriormente
classificadas como ASC-US, foram subdivididas em células escamosas atipicas de
significado indeterminado (ASC-US) e células escamosas atipicas, ndo podendo excluir
lesdo intraepitelial de alto grau (ASC-H, sendo o H do inglés HSIL) (figura 11). Essa
nova classificagdo se deve a uma tentativa de identificar melhor as alteragdes que
podem representar as lesdes precursoras do cancer de colo do tutero (VEIGA et al.,
2006; RUSSOMANO et al., 2008). Apesar de todas essas alteragdes, atualmente se usa
trés parametros para confirmar o diagndstico, como o tipo de HPV cancerigeno, a
expressdo de p16 ™ ¢ o grau histologico (WRIGHT et al., 2007; DE SANJOSE et al.,
2010; GALGANO et al., 2010; SCHIFFMAN et al., 2011; FREITAS et al., 2013).

1.2.3. ETIOLOGIA

J& ¢ bem estabelecido que a infeccdo por  HPVs contribui para o
desenvolvimento de cancer de colo uterino. No entanto, ndo ¢ o Unico fator responsavel
pelo surgimento da doenca. Diversos autores descrevem que os fatores imunoldgicos,
tabagismo, etilismo, multiplos parceiros, associagdes com outras DST’s, como a
Sindrome da Imunodeficiéncia Adquirida (AIDS) e fatores genéticos favorecem
significativamente para o desenvolvimento dessa neoplasia (PAPWORTH et al., 2001;
PINTO et al., 2002; SHIBOSKI et al., 2005; RAMA et al., 2008; ANJOS et al., 2010;
SASLOW et al., 2012).

A predisposicdo genética e as alteracdes nos genes de reparo no DNA podem
estar associadas no desenvolvimento do cancer. Os genes envolvidos no reparo
desempenham um papel critico na primeira linha de defesa contra qualquer dano que o
DNA venha a sofrer por fatores exodgenos e endogenos (KARAHALIL et al. 2012). Os
fatores exogenos ocorrem quando o DNA ¢ exposto a uma ou mais variedades de
agentes quimicos como a radio e quimioterapia ou fisicos como o calor e radiagdo. Os
enddgenos, que também interferem na integridade do genoma, provocam erros
aleatorios de replicagdo genética ou nas atividades metabolicas normais das células,
expondo o DNA a mutacdes, a instabilidade genomica e celular (KARAHALIL et al.,
2002; FENTON & LONGO, 2005; FELLER et al., 2010).
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1.3. GENES DE REPARO NO DNA

A integridade do genoma ¢ mantida principalmente pelo monitoramento do
DNA através das agdes de enzimas de reparo e dos checkpoint do ciclo celular.
Contudo, o mau funcionamento de um deles pode gerar instabilidade gendmica
contribuindo para o processo de carcinogénese (HALLIWELL et al., 1990; KANG et
al., 2007; KARAHALIL et al., 2012).

O reparo no DNA ¢ realizado por varias vias de reparo existentes, tais como o
reparo por excisdo de bases (BER — “Base excision repair”), por excisdo de nucleotideos
(NER — “nucleotide excision repair”), por bases mal pareadas, por recombinacdo
homologa e por recombinacdo ndo-homologa. Dessas, o BER constitui um mecanismo
de protecdo importante por reconhecer lesdes especificas utilizando um sistema
enzimatico simples para a retirada da base lesada (FRIEDBERG et al., 1995; LU et al.,
2001). Dentre as enzimas que fazem parte da via de reparo BER, destacam-se a
Endonuclease apurinica/apirimidinica 1 (APE-1) e Poli (ADP-Ribose) Polimerase-1

(PARP-1).

o FEndonuclease apurinica/apirimidinica 1 (APE-1I)

APE-1 ¢ a principal endonuclease apurinica/apirimidinica humana com atividade
para processar sitios apurinico (AP). Essa enzima ¢ conhecida também por APE, APEX,
APX, HAP1 e REF1 (LO et al., 2009). O gene que codifica esta endonuclease se
localiza no cromossomo 14q11.2-q12, apresenta um tamanho de 2.636pb, composto por
5 éxons e 4 introns. Codifica uma proteina de 35.555Da composta por 318aa (UCSC-
Genome Bioinformatics; Genecards V3). Trata-se de uma proteina multifuncional que
desempenha papel essencial na manutencdo da integridade gendmica e na regulacio da
expressao génica (FRITZ GERHARD, 2000).

O reparo do DNA inicia com a atividade da DNA glicosilases que reconhece a
base danificada clivando a ligacdo N-glicosidica da base resultando um sitio AP. Apos
esse reconhecimento, a endonuclease apurinica/apirimidinica (APE) ¢ acionada
servindo como um substrato para a enzima seguinte na via, promovendo uma excisao na
fita do DNA na porcdo 5° do agucar gerando uma lacuna de um nucleotideo. O defeito

resultante ¢ reparado subsequentemente pela DNA polimerase 3 e as pontes fosfodiéster
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pela DNA ligase III conforme apresentado na figura 12 (FRITZ GERHARD, 2000; LU
et al., 2001; DING et al., 2004; AL-SAFI et al., 2012).

FIGURA 11. Esquema representativo da APE-1 no reparo no DNA.

DNA glicosilase 0

Base

3 Livre
5' Endonuclease AP* 9

dRpase * (3]

s'mggm 5 VB[

DNA polimerase + DNA ligase * 0
» TP
3I

Adaptado de http://cmgm.stanford.edu/biochem/biochem201/Slides/DNA%20Repair%20-
%20Doug/Base%20 Excision%20Repair.JPG. 1. Reconhecimento da base lesada. 2. Atuagdo da APE- no
reparo. 3. A DNA desoxirribo-fosfodiesterase (dRpase) retira os residuos 5’-fosfato-desoxirribose
gerados. 4.DNA polymerase + DNA ligase completa a lacuna e repara a ligagdo da ponte de fosfodiéster,
finalizando o reparo.

Os sitios AP sdo particularmente comuns, ocorrendo em condicdes fisiologicas
normais da célula, no entanto estima-se que a frequencia desses danos sejam de 10°
lesdes/célula/dia em humanos. Assim, essas lesdes necessitam de um reparo continuo
(LU et al., 2001; KAUPPINEM, 2007).

APE-1 além de agir como um fator regulador negativo do seu proprio gene,
participa da regulacdo redox de varios fatores de transcricdo como ativador de proteinas
(AP)-1, Fos, Jun, Fator Nuclear (NF)-kB, Myb, p53, entre outros (IZUMI et al., 1996;
FRITZ, 2000; DING et al., 2004).
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Durante o reparo, APE-1 interage com outras enzimas, como a DNA polimerase
B, DNA ligase I, DNA ligase III, OGG1, XRCCI1 e com a Poli (ADP-ribose) polimerase
(PARP) (LU et al., 2001; KARAHALIL et al. 2012).

e Poli (ADP-ribose) polimerase 1 (PARP-1)

A enzima PARP-1, também identificada como PARP, PPOL, ADPRT, DPRT1
ou pADPRT-1. Encontra-se no cromossomo 1g41-q42 e apresenta um tamanho de
47.409pb composto por 23 éxons. Codifica uma proteina de 113.084Da, sendo
composta por 1014aa (UCSC-Genome Bioinformatics; Genecards V3). As PARPs
possuem uma familia de 17 enzimas ( HOTTIGER et al., 2010; BENEKE SASCHA,
2012).

Trata-se de uma proteina altamente conservada, abundante e bastante expressa
na via de reparo BER. Esta envolvida na modificacdo e remodelagdo da cromatina, no
metabolismo do DNA e na expressao de genes (HASSA et al., 2005; SCHREIBER et
al., 2006; BERTRAM & HASS, 2008), sendo composta por trés dominios: o primeiro
dominio ¢ a regido de ligagdo ao DNA, que possui a capacidade de quebrar a cadeia do
DNA, o segundo dominio ¢ uma regido central de auto modificacdo rica em acido
glutdmico e o terceiro dominio é de ligagdo da NAD" com todas as atividades cataliticas
da enzima (D’AMOURS et al., 1999; PERALTA-LEAL et al., 2009; BAI & CANTO,
2012).

PARP-1 ¢ ativada por quebras (simples ou duplas) na fita de DNA (figura 13).
Na funcdo normal, OGG-1 (8-oxoguanina DNA glicosilase 1) gera sitios AP pela
remog¢do do 8-0xoG e através de um mecanismo que ndo ¢ completamente
compreendido, recruta PARP-1 que possui a fungdo de catalizar poli-ADP-ribosilagdo
de proteinas, como histonas, cuja ribosilagdo confere uma carga negativa a essas
proteinas, fazendo com que elas se repelem do DNA, gerando um relaxamento da
cromatina local, permitindo que o material genético fique mais acessivel a acdo de
enzimas de reparo (MABLEY et al., 2004; KAUPPINEN, 2007, MANGERICH &
BURKLE, 2012).
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FIGURA 12. Esquema representativo do papel da PARP1 no reparo por excisdo de

base (BER).
e
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Adaptado de Ko & Ren (2012). PARP-1 também pode reparar o dano na fita simples no DNA através do
recrutamento de complexos da BER.

Uma vez ativada por danos no DNA, PARP-1 atua em diversas fungdes
celulares, como na sintese e transferéncia de polimeros de ADP-ribose para proteinas
alvo, na remodelagdo da cromatina, na transcricdo e replicagdo, no metabolismo de
RNA, na inflamag@o, no controle do ciclo celular, na morte celular e na regulacdo do
reparo no DNA, mantendo assim a integridade gendémica. (GONZALES-REY et al.,
2007; MANGERICH & BURKLE, 2012).
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1.4. POLIMORFISMOS GENETICOS EM GENES DE REPARO E SUA
RELACAO COM O CANCER DE COLO UTERINO

Os genes polimorficos apresentam variagdes alélicas com frequéncia superior a
1% na populagdo. Estimativas apontam que cerca de 90% das variagdes de sequéncias
em seres humanos s3o causadas por polimorfismos de substituicdo da base nitrogenada
de um tinico nucleotideo (Single Nucleotide Polymorphisms — SNPs) (GUIMARAES &
COSTA, 2002; HUNT et al., 2009). Os SNPs podem ser encontrados em regides dos
éxons, introns e sequéncias regulatorias do genoma. Quando ocorrem em regides
génicas codificantes (éxons), os SNPs podem ser sindnimos (ndo causam a mudancga de
um aminoacido) ou ndo-sindnimas (quando um aminodcido ¢ alterado) (HUNT et al.,
2009).

Os polimorfismos em genes de reparo, tem sido descritos por pesquisadores
como um dos fatores para a instabilidade genémica no DNA. Portanto, alteracdes em
genes que possuem capacidade de reparar o DNA, contribuem para a desregulacdo do
ciclo celular aumentando consequentemente o potencial carcinogénico da célula
(FENTON & LONGO, 2005; FELLER et al.,, 2010). Atualmente a detec¢do dos
polimorfismos tem sido utilizados como marcador de diagnostico ou prognostico para
algumas doencgas.

Assim, um total de 54 polimorfismos tem sido relatado no gene de APE-I
(http://www.ncbi.nlm.nih.gov/projects/SNP/snp_ref.cgi?geneld=328), dentre eles o
mais estudado em varios canceres como pulmio, prostata, coloretal, cabeca e pescogo
(HU et al., 2013) ¢ o polimorfismo Aspl48Glu (rs1130409), resultado de uma
transversao do T para G no nucleotideo de posicdo 2197 no cddon 148 do éxon 5,
devido a substitui¢do do acido Aspartico pelo acido Glutdmico (HADI et al., 2000; L1 et
al., 2006). Foi mostrado que individuos portadores do alelo 148Glu apresentam uma
maior sensibilidade a radiacdo ionizante do que os portadores do alelo 148Asn (HU et
al., 2001; LI et al., 2006). Além disso, estudos funcionais do polimorfismo de APE1
(Aspl48Glu) tem mostrado que a variante de Glu pode alterar a endonuclease e
atividade de ligacdo ao DNA, reduzindo a capacidade de se comunicar com outras
proteinas da via BER (HADI et al., 2000). No entanto, estudo tem demonstrados
resultados diferentes a respeito deste polimorfismo devido a existéncia de fatores que
podem influenciar no risco, tais como associacdo com outros polimorfismo em genes

de reparo, além da etnia, do tabagismo e do alcool (MANDAL et al., 2012).
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Outro polimorfismo estudado ¢ o Val762Ala (rs1136410), dentre os 202 descrito
no gene de PARP-1 (http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?locusld=142). Este
polimorfismo se deve a uma transi¢do do T para C no nucleotideo 40676 no coédon 762
do éxon 17, promovendo a substituicdo do aminoacido Valina por Alanina no dominio
catalitico. Esta mudanca foi comprovada para reduzir drasticamente a atividade
enzimatica ( LI et al., 2006; WANG et al., 2007). Estudos em cancer de colo uterino
tem associado aos portadores do genotipo CC, um risco para o desenvolvimento deste
cancer, enquanto que pacientes com neoplasia intraepitelial cervical (NIC) nao fazem
parte do grupo de risco. A presenga do alelo C confere uma redugdo da atividade
enzimatica da PARP-1 (YE et al., 2012).

Tendo em vista que um dos mecanismos para o desenvolvimento do céncer de
colo uterino sdo as lesdes cervicais, se faz necessario investigar nas portadoras de lesdo
cervical e conforme o grau da lesdo, os polimorfismos em enzimas que atuam no
sistema de reparo da célula do hospedeiro, a fim de contribuir ¢ definir um perfil
genético identificando os grupos de risco para o desenvolvimento e progressdo da

doenga.

1.5. PERGUNTA DE PARTIDA

* Os Polimorfismos nos genes de reparo APE-1 Aspl148Glu (T2197G) e PARP-1

Val762Ala (T40676C) quando associado aos fatores socio-epidemiologicos

podem favorecer o desenvolvimento de NIC de maior gravidade?

1.6. HIPOTESE DE TRABALHO

e Polimorfismos de enzimas reparo associados a fatores socio-epidemioldgicos

contribuem para o desenvolvimento de NIC de maior gravidade.
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2. OBJETIVOS

2.1. Objetivo Geral

e Verificar a associagdo dos polimorfismos nos genes de reparo APE-I
Aspl48Glu (T2197G) e PARP-1 Val762Ala (T40676C) com o desenvolvimento
de NIC de diferentes gravidades.

2.2. Objetivo Especifico

* Descrever os aspectos socio-epidemiologicos das pacientes com lesdes cervicais

atendidas na Maternidade Escola Assis Chateaubriand-MEAC;

* Verificar as frequéncias genotipicas dos polimorfismos nos genes de APE-I
Aspl148Glu (T2197G) e PARP-1 Val762Ala (T40676C) das pacientes atendidas
na Maternidade Escola Assis Chateaubriand-MEAC ;

* Estimar o risco para o desenvolvimento da lesdo cervical de diferentes
gravidades considerando os polimorfismos nos genes de reparo APE-I

Aspl148Glu (T2197G) e PARP-1 Val762Ala (T40676C);

e Verificar se o consumo de alcool, fumo, inicio de vida sexual precoce e o
namero de parceiros sexuais sdo fatores modificadores do risco quando
considerando os polimorfismos nos genes de reparo APE-I Aspl48Glu
(T2197G) e PARP-1 Val762Ala (T40676C).
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ABSTRACT

High-grade cervical intraepithelial neoplasia disease (CIN) is the pre-cursor
neoplasia of cervical cancer which is the second most common cancer in women
worldwide. Repair enzymes are important for genomic integrity, and polymorphism in
genes of DNA base excision repair (BER) enzymes can be relevant to susceptibility to
cervical lesions. Therefore, this study aimed to investigate the association of
polymorphisms APE-1Aspl48Glu (rs1130409 T>G) and PARP-1I Val762Ala
(rs1136410 T>C), with smoking, alcohol consumption, onset of sexual activity and
number of sexual partners per year in cervical intraepithelial neoplasia disease.
Materials and Methods - This case-control study included 203 women attended at the
Cervical Pathology Service of the Maternity School Assis Chateaubriand. CIN was
confirmed 75 cases and the remaining, 128 cases were considered the control group.
The polymorphisms for the DNA repair genes APE-I T>G and PARP-1 T>C were
determined by PCR-RFLP. The data were analyzed by the program SPSS® 20 version
and Data Mining Book 3.6.11 version. Results - The median ages of the patients
included in the study was 24 years old. Among the CIN cases 66.7% were CIN I and
33.3% were CIN II/CIN III. Lower frequency of the PARP-1 heterozygous genotype
was statically associated with CIN I. Considering the risk factors, the PARP-1 TC
genotype conferred a decreased risk of CIN developing in women who drank alcohol (p
= 0.046) and had one or no partner per year (p = 0.000). Comparison between the
control group and CIN subtypes (CIN I and CIN II/IIT) showed that among patients with
< 1 sexual partner/year, CIN I patients had a statistically low frequency of the PARP-1
TC genotype (p = 0.010). No association was found for APE-I T>G polymorphism.
WEKA software was used to evaluate all potential variables demonstrating that patients
age (cutoff 25 years old), followed by early onset of sexual activity (<18), were the
variables with the greatest risk potential for the development of cervical lesion
development. PARP-1 polymorphic homozygote genotype (CC) was associated with
CIN in patients who started early onset of sexual life, while PARP-1 wild homozygous
genotype (TT) was considered an important factor for the development of cervical
lesion in patients who lacked fixed partners. Conclusion - These data suggest that the
efficiency of the heterozygous genotype for DNA repair is dependent on risk exposure.
Also confirm the literature that age and early onset of sexual activity (<18), are
important risk factors for cervical lesion. This study contributes to our understanding of
the association between PARP-1 Val762Ala (T40676C) polymorphism and CIN and is
the first to include the APE-1 Asp148Glu (T2197G) polymorphism in such a CIN study.

Keywords: Cervical Cancer, APE-1 and PARP-1, Repair Enzymes
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INTRODUCTION

Cervical cancer is the second most common cancer in women worldwide, with
around 530.000 new cases annually'. In Brazil, cervical cancer is the third most frequent
cancer in the female population”.

In cervical carcinogenesis, human papillomavirus (HPV) infection plays a
central role and is a necessary condition in cervical cancer development3. High grade
cervical intraepithelial neoplasia disease (CIN II/III) resulting from cellular
transformation by high-risk HPV, are the precursor lesion of cervical cancer. HPV
infection often occurs shortly after initiation of sexual activity and seems to increase in
frequency over the years after the sexual debut, as well as with the number of the sexual
partners’. Besides, it is estimated that the most sexually active persons will have HPV
infection at least once in their lifetime®, with only a small fraction progressing to
cervical cancer or its precursor lesion cervical intraepithelial neoplasia (CIN),
suggesting that other genetic factors may be involved in these processes.

In cervical carcinogenesis, the loss of cell cycle control and DNA damage has
been shown to be due to an inactivation of TP53 and RB proteins, though binding with
HPV E6 and E7 oncoproteins™ ® . The presence of DNA damage, in turn, activates the
DNA repair enzyme machinery. Five main DNA repair pathways play key roles in
maintaining genome stability, including base excision repair (BER)*’.

Apurinic/apyrimidinic endonuclease 1 (APE-1) is a multifunctional enzyme that
plays a crucial role in the BER pathway by hydrolyzing the phosphodiester backbone
immediately 5’ to the abasic sites in DNA. APE1 can act as a 3'-phosphodiesterase,
which is necessary to initiate repair of DNA single- or double-strand breaks. In addition,
APE-1 plays a role in regulating the DNA binding capacity of several transcription

9,10

factors and thus gene expression -efficiency The APE-1 gene localizes on

chromosome 14q112-12 and consists of four introns and five exons coding for a protein
of 318 amino acids, whose expression is induced by oxidative stress'!" '* 1.

Poly (ADP-ribose) polymerase 1(PARP-1), the best characterized member of the
PARP family, is another important BER enzyme for DNA repair and genome stability'*.
It is a DNA strand break-sensing protein, and its activation is one of the early responses

to DNA damage. PARP-1 is multifunctional nuclear protein that works in

transcriptional regulation and histone modification and is involved in differentiation and
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cell survival and death, as well as being a master component of a number of
transcription factors involved in tumor development and inflammation'> '>'¢,

Studies have reported that a single nucleotide polymorphism (SNP) in the APE-1
gene, due to a variation of amino acid change aspartic acid to glutamic acid in exon 5
(Asp148Glu, T2197G) (rs1130409), is associated with hypersensitivity to ionizing
radiation and cancer risk for ovarian, gastro-esophageal, pancreatico-biliary and cervical
cancer” ' '®. Ethnicity and risk factors, such as smoking and alcohol consumption, can
modify the risk in the same type of cancer (such as lung, prostate and colorectal cancer),
where it is associated with the frequency of the G allele and the homozygous
polymorphic genotype'® 2. On the other hand, in the PARP-1 Val762Ala (T40676C)
polymorphism (rs1136410), the substitution of valine to alanine confers a reduction in
enzymatic activity of PARP-1 protein, where it is associated with increased risk of
colorectal'®, prostatezz, breast ** and cervical cancer®*.

There were only three studies addressing CIN lesions, cancer and the PARP-1
polymorphism Val762Ala (T40676C) ** *>?® and no study of cervical cancer including
APE-1 Asp148Glu (T2197G), at the time of preparing this paper. Taking in account the
importance of cancer prevention considering the genetic predisposition, it is important
studies of risk associating polymorphisms in these lesions. Therefore, this study aimed

to verify the importance of these polymorphisms in CIN of different grades.

MATERIALS AND METHODS

Patients

This was a case-control study that included 203 women attended at the Cervical
Pathology Service of the Maternity School Assis Chateaubriand (MEAC) in Fortaleza,
Ceara, Brazil, during 2010-2013. Excluded from this study were immunosuppressed
patients and those treated for cervical disease ablation (cryotherapy or laser ablation).
Patients with areas with suspicious lesions were biopsied for histopathologic diagnosis
at the Pathology Laboratory of the Federal University of Ceara (UFC) as routine
protocol. The criteria for histopathologic diagnosis of CIN were those established by
WHO, where cases were classified as mild dysplasia (CIN I) or moderate and severe
dysplasia (CIN II and CIN III) and CIN negative for other pathologies with no cervical

neoplastic changes identified”’. Every patient answered a questionnaire regarding socio-
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epidemiological and clinical data further clinical diseases information was obtained
from hospital records.

The present study was submitted to the National Council on Ethics in Research -
CONEP and approved by the Ethics Committee of the Maternity School Assis
Chateaubriand (MEAC) on April 12, 2011, CEP/MEAC No 0035/11, Protocol 17/11.

DNA extraction

DNA was extracted from the peripheral blood samples using the salting-out
method as described by Regitano (2001). DNA was quantified using a Thermo
NanoDrop Na-1000 Spectrophotometer, and DNA quality was checked on a 1% agarose

gel with ethidium bromide staining.

Polymorphism of the DNA repair genes APE-1 (T>G) and PARP-1 (4>G)

SNPs for DNA repair genes were determined by a PCR-RFLP (PCR followed by
enzyme restriction) APE -1 T>G and PARP-1 T>C PCR products were generated in
reaction mixtures of 20 pL, containing 1X MasterMix (PROMEGA Madison, WI USA)
0.5 uM each primer and 25 ng DNA template. The amplified fragments were visualized
in 1% agarose gels containing ethidium bromide under UV light and were digested with
appropriate restriction endonucleases. In all restriction was performed with a known
polymorphic homozygous genotype as control .The primers, restriction enzymes and the
fragment size are described in Table I. The fragments were resolved on 8% non-

denaturing polyacrylamide electrophoretic gels and silver staining.

Statistical analysis

Statistical analyses were carried out using the EPINFO® 70 or SPSS® 20
version statistical software program (SPSS, Chicago, IL, USA) and Data Mining Book
program 3.6.11 version with the method C4.5 of Weka The University of Waikato.
Statistically significant differences were evaluated by the chi-square test (¥2) and
Fisher’s exact test Correlations between risk factors and the polymorphisms studied
were analyzed using Spearman’s rank correlation coefficient. Haplotype analysis was

done by the UNPHASED 3.17 program p < 005 was regarded as statistically significant.
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Table I. Description of primers used for repair enzymes.

Genetic Primer sequence Restriction Restriction  Fragments size Author
polymorphism temp. (°C) enzyme
APE-1 F:5'CTGTTTCATTTCTATAGGCTA3’ 3750 Bfal T 164
N a

(Asn148Glu) R:5’AGGAACTTGCGAAAGGCTTC3’ G 144 and 20 [40]

PARP-1 F:5'TTTGCTCCTCCAGGCCAACG3’ T127

60°C BstUI [41]
(Val762Ala) R:5"ACATCGATGGGATCCTTGCTGC3’ C 107 and 20
RESULTS

Characteristics of the study population

The median age of the patients included in this study was 24 years old (ranging
from 14 to 50 years). The majority of the patients (201/203, 99%) provided their socio-
epidemiological and clinical data, where 53.1% were single. Smoking was reported by
only 9% of the patients and drinking of alcoholic beverages by 34%. Beginning of
sexual life after 18 years old was reported by 35% (69/197) of the patients and 73.4%
(141/192) of the patients had one partner during one year.

Among the 203 patients with suspected atypical changes, 51.2% (104/203)
underwent cervical biopsy, of which 72.1% (75/104) had confirmed presence of CIN.
The control group included the cervical biopsied CIN negative patients (29/104, 27.9%)
and patients who had no biopsy indication (99/203, 48.8%). The histopathology
characteristics of the biopsied CIN negative patients were presence of polyps, fibroids
and cervicitis. The median ages of the patient groups were: CIN (+) 28 years old (14 to

50 years) and control group 22 years old (14 to 50).

Genotype and allele frequencies of APE-1 and PARP-1 SNPs and risk analysis
according to cervical intraepithelial lesion grade (CIN I and CIN 1I/II)

Genotype distributions for both SNPs studied were in Hardy-Weinberg
equilibrium for the patients CIN (+). For PARP-1 T>C polymorphism, the control group
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was not in Hardy-Weinberg equilibrium. No significant association was observed when

all patients CIN (+) were compared with the control for both polymorphisms studied.

However, when the CIN grades were considered (Table II), a significantly lower

frequency of the heterozygous genotype of PARP-I (TC) was observed in CIN I

patients. No association regarding the APE-1 T>G genotypes was observed between the

total of CIN (+) cases or grades and control. Furthermore, no significant association

between the patient groups was found when the PARP-I T>C and APE-1 T>G

genotypes were combined. Considering the haplotype analyzes no significant statistics

for genotype of genes APE-1 and PARP-1.

Table II. Analysis of the genotype and allele frequencies of APE-I and PARP-1 SNPs

with CIN grades and control.

APE-1 Control CINI CIN II/111
(T2197G) N=128 (%) N=50(%) P OR (CI) N=25(%) P OR (CI)
TT 53 (41.4) 23 (46) 1 13 (52) 1
TG 61 (47.7)  21(42) 0514 0.793(0.395-1.592) 10(40)  0.379  0.668 (0.271 - 1.648)
GG 14 (10.9) 6(12) 0981 0.987(0.337-2.891)  2(8) 0.723  0.582(0.117 - 2.887)
TT/TG  114(89.1)  44(88) 0.701 0.889 (0.487-1.621) 23(92)  0.611  0.822(0.386 - 1.748)
TG/GG  75(58.6)  27(54) 0.577 0.829(0.429-1.601) 12(48)  0.327  0.652(0.276 - 1.541)
T 167 (65.2) 67 (67) 1t 36 (72) 1
G 89 (34.8)  33(33) 0.752 0.924(0.566-1.508) 14(28)  0.354  0.729 (0.373 - 1.424)
PARP-1  Control CIN I CIN II/I1I
(T40676
C) N=128(%) N=50(%) P OR (CI) N=25(%) P OR (CI)
TT 55 (43) 29 (58) 1 13 (52) 1
18 (36)  0.038 12 (48)

TC 70(54.7) *0.487 (0.245 - 0.968) 0.463  0.725(0.306 - 1.714)
cC 3(2.3) 3(6)  0.662 1.896(0.359-9.997)  0(0) 1 0.000 (Undefined)
TT/TC 123 (97.7)  47(94) 0260 0.724 (0.413-1.270) 25(100) 0.689  0.859 (0.409 - 1.805)
TC/CC 73 (57) 21 (42)  0.071 0.545(0.281-1.057) 12(48)  0.405  0.695 (0.294 - 1.642)

T 180 (70.3) 76 (76) 1t 38 (76) 1
C 76 (29.7)  24(24) 0283 0.747(0.439-1.272) 12(24)  0.416  0.747 (0.370 - 1.509)

N: Number of patients with CIN subtypes positive and control. OR (CI) corresponds to
control vs CIN I and control vs CIN II/III.* Chi-squared test, OR: odds ratio, CI:
confidence interval. p < 0.05.

Analysis of risk considering APE-1 and PARP-1 SNPs with alcohol

consumption , smoking status and sexual life in patients CIN(+) and control
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No significant association between APE-I genotypes and the above mentioned
risk factors was found. However, for PARP-1 T>C genotypes, the PARP-1 TC genotype
conferred a decreased risk for CIN developing among patients who had low exposure to
risk (non-alcohol users and < 1 sexual partner) when compared with the PARP-1 TT
genotype in the control group (Table I1I). Additionally, comparison between the control
group and CIN subtypes (CIN I and CIN II/IIT ) showed that CIN I patients had a low
frequency of the PARP-1 TC genotype compared with the PARP-1 TT genotype of
control group among patients with < 1 sexual partner/year (p = 0.010, OR = 0.331, CI =
0.139 - 0.789).

Table III. Frequency distributions and statistical analysis of PARP-1 (T40676C)
genotypes associated with socio-epidemiological aspects in CIN positive patients

compared with control patients.

PARP-1 Control CIN (+)
T40676C Alcohol use N =124 (%) N =175 (%) )4 OR (95% CI)
TT Non 41 (50) 32 (65.3) Pt
TC Non 41 (50) 15 (30.6) *0.046 0.468 (0.202 < 0.993)
CcC Non 0(0) 2(4.1) 0.202 Undefined
TT Yes 12 (28.6) 10 (38.5) et
TC Yes 27 (64.3) 15(57.7) 0.448 0.675 (0.233 < 1.905)
CcC Yes 3(7.1) 1(3.8) 0.613 0.400 (0.035 < 4.470)
Control CIN (+)
Smoking Status N =127 (%) N =74 (%) )4 OR (95%CI)
TT Non smoker 49 (43.4) 40 (57.1) 1
TC Non smoker 61 (54) 27 (38.6) 0.050 0.542 (0.292 < 1.004)
cC Non smoker 3(2.6) 3(4.3) 1 1.225(0.234 < 6.403
TT Active smoker 6(42.9) 2 (50) et
TC Active smoker 8 (57.1) 2 (50) 1 0.750 (0.080 < 6.953)
CcC Active smoker 0 (0) 0 (0) 0.011 (Undefined)
Control CIN (+)
Start of Sexual Life N =124 (%) N =173 (%) )4 OR (95% CI)
TT < 18 years 43 (44.8) 26 (56.5) 1
TC <18 years 52(54.2) 18 (39.1) 0.129 0.572 (0.277 < 1.187)
cC < 18 years 1(1) 2 (4.4) 0.555 3.307 (0.285 < 38.307)
TT > 18 years 11(39.3) 15 (55.6) et
TC > 18 years 15 (53.6) 11 (40.7) 0.267 0.537 (0.179 < 1.616)
cC > 18 years 2(7.1) 1(3.7) 0.573 0.366(0.029 < 4.572)
Control CIN (+)
N° of sexual partners per year N =124 (%) N =75 (%) p OR (95% CI)
TT <1 partners 44 (44.9) 34 (79.1) 1
TC <1 partners 52 (53.1) 9(20.9) *0.000 0.224 (0.097 <0.517)
CcC <1 partners 2(2) 0(0) 0.505 0.000 (Undefined)
TT > 1 partners 10 (38.5) 3(17.6) et
TC > 1 partners 15(57.7) 11 (64.8) 0.303 2.444 (0.541 < 11.028)
CC > ] partners 1(3.8) 3(17.6) 0.098 10.000 (0.738 < 135.333)

N: number of patients. * Chi-squared test., OR: odds ratio, 95% CI: confidence interval.
p <0.05.
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Statistical analysis of Data Mining Book risk considering APE-1 and PARP-1
SNPs with socio-epidemiological in patients CIN(+) and control

Data Mining is a program what defines through automated process of capture
and analysis of large data sets to extract meaning, being used both to describe the past
as to predict characteristics for the future trends using some methodologies like the
decision tree which identify at nodes the risk of different levels **,

The Figure IV shows the analysis considering the investigated genetic variants
and environmental risk factors. The final tree contained four nodes. The first split of the
node was the patients age (cutoff 25 years old), indicating that it is the strongest risk
factor for the cervical lesion development among the factors considered. The following
node with patients over 25 years the split was the beginning of sexual life (< 18 and >
18 years). The group of patients who sexually active before 18 age was associated with
the development of cervical injury while that began after 18 age gave rise to a third
node associated with the PARP-Igenotype. In this node, the heterozygous (TC)
genotype was associated with the control group and the polymorphic homozygous (CC)
genotype was associated with CIN (+). The wild homozygous genotype (TT) gave rise
the fourth node of this analysis in which lacked of fixed partners was considered an

important factor for the development of cervical lesions.

Table IV. Statistical analysis of Data Mining Book
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DISCUSSION

DNA repair pathways exist in organisms for maintaining genome integrity, so
interindividual variations in DNA repair proteins, which potentially modify their
functions, can result in cancer susceptibility. However, genetic susceptibility is also
dependent on environmental factors to which a population is constantly exposed. The
cervical carcinogenesis is dependent of HPV, detected in almost all tumors (ranging
from 72% to 99%) using molecular biology approach®**!. The Cervical intraepithelial
neoplasia is the first clinical evidence of cervical alteration. Therefore, studies on
precursor lesions are relevant and should be informative about the genetic risk and the
relationship with environmental risk factors as early onset of sexual life as well as
multiple sexual partners the use of tobacco and alcohol’* **3% %,

Only a few studies have addressed the polymorphisms of repair enzymes in
cervical intraepithelial neoplasia disease, including polymorphisms of the base excision
repair (BER) pathway genes, APE-1 Aspl48Glu (T2197G) and PARP-I Val762Ala
(T40676C). The Maternity School Cervical Pathology Service in which the cervical
intraepithelial neoplasia cases were collected is a public hospital located in the
Northeast Brazil, in which the majority of the patients are with low income and
education. The specific ambulatory service, focus mainly young women bringing the
opportunity to understanding the importance of the risk factor in this group of patients
and justify the lower median age found in this study for the CIN positive patients (28
years old) than the other studies®" > .

In this study, no risk was observed for both polymorphism studied. Similarly, Ye
et al (2012) and Zhang et al (2012), in their studies with Chinese patients, did not find
any association between PARP-1 T>C genotypes and CIN development. Taking in
account the studies with cervical cancer, they were conflicting. Roszak et al (2013) in
study with Polish patients and in Ye et al (2012) study, in the same above cited study,
found a risk associated with the PARP-I polymorphic allele (C) and CC genotype,
respectively. In contrast, Zhang et al (2012) study, which included only squamous cell
carcinoma, also in a Chinese population, didn’t find any association. When CIN
categories were considered, unlike Ye et al (2012) study, we found a significantly lower
frequency of the PARP-I TC genotype associated with CIN I patients, which is
considered, in general, a lesion with low risk for cervical cancer development.

At the time of writing, no study was found in the literature regarding the
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importance of the APE-I T>G polymorphism in cervical intraepithelial lesions or
cervical cancer. Considering other types of cancer the risk for this polymorphism is a
controversial issue even for the same tumor, as shown for colorectal and prostate
cancer™ ** 7 3% In general, the ethnic background of the population studied, where the
frequencies of the polymorphic allele vary around the world, could explains these
differences. In the population studied, the frequency of 33.8% for APE-1 polymorphic
allele in the control population was higher compared to African Americans (26.6%) but
lower compared to  Europeans (50%) and Asians (35 to 45%)
[http://wwwncbinlmnihgov].

Since genetic polymorphisms are considered low-penetrance genes, the
combination of genes from the same pathway are important as well as the risk factors.
Epidemiological risk factors for the development of carcinoma of the cervix include the
early onset of sexual life and multiple sexual partners>, which results in more exposure
to viral infection and consequently DNA damage*’. Additionally, smoking and alcohol
use are also associated with DNA damage and susceptibility to different cancers.

The analysis considering the above-mentioned risk factors, only PARP-1 T>C
genotypes gave significant results. A protection against CIN development was
demonstrated among the patients who did not drink alcohol and carried the TC
genotype, suggesting an efficient DNA repair in the heterozygous condition in the
absence of alcohol exposure. The only study that examined alcohol consumption was
that of Zhang et al (2012), who also found no significant association.

Considering the number of partners/year, our findings showed that the PARP-1
TC genotype was associated with CIN protection development in patients with < 1
partner/year. Also, when analyzing CIN subtypes, this protection was observed for CIN
I patients carrying the TC genotype with <1 partners/year. Different from our findings,
Zhang et al (2012) and Ye et al (2012) did not note any statistical association with
number of partners for CIN development, although several studies have reported in the
literature that the number of sexual partners is directly related disease progression®"*.

The PARP-1 T>C polymorphic allele frequencies vary widely in different
populations [http://wwwncbinlmnihgov], for Asians, the range is 12 to 50%, compared
to 15% for Europeans, and African Americans have a low rate of 4%. In our study, the
frequency of this allele (28.3%) was similar to that of Sub-Saharan Africans (23%).
Given the genetic variation found within the same region such Asia, it seems that

studies need to take in consideration the frequency of the polymorphic allele and
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homozygous polymorphic genotype to determine the importance of this polymorphism
for cancer risk in the population studied.

The data was also analyzed by the Data Mining Book program. This is a tool
used for analyze the interaction between polymorphism and risk factors for complex
multifactorial common diseases as cervical neoplasia, where the interpretation of the
interactions between genetic and environment is a big challenge #_ The results of this
analysis showed that age (>25 years) was the main risk factor for patients. Patients who
were >25 years and began their sexual life before 18 years were related to the
development of CIN(+). These data are according to the literature where it is known that
the appearance of these lesions is more common in older patients due to virus
incubation and maturation time (zur Hausen, 1999) and the early start of life sexual,
which give more chances for HPV infection also. Additionally, it is during adolescence
that the acidification of the vaginal pH induces the replacement of a part of the
endocervical epithelium by a metaplastic squamous epithelium, known as the
transformation zone (TZ). It is in this zone that more than 90% of cervical cancer It
happens™. Recently, Herfs et al. (2012) showed that in the squamocolumnar junction of
the cervix, a discrete population of cells could be responsible for the HPV-associated
cervical carcinoma.

The interaction between the studied repair enzymes was observed only in the
third node and just with PARP-1 confirming the previous results. In this node the
polymorphic homozygote genotype (CC) was associated with CIN(+) patients, who
began their sexual life after 18 years, the heterozygous genotype (CT) was associated
with the control group. This result agree in certain way with our previous analysis,
where the CT genotype was associated to a protection with more specifically CIN I
lesion, which are the more benign lesion, justifying therefore this genotype associated to
control group. The relevance of the risk factor could be observed in the next node where
the wild homozygous genotype (TT) was associated with the development of CIN(+)
when considering patients with not fixed sexual partners.

In summary, this study it was possible to verify by different analysis the
relevance of the risk factors as age, and suggest that the efficiency of DNA repair
involving PARP-1 is a balance between genotype and exposure to risk factors such as
number of partners, where the efficiency of the heterozygous genotype for DNA repair
is dependent on risk exposure. This study contributes to our understanding of the

association between PARP-1 Val762Ala (T40676C) polymorphism and CIN and is the
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first to include the APE-1 Aspl148Glu (T2197G) polymorphism in such a CIN study.
Complementary study with cervical cancer, beyond CIN lesions, will import to define if

a risk will be associated to PARP-1 CC genotype in the population studied.
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APENDICE II - TABELAS COMPLEMENTARES

TABELA I- a

Fatores Sécio- epidemiologicos

Estado Civil Alcool Fumo VS N¢ parceiros/ano
Faixa Etaria ) ) .
Solteira Casada Nao Sim Nao Sim < 18 anos >18 anos <1
N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%)
14- 20 anos 50(48.1) | 24 (26.1) | 51(39) | 25(36.8) 70 (38.3) 7 (38.9) 76 (49) 0(0) 53 (35.6) 18 (41.9)
21- 30 anos 35(33.7) | 27(294) | 39(30) | 23(33.7) 57 (31.1) 5(27.8) 45(29) 17 (40.5) | 4530.2) 17 (39.5)
31-40 anos 12 (11.5) | 28(30.4) | 26(20) | 16(23.5) 37 (20.2) 5(27.8) 25(16.2) 15(335.7) | 33(22.1) 7(16.3)
41- 50 anos 7(6,7) 13(14.1) | 15711 4(6) 19 (10.4) 1(5.5) 9(5.8) 10 (23.8) 18 (12.1)
Total 104 92 131 68 183 18 155 42 149
IVS: Inicio de vida sexual
TABELA I- b
Fatores Clinico-epidemiolégicos
. o Control NIC (-) NIC (+) NICI NIC II NIC III
Faixa Etaria
N (%) N (%) N (%) N (%) N (%) N (%)
14- 20 anos 48 (48.5) 9(31.1) 20 (26.7) 16 (32) 4(21.1) 0(0)
21- 30 anos 29 (29.3) 7(24.1) 28 (37.3) 17 (34) 9(47.4) 2 (33.3)
31-40 anos 13 (13.1) 7(24.1) 22 (29.3) 14 (28) 4(21.1) 4 (66.7)
41- 50 anos 9(9.1) 6(20.7) 5(6.7) 3(6) 2(104) 0(0)
Total 99 29 75 50 19 6
TABELAI-¢
Associacio dos gendtipos dos genes de reparo com os fatores clinico das pacientes
APE-1 PARP-1
TT TG GG Total TT TC CC
Control 42 (42.4) 47 (47.5) 10 (10.1) 99 43 O 56 () 0(0)
NIC (-) 11(37.9) 14 (48.3) 4 (13.8) 29 12 (41.4) 14 (48.3) 3(10.3)
NIC (+) 36 (48) 31 (41.3) 8 (10.7) 75 42 (56) 30 (40) 34
NIC I 23 (46) 21 (42) 6 (12) 50 29 (58) 18 (36) 13 (26)
NIC IT 9(47.4) 8 (42.1) 2 (10.5) 19 11(57.9) 8 (42.1) 0(0)
NIC III 4 (66.7) 2 (33.3) 0(0) 6 2 (33.3) 4 (66.7) 0(0)
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TABELAII-b
(Continuagao da tabela II do artigo)

CONTROLE NIC (+)
APE-1 PARP-1
N % N % P OR (CI)
TT 18 42,90% 19 52,80% et
TT TC 24 57,10% 15 41,70% 0.258 0.592 (0.237 < 1.474)
cC 0 0,00% 2 5,60% 0.489 Undefined
TT 19 40,40% 16 51,60% 1t
TG TC 28 59,60% 14 45,20% 0.267 0.593 (0.235 < 1.496)
cc 0 0,00% 1 3,20% 0.472 Undefined
TT 6 60,00% 7 87,50% et
GG TC 4 40,00% 1 12,50% 0.313 0.214 (0.018 < 2.477)
cC 0 0,00% 0 0,00% 0.102 0.000 (Undefined)
APE.L PARD. CONTROLE NIC I
N % N % p OR (CI)
TT 18 42,90% 13 56,50% et
T TC 24 57,10% 34,80% 0.153 0.461 (0.158 < 1.348)
cc 0 0,00% 2 8,70% 0.198 Undefined
TT 19 40,40% 11 52,40% 1t
TG TC 28 59,60% 9 42,90% 0.272 0.555 (0.193 < 1.596)
cC 0 0,00% 1 4,80% 0.387 Undefined
TT 6 60,00% 5 83,30% 1t
GG TC 4 40,00% 1 16,70% 0.587 0.300 (0.024 < 3.626)
cC 0 0,00% 0 0,00% 0.230 0.000 (Undefined)
APE.L PARP. CONTROLE NIC IV/IIT
N % N % p OR (CI)
TT 18 42,90% 6 46,20% 1t
TT TC 24 57,10% 7 53,80% 1 0.875 (0.250 < 3.054)
cc 0 0,00% 0 0,00% 1 0.000 (Undefined)
TT 19 40,40% 5 50,00% et
TG TC 28 59,60% 5 50,00% 0.727 0.678 (0.172 < 2.669)
cC 0 0,00% 0 0,00% 1 0.000 (Undefined)
TT 6 60,00% 2 100,00% 1t
GG TC 4 40,00% 0 0,00% 0.515 0.000 (Undefined)
cC 0 0,00% 0 0,00% - 0.000 (Undefined)

N: number of patients.

* Chi-squared test., OR: odds ratio, 95% CI: confidence interval. p < 0.05.
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NIC (-) NIC (+)
APE-1 PARP-1
N % N % p OR (CI)
TT 5 45,50% 19 52,80% 1
T TC 4 36,40% 15 41,70% 1 0.986 (0.224 < 4.330)
CcC 2 18,20% 2 5,60% 0.252 0.263 (0.029 < 2.360)
TT 4 28,60% 16 51,60% 1
TG TC 9 64,30% 14 4520% | 0.202 0.388 (0.097 < 1.544)
cc 1 7,10% 1 3,20% 0.411 0.250 (0.012 < 4.924)
TT 3 75,00% 7 87,50% 1
GG TC 1 25,00% 1 12,50% 1 0.428 (0.019 < 9.364)
CcC 0 0,00% 0 0,00% 0.363 0.000 (Undefined)
NIC (-) NIC |
APE-1 PARP-1
N % N % p OR (CI)
T 5 45,50% 13 56,50% 1
T TC 4 36,40% 8 34,80% 1 0.769 (0.158 < 3.744)
cC 2 18,20% 2 8,70% | 0.564 0.384 (0.042 < 3.523)
T 4 28,60% 11 52,40% 1t
TG TC 9 64,30% 9 42,90% | 0.284 0.363 (0.083 < 1.582)
cC 1 7,10% 1 480% | 0.514 0.363 (0.018 < 7.295)
TT 3 75,00% 5 83,30% ]t
GG TC 1 25,00% 1 16,70% 1 0.600 (0.026 < 13.582)
cc 0 0,00% 0 0,00% | 0.444 0.000 (Undefined)
NIC (-) NIC 1111l
APE-1 PARP-1
N % N % p OR (CI)
TT 5 45,50% 6 46,20% 1
T TC 4 36,40% 7 53,80% 1 1.458 (0.264 < 8.048)
CcC 2 18,20% 0 0,00% 0.461 0.000 (Undefined)
TT 4 28,60% 5 50,00% I
TG TC 9 64,30% 5 50,00% | 0.417 0.444 (0.080 < 2.457)
cc 1 7,10% 0 0,00% 1 0.000 (Undefined)
T 3 75,00% 2 100,00% 1
GG TC 1 25,00% 0 0,00% 1 0.000 (Undefined)
CcC 0 0,00% 0 0,00% 1 0.000 (Undefined)

N: number of patients.
* Chi-squared test., OR: odds ratio, 95% CI: confidence interval. p < 0.05.
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TABELA III- b
(Continuagio da tabela I1I do artigo)

PARP-1 Control CIN (+)
(A40676G) Alcohol N =95 (%) N =75 (%) p OR (CI)
TT NON 32 (33,7%) 32 (42,7%) 1
TC NON 34 (35,8%) 15 (20%)
cC NON 0 (0%) 2 (2,7%)
TT YES 9 (9,5%) 10 (13,3%) 0.840 1.111 (0.398 - 3.097)
TC YES 20 (21%) 15 (20%) 0.496 0.750 (0.327 - 1.719)
cC YES 0 (0%) 1(1,3%) 1 Undefined
Control CIN (+)
Smoking Status N =98(%) N =74 (%) P OR (CI)
TT Non smoker 41 (41,8%) X 1
TC Non smoker 48 (49%) 27 (36,5%)
CcC Non smoker 0 (0%) 3 (4%)
TT Active smoker 2 (2%) 2 (2,7%) 1 1.025 (0.137 - 7.633)
TC Active smoker 7 (7,2%) 2 (2,7%) 0.166 0.292 (0.057 - 1.495)
CC Active smoker 0 (0%) 0 (0%) 0.014 0.000 (Undefined)
Control CIN (+)
Start of Sexual Life N =96 (%) N=73 (%) p OR (CI)
TT <18 years 27 (28%) 26 (35,6%) 1
TC < 18 years 41 (42,7%) 18 (24,7%)
CcC < 18 years 0 (0%) 2(2,7%)
TT > 18 years 16 (16,7%) 15 (20,5%) 0.952 0.973 (0.401 - 2.362)
TC > 18 years 12 (12,5%) 11 (15,1%) 0.921 0.951 (0.357 - 2.535)
CcC > 18 years 0 (0%) 1 (1,4%) 1 Undefined
Control CIN (+)
N° of sexual partners per year N =99 (%) N=75(%) p OR (CI)
TT < 1 partners 39 (41,1%) 34 (56,7%) e
TC <1 partners 39 (41,1%) 9 (15%)
CcC <1 partners 0 (0%) 0 (0%)
TT > 1 partners 3 (3,1%) 3 (5%) 1 1.147 (0.217 - 6.063)
TC > 1 partners 14 (14,7%) 11 (18,3%) 0.823 0.901 (0.361 -2.247)
CcC > 1 partners 0 (0%) 3 (5%) 0.110 Undefined

N: number of patients.
* Chi-squared test., OR: odds ratio, 95% CI: confidence interval. p < 0.05.
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TABELA IV-b

(Continuagao da tabela IV do artigo)

(440676G) Alcohol N =29 (%) N =75 (%) P OR (CI)
TT NON 9 (31%) 32 (42,7%) et
TC NON 7 (24,2%) 15 (20%)
cC NON 0 (0%) 2 (2,7%)
TT YES 3(10,3%) 10 (13,3%) 1 0.937 (0.211 - 4.147)
TC YES 7 (24,2%) 15 (20%) 0.391 0.602 (0.188 - 1.927)
CcC YES 3(10,3%) 1(1,3%) 0.052+! 0.093 (0.008 - 1.013)
NIC (-) NIC (+)
Smoking Status N =29 (%) N =74 (%) p OR (CI)
TT Non smoker 8(27,6%) 40 (54,1%) 1
TC Non smoker 13 (44,8%) 27 (36,5%)
cC Non smoker 3(10,3%) 3 (4%)
TT Active smoker 4 (13,8%) 2 (2,7%) 0.017* 0.100 (0.015 - 0.642)
TC Active smoker 1(3,5%) 2 (2,7%) 0.4438 0.400 (0.032 - 4.959)
CcC Active smoker 0 (0%) 0 (0%) 0.183 0.000 (Undefined)
NIC (-) NIC (+)
VS N =28 (%) N =73 (%) P OR (CI)
TT < 18 years 6 (21,4%) 26 (35,6%) et
TC < 18 years 7 (25%) 18 (24,7%)
CcC < 18 years 1(3,6%) 2(2,7%)
TT > 18 years 5(17,9%) 15 (20,5%) 0.730 0.692 (0.180 - 2.660)
TC > 18 years 7 (25%) 11 (15,1%) 0.119 0.362 (0.099 - 1.328)
cC > 18 years 2 (7,1%) 1 (1,4%) 0.124 0.115 (0.008 - 1.491)
NIC (-) NIC (+)
N° of sexual partners per year N =29 (%) N =75 (%) P OR (CI)
TT <1 partners 5(17,2%) 34 (56,7%) et
TC <1 partners 13 (44,8%) 9 (15%)
cC <1 partners 2 (6,9%) 0 (0%)
TT > 1 partners 7 (24,1%) 3 (5%) 0.000* 0.063 (0.0121 - 0.327)
TC > 1 partners 1(3,5%) 11 (18,3%) 1 1.617 (0.170 - 15.380)
CcC > 1 partners 1(3,5%) 3 (5%) 0.464 0.441 (0.038 - 5.113)

N: number of patients.

* Chi-squared test., OR: odds ratio, 95% CI: confidence interval. p < 0.05.

!'. A estatistica ndo foi considerada devido ao CL
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TABELA V- a

PARP-1 Control NICI NIC I /11T
(A40676G) Alcohol N=95(%) N=50(%) p OR (CI) N =25 (%) P OR (CI)
T NON 32 (48,5%) 23 (63,9) 1 9 (69,2) 1 et
TC NON 34(51,5%) 11(30,6)  0.068  0.450 (0,189 - 1,069) 4(30,8) 0,229 0,418 (0,117 - 1,493)
cc NON 0 (0%) 2(5,5) 0,187 Undefined 0(0) 1 0,000 (Undefined)
T YES 9 (31%) 6(42,9) 1 4(33,3) 1 ref
TC YES 20 (69%) 7 (50) 0,344 0,525 (0,136 - 2,014) 8 (66,7) 1 0,900 (0,214 - 3,780)
cc YES 0 (0%) 1(7,1) 0,437 Undefined 0 (0) 0,017 0,000 (Undefined)
Control NIC I NIC 11/ 11T
Smoking Status N=98(%) N=49 (%) p OR (CI) N =25 (%) P OR (CI)
T Non smoker 41 (46,1%)  28(58,3) e 12 (54,5) et
TC Non smoker 48 (53,9%) 17(354)  0.077 0,518 (0,249 - 1,079) 10 (45,5) 0,475 0,711 (0,278 - 1,816)
cCc Non smoker 0 (0%) 3(6,3) 0,075 Undefined 0(0) - -
T Active smoker 2(22,2%) 1 (100) e 1(33,3) et
TC Active smoker 7(77,8%) 0 (0) 0,3 0,000 (Undefined) 2(66,7) 1 0,571(0.032-10,069)
cc Active smoker 0 (0%) 0(0) ; ; 0(0) ; ;
Control NIC I NIC 11/ 111
VS N=96(%) N=49 (%) p OR (CI) N =24 (%) P OR (CI)
TT < 18 years 27 (39,7%) 16 (57,2) et 10 (55,6) pref
TC <18 years 41(60,3%) 10(35,7)  0,057*' 0,411 (0,162 - 1,040) 8 (44,4) 0,227 0,526 (0,184 - 1,503)
cc <18 years 0 (0%) 2(7,1) 0,154 Undefined 0 (0) - -
T > 18 years 16 (57,1%) 13 (61,9) e 2(33,3) et
TC > 18 years 12(42,9%)  7(33,3) 0,583 0,717 (0,219 - 2,348) 4(66,7) 0,387 2,666 (0,417 - 17,046)
cc > 18 years 0 (0%) 1(48) 0466 Undefined 0 (0) - -
Control NIC I NIC 11/ 111
N° of sexual partners per year N =99 (%) N =45 (%) P OR (CI) N =23 (%) P OR (CI)
T 0-1 partners 39(50%) 23 (71,9) 1 11 (57,9) 1 et
TC 0-1 partners 39 (50%) 9(28,1)  0,035¢ 0,391 (0,160 - 0,952) 8 (42,1) 0,536 0,727 (0,264 - 2,003)
cc 0-1 partners 0 (0%) 0(0) - - 0(0) - -
T > 1 partners 3 (17,6%) 2 (15,4) e 1(25) et
TC > 1 partners 14 (82,4%)  8(61,5) 1 0,857 (0,117 - 6,263) 3(75) 1 0,642 (0,048 - 8,517)
cC > 1 partners 0 (0%) 3(23,1) 0,19 Undefined 0 (0) - -

N: number of patients.

* Chi-squared test., OR: odds ratio, 95% CI: confidence interval. p < 0.05.
!. A estatistica ndo foi considerada devido ao CI.
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TABELA V-b

Control NIC I NIC 11/ 111
PARP-1
(440676G) Alcohol N=95(%) N=350(%) p OR (CI) N=25(%) p OR (CI)
T NON 32(33,7%) 23 (46) e 9 (36) e
TC NON 34(358%)  11(22) 4(16)
CC NON 0 (0%) 2(4) 0 (0)
T YES 9 (9,5%) 6 (12) 0,899 0,927 (0,289 - 2,969) 4(16) 0,710 1,580 (0,393 - 6,349)
TC YES 20 (21%) 7(14) 0,160 0,487 (0,176 - 1,342) 8 (32) 0.530  1.422 (0,415 - 4,290)
cc YES 0 (0%) 102) 0,428 Undefined 0 (0) ; :
Control NICI NIC 11/ 11T
Smoking Status N=98(%) N=49(%) p OR (CI) N=25(%) p OR (CI)
T Non smoker 41 (41,8%) 28 (57,1) 1 12 (48) pref
TC Non smoker 48 (49%) 17 (34,7) 10 (40)
cC Non smoker 0 (0%) 3(6,1) 0 (0)
T Active smoker 2 (2%) 1(2) 1 0,732 (0,063 - 8,468) 1(4) 0,554 1,708 (0,142 - 20,506)
TC Active smoker 7(7,2%) 0 (0) 0,042*' 0,000 (Undefined) 2(8) 1 0,976 (0,178 - 5.333)
cC Active smoker 0 (0%) 0(0) : : 0 (0) : :
Control NIC I NIC 11/ 111
VS N=96(%) N=49(%) p OR (CI) N=24(%) p OR (CI)
T < 18 years 27 (28%) 16 (32,6) e 10 (41,7) et
TC < 18 years 41 (42,7%) 10 (20,4) 8 (33,3)
cC < 18 years 0 (0%) 2(4,1) 0 (0)
T > 18 years 16 (16,7%) 13(26,5) 0,517  1,371(0,526-3,574)  2(8,3) 0,298 0,337 (0,065 - 1,738)
TC > 18 years 12(12,5%)  7(143) 0,977 0,984(0,321-3,012)  4(16,7) 1 0,900 (0,234 - 3,451)
cc > 18 years 0 (0%) 102) 0,386 Undefined 0 (0) ; :
Control NICI NIC 11/ 11T
N° of sexual partners per year N =99 (%) N =45 (%) p OR (CI) N =23 (%) p OR (CI)
T <1 partners 39 (41,1%) 23 (51,1) 1t 11 (47,9) 1t
TC <1 partners 39 (41,1%) 9 (20) 8 (34,8)
cC <1 partners 0 (0%) 0(0) 0(0)
T > 1 partners 3 (3,1%) 2 (4,4) 1 1,130 (0,175 - 7,275) 1(4,3) 1 1,181 (0,111 - 12,517)
TC > 1 partners 14(14,7%)  8(17,8) 1 0,968 (0,352 - 2.660) 3(13) 1 0,759 (0,184 - 3,128)
cC > 1 partners 0 (0%) 3(6,7)  0,059% Undefined 0 (0) - -

N: number of patients.

* Chi-squared test., OR: odds ratio, 95% CI: confidence interval. p < 0.05.
I: A estatistica nio foi considerada devido ao OR (CI).
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TABELA VI- a

NIC (-) NIC I NIC 11/ 111
PARP-1
(440676G) Alcohol N=29(%) N=50(%) P OR (CI) N=25(%) »p OR (CI)
T NON 9(563) 23 (63,9) p rof 9(69,2) 1ot
TC NON 7(43,7) 11(30,6) 0,433 0,614 (0,181 - 2,085) 4(30,8) 0,072 0,571 (0,122 -2,657)
cc NON 0(0) 2(5,5) 1 Undefined 0(0) 0026 0,000 (Undefined)
TT ref ref
YES 3(23,1) 6(42,9) 1 4(33,3) 1
TC YES 7(53,8) 7 (50) 0,669 0,500 (0,088 - 2,841) 8 (66,7) 1 0,857 (0,140 - 5,228)
ccC
YES 3(23,1) 1(7,1) 0,265 0,166 (0,011 - 2,368) 0 (0) 0,200 0,000 (Undefined)
NIC (-) NIC I NIC 11/ 111
Smoking Status N=29(%) N=49 (%) p OR (CI) N=25(%) p OR (CI)
T Non smoker 8(33,3)  28(583) p et 12 (54,5) ref
TC Non smoker 13(542) 17(354) 0,066 0,373 (0,128 - 1,086) 10 (45,5 0279  0,512(0,151-1,731)
ce Non smoker 3(12,5) 3(6,3) 0,313 0,285 (0,048 - 1,699) 0 (0) 0,093 0,000 (Undefined)
TT . ref ref
Active smoker 4 (80) 1 (100) 1 1(33,3) 1
TC Active smoker 1(20) 0 (0) 1 0,000 (Undefined) 2(66,7) 0,464 8,000 (3,310 - 206,383)
ccC
Active smoker 0(0) 0(0) 1 0,000 (Undefined) 0(0) 1 0,000 (Undefined)
NIC (-) NIC I NIC IT/ 111
VS N=28(%) N=49 (%) p OR (CI) N=24(%) p OR (C)
T <18 years 6 (42,9) 16 (57,2) 1t 10 (55,6) 1 ref
e <18 years 7 (50) 10(35,7) 0361 0,535 (0,139 - 2,059) 8 (44,4) 0,605 0,685 (0,163 -2,873)
ce < 18 years 1(7,1) 2(7,1) 1 0,750 (0,057 - 9,871) 0 (0) 0,411 0,000 (Undefined)
TT ref ref
> 18 years 5(35,7) 13 (61,9) 1 2(33,3) 1
Tc > 18 years 7 (50) 7(333) 0276 0,384 (0,088 - 1,673) 4(66,7) 1,000 1,428 (0,184 - 11,085)
ccC
> 18 years 2(14,3) 1(4,8) 0247 0,192(0,014 - 2,622) 0 (0) 1 0,000 (Undefined)
NIC (-) NIC I NIC I1/ 111
N° of sexual partners per year N =29 (%) N =45 (%) p OR (CI) N =23 (%) p OR (C])
T < 1 partners 5(25) 23 (71,9) et 11 (57,9) 1 ref
Tc < 1 partners 13 (65) 9(28,1)  0,003* 0,150 (0,041 - 0,545) 8(42,1) 0,099 0,279 (0,070 - 1,107)
cc <1 partners 2 (10) 0(0) 0,048 0,000 (Undefined) 0(0) 0,137 0,000 (Undefined)
TT ref ref
> | partners 7(77,8) 2(154) 1 1(25) 1
TC
> 1 partners 1(11,1) 8(61,5)  0,015¢ 28,000 (2,067 - 379,265) 3 (75) 0,066 21,000 (0,961 - 458,867)
ccC
> | partners 1(11,1) 3(23,1) 1 1,500 (0,055 - 40,635) 0 (0) 1 0,000 (Undefined)

N: number of patients.
* Chi-squared test., OR: odds ratio, 95% CI: confidence interval. p < 0.05.
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TABELA VI-b

NIC (=) NIC 1 NIC 11/ 111
PARP-1
(440676G) Alcohol N=29(%) N=50(%) p OR (CI) N=25(%)  p OR (CI)
T NON 9(31) 23 (46) e 9(36) e
TC NON 7(24.2) 11(22) 4(16)
cc NON 0(0) 2(4) 0(0)
T YES 3(10,3) 6(12) 1 0,782 (0,160-3,821)  4(16) 1 1,333 (0,229 - 7,743)
e YES 7(24.2) 7(14) 0,151  0391(0,106-1,436)  8(32) 0848 1,142 (0,289 - 4,507)
cc
YES 3(10,3) 12) 0,098 0,130 (0,011 - 1,424) 0(0) 0228 0,000 (Undefined)
NIC (-) NIC I NIC I/ TII
Smoking Status N=29(%) N=49(%) p OR (CI) N=25(%) p OR (C)
T Non smoker 8(27,6) 28 (57,1) pref 12 (48) p et
Tc Non smoker 13(448) 17 (347) 10 (40)
cc Non smoker 3(10,3) 3(6,1) 0(0)
T Active smoker 4(13.8) 12 0020 0,071 (0,007 -0,732) 1(4) 0,16 0,166 (0,015 - 1,777)
e Active smoker 13,5) 0(0) 0243 0,000 (Undefined) 2(8) 1 1333(0,102-17.278)
cc
Active smoker 0(0) 0(0) - 0,000 (Undefined) 0(0) 0,428 0,000 (Undefined)
NIC (=) NIC 1 NIC 11/ 111
VS N=28(%) N=49(%) p OR (CI) N=24(%)  p OR (CI)
T <18 years 6 (21,4) 16 (32,6) 1 10 (41,7) 1t
e < 18 years 7(25) 10 (20,4) 8 (333)
ce < 18 years 1 3.6) 2(4,1) 0(0)
T > 18 years 517,90 13 (26,5) 1 0075 (0241-3931)  2(83) 0913 0,240 (0,034 - 1,648)
TC > 18 years 7(25) 7(143) 0,166  0375(0,091-1530)  4(167) 0251 0,342 (0,069 - 1,684)
cc
> 18 years 2(7,1) 12) 0231 0,187 (0,014 - 2,467) 0(0) 0,183 0,000 (Undefined)
NIC (-) NIC I NIC I/ TII
N° of sexual partners per year N =29 (%) N=45(%) p OR (CI) N =23 (%) p OR (CI)
T < 1 partners 5(17,2) 23 (51,1) L 11 (47,9) 1t
TC <1 partners 13 (44.8) 9.(20) 8 (34.8)
cc <1 partners 2(6,9) 0(0) 0(0)
T > 1 partners 7(24,1) 2(44)  0,002% 0,062 (0,009-0393)  1(43) 0,027 0,064 (0,006 - 0,678)
TC
> 1 partners 13,5) 8 (17,8) 1 1,739(0175-17222)  3(13) 1 1363(0,112-16,578)
cc
> 1 partners 13,5) 3(6,7) 1 0,652 (0,055 - 7,642) 0(0) 0352 0,000 (Undefined)

N: number of patients.

* Chi-squared test., OR: odds ratio, 95% CI: confidence interval. p <0.05
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Abstract Cervical cancer incidence has grown worldwide,
with it being a more significant problem in developing coun-
tries. Invasive squamous cell cervical cancers are preceded by
a long phase of preinvasive disease, known as cervical
intraepithelial neoplasia. Cervical cancer can develop when
the virus takes advantage of any TP53 gene dysfunction of the
host organism. TP33 is responsible for encoding the tumor
suppressor p33 phosphoprotein, which helps preserve genome
integrity. Currently, many studies have focused on genetic
polymorphisms as an important contribution to cancer suscep-
tibility, but few related to cervical intraepithelial neoplasia
(CIN). Thus, the present study aimed to see whether patients
with suspected CIN had 7P53 gene polymorphisms that might
have contributed to the development of neoplasia. This study
included 133 women who were referred to the Cervical Pa-
thology Clinic of the Matemity School Assis Chateaubriand
MEAC for suspected cervical lesions. Polymorphism
genotyping was carried out by the PCR-RFLP technique using
DMNA extracted from patients’ blood. The most frequent ge-
notype in both CIN(+) and CIN(—) patients was Arg/Pro TP53
codon 72 and AlAl for 16-bp Del in intron 3. No risk of
cervical cancer was found for the polymorphisms studied.
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However, a significant association was found when the two
polymorphisms were combined: patients with the
AlAl/ArgPro genotype were statistically more frequent in
the CIN(—) group (p=0.042), while A2ZA2-A1AXProArg
was significantly more frequent in the CIN(+) group. The
results of our study suggest that combined analysis of TP53
polymorphisms Arg72Pro and 16-bp Ins/Del may help to
monitor the development of CIN in Brazilian women.

Keywords HPV - Cervical intraepithelial neoplasia (CIN) -
Polymorphism - FFP53 gene

Introduction

Cervical cancer is the third most commeon carcinoma in wom-
en worldwide, and consequently. it has become a public health
problem. Global estimations suggest 329,000 new cases of
cervical cancer per year, with a mortality rate of 52 % and
275 000 deaths in women. In Brazil, cervical cancer is the fifth
most common cancer with 18,000 new cases in 2012 [8].
Invasive squamous cell cervical cancers are preceded by a
long phase of preinvasive disease, collectively referred to as
cervical intraepithelial neoplasia (CIN). The human papillo-
mavirus (HPV) is the etiologic agent of cervical cancer. The
DNA of this virus is identified in almost all cervical cancer
and CIN cases [15, 28=30]. The ability of HPV to mediate
carcinogenesis is mainly due to the activities of the oncogenic
viral proteins E6 and E7. ET complexes with the RB protein, a
cell growth regulator, and causes cell proliferation deregula-
tion, while E6 binds to the TP33 protein and promotes its
degradation, which neutralizes the effect of TFP53 protein and
leads to the loss of TP53-mediated control [3, 17]. The TP53
pathway is crucial for effective prevention of the propagation
of genetically damaged cells, either directly, by its participa-
tion in DNA repair mechanisms, or indirectly, by inducing
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apoptosis proteins [4]. Polymorphisms in the TP33 gene can
change its function. Nearly 100 genetic polymorphisms have
been identified in the TP33 gene (listed at htp:p33.iare.f1) [7,
22]. The most widely studied polymorphism of this gene is the
codon 72 polymorphism in exon 4 (Arg72Pro, rs1042522).
Storey et al. [19] suggested that such modification predisposes
to HPV cervical cancer, on the basis of the observation that the
TP33 arginine isoform was significantly more susceptible to
inactivation by HP'V E6 oncoprotein than the proline isoform.
The most common intronic variation is the 16-bp insertion/
deletion in intron 3 (rs17878362), which has been associated
with reduction in TP33 messenger RNA (mBNA) level and
alternative splicing, consequently affecting the ratio of protein
isoforms [7, 22]. Mitra et al. [28] found in their study that
increased risk for developing cervical cancer was associated
with the presence of the A2 allele.

Taking into account the importance of this gene, many
studies have been conducted to identify associations between
some of these polymorphisms and cancer development [3, 9,
13]. However, despite an increase in information in this area,
recent studies linking cancer incidence and TP53 polymor-
phisms are still conflicting. especially when considering the
different types of cancer [4, 14, 23, 28]. In cervical
cancer, the majority of these studies are related to the
Arg72Pro polymorphism. There are only two studies re-
lated to the 16-bp Ins/Del polymorphism, one of them
combining it with the two TP53 polymorphisms [26,
28]. Accordingly, our study aimed to investigate the im-
portance of P33 polymorphisms, independently and com-
hined, in the development of cervical intraepithelial lesions
comparing CIN-positive and CIN-negative patients. Studies
that can contribute to this field are extremely important
hecause they can identify patients who have a greater
probability of developing more severe lesions.

Materials and methods
Patients

The present study was submitted to the National Council on
Ethics in Research - CONEP and approved by the Ethics
Committee of the Matemity School Assis Chateaubriand
(MEAC) on 12 April 2011, CEP/MEAC no. 0035/11, Proto-
col 17/11. This study included 133 women who were referred
to the Cervical Pathology Service of Matemity School Assis
Chateaubriand - MEAC. a hospital associated with the Federal
University of Ceard (UFC). Fortaleza, Ceard State, Brazil.
These women, who were being seen for suspected cervical
lesions, agreed to participate in the study. Excluded from the
study were patients younger than 12 years old, treated for
extemal or internal condylomas, or treated for cervical disease
by ablation (cryotherapy or laser ablation).

@ Springer

During colposcopy, a biopsy was taken in patients who had
areas with lesions, which was sent to the UFC Department of
Pathology laboratory for histopathologic diagnosis. At the
same time, blood samples were collected in venipuncture
tubes containing EDTA for DNA extraction. The criteria for
histopathologic diagnosis of CIN were those established by
WHO, in which the presence of disorganized squamous epi-
thelium, cellular atypia and mitoses, and the presence of
abnormal cellular changes associated with HPV (koilocytes)
are classified as mild dysplasia (cervical intraepithelial neo-
plasia [==CIN I) or moderate and severe dysplasia {cervical
intraepithelial neoplasia [I—CIN Il and CIN III), and CIN
negative for other pathologies with no cervical neoplastic
changes identified [18].

DMNA extraction and detection of TP33 polymorphisms

The extraction of genomic DNA from blood samples was
done by the salting-out method. DNA was quantified using a
Thermo NanoDrop Na-1000 Spectrophotometer, and the
DNA quality was checked on a 1 % agarose gel. Codon 72
polymorphism was determined by PCR followed by restric-
tion enzyme digestion (PCR-RFLP) [2] and the 16-bp Ins/Del
polymorphism by PCR [16]. The information on genotyping
is described in Table 1. The amplification of gene fragments
was confirmed on a | % agarose gel stained with ethidium
bromide. The restriction digest fragments were visualized on
an & % polyacrylamide gel with silver staining. For bath
polymorphisms, randomly selected samples were re-

genotyped (10 % of samples).

Results

In this study, the median age of the patients was 21 years, with
a range of 14 to 50 years. Among the patients with cervical
lesions, 41.3 % (55/133) underwent cervical biopsy. CIN was
diagnosed in 82 % (45/55) of these cases, where 68.9 % were
CIN I (31/45), 24.4 % were CIN I1 (11/435), and 6.7 % were
CIN III (3/45). The CIN{—) cases and those without lesions
{patients who did not undergo cervical biopsy) were analyzed
as a group to compare with CIN{+) patients. Table 2 shows the
distribution of the genotype frequencies of the TP53 Arg72Pr
and 16-bp Ins/Del polymarphisms found in the present study.
All patient groups were within the Hardy-Weinberg
equilibrium.

The homozygous genotype A1LAL of TP33 16-bp Del was
the most common genotype, considering all patients included
in the study and also considering the group of CIN(—) patients.
Considering the TP53 Arg72Pro genotype frequency distribu-
tions, there was a high frequency of the patients camrying the
heterozygous genotype, followed by the Arg homozygous
genatype. This same genotype distribution trend was observed
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Table 1 Prnmer sets used and their specific annealing temperature and amplicon size

Target region Primer Amncaling (°C)  Restriction (°C)  Size (bp) Author

ArgT2Pro, exon 4 F:SGACCCAGGTCCAGATGAAGCTY 156 {Arg) Bonafé et al. [2]
RS ACCGTAGCTGUCCTGGTAGGTS

Barlll 1 108 and 47 (Pro)

16-bp InsDel, miren 3 FS'CTGAAAACAACGTTCTGGTAS 119 {Al) Powell et al. [16]
RS AGGGOGACTOGTAGATGGG TGS - 135 (AZ)

when patients were grouped according to the presence and
absence of CIN. No significant differences related to the
genotype frequencies were found when comparing CIN{+)
versus CIN(—) patients (Table 2).

Table 3 shows the analysis of the association of both TFP353
polymorphism genotypes distributed according to the histo-
pathology diagnosis (CINHCIN-). The AIAL/ArgArg was
the most frequent genotype in both groups. Statistically sig-
nificant differences were found in patients with the heterozy-
gous genotype of TP53 Arg72Pro, where patients with the
AlA1/ProArg genotype were more frequent in CIN(—) pa-
tients, while A2A2-A1A2/ProArg was significantly more fre-
quent in CIN{+) patients. Since the number of cases for the
above group was small. the confidence interval in this analysis
was large, but the low value (protection) was near 1. When
20 years was used as the cutoff age, no significant differences
were observed between the age groups among the CIN{+)
patients and between CIN(+) and CIN{—) patients for the
two TP353 polymorphisms, separate or combined.

Table 4 shows the analysis of the haplotypes ofthe TP33 gene.
No significant association was found in the haplotype analysis.

Discussion

The high incidence of cervical cancer shows the need for
studies that identify individuals more susceptible to its

development. CIN is a precursor of invasive lesions, and its
detection is important for cancer prevention. In addition to the
presence of HPV infection, a prerequisite for cervical
intragpithelial neoplasia development, host predisposition
needs to be investigated [12]. From this point of view, the
study of polymorphisms in genes involved in the HPV carci-
nogenic mechanism is promising, especially the TP53 gene
polymorphisms. The most studied in cancer risk is the TP353
Arg72Pro polymorphism; however, the results are inconsis-
tent [10, 11, 19_ 25], and the intron 3 16-bp Ins/Del polymor-
phism is not usually considered, which could explain the
different findings in the literature. Accordingly, this study
imvestigated CIN susceptibility in patients with cervical le-
sions with regard to the two TP33 polymorphisms, examined
independently or in combination.

In this study, no association with the risk of or protection
against CIN(+) was found for either TP33 polymorphism
studied. Regarding the intron 3 16-bp Ins/Del polymorphism
of TP53, Fernandes et al. [26] in a study of Brazilian women
and Mitra et al. [28] in a study of Indian women also did not
find any association with cervical cancer for this polymor-
phism analyzed alone. Conversely, in other cancers, including
breast, lung, colon, and ovarian, both the A2A2 genotype and
A2 allele were associated with an increased risk [3, 6, 20-22].
More recently, a meta-analysis by Sagne et al. [22], without
discriminating the tumor type, found a significantly increased
risk for the A2A2 carriers compared with A1AL, but no nsk

Table 2 Association of genotypes of the P53 polymorphisms 16-bp Ins/Del in intron 3 and Arg72Pro in intron 4, in the presence and absence of CIN

Genotype CIN(+) CIN(-) T P OR (95 % CI)
N=45 (%) N=BE (%)

A A4l 26 (57.8) 62 {T0.4) L1 Reference

TP53 16-bp Ins/Del AlAZ 17 (37.8) 4(273) 41 0181 1.68 (D.TE<3.65)
A2A2 244 2(23) 4 03582 238(031=<1784)
AZAZALAZ 19 (43.2) 27(303) 45 0171 1.68 (0.79<3.53)
Arg-drg 20 (44.4) 31(353) 51 Reference

P53 ArgT2Pro ArgPro 20 (44.4) 45(51.2) 63 0342 0.68 (0.31<1.48)
ProPro (1) 12 {13.6) 17 01568 0.64 (0.19<2.11)
ArgPro—Frofro 25 57 52 0381 135 (D.68<2.70)

TP33 16-bp Ins/Del 414 [—reference; TP33 ArgT2Pro Argdrg—reference. Chi-square test (p=0.05)

N number of patients CIN(+) and CIN(—), Tall paticnts, O\R odds ratio, CJ confidence mterval
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Table 3 Association of genotypes of 7P53 Arg72Pro and 16-bp InsAel polymorphisms with the presence and absence of CIN

16-bp InsTed Codon 72 Cervical lesion r P OR (95 % CI)
CIN{EL N (%) CIN—) N (%)

AlAl Arg/Arg 17 (85) 30097 47 0.286 5.29 (0.50<54.96)

AZANAIAZ 3(15) 1{3) 4

AlAL Arg/Pro 7(35) 28 (62) 35 0.042% 306 {1.01<9.17)

AZANAIAZ 13 (65) 17 (38) 30

AlAl ProfPro 2(40) 4(33) & 1 133 (0.08<6.46)

AZANAIA2 3(60) §(66.7) 1

N number of patients CIN(+) and CIN(—), Tall patients. (2% odds ratio, C/ confidence interval

*p=0.05 (Chi-square test)

was observed for the A1A2 genotype. However, differences in
senotype distribution were observed when the authors con-
sidered the geographic region. The Indian control group was
statistically different from that of the Mediterranean countries,
Northern Europe, or USA. In the geographic subgroup anal-
ysis, taking the homozygous A1A1 genotype as a reference, a
risk was observed for the homozygous A2A2 genotype in
Indian and Northern Europe populations, while A1A2 and
A2A2 genotypes were associated with increased cancer sus-
ceptibility in an A2 allele dose-dependent manner for the
Mediterranean population. In contrast, in the USA, no in-
crease in cancer susceptibility was associated with carriage
of the A2 allele.

Regarding the polymorphism at TP33 codon 72, our find-
ings are in accordance with those of Anschau et al. [1]. who
evaluated the frequencies of this polymarphism in Brazilian
patients with premalignant and malignant eervical lesions,
independently of HPV presence. and found similar frequen-
cies of this polymorphism between controls and those with
lesions. Additionally, Fernandes et al. [26]. in a study of
cervical cancer also in Brazilian patients, did not find any
association. However, in women of Greek ethnicity, the
TP53 Arg/Arg genotype was associated with four, six, and
eight times higher risk for low-grade CIN (LGCIN), high-
grade CIN (HGCIN), and invasive cancer, respectively [24].
A risk associated with arginine homozygosity was also found
by Mitra et al [28] in a study of Indian women, where this
senotype exhibited a 2.59-fold higher risk of developing
squamous cell carcinoma of the cervix [28]. Conversely, in
another study from India, Singhal et al. [32] found that the
ProfPro genotype was associated with a S-fold risk.

Additionally, a study by Koshiol et al. [10] in Costa Rica
showed that the proline allele at codon 72 of the TP53 gene
was associated with an increased nsk for the development of
CIN(+) with persistent HPV infection compared to that of the
control group. Controversies are also evident in meta-analysis
studies. Studies published between 1998 and 2002 [11] sug-
gested that any effect of the polymorphism at TP53 codon 72
was probably modest, with a small increase in cervical cancer
risk associated with arginine at codon 72. However, more
recent meta-analysis conducted by Zhou et al. [33] showed
that the ProfPro genotype of TP33 codon 72 polymorphism
was significantly related to cervical cancer risk among In-
dians, while no associations were found n populations in
China, Japan, and Korea. These contradictory results could
be due to differences in ethnic background and point to the
importance of studies from other world regions.

To understand the influence of these polymorphisms on
CIN development, an analysis of the two polymorphisms
together was done. From this analysis, CIN(—) patients with
the A1A1-ProfArg genotypes were statistically more frequent,
and CIN(+) patients were significantly associated with the
AZA2ALA2-ProfArg genotypes, suggesting that the AlAL
genotype confers protection and that the A2 allele conversely
confers risk for developing more severe lesions. The only
study that examined both polymorphisms was that of Mitra
et al. [28], in which haplotype analyses showed that in cervical
cancer patients, the risk was associated with 16-bp Del (Al)
and arginine alleles in Indian women.

However, in our study, no association was found in the hap-
lotype analysis. In fact. the association found in the present
study was with the genotype cited above. Controversial data

Table 4 Analysis of haplotype

ics considering 7953 16~ Patient group P33 haplotypes
bp Ins/Dcl and 7P53 ArgT2Pro
AlfAre, N (%) AlfPro. N (%) A2IArg, N (%) AXPro.N(%) p
o o CING+) 40 (42.1) 23(24.3) 16 (16.8) 16 (16.5) 0.346
Statistically significant when CIN-) 76 (45.7) 55 (31.6) 18 {10.3) 25 (14.4)
p0.03
@ S'Flringur
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are also found in breast cancer smdies, where Costa et al. [4]
found a statistically significant association between the Arg/
A2 haplotypes and familial breast cancer, while Osorio et al.
[31] found that Al-Pro was associated with BRCAI or
BRCA2 mutation risk. The aforementioned meta-analysis
[22] pointed out that the risk for cancer development varies
with region and the cancer involved for both TP53 polymor-
phisms, but most of the studies demonstrated an associafion
with the presence of A2 or A2A2 16-bp Ins and Arg or Arg/
Arg codon 72 genotypes [4, 14, 21, 23] There were no
previous studies comparing both polymorphisms in CIN(—)
and CIN(+) up to the time of writing.

The association of the intron 3 16-bp Ins/Del polymor-
phism with cancer risk is based on the differences in mRNA
levels and processing. An in vitro study using lymphoblastoid
cell lines established from breast cancer patients demonstrated
that the A1A1 genotype had higher constitutive levels of TP53
mRNA compared with A 1A2 and A2A2 genotypes. Recently,
Marcel et al. [27] showed that TP3 7 intron 3 is involved in the
splicing regulation of TP53 intron 2, where two transcripts can
be generated, the fully spliced p33 (FSp53; the canonical p53
protein), and the intron-2-retaining p33 (p5312; N-terminally
truncated isoform D40p53). On the other hand, the association
with 7P53 codon 72 polymorphism came from a study by
Storey et al. [19], who demonstrated that E6 of the HPV 16
and 18 subtypes degraded p53 of TP53 Arg more effectively
than that of TF33 Pro in vivo.

Therefore, we suggest that the HPV E6 oncoprotein could
have greater affinity for the A2 allele protein, increasing the
risk of developing cervical lesions and progression to cancer.
Since risk was only associated here with the presence of both
alleles, Arg and A2, it is also possible that the presence of both
variations could contribute to the inactivation of the TP53
protein by E6, explaining the conflicting results in the litera-
ture. In summary, the data from the present study point to the
relevance of studies considering both TP53 polymorphisms
and add to the findings of other Brazilian studies.

Conclusion

This study suggests that in Brazilian patients with cervical
lesions, the AlAl-ProArg genotype was associated with
CIN(—) patients, while the AZAXA1A2-ProArg TP33 geno-
types were associated with CIN{+) patients, pointing to the
importance of the combined study of the two TP53 polymor-
phisms, intron 3 16-bp Ins/Del and codon 72, for risk studies.
The comparison between these two pathologic conditions can
help the clinician identify the Brazilian patients with cervical
lesions who have a risk of developing more severe lesions.
More studies are needed to elucidate the role of these TP53
polymorphisms in cervical lesions, also taking into account
geographic area and ethnic population factors.
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APENDICE 1V - QUESTIONARIO

ro
s
LABGEM/ Ficha de cadastramento

fNome ldade:____ anos
Prontuario: Telefone: Profissdo:
Enderego: Procedéncia:
b,
[COTTT JET=TeS | TOte | [ Tegr= | [mmerers Vulvocospia: [ |Normal [ ) Anormal

Estado Civil: [ ) solteira [ ) casada | | divorciada

Primeira consulta? | Jsim | in3c Ano:

[dade Wenarca. anos
atualmente: [ zim [ n3z Tempo:

50 de contra cepovos

13 usou contraceptivos : | jsim | Jn3oc Tempo
Tipo de contraceptivo| Jusou( Jusa: | )Condon

[ JCral | ) Injeco Intramuscular | }0utros

Inicio da Vida Sesuml (LV.S.):___ anos [ Wirgem
Data da Ulima Menstruacio (DML} /[
[ ) N&o sabe

Gestacaof Partof Aborto: [/

Idade na primeira gestag@o: ____anos

Grvida: | ) sim | ) ndoc Tempode Gestagao:
Aborto: | JEspontanec  Quantidade:
| JM3c espontanec  Quantidade:

Tabagismo: | jsim | jnaoc  Cigarmos/Dia:

Fumante passiva: [ ) sim | ) ndo Alcook [ Jsim | |n3o
Fregiiéncia: [ ) Diariaments | | Semanalmente
[ | Menzalmente [ ) Raramente
Parceirofixe: | Jsim  Quantotempo

[ )ndo
Mumero de parceires no atimoano: ___
Historico de CA na familia: | | sim|[ | n3o0 [ ) n3osabe

GrRu de parentes oo:

Tipo de Cancer:
ISTOra Frevia Cimnoa;

Citologia Previa :[Data:___f [  1:
Resulta do:

Antecedentes D4ET:

Achados Anormais:

Aspecto, lolzacdo & numero de lestes:

Acido acético 53: | \Positive | ) Negative
Teste de Collins {Azul deToluidina 25):

| } Positive | ) Negativo

Colposcopia: | ) Anormal

Vagina:
Esamocolunar JEC):

Colo: Juncao

Zona de Transformagao Tipo:[ 1 [)2[ )3
Epitélios: Acetobranco: | Jplano | Jespessado
Mosacico: | JFino | WGrosseim

Pontilhado: | | Fino { | Grosseiro

lodo: | JParciaimente Positive | | Megative Wasos

atipicos | | Outros achados:

Teste de Schiller: | |Positive [ JMegativo
Sitios:

Extirpacao total da lesdo: [ ) sim [ in3o

poscopia: ormal | ] Com limitacao
* justificativa:
Vagina: Colo: [ JPadr3c

[ ) Ectopia Cilindrica | }JJEC:
Zona deTransformagao  Tipo:| J1 [ J2 [ )3
Colo: [ JPadrdc | |Ectopia Cilindrica [ ) JEC

[ ) Palipo Quantidade:

[ ) Outres

Se ha lestes, inido do aparecimento:

5e hd lesdes, tipo:

Ubservacoes:

Quadro Clinico Atual
Clueixa principal [QP)

5e ha lestes, inico do aparecimento
Se ha lesdes, tipo:

Responsdvel pela coleta:

Médico:

Data: [/ [
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APENDICE V

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Vocé estd sendo convidada para participar de uma pesquisa denominada
FREQUENCIA DA INFECCAO PELO HPV EM PACIENTES, COM LESOES
CERVICAIS, DO CEARA: ASSOCIACAO COM ALTERACOES
CITOLOGICAS, HISTOPATOLOGICAS E MARCADORES MOLECULARES,
que tem como objetivo principal caracterizar o perfil sexual das pacientes atendidas no
ambulatério especializado da rede publica e estimar a freqiiéncia de infec¢do do
Papiloma virus Humano (HPV) nessas pacientes.

O proposito deste folheto ¢ esclarecer aberta e claramente todos os
procedimentos envolvidos no estudo clinico, antes de sua decisdo quanto a participagao.
O estudo estd sendo realizado pelo Departamento de Patologia e Medicina Legal da
Universidade Federal do Ceara. Cerca de 300 pacientes, mulheres serdo incluidas no
presente estudo. Portanto, se concordar em participar vocé serd uma delas, que ndo tera
beneficio direto imediato, em principio, mas que estara contribuindo para que se
entenda melhor o perfil sexual social e patologico de mulheres cearenses e assim poder

beneficiar um nimero maior de pessoas no futuro.

Nenhuma mudanga sera feita no seu tratamento, no que diz respeito ao numero
de aplicagdes ou nos medicamentos que seriam utilizados. Os efeitos colaterais,
porventura existentes serdo os do tratamento a que vocé ja iria se submeter e que serao
explicados pelo médico assistente. Nenhum efeito colateral podera ser atribuido ao
presente trabalho. A unica coisa que serd feita de diferente sera a coleta de uma
amostra de sangue, em torno de SmL (uma colher de sobremesa), além da coleta de
esfregaco endocervical, para se examinar a presenca de HPV (e, em caso positivo, a
identificacdo do seu subtipo para analise de risco). Esta coleta sera realizada no
ambulatorio, sob supervisdo do seu médico, o que nido determinard nenhum risco
adicional.

Paralelamente serdo anotados alguns dados referentes a vocé no que diz
respeito ao Perfil Social (Estado Civil, idade do nascimento, entre outros), Perfil

Sexual (data da ultima menstruagdo, uso de contraceptivos, entre outros), Historia
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Prévia Clinica (Historia de cancer na familia, entre outros), Quadro Clinico Atual
(Queixa Principal) e informagdes relativas aos testes de Vulvoscopia e Colposcopia
previamente realizados. Estas informagdes serdo perguntadas a vocé€ ou poderdo ser
retiradas do seu prontuario.

E importante entender que vocé ndo é obrigada a participar do estudo. Se vocé
decidir ndo participar ou desejar suspender a participagdo em qualquer momento, vocé
ndo precisa dar explicagdes e continuara sendo assistida e tratada com o melhor
cuidado possivel, devendo comunicar esta decisdo a seu médico, para que ele tome
conhecimento e faca os esclarecimentos devidos. Se a qualquer momento seu médico
achar melhor realizar uma mudan¢a no tratamento, ele fara a mudanca que se fizer
necessaria sem nenhum prejuizo para a pesquisa.

Fique a vontade para formular pergunta aos pesquisadores, cujos nomes e
telefones serdo encontrados ao final deste folheto, mesmo que pareca muito simples
sua duvida. Vocé podera também conversar sobre o estudo com familiares, amigos ou
com o médico que lhe assiste.

Todos os seus dados pessoais serdo tratados de maneira estritamente
confidencial, ficando sua identificagdo inteiramente protegida.

A qualquer época vocé podera ter acesso as informacdes e conclusdes do
presente estudo, bem como os resultados de seus exames individualmente.

Se porventura, surgir alguma informag@o que possa vir a lhe beneficiar, vocé
sera imediatamente comunicada.

Se vocé tiver alguma diavida posteriormente, vocé podera contatar os
pesquisadores descritos abaixo a qualquer momento, bem como se vocé tiver alguma
preocupagdo com o seu tratamento, a extensdo de sua doenca ou qualquer outro
problema.

Deve ficar bem claro que a qualquer tempo vocé podera pedir para sair do
estudo se ndo for mais conveniente para vocé€, devendo comunicar esta decisdo a seu
médico, para que ele tome conhecimento e faga os esclarecimentos devidos, ficando
claro que isso nao resultara, em nenhuma hipotese, prejuizo para o seu atendimento
atual ou no futuro nesta institui¢ao.

NOME: Dra. Silvia Helena Barem Rabenhorst TELEFONE: (85) 9994-5689
NOME: Dr. José Eleutério Junior TELEFONE: (85) 9986-8350
NOME: Erika Hardy Lemos TELEFONE: (85) 99930446
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COMITE DE ETICA EM PESQUISA DA MATERNIDADE ESCOLA ASSIS
CHATEAUBRIAN — CEP/MEAC/UFC TELEFONE: (85) 3366-8500

Se vocé decidir participar entdo leia e assine o formulario na presenga de seu médico e
mantenha uma copia do formulario e desse folheto para sua informagao.

Vocé terd mais tempo para pensar se ainda estiver insegura quanto a participacao.
Obrigado por ter lido esse folheto e por considerar sua participagdo no presente estudo.
TITULO DO ESTUDO: Freqiiéncia da infecgdo pelo HPV em pacientes, com lesdes
cervicais, do ceard: associacdo com alteragdes citologicas, histopatoldgicas e

marcadores moleculares.

Nome do médico:

1. Confirmo que li e entendi o folheto informativo sobre o estudo acima e tive a
oportunidade de questionar e tirar as duvidas que me surgiram.

2. Entendo que minha participagdo ¢ voluntaria e que tenho a liberdade de desistir a
qualquer tempo sem apresentar razdes € sem que minha assisténcia médica ou
direitos legais sejam afetados.

3. Entendo que os itens de quaisquer dos meus registros médicos podem ser
examinados pelos representantes responsaveis pela pesquisa ou pelas autoridades
regulatorias, quanto a relevincia de minha participacdo nesse estudo de pesquisa.
Concedo permissdo para que esses individuos tenham acesso aos meus registros.

4. Concordo em participar do estudo acima.

5. E de meu conhecimento que receberei uma copia do presente formulario de

consentimento , / /

Nome completo do Paciente:

Enderego:

Telefone:

Assinatura do Paciente/Representante Legal:

Nome do investigador:

Assinatura do investigador:
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5. ANEXO 1

MINISTERIO DA EDUCACAO E CULTURA
UNIVERSIDADE FEDERAL DO CEARA
MATERNIDADE-ESCOLA ASSIS CHATEAUBRIAND
Rua Coronel Nunes de Melo, S/N° - Rodolfo Teéfilo - C.G.C. 07.206.048/0001-08
PABX: (085) 4009-8523 - Fax: (085) 4009-8515
CEP 60430-270 - Fortaleza - Ceara - Brasil

OFICIO CEP/MEAC N* 0035/11 Fortaleza, 12 de abril de 2011.

Protocolo n’® 17/11
Pesquisadora responsavel: Silvia Helena Barem Rabenhorst

Dept®/Servigo: Patologia e Medicina Legal/UFC

Titulo do Projeto: Frequéncia da Infeccdo pelo HPV em Pacientes com Lesdes
Cervicais do Ceard: Associacdo com Alteracdes Citologicas, Histopatologicas e
Marcadores Moleculares

Levamos ao conhecimento de V. S*. que o Comité de Etica em Pesquisa da
Maternidade-Escola Assis Chateaubriand da Universidade Federal do Ceara —
CEP/MEAC/UFC, dentro das normas que regulamentam a pesquisa em seres humanos,
do Conselho Nacional da Satde — Ministério da Satude, Resolucdao n® 196/96 de 10 de
outubro de 1996 e complementares, aprovou o projeto supracitado, na reunido de 29 de
marco de 2011.

A Pesquisadora devera comparecer ao setor competente da Instituicdo, onde sera

realizada a pesquisa, para a confec¢do dos crachds, munida deste documento.
Igualmente, informamos que a mesma devera se comprometer a comunicar qualquer ocorréncia no
desenvolvimento do trabalho, assim como, enviar o relatério final do referido projeto.

Atenciosamente,

Tereza Cristina Alves ferreira
Coordenador do CEP-MEAC/UFC

Ilma. Sra. Silvia Helena Barem Rabenhorst

E-mail: srabenhorst@hotmail.com
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