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CURTI, Rafaela Roberta de Jaime. Influéncia do polimorfismo rs4880 de SOD2 na
infeccao pelo HPV, no desenvolvimento de lesdes intraepiteliais cervicais e no
cancer de colo de utero. 2021. 63 f. Dissertacdo (Mestrado em Patologia
Experimental) — Universidade Estadual de Londrina, Londrina, 2021.

RESUMO

O papilomavirus humano (HPV), amplamente difundido na populacdo, € fator
essencial para o desenvolvimento do cancer de colo de Gtero, terceiro tipo de cancer
que mais acomete a populacao feminina. Alguns dos mais de 200 tipos do virus podem
acarretar lesdes intraepiteliais escamosas cervicais e o cancer. Porém, para que a
transformacdo maligna ocorra, sdo necessarios cofatores, um exemplo sdo as
espécies reativas (EROs), que podem ser neutralizadas pelo sistema antioxidante. A
enzima SOD2, codificada pelo gene de mesmo nome, eencontrada na mitocondria,faz
parte da primeira linha de defesa do organismo contra os danos causados pelo
estresse oxidativo. Os polimorfismos genéticos podem influenciar na eficiéncia dessa
enzima, dentre eles, o0 rs4880 é o mais estudado. Desse modo, objetivou-se associar
este polimorfismo com a infeccdo pelo HPV e o desenvolvimento de lesdes
intraepiteliais escamosas de baixo e alto graus (LIEBG e LIEAG) e o cancer em 407
mulheres atendidas pelo Sistema Unico de Salde, no Norte do Parana. Apds a
assinatura do Termo de Consentimento Livre e Esclarecido e preenchimento dos
questionarios socioepidemiolégico e de habitos, foram coletadas amostras de
secrecao cervical para deteccdo do HPV por reacdo em cadeia da polimerase (PCR)
e amostras de sangue para genotipagem do polimorfismo através de PCR seguida de
restricdo enzimatica. Os produtos de PCR e de restricdo foram submetidos a
eletroforese em gel de poliacrilamida 10%. Foram incluidas no grupo HPV negativo
(controle) 158 mulheres e, no grupo HPV positivo (caso), 249 mulheres. As mulheres
infectadas foram posteriormente divididas nos grupos: sem lesdo (n=90), LIEBG
(n=20), LIEAG (n=67) e grupo céancer (n=72). Os dados encontrados sobre as
caracteristicas socioepidemiolégicas e de habitos corroboraram com os dados
encontrados na literatura. Genotipicamente, o grupo controle distribui-se da seguinte
forma: 82 (51,9%) TC, 47 (29,8%) TT e 29 (18,3%) CC. Ja no grupo caso, a
distribuicao foi 137 (55,0%) TC, 65 (26,1%) TT e 47 (18,9%) CC. Esse € o0 primeiro
trabalho que avalia a influéncia do polimorfismo rs4880 de SOD2 na infec¢éo pelo
HPV, o desenvolvimento de lesdes intraepiteliais cervicais e o cancer de colo de utero
na populagdo brasileira. Embora estudos adicionais sejam necessarios para
corroborar com 0s nossos resultados, nés demonstramos que os alelos e genotipos
do polimorfismo rs4880 néo foram associados com suscetibilidade a infec¢éo por HPV
nem com o desenvolvimento de LIEBG, LIEAG e de cancer cervical.

Palavras-chave: papilomavirus humano; lesdes intraepiteliais cervicais; estresse
oxidativo; variacdo de nucleotideo Unico; diagnéstico molecular; MNnSOD; Vall6Ala.



CURTI, Rafaela Roberta de Jaime. SOD2 rs4880 polymorphisms influence in HPV
infection, in development of cervical intraepithelial lesions and in cervical
cancer. 2021. 63 p. Dissertation. (Master's in Experimental Pathology) — State
University of Londrina, Londrina, 2021.

ABSTRACT

The Human Papillomavirus (HPV), highly incident worldwide, is an essential factor for
cervical cancer development, the third type of cancer most incident in the female
population. Some of the more than 200 known HPV types can lead to precancerous
lesions called cervical squamous intraepithelial lesions and cancer. However, for the
malignant transformation occur, some cofactors are needed, as the reactive oxygen
species (ROS), which can be neutralized by the antioxidant system. The enzime
SOD2, encoded by the gene of the same name, is found in mitochondria and is part of
the first line of defense against oxidative stress damage. Genetic polymorphisms that
can act by altering the efficiency of the enzyme, among which the most studied is the
rs4880. Thus, the purpose of the present study was to evaluate the association of this
polymorphism with HPV infection and the development of low and high grade
squamous intraepithelial lesions (LSIL and HSIL, respectively) and cervical cancer, in
407 women attended by the public health system in Northern Parand, Brazil. After
signing the Informed Consent Form and answering a socioepidemiological
questionnaire, were collected cervical secretion sample for HPV detection by
polymerase chain reaction (PCR) and blood sample for polymorphism genotyping
through PCR followed by restriction fragment length polymorphism (RFLP). PCR and
restriction products were subjected to 10% polyacrylamide gel electrophoresis. HPV
negative group (control) included 158 women and the HPV positive group (case) 249
women. The infected group was divided into No Lesion (n=90), LSIL (n=20), HSIL
(n=67) and cervical cancer (n=72). The data found on socio-epidemiological
characteristics and habits corroborated with data found in the literature. The
distribution of genotypes in the control group was 82 (51.9%) women TC, 47 (29.8%)
TT and 29 (18.3%) CC. In the case group, the distribution was 137 (55.0%) women
TC, 65 (26.1%) TT and 47 (18.9%) CC. This is the first study evaluating the influence
of SOD2 rs4880 polymorphism on HPV infection, the development of cervical
intraepithelial lesions and cervical cancer in a Brazilian population. Although additional
studies are needed to corroborate the results, it was demonstrated that the alleles and
genotypes of the rs4880 polymorphism were neither associated with susceptibility to
HPV infection nor with LSIL, HSIL and cancer development.

Key words: human papilomavirus; cervical intraepithelial lesions; oxidative stress;
single nucleotide variation; molecular diagnosis; MNnSOD; Vall6Ala.
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1. INTRODUCAO
1.1 O PAPILOMAVIRUS HUMANO (HPV)

O Papilomavirus Humano (HPV) é a Infec¢cdo Sexualmente Transmissivel (IST)
mais comum no mundo, afetando tanto homens quanto mulheres, cujas
manifestacdes clinicas vdo desde condilomas até o cancer (ROSA et al., 2009;
DUNNE; PARK, 2013; EGAWA et al., 2015).

Desde seu descobrimento, ja foram descritos mais de 200 tipos do virus,
classificados de acordo com seu potencial carcinogénico em HPVs de alto risco (HPV-
AR), risco indeterminado (HPV-RI) e baixo risco (HPV-BR), todos eles podem induzir
lesdes benignas (PETRY, 2014; ARALDI et al.,, 2018). Destes, os HPVs-AR sao
associados ao desenvolvimento de lesdes malignas em diversas regibes do corpo,
como: vulva (VAN DER AVOORT et al., 2006), vagina (FERREIRA et al., 2008), anus
(ABRAMOWITZ et al.,, 2011), pénis (RUBIN et al., 2001), cabega e pescogo
(SYRJANEN et al., 2017).

Apesar de nao ser exclusivo, o HPV é fator essencial para o desenvolvimento
do cancer de colo de utero (ROSA et al., 2009). O terceiro tipo de cancer que mais
acomete mulheres no Brasil e 0 quarto em relacédo a taxa de mortalidade segundo o
INCA (2020), o que representa um problema de saude publica a nivel mundial
(TORRE et al., 2015).

1.1.1 ESTRUTURA VIRAL

O HPV é membro da familia Papillomaviridae (CAMARA, et al., 2003). Esta
familia é constituida por virus ndo-envelopados com DNA circular de dupla fita
contendo aproximadamente 8000 pares de base (pb) organizadas em 8 fases abertas
de leitura (ORFs) divididas em duas regides: a regido early (E), de expresséo precoce,
gue codifica as proteinas E1, E2, E4, E5, E6 e E7, envolvidas em atividades
enzimaticas, persisténcia do genoma, replicacdo do DNA, apoptose e instabilidade
dos cromossomos, e a regido late (L), de expressao tardia, que codifica as proteinas
L1 e L2, que compdem o capsideo viral, essenciais para a fabricacdo de novos virions
(CHEN et al., 2005; ZUR HAUSEN, 1996; DE SANJOSE et al., 2018). Além das ORFs,

0 virus possui um segmento longo nao-codificante chamado de long control region
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(LCR) ou upstream regulatory region (URR) que controlam a transcricao e replicacao
do DNA viral (DOORBAR et al. 2012) (Figura 1).

urr | Y @
. : '\

Figura 1: O genoma do HPV. Adaptado de BERTI et al., 2017.
1.1.1.1 PROTEINAS VIRAIS

Com relacao as proteinas de expresséao precoce, E1 e E2 estdo envolvidas com
o inicio da replicacéo viral e podem estimular a replicacdo do DNA quando interagem
entre si (ZUR HAUSEN, 1996). Para isso, E1 depende de adenosina trifosfato (ATP)
para desempenhar funcdo de helicase e E2 atua principalmente no recrutamento de
E1l ao sitio de origem de replicacdo e também como importante reguladora da
transcricdo da regido de expressao precoce, ativando se estiver em baixos niveis ou
reprimindo quando em grandes quantidades (HEBNER; LAIMINS, 2006). Em estagios
mais avangados da infeccéo, ocorre uma ruptura da expressao de E2, interrompendo
sua expresséo e levando, por conseguinte, a desregulacdo dos genes de expresséo
precoce, incluindo E6 e E7, bem como um aumento da capacidade proliferativa que
favorece a progressao tumoral (MOODY; LAIMINS, 2010).

A participacao da proteina E4 ainda néo foi completamente elucidada, porém,
sugere-se que ela confira eficiéncia na amplificacdo do genoma viral por contribuir
com a sintese de novas particulas através do sequestro de CiclinaB/Cyclin-dependent
kinase 1 (CDK1) para o citoplasma, mantendo a célula na fase gap 2 (G2) do ciclo

celular, colaborando com a sintese de novos virions, assim como, parece facilitar a
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liberacao/transmissao dos virions recém formados através da desestruturacao da rede
de citoqueratina das células (DOORBAR, 2013). Além destas, tem sido relatado o
efeito de cooperacdo de E4 e E2, como uma sobreposi¢do funcional, além da
possibilidade de que E4 atue para influenciar a atividade E2 por variar a quantidade
de E2 disponivel na célula (DAVY et al., 2009).

A proteina E5, conservada em diversos tipos de HPV, parece estar relacionada
com os estagios iniciais da infeccao, além de estar relacionada aos oncogenes no
processo de carcinogénese (ZUR HAUSEN, 1996). Além disso, E5 mostrou induzir a
formacéao de poros (CONRAD et al., 1993) e anular a apoptose (KABSCH et al., 2004)

e também foi proposta a funcédo de amplificacdo do genoma (YAJID et al., 2017).

As proteinas E6 e E7 estdo envolvidas com tumores anogenitais malignos
(FRAZER et al., 1998). Sdo consideradas as principais proteinas virais
transformadoras, elas tém como alvo uma série de reguladores negativos do ciclo
celular, principalmente os supressores tumorais proteina 53 (p53) e proteina do
retinoblastoma (pRb), respectivamente (FEHRMANN et al., 2003; BRIANTI et al.,
2017).

Ao se ligar com a proteina celular p53, a proteina E6 promove sua degradacao
pelo proteassoma, ocasionando a perda do reparo de dano do DNA (THOMAS et al.,
1999). A p53 atua interrompendo o ciclo celular, para que o DNA danificado seja
reparado ou induzindo a apoptose, assim, com a sua degradacéo nao havendo reparo
ao DNA e consequentemente, levando a mutacdes celulares (STREET; DELGADO,
1995). Por sua vez, a oncoproteina E7 se liga a pRb, resultando na inativacéo
funcional e degradacdo da pRb (HOPPE-SEYLER et al., 2018). Essa ligacado leva a
liberacdo do fator de transcricdo E2F, promovendo a entrada no ciclo celular e
ativando a proliferagdo do DNA viral (ZUR HAUSEN, 1996). Assim, durante o ciclo de
vida viral, E6 e E7 facilitam a manutencéo estavel de epissomas virais e estimulam

células diferenciadas a entrarem na fase S (sintese) (FERRARO et al., 2011).

As proteinas localizadas em regides de expressao tardia, L1 e L2, também
denominadas proteinas estruturais, sdo responsaveis pela formacdo do envoltério
viral (ZUR HAUSEN, 1996). A L1 é o elemento estrutural priméario, contendo 360

copias desta proteina organizadas em 72 capsdémeros, a L2 é o componente menor
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do capsidio, presente no centro dos capsémeros, e ambas as regides garantem maior
infectividade ao HPV (DOORBAR, 2006).

Ainda, existem duas regides nao-codificantes compdem a estrutura viral: non-
coding region (NCR), uma regido curta localizada entre E5 e L2, e long control region
(LCR), uma regido longa que separa as regibes E e L, contendo os elementos
promotores e reguladores iniciais envolvidos na transcrigéo e na replicacdo do DNA
viral (CORNET et al., 2012) (Figura 1).

1.1.2 TIPOS VIRAIS

Mais de 200 tipos de HPV ja foram sequenciados completamente desde a sua
descoberta nos anos 80 (EGAWA; DOORBAR, 2017). No entanto, apesar da ampla
gama de tipos difundidos na populagéo, apenas uma pequena parte das mulheres
infectadas pelo HPV desenvolve o cancer (NAKAGAWA et al., 2010). Um dos motivos
para isso aconteca, € o fato dos tipos de HPV néo terem o mesmo potencial
oncogénico (FARIDI et al., 2011). Os tipos virais sdo divididos em duas categorias,
classificadas de acordo com a associacao do virus ao desenvolvimento de canceres:

os de baixo risco oncogénico e os de alto risco oncogénico (MUNOZ et al., 2003).

Todos os HPVs podem induzir lesdes proliferativas benignas (FERRARO et al.,
2011). No entanto, 12 tipos virais estéo relacionados com as neoplasias malignas, s&o
os tipos: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,59, 68, 73 e 82 (HPVs de alto risco
— HPV-AR) (MUNOZ et al., 2003). Destes, os tipos 16 e 18 se destacam e
estdorelacionados com dois tercos de todos os canceres cervicais, bem como aos de
canceres de vulva, vagina, pénis, anus, orofaringe e pele (PETRY, 2014; ARALDI et
al., 2018). Com relacao aos tipos classificados como baixo risco (HPVs-BR), os mais
incidentes séo: 6, 11, 40, 42, 43, 44,53, 54, 61, 72 e 81, destes, 0s mais comuns sdo
os tipos 6 e 11, que podem ser encontrados em 90% dos casos de condilomas

acuminados, também conhecidos como verrugas genitais (NAKAGAWA et al., 2010).
1.1.3 TRANSMISSAO DO HPV E LESOES CERVICAIS

A transmissdo do HPV ocorre pelo contato direto entre pele e mucosas,
podendo ser pele-pele, pele-mucosas ou mucosa-mucosa e devido a via de
transmissao comum, diversos tipos de HPV podem ser transmitidos ao mesmo tempo

(SCHIFFMAN et al., 2007). A alta incidéncia das infec¢des pelo HPV na regiao cervical
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feminina, deve-se, primordialmente, ao tropismo do virus pelo epitélio escamoso
estratificado, infectando as células da camada basal deste epitélio através de micro
lesBes pré-existentes (ROSA et al., 2009; LETO et al., 2011). Apés a infecgéo, o virus
pode integrar seu material genético a célula hospedeira se instalando no nucleo sob
forma epissomal (FERNANDES et al., 2015). Desta forma, genoma do virus é
amplificado e novas particulas sdo formadas para a propagacao da infeccdo (SOUZA
et al., 2015) (Figura 2).
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Figura 2: A infeccdo pelo HPV no contexto das lesGes. Adaptado de BERTI et al., 2017.

Na cérvix uterina, o virus pode ser eliminado, permanecer num estado latente
ou provocar lesbes (ocorre numa minoria das mulheres) (BURD, 2003). Tais lesdes
podem ser classificadas de Neoplasia Intraepitelial Cervical 1 (NIC1) a NIC3 de acordo
com a atipia epitelial encontrada no exame histologico (classificagdo de Richart,1967),
ou seja, 0 quao substituido esta o epitélio estratificado normal por epitélio basal ativo
mitoticamente (FONSECA et al., 2012). A NIC 1 compreende atipias coilocitoticas, que
sdo evidéncias histologicas da infeccdo por HPV, e displasia leve; a NIC 2 é
considerada uma displasia moderada e a NIC 3, por sua vez, inclui a displasia grave
e o carcinoma in situ (SCHIFFMAN et al., 2007).

Outro sistema de classificacao utilizado é o sistema de Bethesda (2001), no
qual as lesbes sao divididas em lesdes intraepiteliais escamosas de baixo grau
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(LIEBG) correspondendo a NIC 1 e as lesdes intraepiteliais de alto grau (LIEAG) que
abrangem NIC 2 e NIC 3 (BRASIL, 2012) (Figura 2).

Associando-se a prevaléncia do HPV a prevaléncia do cancer de colo de utero,
prediz-se que na grande maioria dos casos o sistema imunolégico € eficaz no combate
da infeccéao viral, impedindo que as lesdes evoluam para os estagios mais avancados
(BURD, 2003). No entanto, existem alguns cofatores que podem levar a persisténcia
da infecg¢do, ocasionando a evolucdo da leséo e o desenvolvimento do céncer, s&o
eles: fatores socioecondmicos, predisposicdo genética, imunossupressao, uso de
contraceptivos, terapia de reposi¢cao hormonal e tabagismo (TONG et al., 2009).

Além dos fatores de risco citados acima, evidéncias apontam um papel
importante do estresse oxidativo no desenvolvimento deste tipo de cancer, ele faz com
gue o virus persista no local levando a iniciacdo e transformacdo maligna das células
(BORGES et al., 2018; EBRAHIMI et al., 2018). A literatura aponta evidéncias da
associacado do estresse com diversos tipos de cancer, incluindo o cancer cervical,
desempenhando um papel importante na carcinogénese induzida pelo HPV (PRECI
et al., 2021).

1.2 O ESTRESSE OXIDATIVO

As espécies reativas de oxigénio sdo produtos gerados em consequéncia de
reac6es metabdlicas nas mitocdndrias de células eucaribticas, as quais utilizam de
oxigénio para a obtencédo de energia no processo de respiracdo aerdbia, processo que
consiste em moléculas de carbono e hidrogénio com a participacdo do Oz (SOSA et
al., 2013). Essas espécies geradas, normalmente sdo neutralizadas pela defesa
antioxidante, que atrasa ou inibe a oxidacdo das moléculas (SIES, 1997).

No entanto, quando ocorre um desbalanco entre as espécies reativas
produzidas (oxidantes) e os antioxidantes temos o fendmeno chamado de estresse
oxidativo (HALLIWELL, 2007). Este por sua vez pode gerar danos as células,
alterando e danificando muitas moléculas, incluindo DNA, lipidios e proteinas (VAN
DER POL et al, 2019). O estresse oxidativo esta intimamente envolvido em
processos degenerativos agudos e cronicos, como envelhecimento (MIYACHI, 1995)
e o cancer (VESKOUKIS et al., 2011).

Como resultado do estresse oxidativo, sédo produzidos compostos altamente

reativos, os radicais livres ou oxidantes, que sdo definidos como moléculas ou
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fragmentos moleculares contendo um ou mais elétrons ndo pareados em seus orbitais
externos (DI MEO; VENDITTI, 2020). Estes podem ser classificados com base no
elemento pelo qual se derivam, a exemplo das espécies reativas de oxigénio (EROSs)
espécies reativas de nitrogénio (ERNSs) e das espécies reativas de enxofre (ERES)
(CARROCHO; FERREIRA, 2013; MARTELLI; NUNES, 2014).

1.2.1 O ESTRESSE OXIDATIVO NO CONTEXTO DAS LESOES

A analise histopatolégica de lesdes induzidas por HPV exibem um aumento de
infiltrado inflamatério, a persisténcia da infeccao favorece a inflamacao crénica, a qual
pode induzir um desequilibrio entre moléculas pré-oxidantes e antioxidantes
(BOCCARDO, LEPIQUE, VILLA, 2010). O processo inflamatério pode levar, também,
a liberac@o de citocinas pro-inflamatérias como IL-1, IL-6, TNF-a e IF-y, 0os quais
ativam proteinas quinase que medeiam a sinalizacdo para a formacao de radicais
livres (BARTSCH, NAIR, 2006).

Os radicais livres podem causar danos a célula e quando associados com a
persisténcia da infeccdo pelo HPV, podem influenciar na progressdo das lesdes
precursoras do cancer cervical e interagir com 0 processo carcinogénico por meio das
vias de transducdo de sinais e da modulacdo da transcricdo génica (DE MARCO,
2013).

Sugere-se que dois tipos diferentes de mecanismos cooperativos ocorram entre
estresse oxidativo e o HPV no desenvolvimento das lesbes e evolugdo para o cancer:
1) a atividade genotoxica do estresse oxidativo e a instabilidade genémica induzida
pelo HPV concorrem de forma independente para a geracdo do dano molecular
necessario para o surgimento de clones neoplasicos, como uma co-carcinogénese; e
2) o0 estresse oxidativo especificamente interage com um ou mais estagios
moleculares de iniciagdo neoplésica e/ou progresséao induzida pela infec¢do por HPV
(DE MARCO, 2013).

O HPV tem habilidade de se adaptar as condicbes de estresse oxidativo,
modulando a defesa antioxidante enzimatica responsavel por diminuir e/ou inibir os
danos causados pelos oxidantes (BARBOSA et al., 2010; CALAF et al., 2018).

1.2.2 O SISTEMA ANTIOXIDANTE
Os efeitos danosos dos oxidantes podem ser neutralizados pelo sistema

antioxidante, que atua em diferentes estagios do processo oxidativo, como diminuindo
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ou removendo as concentracdes maléficas das espécies reativas como o peroxido de
hidrogénio (H202) e o superoxido (GUTTERIDGE, 1995; SALIM, 2017). O sistema
antioxidante pode ser dividido em nao-enzimatico e enzimatico ou exdgeno e
endogeno, respectivamente (BARBOSA et al., 2010).

A exemplo da defesa ndo-enzimética temos o acido ascorbico (vitamina C), o
tocoferol (vitamina E), a glutationa, os carotenoides e os flavonoides, que sé&o
advindos principalmente da dieta, através de alimentos, como frutas, vegetais,
cogumelos, cereais, flores, bebidas e especiarias, e de ervas medicinais tradicionais
(CAl et al, 2004). Destes antioxidantes, destacam-se os carotenoides e flavonoides,
gue possuem efeitos anti-inflamatérios, antibacterianos, antivirais, antienvelhecimento
e anticancer (XU et al., 2017).

A defesa enzimatica é constituida pela superoxido dismutase (SOD), glutationa
peroxidase (GPx) e catalase (CAT) (GRIENDLING et al., 2000). Com destaque para
a SOD, uma enzima que faz parte da primeira linha de defesa antioxidante contra o
estresse oxidativo nas células, comcritico impacto na manutencdo nos niveis das
espécies reativas (WANG et al., 2018).

1.2.2.1 ASUPEROXIDO DISMUTASE (SOD) E SUA FUNCAO ANTIOXIDANTE

A superéxido dismutase (SOD) € responsavel pela dismutacdo do ion

superoxido (¢O2) em peréxido de hidrogénio (H202) e oxigénio (O2) (BRESCIANI et

al., 2015). O peréxido de hidrogénio é menos reativo e pode posteriormente ser

utilizado pelas células ou eliminado através de outras enzimas antioxidantes (BIRBEN
et al., 2012; WANG et al., 2017).

A SOD pode ser encontrada em trés diferentes isoformas: superéxido
dismutase cobre-zinco, que é codificada pelo gene SODi, superdxido dismutase
extracelular, codificada pela SODs e, por ultimo, a superoxido dismutase dependente
de manganés (MnSOD), a qual apresenta um atomo de manganés (Mn) em seu sitio
ativo (FATTMAN et al.,, 2003). A MnSOD também € conhecida como superdxido
dismutase 2 (SOD3y), codificada pelo gene de mesmo nome, € a maior enzima
antioxidante localizada na mitocondria, responsavel por catalisar a conversao de
radicais superoxido em peréoxido de hidrogénio (H202), que posteriormente sao
convertidos em agua pela catalase e pela glutationa peroxidase (TONG et al., 2009;
RABELO-SANTOS et al., 2018).



23

1.3 VARIANTES DE NUCLEOTIDEO UNICO (SNVs)

Os polimorfismos genéticos sdo o tipo mais comum de variacdo genética em
seres humanos, cuja variagdo mais comum é denominada de polimorfismo de
nucleotideo Unico (do inglés, single nucleotide variant (SNV)) e consiste na troca de
um anico nucleotideo na sequéncia de DNA (BALASUBRAMANIAN et al., 2004). Sao
alteracdes herdadas de pais para seus descendentes e estdo presentes em 1% ou
mais da populacdo e ocorrem, em média, a cada 300 nucleotideos, sugerindo a
existéncia de 10 milhdes de SNV no genoma humano que podem alterar a produgéo
ou a funcdo de uma proteina, modificando toda a resposta do microambiente que ela
esta inserida (BALASUBRAMANIAN et al., 2004; KARKI et al., 2015).

1.3.1 SNV RS4880 DO GENE SOD2

O gene SOD:2esté localizado no cromossomo 6 e consiste em um promotor e
cinco éxons interrompidos por quatro introns, e varias SNVs podem ser observadas
em regifes distintas do gene SOD2, e uma das mais estudadas é a SNV rs4880 (ou
Vall6Ala), localizada no éxon 2 deste gene, na posicao g.74690 (SOD2 RefSeqGene:
NG_008729.3) e caracterizada pela substituicdo de uma timina (T) por uma citosina
(C) no cédon 16 (GTT—GCT), ocasionando a troca de uma valina (Val) por uma
alanina (Ala) na proteina (NIKIC et al., 2018). Esta variagdo se encontra na regido que
codifica a mitochondrial targeting sequence (MTS), a qual altera a estrutura do
peptideo e afetando a translocacdo e maturacdo da proteina na matriz mitocondrial
(TAS etal., 2019).

Sutton et al. (2005) sintetizou as variantes Val-MnSOD e a Ala-MnSOD em
hepatdécitos de rato, in vitro, e observou a importagdo das proteinas precursoras em
mitocondrias isoladas. O precursor Val-MnSOD, que possui o MTS em formato de
folha beta-pregueada, ficou parcialmente estagnado na membrana interna da
mitocondria, enquanto o precursor Ala-MnSOD, com o MTS em formato de alfa-hélice,
foi total e rapidamente introduzido na mitocondria.

Uma maior eficiéncia da Ala-MnSOD gera altos niveis de peréxido de
hidrogénio, o qual atravessa facilmente as membranas mitocondriais, atingindo o
citoplasma da célula, aumentando assim potencialmente alguns niveis de EROs,
como o radical hidroxila (*OH) (JOBIM et al., 2019). Além disso, em comparacdo com
a variante Val-MnSOD, variante Ala-MnSOD mostra aumento da atividade enzimatica
(XU et al., 2015).
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Esse polimorfismo, especificamente o gendtipo CC, esta relacionado a alguns
tipos de canceres, como de pulméo (LI et al, 2014), colorretal (STOEHLMACHER et
al., 2002) e de mama (JABIR; HOIDY, 2018). Em relagao ao cancer cervical, mulheres
coreanas portadoras do alelo C juntamente com um estado antioxidante de baixo nivel
tiveram maior suscetibilidade para a carcinogénese cervical do que mulheres TT
(TONG et al., 2009). No entanto, ndo ha na populacéo brasileira estudos avaliando o
papel desta SNV na infec¢do pelo HPV, no desenvolvimento de lesdes pré-malignas

de baixo, alto grau e no cancer cervical.
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2. OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a associacdo do polimorfismo rs4880 do gene SOD2 com o

desenvolvimento de lesdes intraepiteliais cervicais e com o cancer de colo de

Utero causados pela infeccdo pelo HPV nas mulheres atendidas pelo sistema

Gnico de saude (SUS) na regido Norte do Parana.

2.2 OBJETIVOS ESPECIFICOS

Detectar o HPV em mulheres atendidas pelo SUS na regido norte do
Parana;

Avaliar a frequéncia genotipica do polimorfismo rs4880 da SOD2 em
mulheres n&o infectadas e infectadas pelo HPV;

Verificar se existe a associacdo entre as caracteristicas
socioepidemiolégicas com a infeccédo pelo HPV e o desenvolvimento de
lesbes;

Avaliar a frequéncia em que o polimorfismo rs4880 da SOD: é encontrado
em mulheres infectadas pelo HPV sem lesdo, com lesdo de baixo grau,
leséo de alto grau e o cancer de colo de Utero;

Verificar se existe a associagao entre o polimorfismo rs4880 da SOD2com
a infeccdo pelo HPV e o desenvolvimento de lesdes;

Analisar se ha associacdo entre o polimorfismo rs4880 da SOD2 com a

infeccdo pelo HPV e a incidéncia cancer de colo de utero.
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DEVELOPMENT OF CERVICAL INTRAEPITHELIAL LESIONS AND CERVICAL
CANCER IS NOT INFLUENCED BY SOD2 RS4880 POLYMORHISM

CURTI, R. R. J.1; OLIVEIRA, K. B.2

Some of the more than 200 known HPV types are essential for cervical cancer
development, the third type of cancer most incident in the female population. However,
for the malignant transformation occur, some cofactors are needed, as the reactive
oxygen species (ROS), which can be neutralized by the antioxidant system. The SOD2
enzime, encoded by the same name gene, is found in mitochondria and is part of the
first line of defense against oxidative stress damage. Genetic polymorphisms can act
by altering the efficiency of the enzyme, among which the most studied is the rs4880.
Thus, the purpose of the present study was to evaluate the association of this
polymorphism with HPV infection and the development of low and high grade
squamous intraepithelial lesions (LSIL and HSIL) and cervical cancer, in 407 women
attended by the public health system in Brazil. HPV detection in cervical secretion
samples was carried out by polymerase chain reaction (PCR) and blood sample were
used for polymorphism genotyping through PCR followed by restriction fragment length
polymorphism (RFLP). PCR and restriction products were subjected to 10%
polyacrylamide gel electrophoresis. HPV negative group (control) included 158 women
and the HPV positive group (case) 249 women. The infected group was divided into
No Lesion (n=90), LSIL (n=20), HSIL (n=67) and cervical cancer (n=72). The data
found on socio-epidemiological characteristics and habits corroborated with data found
in the literature. The distribution of genotypes in the control group was 51.9% women
TC, 29.8% TT and 18.3% CC. In the case group, the distribution was 55.0% women
TC, 26.1% TT and 18.9% CC. This is the first study evaluating the influence of SOD2
rs4880 polymorphism on HPV infection, the development of cervical intraepithelial
lesions and cervical cancer in a Brazilian population. Although additional studies are
needed to corroborate the results, it was demonstrated that the alleles and genotypes
of the rs4880 polymorphism were neither associated with susceptibility to HPV
infection nor with LSIL, HSIL and cancer development.

Keywords: Human papillomavirus. Cervical intraepithelial lesions. Oxidative stress.
Single nucleotide variation. Molecular diagnosis. MnSOD. Vall6Ala.
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1. INTRODUCTION

Since its discovery, in the 80’s (ROSA et al., 2009), the Human Papillomavirus (HPV)
is the most common sexually transmitted infection (DUNNE; PARK, 2013). More than
200 types are known, which are classified according to their carcinogenic potential, of
these, the high-risk HPVs are associated with malignant lesions development
(EGAWA; DOORBAR, 2017), at example of cancer in vulva (VAN DER AVOORT et
al., 2006), vagina (FERREIRA et al., 2008), anus (ABRAMOWITZ et al., 2011), penis
(RUBIN et al., 2001), head and neck (SYRJANEN et al., 2017). The HPV is an
essential factor, but not exclusive, for the cervical cancer development, the third type
of cancer that most affects women in Brazil and the fourth most common in women
worldwide according to the INCA (2020). Thus, in addition to infection, some factors
collaborate for the lesion’s progression, as oxidative stress (BURD, 2003; PRECI et
al., 2021) that occurs when there is an imbalance between oxidants and antioxidants
(HALLIWELL, 2007) generating free radicals harmful to cells and if associated to the
persistence of HPV infection, can induce the carcinogenic process through signal
transduction pathways and gene transcription modulation (DE MARCO, 2013).
Moreover, the HPV has the ability to adapt to oxidative stress conditions, modulating
the enzymatic antioxidant defense, responsible for decreasing or inhibiting the damage
caused by oxidants (BARBOSA et al., 2010; CALAF et al., 2018).

Among the enzymatic antioxidants, the isoform of superoxide dismutase
manganese-dependent, also known as MnSOD or SOD, encoded by the gene of the
same name, is the largest antioxidant enzyme located in the mitochondria, responsible
for catalyzing the conversion of superoxide radicals to hydrogen peroxide (H202),
which are subsequently converted to water by catalase and glutathione peroxidase
(BIRBEN et al., 2012; WANG et al., 2017).

The SOD2gene is localized on chromosome 6 and consists in a promoter and
five exons interrupted by four introns (ZELKO et al., 2002). Some SNVs can be
observed in different regions of the SOD2 gene, one of the most studied is the SNV
rs4880 (or Vall6Ala), localized on exon 2, in the position g.74690 (SOD2 RefSeqGene:
NG_008729.3) and is characterized by the replacement of a thymine (T) by a cytosine
(C) at codon 16 (GTT—GCT), causing the exchange of a valine (Val) for an alanine
(Ala) in the protein (NIKIC et al., 2018). This variation is found in the region that

encodes the mitochondrial targeting sequence (MTS), which changes the structure of
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the peptide, affecting the translocation and maturation of the protein in the
mitochondrial matrix (TAS et al., 2019).

Sutton et al. (2005) synthesized the Val-MnSOD and Ala-MnSOD variants in rat
hepatocytes, in vitro, and observed that the precursor Val-MnSOD, which has MTS in
the form of a beta-pleated sheet, was partially stagnant in the inner membrane of the
mitochondria, while the Ala-MnSOD precursor, with alpha-helix-shaped MTS, was
quickly and completely introduced into the mitochondria, generating high levels of
hydrogen peroxide, which easily crosses mitochondrial membranes, reaching the cell
cytoplasm, potentially increasing some ROSs levels, as the hydroxyl radical (+ OH).

This variant, specifically the CC genotype, is related to some types of cancer,
such as lung (LI et al, 2014), colorectal (STOEHLMACHER et al., 2002) and breast
(JABIR, HOIDY, 2018). Regarding cervical cancer, Korean women with the C allele
and low levels of antioxidants were more susceptible to cervical carcinogenesis than
TT women (TONG et al.,, 2009). However, there are no studies in the Brazilian
population evaluating the role of this SNV in HPV infection, in the development of low
and high-grade premalignant lesions and in cervical cancer, which were evaluated in

the context of this study.

2. MATERIALS AND METHODS

2.1 ETHICAL APPROVAL AND SAMPLE CHARACTERIZATION

The present study was approved by Institutional Ethics Committee Involving
Humans at State University of Londrina, Londrina — Parana (PR), Brazil (CEP/UEL
133/2012; CAAE 05505912.0.0000.5231). The study purpose and procedures were
explained to all patients and written informed consent was obtained. The women
enrolled in this case control-study were recruited in public health services in Londrina-
PR, Brazil: the Intermunicipal Consortium of Health of the Middle Paranapanema
(Cismepar), Clinical Hospital of the State University of Londrina, and from two basic
health-care units. After sample collection, cytobrushes containing cervical cells were
stored in 2 mL TE buffer (10 mM Tris-HCL, 1 mM EDTA pH 8.0) at -20°C until DNA
extraction. Peripheral blood was collected with EDTA as anticoagulant, and stored at
7°C. Structured questionnaire was applied concerning sociodemographic,

reproductive and sexual behavioral data. Participants were stratified based on HPV
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DNA presence or absence. Cervical cytology results were collected from medical

records.

2.2 GENOMIC DNA EXTRACTION

Genomic DNA was obtained from cervical cytobrushes using DNAzol
(Invitrogen™ Inc., Carlsbad, CA, USA) according to the manufacturer’s instructions,
and from peripheral blood using Biopur Mini Spin Plus Kit (Biometrix®, Curitiba, PR,
Brazil). DNA concentration was measured at 260 nm on a NanoDrop 2000c TM
Spectrophotometer (Thermo Fisher Scientific, Walthan, MA, USA), and purity was

assessed by absorbance ratio measured at 260 nm and 280 nm.

2.3 HPV DETECTION

HPV was detected by Polymerase Chain Reaction (PCR) using the primers
MYO09 (5'-CGTCCMAARGGAWACTGATC-3") and MY11
(5'- GCMCAGGGWCATAAYAATGG-3'), which are designed to amplify a conserved
region of approximately 450 bp in the HPV L1 gene (BAUER et al., 1991). Reaction
conditions were 190 nM of dNTPs, 500 nM of each primer, 2 mM of MgClz, 1X of Buffer
(200 mM Tris-HCL, 500 mM KCI), approximately 80 ng of DNA and 1.25 U of Taq
polymerase (Invitrogen™), with an annealing temperature of 55°C. B-globin gene
amplification (268 bp) was performed as an internal control, using primers GH20 (5’-
GAAGAGCCAAGGACAGGTAC-3) and PC04 (5- CAACTTCATCCACGTTCACC-3)
(MARANGON et al., 2013) under the same conditions of HPV PCR. Reactions without
template DNA were used as negative control to test for contamination, and DNA from
HelLa cells, which are stably integrated with HPV18, was used as positive control. PCR
products were electrophoresed on 10% polyacrylamide gel and stained with silver

nitrate.

2.4 SOD2 rRs4880 POLYMORPHISM GENOTYPING

A 111 bp fragment containing the SNV region was amplified by PCR, using
specific forward (5-GCCCAGCCTGCGTAGAC-GGTCCC-3) and reverse (5'-
TGCCTGGACCCCAGATACCCCAA-3') primers and ultrapure water was used as a
negative reaction control. PCR conditions were 0.075 mM of dNTPs, 0.1 uM of each
primer, 0.8 mM of MgCl, 1X of Buffer, approximately 80 ng of DNA and 1U of Taq
polymerase (Invitrogen™), and the PCR temperature cycles for amplification of the
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SOD2 fragment were 5 minutes of denaturation at 95°C, 35 cycles of 30 seconds
involving denaturation, hybridization and extension at 95°C, 66°C and 72°C
respectively and a final extension under the condition of 72°C for 5 minutes.

After amplification, the PCR products underwent a restriction reaction with the
enzyme BsaWIl (New England Biolab, Ipswich, Massachusetts, USA) following the
manufacturer's instructions. SNV genotyping was obtained by analyzing the restriction
fragments for the C (111 bp) and T (81 and 30 bp) alleles. Therefore, the CC genotype
presents only the 111 bp fragment, while the TC has 111 bp, 81 bp and 30 bp
fragments and the TT the 81 bp and 30 bp fragments. The PCR amplification and
enzyme restriction products were submitted to electrophoresis in 10% polyacrylamide
gel (150V for 1h) and stained with aqueous solution of silver nitrate 0.15% (Fig 1).

2.5 STATISTICAL ANALYSIS

The study population was divided into two groups according to the status of HPV
infection: uninfected (control) and infected. The infected patients were stratified into
without cervical lesion, with low-grade intraepithelial lesion (LSIL) and high-grade
intraepithelial lesion (HSIL), according to the result of the cytological examination.

The Kolmogorov-Smirnov test was used to verify the normality of the data for
the age variable and the Mann-Whitney and Kruskal-Wallis test to assess the age
difference between the groups evaluated.

The deviation from the Hardy-Weinberg balance and the association of socio-
epidemiological variables with the groups of infection or with those of injury was
assessed by Chi-square test. Logistic regression was used for adjusted prediction of
the studied polymorphism influence on infection and injuries development.

The significance level of P <0.05 was adopted. The tests were performed using
SPSS Statistics 22.0 software (SPSS Inc., Chicago).
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Figure 1 Eletrophoretic profile of SOD2 rs4880 polymorphisms: Ld 100: 100 bp molecular standard; 1- CC genotype (111
bp), 2- TT genotype (81 and 30 * bp) and 3- TC genotype (111, 81 and 30 bp). *The 30 bp band cannot be seen in the
polyacrylamide gel because, as it is very light, it is lost during the electrophoretic run.

3. RESULTS

The study population consisted of 407 women, of whom 249 (61.1%) tested
positive for HPV DNA, and 158 (38.9%) did not. Infected women were divided in groups
without lesions (n= 90), Low-grade squamous intraepithelial lesions (LSIL) (n= 20),

High-grade squamous intraepithelial lesions (HSIL) (n=67) and cervical cancer (n=72).

3.1 SOCIO-DEMOGRAPHIC, SEXUAL BEHAVIORAL AND REPRODUCTIVE DATA

Sociodemographic, sexual behavior and reproductive data are listed in Table 1
and Table 2, respectively. HPV infection was frequently seen in women aged < 24
years (p = 0.003), with incomplete primary education (p = 0.047), smokers (p = 0.005),
married (p <0.001) and was more common among patients who did not know what the
virus was (p = 0.023). Sexually, patients who had their first sexual intercourse before
the age of eighteen (p = 0.029) had a higher rate of infection.

Regarding injuries, women over 55 years were more likely to develop cervical
cancer (p <0.001), which was more prevalent among widows (p <0.011). In addition,
the variables referring to incomplete primary education (p <0.001), smokers (p <0.001),
patients who did not know the virus (p = 0.050) and also were unaware of its
transmission (p = 0.008) were significant in the context of injuries, as well as the use

of contraceptives (p = 0.014) and = 4 pregnancies (p = 0.005).

3.2 ANALYSIS OF SNV SOD2 RS4880 IN HPV INFECTION, LSIL, HSIL AND
CERVICAL CANCER
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According to data in Table 3, it was observed that in the group of non-infected
patients, the TC genotype was present in 82 women (51.9%), TT in 47 women (29.8%)
and CC in 29 women (18.3%). In the infected group 137 (55.0%) presented the TC
genotype, 65 (26.1%) TT genotype, and 47 (18.9%) CC genotype.

There were no significant differences in the distribution of alleles and genotypes
in the genetic models presented (genotypic, dominant and recessive) between the
group of infected women and the group of uninfected women (p> 0.05). Moreover, for
LSIL, HSIL and cancer, multinomial logistic regression adjusted for age, educational
stage, pregnancies, parturition, marital status, age at first sexual intercourse, sexual
partners during the lifetime and contraceptive use was performed. No significant
association was observed among the lesions, cervical cancer and the SOD2 rs4880
SNV.

4. DISCUSSION

As far as we know, this is the first study that sought to verify the association of
the SOD2 rs4880 polymorphism with HPV infection, the low and high cervical
intraepithelial lesions (LSIL and HSIL, respectively) presence and cervical cancer.

This study corroborated with several literatures on various socioepidemiological
aspects and sexual behavior. Here, HPV infection was associated with the parameters
of age, age at first sexual intercourse, degree of education, knowledge about HPV,
smoking and marital status, variables that were also relevant in the appearance of
lesions. The variables of knowledge of transmission, 4 or more pregnancies and the
use of contraceptives, which were significant only in the injured group.

Regarding to age, younger women had a higher rate of infection, and this
association is well established (RAMAKRISHNAN et al., 2015). It is common for
adolescents and younger women to be more sexually active, which favors exposure of
the epithelium to the virus, an epithelium that already presents itself in lower stages of
maturation and exhibits cervical ectopia (HWANG et al., 2012; COSER et al., 2016).

Although lesions are expected to be more frequent in the same younger age
group at higher risk for HPV, according to the literature, high-grade lesions were
reported to be more prevalent in older women than in younger women, suggesting that
lesions regress or are more easily eliminated in younger women (MOSCICKI et al.,
2010; NUNES et al., 2014). Similarly, this study demonstrated that older women over
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55 are more prone to cancer, which corroborates the data presented by Arbyn et al.
(2019), where, despite the global peak of cervical cancer incidence between 50-54
years, the rates continued to increase sharply in the age range of 55-69.

Furthermore, the relationship between lesion persistence and neoplasia
development is well described in the literature, where more persistent infections reduce
the probability of elimination, so that HPV infections detected in women over 30 years
of age persist longer than those in younger women, being more likely to be persistent
long-term infections and the evolution to more severe stages of injury and cancer
(CROSBIE et al., 2013).

As well as age, smoking is cited as a co-factor for HSIL and cancer development
(SCHIFFMAN; WENTZENSEN, 2013). In this study, as previously demonstrated by
our group (TRUGILO et al., 2019), smokers women presented a higher rate of infection
and injury, what can be explained by the fact that smoking can cause
immunosuppression, DNA damage and epithelial dysplasia (ALAM et al., 2008;
DESRICHARD et al., 2018).

Other data that are in similitude with data published prior by our research group,
schooling, knowledge about HPV suggests that the lack of information on HPV and
how to avoid exposure probably predisposes women to infection (OKUYAMA et al.
2018; SILVA et al., 2018; TRUGILO et al., 2019).

It is also known that multiparity, which becomes more propitious in women who
start sexual life earlier, causes higher risk of exposure of women to HPV infection and
other co-factors (LUHN et al.,, 2013; KRINGS et al.,, 2019). As well, 4 or more
pregnancies were significant because during pregnancy high levels of estrogen and
progesterone can lead to exposure of the squamocolumnar junction and metaplasia,
leading to immunodepression (REMOUE et al., 2003) and may also have an effect on
HPV replication (COELHO et al., 2004).

In addition to socio-epidemiological factors and sexual behavior, other factors
may contribute to HPV infection and to the premalignant lesion’s development, where
the important role of oxidative stress stands out (PRECI et al., 2021). The ROS are
involved in the DNA damage leading to the initiation and progression of cervical
carcinogenesis, through two possible distinct routes: the first one, where the reactive
species act genotoxically and lead to carcinogenesis together with genomic instability
arising from HPV infection, as a co-carcinogenesis, or, in the second, where the ROS

interact with one or more molecular stages of initiation and/or neoplastic progression
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induced by HPV infection (DE MARCO, 2013). Thus, ROS at increased levels have an
important role in development of tumors, leading to the accumulation of mutations and
inducing genome instability, as well as reprogramming cell metabolism and signaling
(KUMARI et al., 2018). Therefore, a better control in the production of ROS in the
microenvironment of the lesion could favor the disease resolution (TAN et al., 2018).

The SOD2 with its antioxidant action, reduces enzymatically the anion
superoxide accumulation by its conversion into peroxide, a less reactive ROS that will
be eliminated by the action of subsequent antioxidants (BIRBEN et al., 2012;
BRESCIANI et al., 2015; WANG et al., 2017). Thus, avoiding programmed cell death
or the appearance of necrosis, favoring the malignant phenotype (RABELO-SANTOS
et al., 2018).

In vitro, Kinnula and Crapo (2004), demonstrated that the increase in the
expression of the SOD family members relates with increased cell differentiation,
decreased cell growth and proliferation, and reversion of malignant phenotype.
Moreover, associated with the reduction of the oxidative stress, the increasing levels
of SOD2 managed to prevent DNA injury e consequently cancer development, thus,
presenting a protective aspect against malignancy in the cells (CHURCH et al., 1993;
LIU et al., 1997; MARTENS et al., 2020).

The function of SOD2 can be influenced by genetic polymorphisms, among
them rs4880 of its gene whose effects are not yet fully understood (TAS et al., 2019).
So far, it has been reported that the CC (Ala/Ala) genotype carries higher enzymatic
activity (SUTTON et al., 2005; WANG et al., 2017), but the effect of the genetic variant
rs4880 of SOD2 on the susceptibility to some types of cancers seems inconsistent
(MARGINEAN et al., 2016; TAS et al., 2019; RESZKA et al., 2014; LUI et al., 2018).
In breast cancer, for example, it is suggested that the Ala variant is related to an
increase in breast cancer of approximately twice and has a lower survival rate than the
Val allele (GLYNN et al., 2009; YAO et al., 2010), in addition, the mutation in 1 or 2
alleles of Ala was supposedly associated with increased risks of hepatocellular
carcinoma (NAHON et al., 2009) gastric cancer (YI et al., 2010) and prostate cancer
(COOPER et al., 2008). In contrast, the TT genotype was related to tumors with greater
metastatic potential (BICA et al., 2010).

However, in the present study no associations were found between this SNV
and HPV infection, the development of low and high grade squamous intraepithelial

lesions and cervical cancer, corroborating a study in Thai women, where the authors
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also found no association with this genetic variant (ATTATIPPAHOLKUN,
WIKAINAPAKUL, 2013).

Probably, the antioxidant status of individuals may interfere with the effect of
this polymorphism on disease susceptibility. Tong et al. (2009) observed that the C
allele accompanied by a good antioxidant status seems to be protective against
cervical cancer while the increased risk was verified in women with low antioxidant
status.

In mitochondria, a higher expression of SOD2 may result in high levels of H20,,
which are produced by the dismutated superoxide anion and may induce toxicity if
glutathione peroxidase activity or antioxidant levels are low (LI et al., 2005). However,
when antioxidant levels are adequate, the increased rate of anion superoxide
elimination provided by Ala-SOD2 (C allele) may be beneficial (MIKHAK et al., 2008;
TONG et al., 2009).

The present study presents some limitations, as the small number of
participants in the low-grade lesions group, what may reduce the statistical power of
our analysis. But this case-control study presents also some strengthness, as the
collection of socio-epidemiological information from patients, what allowed an adjusted

analysis for possible confounding factors.

In short, it was demonstrated that the SOD2 rs4880 SNV does not contribute to
HPV infection, neither to the development of low or high grade cervical intraepithelial

lesions and cervical cancer in a Brazilian population.
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Table 1. Sociodemographic characteristics of HPV positive patients and controls.

HPV LESIONS
VARIABLES HPV + 4APV- NO LESIONS LSIL HSIL CANCER
*
N % N % pvalue™ =g % N % N % N % p value*
<24 34 136% 7 4.4% 0.003 24 9.8% 5 250% 10 149% 2 27% p<0.001
25-34 65 26.1% 48 30.4% 77 314% 6 300% 22 328% 8 10.7%
Age (years) 35-44 60 241% 39 24.7% 60 245% 5 250% 16 23.9% 18 24.0%
45 - 54 42 16.9% 43 27.2% 51 208% 2 10.0% 11 165% 21 28.0%
=55 48 193% 21 13.3% 33 135% 2 10.0% 8 11.9% 26 34.6%
Ethnicit Caucasian 120 49.8% 82 52.6% 0.590 131 541% 7 38.9% 29 46.0% 35 47.3% 0.387
y Not caucasian 121 502% 74 47.4% 111 459% 11 61.1% 34 540% 39 42.7%
Incomplete elementary 102 423% 44 28.2% 0.047 64 263% 5 278% 29 468% 48 64.9% p<0.001
Complete elementary 29 12.0% 17 10.9% 30 124% 1 5.5% 5 8.1% 10 13.5%
Incomplete secondary 27 112% 20 12.8% 34 140% 3 16.7% 7 11.3% 3 4.1%
Educational Stage  Complete secondary 65 27.0% 55 35.3% 88 362% 8 444% 16 258% 8 10.8%
Incomplete higher education 6 2.5% 4 2.5% 7 2.9% 0 0.0% 3 4.8% 0 0.0%
Complete higher education 11 4.6% 16 10.3% 20 8.2% 1 5.6% 2 3.2% 4 5.4%
None 1 0.4% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 1 1.3%
Smoking status No 153 62.7% 118 76.1% 182 758% 12 632% 38 585% 39 52.0%
9 Yes 91 373% 37 23.9% 0.005 58 242% 7 36.8% 27 415% 36 48.0% p<0.001
Abstinent 29 829% 4  80.0% 0.193 8 889% 2 667% 12 923% 11 73.3% 0.534
Alcohol Rarely 1 2.8% 1 20.0% 1 111% O 0.0% 0 0.0% 1 6.7%
consumption Occasionally 5 143% O 0.0% 0 0.0% 1 333% 1 7.7% 3 20.0%
Frequent 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Very frequent 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0% 0 0.0%
Single Married 149 60.0% 119 75.3% 172 70.2% 12 60.0% 42 62.7% 42 56.8%
Marital status Civil partner 48 194% 11 7.0% p<0.001 31 127% 4 200% 15 224% 9 12.2% 0.011
Divorced 30 121% 21 13.3% 31 12.7% 3 15.0% 7 10.4% 10 13.5%
Widowed 21  85% 7 4.4% 11 4.4% 1 5.0% 3 45% 13 17.5%
< 1 minimum wage 4 154% 7 22.6% 0.592 10 227% O 0.0% 1 111% O 0.0% 0.676



>1 - 3 minimum wages 17 654% 17 54.8% 26
Monthly family >3 - 5 minimum wages 4 154% 6 19.4% 7
income >5 - 7 minimum wages 0 0.0% 1 3.2% 1
27 minimum wages 1 3.8% 0 0.0% 0
No 53 294% 27 17.3% 0.023 50
Knowledge about  ave ever heard 79 43.9% 87 55.8% 129
Yes 48 26.7% 42 26.9% 64
Knowledge about the NO 83 46.4% 68 43.6% 0.610 102
transmission of HPV Yes 96 53.6% 88 56.4% 140

59.1%
15.9%
2.3%
0.0%

20.6%
53.1%
26.3%

42.1%
57.9%

O OoOoOoN

o b

12

100.0%
0.0%
0.0%
0.0%

22.2%
44.5%
33.3%

33.3%
66.7%

55.6%
22.2%
0.0%
11.1%

29.3%
39.7%
31.0%

50.0%
50.0%

O O Fr

o ©

14

50.0%
50.0%
0.0%
0.0%

52.9%
35.3%
11.8%

82.4%
17.6%

0.050

0.008
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LSIL (Low-grade squamous intraepithelial lesions); HSIL (High-grade squamous intraepithelial lesions);

*Analysis by two-sided Chi-square (X?) test and p<0.05 as significance level (SPSS Inc., Chicago, lllinois, USA).



Table 2. Sexual behavioral and reproductive features of HPV positive patients and controls.
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HPV LESIONS
VARIABLES HPV + HPV- NO LESIONS LSIL HSIL CANCER

N % N % p value* N % N % N % N % p value*

1 43 242% 57 365%  0.074 82 339% 3 16.7% 8 140% 7  41.2% 0.106
S | bart 2 31 17.4% 27 17.3% 43 178% 4 222% 8 14.0% 3  17.6%
g e.X“athpalr.f”te.rs 3 30 16.9% 24 15.4% 35 145% 4 222% 13 22.8% 2  11.8%
uring the litetime 17 95% 16 10.3% 26 10.7% 2 11.1% 4 7.0% 1 5.9%
>5 57 32.0% 32 20.5% 56 23.1% 5 27.8% 24 422% 4  23.5%
Cont y No 142 57.7% 105 66.9%  0.066 161 66.5% 10 50.0% 41 62.1% 35 46.7%

ontraceptive Yes 104 42.3% 52 33.1% 81 335% 10 50.0% 25 37.9% 40 53.3%  0.014

0 30 12.0% 13  8.2% 0.202 30 122% 0 0.0% 11 16.4% 2 2.7% 0.005
1 50 20.1% 27 17.1% 48 19.6% 3 150% 15 22.4% 11  14.7%
Pregnancies 2 58 23.3% 49 31.0% 69 282% 5 250% 15 22.4% 18  24.0%
3 46 185% 36 22.8% 53 216% 5 250% 12 17.9% 12 16.0%
>4 65 26.1% 33 20.9% 45 184% 7 350% 14 20.9% 32  42.6%

Natural birth 71 45.8% 64 44.8%  0.298 90 425% 10 55.6% 27 52.9% 8  47.1% 0.003
Parturition Cesarean birth 42 27.1% 49  34.2% 75 353% 2 11.1% 13 255% 1  5.8%
Both 42 27.1% 30 21.0% 47 222% 6 333% 11 21.6% 8  47.1%

<11 45 242% 35 22.2%  0.559 55 225% 4 200% 16 262% 5 @ 27.8% 0.321
Age at menarche 12 51 274% 35 22.2% 59 241% 4 200% 16 262% 7 38.8%
(years) 13 40 215% 41  25.9% 54 220% 9 450% 15 246% 3  16.7%
>14 50 26.9% 47 29.7% 77 31% 3 150% 14 23.0% 3  16.7%

Age at first sexual <17 148 61.4% 79 50.3%  0.029 129 52.9% 14 73.7% 41 631% 43 61.4% 0.145
intercourse (years) 218 93 38.6% 78 49.7% 115 471% 5 263% 24 36.9% 27 38.6%

LSIL (Low-grade squamous intraepithelial lesions); HSIL (High-grade squamous intraepithelial lesions);

*Analysis by two-sided Chi-square (X?) test and p<0.05 as significance level (SPSS Inc., Chicago, lllinois, USA).



Table 3. Association between the SNV rs4880 from SOD2, HPV infection and Squamous Intraepithelial Lesions.
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HPV LESIONS
HPV + HPV - NORMAL LSIL HSIL CANCER
N (%) N (%) p value* N (%) N (%) N (%) N(%) p value*
T 65 (26.1%) 47 (29.8%) 0.721 72 (29.4%)  3(15.0%)  22(32.9%) 15 (20.0%) 0.404
Codominant cT 137 (55.0%) 82 (51.9%) 128 (52.3%) 12 (60.0%) 36 (53.7%) 43 (57.3%)
cc 47 (18.9%) 29 (18.3%) 45 (18.3%) 5 (25.0%) 9(13.4%) 17 (22.7%)
Dominant model T 65 (26.1%) 47 (29.7%) 0.429 72 (29.4%)  3(15.0%)  22(32.9%) 15 (20.0%) 0.166
ominant mode CT+CC 184 (73.9%) 111 (70.3%) 173 (70.6%) 17 (85.0%) 45 (67.1%) 60 (80.0%)
R . del cc 47 (18.9%) 29 (18.3%) 0.895 45 (18.3%) 5 (25.0%) 9(13.4%) 17 (22.7%) 0.468
ecessive moae CT+TT 202 (81.1%) 129 (81.7%) 200 (81.7%)  15(75.0%) 58 (86.6%) 58 (77.3%)
Alleles T 267 (53.6%) 176 (55.6%) 0.561 272 (55.5%)  18(60.0%) 80 (59.7%) 73 (48.6%) 0.159
c 231 (46.4%) 140 (44.4%) 218 (44.5%) 22 (40.0%) 54 (40.3%) 77 (51.4%)

*Analysis by two-sided Chi-square (X?) test and p<0.05 as significance level (SPSS Inc., Chicago, lllinois, USA).
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Table 4. Association between the SNV rs4880 from SOD2 and Squamous Intraepithelial Lesions and cervical cancer by multinomial logistic

regression.
LSIL HSIL CANCER
MODELS
OR (Cl 95%) p value* OR (Cl 95%) p value* OR (Cl 95%) p value*

cC 1 1 1
Codominant TC 0.46 (0.12-1.78) 0.267 1.30 (0.62-2.69) 0.482 0.61 (0.40-4.63) 0.614
TT 0.82 (0.20-3.29) 0.785 0.80 (0.30-2.13) 0.658 0.59 (0.10-3.46) 0.559

Dominant Il 1 1 1
TC+CC 1.76 (0.34-9.03) 0.496 0.55 (0.23-1.27) 0.162 0.53 (0.12-2.24) 0.388

Recessive cC 1 1 1
TC+TT 1.08 (0.27-4.21) 0.908 1.37 (0.54-3.50) 0.500 1.94 (0.38-9.89) 0.422

*LSIL (Low-grade squamous intraepithelial lesions); HSIL (High-grade squamous intraepithelial lesions); OR (odds ratio) and CI (confidence interval) 95% estimated by multinomial logistic regression; p<0. 05, adjusted
by (age, educational stage, pregnancies, parturition, marital status, age at first sexual intercourse, sexual partners during the lifetime and contraceptive) (SPSS Inc., Chicago, lllinois, USA)
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5. CONCLUSAO

Concluiu-se com esse estudo caso-controle:

A presenca do virus HPV foi investigada em 407mulheres atendidas pelo SUS
na regido Norte do Parang, destas 158 (38,9%) mulheres foram negativas e
249 (61,1%) HPV positivas.

A frequéncia genotipica do polimorfismo rs4880 de SOD2 em mulheres
infectadas por HPV foi de 26,1% mulheres TT, 55,0% de mulheres TC e 18,9%
CC. No grupo controle, 51,9% das mulheres apresentaram o genétipo TC,
29,8% TT e 18,3% CC.

O alelo T, selvagem, foi identificado na frequéncia de 55,5% das mulheres sem
lesédo, 60,0% das mulheres com LIEBG, 59,7% com LIEAG e em 48,6% no
grupo cancer. Também, o alelo C, mutado, distribui-se nas mulheres HPVs
positivas na frequéncia de 44,5% no grupo que nao apresenta lesédo, 40,0%
com lesao de baixo grau (LIEBG), 40,3% com lesdo de alto grau (LIEAG) e de
51,3% nas pacientes portadoras de cancer.

Idade até 24 anos, primeira relagdo sexual antes dos 18 anos, ensino
fundamental incompleto, tabagistas, casadas, uso de anticoncepcional e
desconhecimento sobre o HPV foram varidveis associadas com a infeccao pelo
HPV.

Mulheres com 55 anos e com 4 ou mais gestacdes sdo mais suscetiveis ao
desenvolvimento de lesdes intraepiteliais cervicais.

N&o houve associacdo entre polimorfismo rs4880 de SOD2 com a infeccéo pelo
HPV, nem com o desenvolvimento de lesdes intraepiteliais cervicais e do

cancer de colo de utero.
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5. CONSIDERACOES FINAIS

Apesar de ndo encontrarmos associacdo entre o polimorfismo rs4880 de SOD:2
(GTT—-GCT) com o desenvolvimento de lesdes de alto e baixo grau e o cancer, n0Sso
estudo caso-controle conta com um rico levantamento de dados socioepidemiolégicos
e de habitos, muitas das variaveis associadas corroboram com dados encontrados na
literatura e por nosso grupo de pesquisa. Este € o primeiro estudo que avaliou a
associacao genotipica entre o SNV rs4880 de SOD2, e as neoplasias cervicais, seria
interessante a andlise de uma maior populacdo de estudo, além de outros marcadores
para as espécies reativas de oxigénio (EROs) afim de elucidar o papel destas
moléculas na progressao das lesfes cervicais e no desenvolvimento do carcinoma

cervical.
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APENDICE A

Termo de Consentimento Livre e Esclarecido

Termo de Consentimento Livre e Esclarecido

“Prevaléncia e genotipagem de HPV e sua possivel associagio com os genes de citocinas,
quimiocinas e seus receptores em nivel de DNA, RNA ¢ proteina: implicagbes no
microamblente tumoral.”

Prezado(a) Senhor(a)

Gostariamos de convidd-lo (a) a paricpar da pesqusa “Prevaléncia e genotipagem de HPV ¢ sua
possivel assoclagio com os genes de citocinas, quimiocinas e seus receplores em nivel de
DNA, RNA ¢ proteina: implicacdes no microambiente tumoral,”, realzada no “Laboratério de
Genética Molecular @ Imunologia, Departamento de Ciéncias Patoldgicas da Universidade
Estadual de Londrina”, O obyetivo da pesquesa & avakar a presenca do virus em mulheres atendidas
em programas de prevencdo ao cincer cervical do setor plblico de salde da regido norte do Parand,
por meo de metodologia especifica e sensivel, visando também & associacso de dados demogrificos,
para anakse dos falores de nsco que contribuem para a exposicio da populacdo ao virus, bem como
0$ determinantes de sua manutencio Adcionaiments objetiva-se compreender o papel do sistema
imune no controle & nciacio tumoral, bem como na sua formagdo, crescmento e progressio, em
especial avakar 8 interaclo tumor-hospedero em pacentes portadoras do virus HPY e no
desenvolvimento do clncer cervical. A sua participacdo ¢ mudo importante e ela se dana da seguinte
forma: doagdo de SmlL de sangue periférico coletado por pungdo venosa e doagio do swab
cérvico-vaginal utilizado para confecgdo das ldminas para o exame preventivo para anallises
moleculares, bem como responder um questiondrio soclodemografico. Gostarlamos de
esclarecer que sua particpaclo ¢ totaimente voluntdria, podendo vool recusar-se a paricipar, ou
mesmo desistir 8 qualquer momento sem que 110 acamete quaiquer nus Ou Prejuizo § sua pessoa
Informamos anda que as informagdes serio utizadas somente para os fns desta pesquisa ¢ serdo
tratadas com o mas absoluto sigilo e confidencaalidade, de modo a preservar a sua dentdade.

As amostras blologicas (sangue periférico e secrecdo cérvico-vaginal) serdo utiizados para
extracio de DNA e RNA para andlises moleculares e imunologicas. Estes materials serdo
obtidos em pequenas quantidades portanto ndo havera sobra de material biolégico.

Os beneficios esperados s30 a detecgdo precoce do virus HPY em mulheres atendidas em programas
de prevencdo ao cancer de colo de (fero do selor pubico de saude da regdio norte do Parana
Informamos que a paciente que se dispor a participar do projeto néo sofrerd desconforios nem nscos
4 saude, nlo havendo qualquer prejuizo ds mesmas. Informamos que a senhora ndo pagard nem serd
remunerada por sua participacdo Garantmos, no entanto, que lodas as despesas decomentes da
pesquisa serdo ressarcidas, quando devidas e decommentes especificamente de sua partcpacho na

pesquisa.
Caso vocé tenha dividas ou necessite de maores esclarecimentos pode nos contactar Karen Brajdo
de Oliveira, Laboratdrio de Genética Molecular e Imunoclogia, Departamento de Ciéncias
Patologicas, Universidade Estadual de Londrina, 33714267, karen brajao@uel.br), ou procurar o
Comith de Etica em Pesquisa Envolvendo Seres Humanos da Universdade Estadual de Londrina, na
Avenida Robert Kock. n* 60, ou no telefone 33712490 Este termo deverd ser preenchido em duas
vias de igual tecr, sendo uma delas, devidamente preenchica e assinada entregue a vood

Londrina. __ de de 201__
MWRW#@%""

RG: 6.538 7425

( ' - de p ). tendo
sido devidamente esclarecdo sobre 08 procedimentos da pesquisa, concordo em participar
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APENDICE B

Questionario Socioepidemioldgico

ANEXO 1 - QUESTIONARIO SOCIOEPIDEMIOLOGICO
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Data: / /_

1. Telefone:

Email:

2. Conhece o HPV???

{ ) Nunca ouvi falar

{ )Ja ouvi falar mas ndo seio que é
{ ) Conhego

3. Conhece as formas de transmissdo ou formas de
contrair o virus?
{ )Né&o ( )Sim Qual ou quais:

4. |dade anos DN,

5. Etnia:
Branca / parda / negra / asiatica / indigena

Sua renda mensal (em salario minimo) é de?
) Até 1 Salario ( )De1a3salarios
) De 3 a5 saldrios ( ) Deb5 a7 salérios
) De 7 a 10 salarios

—_———

Vocé fuma?
) Ndo
) Sim Tempo:
) Ex-fumante tempo que fumou
Quando parou

—_———

8. Qual o seu grau de escolaridade?

{ ) Fundamental Incompleto

{ ) Fundamental Completo

{ ) Meédio Incompleto ( ) Médio completo
{ )Superiorincompleto ( ) Sup. completo

9. Estado Civil:
{ ) Solteira ( ) Casada / unido estavel

( ) Divorciada/separada ( ) Vidva

10. Qual sua profissdo?

11. Faz o uso de anticoncepcional?{ )N ( )S
Qual
12. Faz uso de preservativo? ( )N ( )S

13. N2Gestagbes:
14. Nimeros de Partos Normais:

15. Numero de cesdrea:

N2 LAB
Reg. N°
16. Abortos:
17. Idade da 12 relagdo sexual: anos
18. Idade da 12 menstruagdo: anos

19. Numero de parceiros sexuais:
durante a vida:
nos ultimos 6 meses:

20. J4 realizou outros exames preventivos?
( )Sim ( )Nao

21. Com qual frequéncia realiza os preventivos?

Ultimo exame:

22. Existem casos de cancer de colo de Utero em sua
familia?

( )Sim ( )Ndo

Em caso de resposta “"SIM"" descrever o grau de
parentesco:

23. PESO

24, Altura

25. IMC:

26. Circunferéncia abdominal:

27. Faz algum tipo de tratamento para outra doenga?
Qual?

28. Esta na menopausa?

29. Faz reposi¢dao hormonal?
Medicagdo:

28. Faz uso de bebida alcoolica?
Com qual frequéncia?

Pesquisador:
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ANEXO A

Parecer do Comité de Etica em Pesquisa

5

Universidade ) :A.:ANA

NA

COMITE DE ETICA EM PESQUISA ENVOLVENDO SERES HUMANOS
Universidade Estadual de Londrina

Registro CONEP 5231
Parecer CEPUEL: 1332012

CAAE: 05505912 0.0000.5231
Processo: 192752012 ‘ i
Pesquisadorfa): | Karen Brajiio de Oliveira -
Unidade/Orgao: 'CCSB - Departamento de Ciéncas Patologicas

Prezado(a) Senhor(a)

O "Comité de Etics em Pesquisa Envolvendo Seres Humanos da
Universidade Estadual de Londrina™ (Registro CONEP 5231) ~ de acordo com as
onentagies da Resolucdo 196/96 do Consaiho Naconal de SaudeMS e Resclugies
Complementares, avahou © projeto;

“PREVALENCIA E GENOTIPAGEM DE HMPV E SUA POSSIVEL ASSOCIAGCAQ
COM OS GENES DE CITOCINAS, QUIMIOCINAS E SEUS RECEPTORES EM
NIVEL DE DNA, RNA E PROTEINA: implicagtes no microambiente tumoral.”

Sauacio do Projato. Aprovado

Informamos que devera ser comunicada, por escrito, gualguer modificacio que ocorra
no desenvolvimento da pesquisa, bem como devera ser encaminhado ao CEP/UEL
relatono finail da pesquisa, conforme prave a Resolucia 196/96 do Conselho Nacionsl
de Saude/MS e Resolugdes Complementares.

Londrina, 28 de agosto de 2012,

7/' ﬂM"h {- Lol ﬂl"“}/'

Profa. Dra. Alexandrina Aparecida Maciel Cardelli
Coorgenadorns 3o Comitd de Etca em Pesgqums Envolvendo Seres Humancs
Universdade Extacual de Londsms

Fro® {6 Favla
Vice-Cotnd. Je Soming de Eucy on Pesquis
Erresivendo Sol Humanas
Universicade estacual de Lordting

| Compes Unnorvmtoin B ionts Cobor Comvie S0l V9 S8 o W0 Voo 35 JU M0 PASCK - i 4104000 + Catt Pomad G081 - CEF W01 57 - oy ooy boes et




