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RESUMO

Cervical e um subconjunto de canceres de cabeca e pescoco sdo causados pela
infeccdo persistente por papilomavirus humano (HPV) de alto risco. A
oncogenicidade do HPV estéa fortemente associada a fatores ambientais, a exemplo
dos tipos virais e suas variantes, e também tem sido associado a presenca de
polimorfismos em oncogenes virais, 0s quais podem estar envolvidos no risco de
progressdo maligna. O conhecimento sobre como a varidncia genética é bem
distribuido entre diferentes populacdes e sua relacdo com lesfes de alto grau pode
ser crucial para o diagndstico e estratégias terapéuticas contra doencas relacionadas
ao HPV. Os polimorfismos podem levar a alteragcdo da funcdo bioldégica com
consequéncias clinicas. Além de prejudicar o controle do ciclo celular mediado por
pRB, as atividades de E7 incluem perturbacdo da via NF-kB afetando uma
importante via critica celular anti-viral. Em pacientes do Nordeste do Brasil, hosso
estudo descreveu a presenca de tipos de HPV e variantes de amostras cervicais por
técnica de PCR e sequenciamento e realizou uma das primeiras analises funcionais
baseadas na atividade NF-kB dos polimorfismos E7 de HPV-16. Adicionalmente,
para se ter acesso aos niveis de expressao de mRNA de E7 a partir de culturas de
células. O HPV-16 foi encontrado como o tipo mais prevalente, seguido por HPV-31
e HPV-58. Entre as variantes do HPV-16, as linhagens C e D foram detectadas
principalmente em les@Ges cervicais de alto grau. Além disso, identificamos quatro
polimorfismos do gene E7 do HPV-16. Um polimorfismo ndo-sin6nimo foi localizado
em epitopos preditos de células T e B, que estdo sob selecdo positiva. Este
polimorfismo também esta localizado em uma regido de loop proximo ao dominio da
hélice LXCXE, que é responsavel pela interacdo da proteina E7 e pRb, passo crucial
no desenvolvimento do cancer. Novas mutacdes adaptativas podem levar o virus a
evadir o sistema imunoldgico do hospedeiro e aumentar a patogenicidade. Sobre os
resultados da via NF-kB, estes mostraram que as variantes do gene E7 do HPV-16
nas quais os trés polimorfismos estdo presentes podem exercer um forte efeito
supressor nos pacientes infectados com HPV com implicacdes na persisténcia da
infeccdo e na sua progressdo. No entanto, as alteracdes resultantes dos
polimorfismos podem n&o estar necessariamente relacionadas com os niveis de
expressao diferencial das variantes. Estes resultados adicionam dados importantes
para os estudos sobre a variabilidade de E7, o que poderia contribuir para uma
melhor compreensao da diversidade e infec¢cdo do HPV.

Palavras-chave: analise funcional, polimorfismos, NF-kB



ABSTRACT

Cervical and a subset of head and neck cancers are caused by high-risk human
papillomavirus (HPV) persistent infection. HPV oncogenicity is strongly associated
with environmental factors, viral types, and their variants, where even polymorphisms
in viral oncogenes may be involved in malignant progression risk. Knowledge about
how genetic variance is distributed among populations and its relationship with high-
grade lesions may be critical to diagnosis and therapeutic strategies against HPV-
related diseases. Polymorphisms may lead to altered biological function with clinical
consequences. Besides impairing pRB-mediated cell cycle control, E7 activities
include NF-kB disturbing, which affects an anti-viral cellular critical pathway. In
Brazilian Northeastern patients, our study described the presence of HPV types and
variants from cervical cells by PCR technigue and sequencing and performed one of
the first NF-kB activity-based functional analysis of HPV-16 E7 polymorphisms. In
addition, in order to access E7 mRNA expression levels from cell cultures. HPV-16
was found as the most prevalent type, followed by HPV-31 and HPV-58. Among
HPV-16 variants, C and D lineages were detected mostly from high-grade cervical
lesions. Furthermore, we have identified four HPV-16 E7 gene polymorphisms. A
non-synonymous polymorphism was located into predicted T and B-cell epitopes,
which are under positive selection. This polymorphism is also located in a loop region
next to LXCXE helix domain, which is responsible for the interaction of E7 protein
and pRD, critical step in cancer development. Novel adaptive mutations could lead
the virus to evade host immunological system and increase pathogenicity. About the
NF-kB pathway, results have shown that HPV-16 E7 gene variants in which the three
polymorphisms are present may perform a strong suppressive effect on the in HPV-
infected patients with implications for infection persistence and its progression.
However, the changes resulting from polymorphisms may not necessarily be related
to the differential expression levels of the variants. These results add important data
on E7 variability studies, which could contribute to a better understanding of HPV
diversity and infection.

Key words: functional evaluation, polymorphisms, NF-kB
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1. INTRODUCAO

O céancer cervical é considerado o quarto tipo de cancer a ocasionar mortes
entre as mulheres no mundo, com cerca de 529.800 casos diagnosticados a cada
ano, representando cerca de 7.5% de todas as mortes por cancer e ocasionando
cerca de 270.000 mortes por ano. No Brasil, o cancer cervical é o terceiro tumor
mais frequente em mulheres, com estimativa de 16.340 casos para 0 ano de
2016, sendo considerado a quarta causa de morte entre mulheres portadoras de
cancer com 5.430 casos registrados no ano de 2013.

A infeccdo persistente pelo Papilomavirus Humano (HPV — Human
Papillomavirus) é o principal fator de risco para o desenvolvimento de cancer
cervical. Os progndsticos mais graves na patogénese cervical estdo relacionados
com o tipo de HPV e o periodo de replicacdo do virus nas células epiteliais da
zona de transformacdo do colo do utero. A relacédo entre tipos de HPV e cancer
cervical foi estabelecida a partir de estudos epidemiologicos, onde o virus foi
detectado em mais de 99,7% do carcinoma de células escamosas e em 94-100%
do carcinoma cervical adenoescamoso.

O genoma do HPV pode ser dividido em trés regifes: a longa regido de
controle (LCR — Long Control Region), a regido precoce (E — Early) e a regido
tardia (L — Late). A porcao reguladora LCR compreende aproximadamente 1kb e
esta localizada entre as Open Reading Frames (ORFs) L1 e E6. Nessa regiéo,
existem sequéncias acentuadoras e repressoras da transcricdo viral, além da
sequéncia de origem de replicacdo. Com alguma variacdo a depender do tipo de
HPV, a regido E é formada pelos genes: E1, E2, E4, E5, E6 e E7, 0os quais sao
expressos imediatamente apos a infeccao da célula hospedeira pelo virus e cujos
produtos participam da replicacdo do genoma viral, controle de expressao viral,
desestabilizacdo da rede de queratina, imunoevasao e pertubacdo do ciclo
celular. A regido L é formada pelos genes L1 e L2, 0s quais Sdo expressos
tardiamente e respondem por proteinas estruturais do virus.

A atividade transformante dos HPVs de alto risco € promovida pelas
oncoproteinas E6 e E7, as quais inativam os produtos dos supressores tumorais,
TP53 e pRb, respectivamente. Ambas oncoproteinas induzem a proliferacéo,

imortalizacdo e transformacdo maligna das células infectadas pelo virus.
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Regides polimorficas nos oncogenes E6 e E7 podem responder por
expressdo diferencial ou mesmo propriedades funcionais das proteinas que
devem ser consideradas para o diagndstico, prevencao e terapia empregados no
controle de infeccdes persistentes. As proteinas E6 e E7 do HPV séo importantes
para varias atividades virais, onde variacfes na sequéncia do gene de uma ou
ambas as proteinas podem conduzir a fungéo biologica alterada e, portanto, afetar
o resultado clinico.

O presente projeto tem como finalidade identificar as linhagens e as
variantes no oncogene E7 do HPV-16 presentes na regidao Nordeste do Brasil e
avaliar a funcdo biologica destas variantes identificados por meio de ensaios de
atividade da luciferase e gPCR. Através da realizacdo deste estudo foi possivel
iniciar uma fundamentacdo para o potencial dessas variantes e a importancia
clinica de seus polimorfismos quanto a oncogenicidade em mulheres da regido

Nordeste do Brasil.

1.1 Problematizacao

Em 2013 foi publicada uma portaria (N° 874, de 16 de Maio de 2013) do
Ministério da Saude do Brasil, que institui a Politica Nacional para a Prevencao e
Controle do Cancer na Rede de Atencdo a Saude das Pessoas com Doencas
Cronicas no Ambito do Sistema Unico de Salde. A Politica Nacional para a
Prevencédo e Controle do Cancer tem como objetivo reduzir a mortalidade e a
incapacidade e diminuir a incidéncia de alguns tipos de céancer, bem como
contribuir para a melhoria da qualidade de vida dos usuéarios com cancer, por
meio de acdes de promocao, prevencao, deteccao precoce, tratamento oportuno
e cuidados paliativos. Além disso, essa portaria também preconiza a promoc¢ao do
intercambio de experiéncias que visem estimular o desenvolvimento de estudos e
pesquisas que busquem o aperfeicoamento, a inovacdo de tecnologias e a
disseminacéo de conhecimentos voltados a promocao da saude, a prevencéo e
ao cuidado das pessoas com cancer.

De acordo com a alta incidéncia do HPV 16, principalmente entre paises
em desenvolvimento (WHO, 2015), evidencia-se a necessidade da realizacao de

estudos funcionais sobre estes tipos virais de alto risco oncogénico na populacao



18

brasileira, e em especial no Nordeste. Contudo, apesar do HPV-16 ser
considerado o tipo viral mais prevalente na regido do Nordeste do Brasil e em
alguns paises, até o presente momento existem poucos dados referenciando a

funcionalidade de variantes dos oncogenes E6 e E7 e dos HPVs 16.

1.2. OBJETIVOS

1.2.1 Objetivo Geral

Descrever a presenca dos tipos de HPVs e variantes do HPV-16
circulantes no Brasil, em particular na regido Nordeste e verificar a funcéo

biolégica dos polimorfismos do oncogene E7 do HPV-16 na via NF-kB.
1.2.2 Objetivos Especificos

a) Identificar a presenca e os tipos de HPVs presentes em amostras
cervicais de pacientes da regido Nordeste do Brasil;

b) Realizar a andlise filogenética de variantes do E7 HPV-16 na
populacao estudada,;

C) Identificar os polimorfismos no oncogene E7 do HPV-16 e verificar a
ocorréncia de alteracao conformacional resultantes destes;

d) Avaliar a funcdo bioldgica destes polimorfismos na via NF-kB, e

efeitos na expresséo génica do E7.
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2. REVISAO DA LITERATURA

2.1 Cancer cervical e a infeccéo pelo HPV

O cancer cervical é considerado o quarto tipo de cancer a ocasionar mortes
entre a populacao feminina no mundo, com diagnéstico de 530.00 casos por ano,
representando cerca de 7.5% de todas as mortes por cancer e ocasionando cerca
de 270.000 mortes por ano (WHO, 2015).

Na populacao brasileira, o cancer cervical € o terceiro tumor mais frequente
em mulheres, com estimativa de 16.340 casos para o ano de 2016, precedido
apenas pelo cancer de mama e colorretal. Em relacdo a mortalidade por canceres
em mulheres este representa o0 quarto mais associado com 5.430 mortes
registradas no ano de 2013 (INCA, 2016).

O cancer cervical é precedido por lesdes pré-malignas nao invasivas,
denominadas neoplasias intraepiteliais cervicais-NIC (cervical intraepithelial
neoplasia-CIN) ou leséo intraepitelial escamosa (squamous intraepithelial lesions-
SIL). Histologicamente as neoplasias intraepiteliais cervicais sao classificadas
com base na morfologia e estagio progressivo das células epiteliais: em NIC | -
displasia leve; NIC Il - displasia moderada e NIC Ill - displasia severa, podendo
esta progredir para cancer invasivo (carcinoma in situ) (WOODMAN et al., 2007).

Citologicamente as lesdes intraepiteliais s&o classificadas em leséo
intraepitelial escamosa de baixo grau (low-grade SIL - LSIL), que compreende
NIC |, e lesao intraepitelial escamosa de alto grau (high-grade SIL - HSIL), que
compreende NIC Il e lll (Figura 1). Ainda é possivel encontrar células escamosas
atipicas de significado indeterminado (ASC-US), e células escamosas atipicas
HSIL (ASC-H) quando ndo € possivel diagnosticar NICII e NICIII
(STEENBERGEN et al., 2005). De acordo com o estagio dessas lesbes, é
possivel a regressao ou progressao, sendo de extrema relevancia o diagnostico
precoce e exato (STEENBERGEN et al., 2005).
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Figura 1: Progresséo do cancer cervical mediada pela infeccdo do Papilomavirus
Humano (HPV). O virus atinge a camada basal através de micro-abrasdes no epitélio
cervical. Nas camadas superiores do epitélio ocorre a replicacdo do genoma viral e
formacéo de novas particulas virais que sédo liberados podendo iniciar uma nova
infeccao e, posteriormente podera ocorrer a progressao para o cancer invasivo. As
lesBes intraepiteliais podem ser classificadas escamosa de baixo grau (LSIL) que
compreende a neoplasia intraepitelial cervical | (NIC 1) ou les&o intraepitelial de alto
grau (HSIL) que compreende NIC Il e NIC 11

Cérvice Normal LSIL HSIL Carcinomalnvasivo
“_ ; ‘|| ‘ ‘ !
| \ |
‘v NLCI \( NICTI \ NICTI
Particulasvirais | ° .
Camada | : : i 2 e®
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Fonte: Adaptado de Saavedra et al., (2012).

O teste de rastreamento mais utilizado na prevenc¢ao do cancer cervical é a
colpocitologia, também conhecido como exame Papanicolao ou preventivo,
utilizado na identificacdo de lesdes pré-neoplasicas, que se forem diagnosticadas
precocemente e tratadas podem evitar a progressdo para o cancer invasivo
(PEIRSON et al., 2013).

Ainda que o HPV seja muito frequente em populacédo sexualmente ativa, o
sistema imune do hospedeiro em geral combate a infeccdo eficientemente,
ocasionando alteracdes citoldgicas ou histolégicas cervicais menores transitorias
ou até mesmo assintomaticas (BOSCH et al.,, 2002).Em alguns casos, as
infec¢des ocasionadas por HPVs de alto risco carcinogénico, o organismo perde a
capacidade de combaté-las, a qual torna-se persistente podendo ocasionar o
desenvolvimento do cancer cervical (SNIJDERS et al., 2005).

O ciclo viral do HPV representa o principal fator de risco para o
desenvolvimento de céncer cervical, estando relacionado com diversos fatores,

como, por exemplo, o tipo de HPV (alto ou baixo risco) (VILLA et al., 2000;
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SICHERO et al., 2007; WOODMAN et al., 2007) e o periodo de replicagdo do
virus nas células epiteliais da zona de transformacdo (HARMSEL et al.,1999;
HOPMAN et al., 2000).

O HPV esta associado com aproximadamente 98% dos tumores do colo
do utero (ZUR HAUSEN, 1996; BASEMAN e KOUTSKY, 2005). A alta frequéncia
do HPV é bem documentada, com deteccdo em mais de 90% das amostras do
carcinoma cervical do tipo adenoescamoso (VAN MUYDEN et al., 1999;
ZIELINSKI et al., 2003) e ainda sendo implicado em mais de 99% dos carcinomas
de células escamosas (WALBOOMERS et al., 1999; MUNOZ et al., 2003).

Dados epidemioldgicos também demonstram a associacdo do HPV em
outros tipos de canceres situados no pénis, vagina, vulva, anus, orofaringeo,
cancer de pele ndo melanoma, e também em doencas benignas, a exemplo das
verrugas anogenitais, psoriase e papilomas de laringe (PFISTER, 2003; HOORY
et al., 2008; CHATURVEDI et al.,, 2011; CLEVELAND et al., 2011; LOWY e
SHILLER, 2012; BRAVO et al., 2015).

A infeccdo pelo HPV é o principal fator de risco para a formacdo da
neoplasia cervical (STANLEY, 2001; CLIFFORD et al., 2003), entretanto alguns
cofatores ambientas podem influenciar o seu desenvolvimento entre eles o
tabagismo, atuante no decréscimo da resposta imune e aumento nos danos
genéticos (TRIMBLE et al., 2005; MACLAUGHLAN et al., 2011; MOKTAR et al.,
2011; WARD et al, 2011). O uso de contraceptivos também pode estar
relacionados, pois podem promover o aumento da expressao de oncogenes virais
(EFIRD et al., 2011; GHANEM et al., 2011; AMARAL et al., 2014). Multiparidades
decorrentes de mudancas hormonais induzidas pela gestacdo podem modular a
resposta imune ao HPV (BOSCH et al., 2002).

O proprio sistema imune do hospedeiro pode ser listado como um
importante cofator que pode contribuir para o desenvolvimento do cancer cervical,
pois foi relatado que determinados polimorfismos nos genes do HLA, relacionados
com a apresentacdo de antigenos as células T CD4+, podem implicar na
susceptibilidade genética a progressdo maligna da neoplasia cervical (APPLE et
al., 1994; MACIAG et al., 2002).
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2.2 Estrutura viral e organizagao do genoma do HPV

Os papilomavirus sdo considerados pequenos entre os virus analisados
sob microscopia eletrénica. Seu capsideo proteico, de configuracdo icosaédrica
ndo ultrapassa os 55nm. Nao ha envelope recobrindo a particula viral, em cujo
interior encerra-se um genoma compreendido entre 6,8 a 8,0Kkb de uma dupla-fita
de acido desoxirribonucleico (DNA) circular (ZHENG e BAKER, 2006). Os HPV
restringem o tamanho de seu genoma a cerca de 7,8Kb como esboc¢ado na Figura
2 com o esquema do genoma viral e suas principais regides descriminadas.

O capsideo dos papilomavirus € constituido por 72 capsémeros, cada qual
composto pelo pentamero da principal proteina estrutural do virus, designada L1.
A segunda proteina estrutural do virus estd presente em 12 copias, sendo
denominada L2, cuja extensdo atravessa a estrutura da particula viral para se
associar ao DNA viral, sob a forma de um nucleossomo (BAKER et al., 1991;
MODIS et al., 2002). O genoma dos papilomavirus encontra-se associado a

histonas celulares, compondo um cromossomo rudimentar (TAN et al., 1998).

Figura 2: Esquema ilustrativo do genoma de HPV16 mostrando os genes de
expressao precoce (E), tardia (L) e regiéozregulatéria (LCR).

L2

L1

Fonte: Modificado de Munoz et al., (2006).

O genoma dos papilomavirus pode conter entre 8 a 10 ORFs, cujas
sequéncias sdo expressas de acordo com um padrao precoce e tardio conforme a

diferenciacdo da célula hospedeira ao longo da infeccdo (GRAHAN, 2010). Os
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genes designados como E (early) sdo comumente expressos desde 0s primeiros
estagios da infeccdo e estdo relacionados a fungdes regulatérias, como controle
de transcricao e replicacao virais, e transformacéo celular, enquanto a expressao
dos genes L (late), somente é detectada nos estagios finais de infeccao,
envolvidos na composic¢éo do capsideo viral. O DNA viral contém, entretanto, uma
regido nado traduzida, denominada Long Control Region (LCR), na qual estdo
presentes sitios de interag@o cis com fatores transcricionais do virus e da célula
hospedeira, além da origem de replicacdo viral (DOLLARD et al., 1993; Berg e
STENLUND, 1997).

A particula viral do HPV segue o0 mesmo padrdo morfoldégico dos demais
papilomavirus, embora a organizacdo do genoma possa variar em relacdo a
guantidade, tamanho e sequéncia de ORFs, o que resulta em funcdes e padrao
de expressdo de algumas de suas proteinas. A regido E do genoma codifica
proteinas que atuam na fase precoce e tardia da infeccdo (E1, E2, E4, E5, E6 e
E7), enquanto a regido L contém as sequéncias codificantes de proteinas
produzidas nos ultimos estagios da infeccdo (L1 e L2) (SCHWARZ et al., 1985).
Durante a infec¢do, logo na camada basal do epitélio, duas proteinas virais estdo
envolvidas na replicagao viral, como a helicase E1, e no controle da transcricdo
viral em queratinécitos, como o regulador transcricional E2 (CHIANG et al., 1992).
A progressdo da infeccado produtiva, vinculada ao atraso da diferenciacdo dos
queratinécitos e avanco do ciclo celular, € desencadeada pela acao das proteinas
E5, E6 e E7 (DIMAIO e PETTI, 2013; ROMANA e MUNGER, 2013; VANDE POL
e KLINGELHUTZ, 2013).

Por suas capacidades de alterar o ciclo celular, como o comprometimento
de vias celulares dependentes de proteinas supressoras tumorais, pRb e p53,
além de conferir & célula hospedeira evasdo do sistema imune, as proteinas E5,
E6 e E7 sdo consideradas promotoras de oncogénese em queratinécitos
primarios. A matriz de queratina do epitélio infectado é desestabilizada nas
camadas mais apicais, permitindo a liberacéo de virions, pela a¢cdo do produto de
uma recomposicao dos transcritos das ORFs E1/E4, conhecido como proteina E4
(DOORBAR et al., 1991). Ao fim de uma infec¢do produtiva ocorre a montagem
do capsideo viral com insercdo do genoma de HPV replicado resultante da

expressao tardia de L1 e L2, respectivamente (BUCK et al., 2008).
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2.3 Papilomavirus: HPVs, gendtipos e variantes

Os papilomavirus (PVs) pertencem a familia Papilomaviridae e
compreendem virus espécie-especifico que infectam ndo apenas humanos, mas
também outros mamiferos, aves e répteis, sendo denominados de acordo com o
organismo o0s quais infectam. BPV (Bovine Papillomavirus) infectam bovinos,
CRPV (Cottontail Rabbit Papillomavirus) infectam coelhos, COPV (Cannine Oral
Papillomavirus) e HPV (Human Papillomavirus) infectam humanos (SCHEURER
et al., 2005).

Os PVs sdo classificados com base na sequéncia nucleotidica do gene L1,
gene altamente conservado, de forma que se torna possivel o agrupamento dos
PVs em géneros (sequéncias com acima de 60% de homologia na sequéncia),
em espécies (quando apresentam homologia entre 71-89%) e cepas (quando
diferem em 10% na sequéncia de L1) (DE VILLIERS et al., 2005; KALANTARI et
al., 2010). Para que uma sequéncia possa ser agrupada em variante, esta deve
diferir 1% em relagdo a sequéncia de referéncia e para ser considerada uma
sublinhagem deve variar entre 0,5% a 1% (BURK et al., 2013).

Os PVs sao classificados em 49 géneros (Figura 3) enquanto que os HPVs
séo divididos em cinco géneros: Alphapapilomavirus (Alfa), Betapapilomavirus
(Beta), Gammapapilomavirus (Gama), Mupapilomavirus (Mu) e Nupapilomavirus
(Nu) (DE VILLIERS et al., 2004; BERNARD et al., 2010). Os dois géneros de HPV
gue agrupam mais tipos sdo classificados como Alfa e Beta, contando cerca de
90% dos tipos virais como membros de um desses dois géneros (MUNOZ et al.,
2006). Os HPVs estédo atualmente classificados em mais de 160 tipos de acordo
com 0s seus genotipos, por meio de andlise de sequéncia do gene L1 (DE
VILLIERS et al., 2004; BRAVO et al., 2010; VAN DOORSLAER et al., 2011).
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Figura 3: Arvore filogenética da familia Papillomaviridae construida com base no
alinhamento das sequéncias dos genes E1, E2, L2 e L1. Os clados marcados em
vermelho ndo apresentam a ORF E6 canbnica, os clados em roxo indicam os virus de
aves e tartarugas que apresentam um Unico dominio na proteina E6. (*) Indica que
alguns membros do clado ainda ndo foram reconhecidos como
Gammapapillomavirus.
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Fonte: Van Doorslaer, (2016).

Cerca de 40 genotipos infectam o trato genital humano, sendo classificados
em alto risco (HR-HPV) e baixo risco (LR-HPV), refletindo o seu potencial
oncogénico (ZUR HAUSEN, 2002; DOORBAR, 2006). Os HPVs de alto risco
estdo associados as lesdes encontradas na vagina, vulva, pénis e colo do Gtero e
incluem os tipos 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, 82
(BADARACCO et al., 2000; STEVENS, 2002; GUPTA et al., 2003; GURGEL et
al.,, 2013). Os tipos 16 e 18 sdo considerados 0s mais prevalentes, por

aparecerem em 70% de todos os casos de cancer cervical (BERNARD et al.,
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2010). Os HPVs de baixo risco sao tipicamente implicados no surgimento de
verrugas genitais e incluem os tipos 6, 11, 42, 44, 51, 53, 83 (ZUR HAUSEN,
2002; Ll et al., 2012; GURGEL et al., 2013).

Com base no potencial para desenvolvimento do cancer na regido genital
os Alpha-Papilomavirus séo divididos em altamente carcinogénico HPV-16, 18,
31, 33, 45, 51 e 52; provavelmente carcinogénico HPV-68; possivelmente
carcinogénico HPVs 26, 53, 64, 65, 66, 67, 69, 70, 73, 82. Além disso, outros
membros estdo frequentemente associados a lesdes benignas na regido genital e
nao genital, tais como o HPV-6, 11, 40, 42, 43, 44, 54, 61, 72, 81 e 89
(SCHIFFMAN et al., 2009; CUBIE, 2013). Recentemente o HPV-16 foi
reagrupado em quatro variantes (A, B, C e D) e nove sublinhagens e o HPV-31
em trés variantes (A, B e C) e sete sublinhagens (Figura 4) (BURK et al., 2013).

Os HPVs do género Beta sdao mais frequentemente relacionados a
infecgbes cutaneas, comumente assintomaticas. Entretanto, podem estarem
associados ao desenvolvimento do cancer de pele em casos de
imunocomprometimento e em pacientes acometidos com epidermodisplasia
verruciforme (EV) hereditaria (HARWOOD e PROBY, 2002; PFISTER, 2003). Os
demais tipos de HPV estdo distribuidos entre os géneros, Gama, Mu e Nu, e
estdo correlacionados a papilomas cutaneos e verrugas sem progressao maligna
(DE VILLIERS et al., 2004).
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Figura 4: Arvore filogenética mostrando os tipos representativos com linhagens
variantes e sublinhagens no grupo alpha-9.
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Fonte: Burk et al., (2013).

A distribuicdo dos gendtipos dos HPVs varia de acordo com as areas
geograficas estudadas (BOSCH et al.,, 1995; WALBOOMERS et al.,, 1999;
CLIFFORD et al., 2005). A distribuicao mundial dos tipos de HPV ¢é alvo de vérios
estudos nos quais a prevaléncia do HPV-16 sobre todos os demais tipos parece
ser uniforme. Comumente o segundo tipo mais prevalente € o HPV-18 ou 31,
dependendo da regido da Europa, América Central e América do Sul dependendo
do pais estudado. Notavelmente, a Asia registra como os mais frequentes os
HPVs 33, 52, 56, 58 e 53 (BOSCH et al., 1995; CLIFFORD et al.,, 2003;
CLIFFORD et al., 2005; SANJOSE et al., 2007; CAl et al., 2009). No Brasil, o
HPV-16 figura como o tipo predominante, conforme estudos de populacdes locais
das regides Norte, Nordeste, Sudeste e Sul do pais, embora sua frequéncia flutue
bastante em determinadas regibes quando comparados a outros tipos (CRUZ et
al., 2004;BALDEZ da SILVA et al., 2009; CASTRO et al., 2011; FERNANDES et
al., 2011; CHAGAS et al., 2013). Na capital do Estado de Pernambuco, Recife, o
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HPV-16 acompanha o padrao de frequéncia mundial como o tipo mais detectado
em amostras cervicais, seguido pelos tipos HPV-31, HPV-33, HPV-58, e em
menor frequéncia o HPV-18 (LORENZATO et al., 2000; BALDEZ da SILVA et al.,
2009). Em outras regifes do Brasil, como por exemplo, em Sao Paulo, ainda que
o0 HPV-16 permaneca como o tipo de maior frequéncia, a distribuicdo dos demais
tipos diverge consideravelmente, tendo como segundo tipo mais prevalente o
HPV-56, seguido pelos HPV-52 e HPV-31 (MARTINS et al., 20016). Sugere-se
que diferencas na distribuicdo dos HPVs podem ocorrer devido ao processo de
migrac&o de pessoas, 0 que contribui para uma maior diversidade populacional e
comportamentos sexuais (BOSCH et al., 1995; BARZON et al., 2008).

2.4 HPV: ciclo infeccioso e carcinogénese cervical

O ciclo viral est4 intimamente ligado com a diferenciacdo dos queratinécitos
gue sao as ceélulas hospedeiras do HPV (STUBENRAUCH e LAIMINS, 1999; ZUR
HAUSEN, 2002). Para o HPV ser capaz de infectar sua célula alvo é necessario o
contato com a membrana basal, exposta em micro lesdes ou abrasées no epitélio
cervical (DOORBAR, 2005). Acredita-se que proteoglicanos de heparan sulfato
(HSPGs) e outros componentes da membrana basal da mucosa anogenital, a
exemplo da laminina, atuem como receptores primarios para ancoragem do virus
através da interacdo com a proteina L1 do HPV (COMBITA et al., 2001;
GIROGLOU et al., 2001; JOHNSON et al., 2009; DOORBAR et al., 2012). Estas
interacOes resultardo em alteracdes conformacionais que irdo expor a regiao
aminoterminal da proteina L2, permitindo a acdo da furina convertase que cliva
uma regido de L2 expondo o sitio de ligacdo para um outro co-receptor. Alguns
trabalhos apontam que a alfa integrina 6 seria este co-receptor. Também é
possivel encontrar a atuacdo de receptores para fatores de crescimento que
contribuam para o processo de internalizagcdo do virus, e auxiliem no processo de
transferéncia do genoma para o nacleo celular (EVANDER et al., 1997; LICITRA
et al., 2006; SCHEURER et al., 2007; KINES et al., 2009; SURVILADZE et al.,
2013), conforme revisado por Doorbar et al., (2012) .

Apés a entrada do virus na célula hospedeira, ocorre a acidificagdo das
vesiculas de endocitose, levando a desencapsida¢do do genoma viral e migracao

para o nucleo da célula. Este sera estabilizado na forma de epissomas. Assim,
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inicia-se o ciclo de replicag&o viral, com a expressao dos genes E1, E2, E4, E5,
E6 e E7 (COMBITA et al., 2001; GIROGLOU et al., 2001; WOODMAN et al.,
2007; JOHNSON et al., 2009; SAPP e DAY, 2009; DOORBAR et al., 2012;)
(Figura 5).

Figura 5: Esquema do ciclo infeccioso ao longo de 6 a 12 semanas a partir da infeccéo

pelo HPV.
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Fonte: Cordeiro, 2015.

Apbs a entrada do HPV nos queratindcitos primarios, as proteinas E1 e E2
irdo mediar a replicacdo do genoma viral em baixos niveis. A medida que as
células da camada basal infectadas pelo HPV entram em divisao celular, algumas
células filha movem-se para o estrato superior do epitélio, iniciando o processo de
diferenciacéo celular (FEHRMANN e LAIMINS, 2003; MCCANCE, 2005; FREITAS
et al., 2012). Neste estagio, o genoma viral inicia a transcricdo dos genes da fase
tardia do ciclo de infecgdo (L1 e L2 que formardo os capsideos dos novos virus)
0S quais estdo aptos a iniciar uma nova infec¢cdo. A proteina E2 do HPV
desempenha um importante papel nesse processo, pois regula dois promotores
no genoma viral, o promotor dependente de diferenciacdo p670 (localizado no

gene E7) o p97 (localizado na regido 3" da LCR), responsavel pela expressao
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dos genes da fase inicial. Este também permite a expressdo dos genes da fase
tardia do virus incluindo o E4 (faciltando o rompimento do citoesqueleto
citoplasmatico para a liberacéo dos virions) (DOORBAR et al., 1991) e dos genes
L1 e L2 (codificam os genes para o capsideo viral). Por sua vez o sinal de
poliadenilagdo precose (pAE) interrompe a expressédo dos genes da fase tardia
durante o inicio do processo de infeccdo, inibindo a expressao prematura de
moléculas imunogénicas e assegurando a persisténcia da infeccéao viral.

As novas particulas virais serdo liberadas com o0s queratindcitos
diferenciados através da descamacdo do epitélio superior (Figura 5).
Queratindcitos primarios da camada basal irdo servir como um reservatorio do
DNA viral para propagacdo do genoma infeccioso no epitélio (FEHRMANN e
LAIMINS 2003; MCCANCE 2005; WOODMAN et al., 2007).

Enquanto o ciclo infeccioso leva a produgcdo de novas particulas virais, a
ocorréncia de integracdo do genoma viral ao hospedeiro iniciando a um dos
principais eventos da carcinogénese mediada pelo HPV. Para que ocorra o
processo de integracdo do DNA viral é necessaria a quebra na regido de E1/E2,
resultando na perda da expresséo desses dois genes (MOTOYAMA et al., 2004).
O produto do gene E2 atua como repressor transcricional dos genes E6 e E7 de
modo que a perda de E2 resulta na superexpressdo de E6 e E7 criticos no
processo de imortalizacdo celular (BOSCH et al., 1992; JEON et al., 1995).

A degradacao de p53 e pRb mediada pelos produtos dos oncogenes E6 e
E7 leva a instabilidade génomica e repressao da apoptose (ZUR HAUSEN, 2002;
PINTO et al., 2011). A oncoproteina E6 desempenha um papel muito importante
na transformacao dos queratindcitos através de sua interacdo com diversos alvos
celulares (Figura 6), tais como a proteina p53, proteinas da familia PDZ
(envolvida na manutencéao da polaridade celular, sinalizacdo celular e supressao
tumoral), a proteina Bak (relacionado com a liberacdo de fatores proapoptoticos e
ativacdo das vias das caspases), TNF (relacionada com a via da apoptose) e a
telomerase (relacionada com o escape da senescéncia e conseguentemente
morte celular (GLAUNSINGER et al., 2000; FILIPPOVA et al., 2002; FEHRMANN
e LAIMINS, 2003; VOGT et al., 2006; SIMMONDS e STOREY, 2008; THOMAS e
BANKS, 2008). A oncoproteina E6 se liga a uma proteina ubiquitina ligase

denominada E6AP codificada pelo gene UB3A, formando um heterodimero E6-
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E6AP, perimitindo a degradacdao de p53 pela via ubiquitina-proteossomo
(SCHEFFNER et al., 1993).

A proteina p53 ocupa uma posicdo critica na cadeia de interacdes
proteicas para a resposta celular a diferentes tipos de estresses aos quais a
célula esta sujeita como, por exemplo, danos no DNA em decorréncia da
exposicdo a radiacéo ultravioleta (UV). Esta proteina ativa genes do mecanismo
de reparo do DNA ou pode ainda sinalizar para a apoptose. A inatividade da
proteina p53 resulta em perda da capacidade celular de perceber e reparar danos
ao DNA, seguindo-se um aumento na frequéncia de mutagfes, aneuploidias e
rearranjos cromossémicos. O acumulo desses eventos é um dos requisitos para o

desenvolvimento neoplasico e progressao para o cancer (VOUSDEN, 1993).

Figura 6: Proteinas e vias de sinalizagGes celulares afetadas pela oncoproteina E6.
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Fonte: Adaptado de Moody e Laimins (2010).

De modo semelhante a oncoproteina E6, a oncoproteina E7 atua na
transformacao de queratindcitos, por meio da interagdo com proteinas da familia
pRb (retinoblastoma), ocasionando sua degradacdo precoce, 0 que compromete
sua acao inibitoria sobre o fator E2F, resultando na progressao continua para a
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fase S do ciclo celular, tornando-se um estimulo para a proliferacdo das células
infectadas (SANDAL, 2002). Aléem da pRb, a E7 interage com dois outros
membros da familia pRb, p107 e p130, as quais também regulam negativamente
o fator de transcricdo E2F (Figura 7) (BOULET et al., 2007). Assim, a proteina
pRb exerce uma regulagdo negativa do ciclo celular através de sua fosforilacao

7

especifica ciclo-dependente, onde a pRb desfosforilada é capaz de inibir a
progressao do ciclo celular por ligacédo especifica a E2F. Uma vez fosforilada, por
quinases dependentes de ciclinas (CDK), a ligacéo entre pRb e E2F néo ocorre, e
isto resulta diretamente no estimulo da transcricdo dos genes que sao
responsaveis pela replicacdo do DNA durante a fase S do ciclo celular. As
proteinas E7 dos HPV de alto risco sao reconhecidamente eficientes ao interagir
com ciclinas A e E, interagem com complexos ciclina-quinase e anulam atividades
de inibidores de quinases dependente de ciclina (CKIs), tais como p21 e p27, as
quais sdo importantes reguladoras durante a diferenciacdo do epitélio (SHIN et

al., 2009).

Figura 7: Proteinas e vias de sinaliza¢fes celulares afetadas pela oncoproteina E7 em
células nao infectadas pelo HPV a esquerda e infectadas a direita.
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Fonte: Adaptado de Moody e Laimins (2010).

Apesar das oncoproteinas E6 e E7 serem as mais estudas no processo de
formacdo nas neoplasias cervicais, E5 vem se mostrando importante neste
processo. Um dos seus principais efeitos esta relacionado com o aumento da

meia vida do receptor de fator de crescimento epidermal, importante para a
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sinalizacdo mitogénica e proliferacdo celular (PEDROZA-SAAVEDRA et al.,
2010).

Estudos acerca de polimorfismos nos oncogenes E6 e E7 demonstraram
associacfes que podem ser importantes no desenvolvimento de diagnosticos,
construcdo de vacinas e fundamentacdo de outros métodos terapéuticos de
controle das infeccdes persistentes. Devido a suas atuagbes criticas na
manutencao da infeccdo e progressao de lesdes relacionadas ao HPV, variacdes
de sequéncia das proteinas E6 e E7 podem ser relevantes uma vez que podem
alterar a ligacdo com seus diversos parceiros de interacao, incluindo efeitos sobre
a degradacéao e fosforilagdo da p53 e pRB, respectivamente (VILLA et al., 2000;
CHAGAS et al., 2011; CHAGAS et al., 2013).

Tratando-se particularmente das funcbes da proteina E6 do HPV-16,
polimorfismos foram indicados como provaveis causas da capacidade alterada de
diferenciacdo regulada pela via dependente de serina/célcio, induzindo uma
degradacdo mais eficiente da proteina p53. Ainda, o polimorfismo T350G da
proteina E6 do HPV-16 alterou quantitativamente a ativacdo da via MAPK
(CHAKRABARTI et al., 2004), com aumento da degradacdo da proteina Bax e
maior interacdo com a E6AP, principal mediador dos efeitos celulares da proteina
E6, quando comparado ao seu prototipo (LICHTIG et al., 2006). Por fim, também
foi possivel associar esse polimorfismo do gene E6 de HPV-16 com a persisténcia
da infeccéo e progresséo da lesao cervical (KAMMER et al., 2002; ZEHBE et al.,
1998; ZEHBE et al., 2001; GRODZKI et al., 2006).

No que diz respeito a proteina E7 do HPV16 foi encontrada uma alteracéo
nucleotidica que resulta em Ser31Arg e que altera a fosforilacdo do E7 pela
Casein Kinase Il (CKIl) (WISE-DRAPER e WELLS, 2008). Alteracdo na posicao
647 N29S é mais frequente em pacientes com céancer cervical (SONG et al.,
1997).

2.5 Relagéo entre a via NF-kB e o cancer cervical

O NF-kB (fator nuclear-kB) corresponde a uma familia de fatores
transcricionais que se liga a sequéncias kB responsivas encontradas no DNA.
Estes fatores sdo responsaveis pela expressdo de genes relacionados com a

resposta inflamatoria, proliferacéo, diferenciacdo, adesao e apoptose. (KARIN et
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al., 2002; GERONDAKIS et al., 2006; VALLABHAPURAPU e KARIN, 2009;
HAYDEN e GHOSH, 2012). Estruturalmente, s&o heterodimeros ou
homodimeros constituidos por proteinas da familia Rel, incluindo cRel, RelA
(p65), RelB, p50 (NF-kB1) e p52 (NF-kB2).

NF-kB € essencial para as fun¢des imunes adequadas, porém sua ativacédo
excessiva ou constitutiva é uma das causas frequentes de quadros de inflamacgéo
cronica (LI et al., 2002). NF-kB promove a transcricdo de genes de citocinas proé-
inflamatoérias como interleucinas (IL-1b, IL-2, IL-6, IL-8, IL-10, IL-12) e TNF-q,
além de moléculas de adesao celular como E-selectina, ICAM-1 e VCAM-1.

Existem duas vias de sinalizacdo distintas, uma candnica e outra ndo-
candnica, para a ativacdo de NF- kB (Figura 8). A via canbnica € principalmente
responsavel pela regulacdo da inflamacédo, bem como proliferacédo e apoptose de
células linfoides durante a resposta imune. A familia de quinases IkB (IKK)
consiste em trés subunidades: dois componentes cataliticos, IKKa e IKK[3, e uma
subunidade néo-catalitica regulatoria, NEMO/IKKy. Em células ndo estimuladas,
os dimeros de NF-kB sdo mantidos inativos no citoplasma, devido a interacao
com inibidores de NF-kB (IkB) (HAYDEN e GHOSH, 2008). O estimulo dessa via,
que pode ocorrer através de receptores Toll-like, receptores de antigenos,
citocinas pro-inflamatérias como o TNF- a e fatores de crescimento, estresse
oxidativo ou genotéxico (CHRISTIAN et al.,, 2016), inicia a fosforilacdo do
complexo IKK (MAY et al., 2000). Como resultado, o IkB fosforilado é degradado,
permitindo a migracdo do complexo NF-kB (dimero p50/p65) para o nucleo, onde
atua como fator transcricional de genes kB responsivos (KARIN e DELHASE,
2000; KARIN e LIN, 2002; GODWIN et al., 2013).

Por sua vez a via nao-canbnica depende da formacdo do complexo
RelB/p52 (SOLAN et al., 2004). A via ndo candnica esta implicada em varios
processos bioldégicos como a organogénese linfoide, maturacdo e sobrevivéncia
de células B, desta forma assegurando a montagem de uma resposta imune
eficaz. Esta via € ativada por sinais de desenvolvimento que se ligam aos
receptores TNF e ativam o complexo NIK/IKK1, o qual, uma vez ativado, fosforila
a p100. A fosforilacéo resulta no processamento de pl00 para p52 que se torna
ativo para se ligar a RelB criando um dimero que migrara para o nucleo, ativando

a expressao de genes relacionados com a resposta imune (BASAK et al., 2008).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vallabhapurapu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19302050
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Além de controlar a resposta imune inata e adquirida, a sinalizagdo NF-kB
tem papel crucial nos eventos celulares como apoptose, adesao, proliferacéo,
diferenciacao e resposta celular ao estresse (CHEN e GREENE, 2004; PERKINS,
2007).

Figura 8: Esquema apresentando as vias de sinaliza¢do candnica e n&o candnica para
a ativacédo de NF-kB.

Fonte: Adaptado de Park e Hong (2016).

Os efeitos biolégicos da ativacdo de NF-kB sdo Unicos para cada tipo de
célula e tecido. Na pele, NF-kB apresenta dupla funcéo, de modo que um balanco
de resposta NF-kB deve ser alcancado para a manutencéo da integridade tecidual
e homeostase, bem como para a habilidade do sistema imune inato responder
rapidamente a potenciais ameagas (PASPARAKIS, 2009).

A ativacdo constitutiva da via NF-kB tem sido associada como mau
progndstico para varios tipos de canceres entre eles linfoma (ZOU et al., 2007),
leucemia (VILIMAS et al., 2007), pulmé&o (TEW et al., 2008), mama (CHUA et al.,
2007) e ovario (ANNUNZIATA et al., 2010). A ativacdo desta via estéa relacionada

a expressao de genes que promovem a proliferacédo celular tais como ciclinas D e
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E, possibilitando a transicdo da fase G1 para S do ciclo celular e regula de forma
negativa a expressdo da proteina GADDA45 relacionada ao controle do ciclo
celular no check point G2/M (CHEN et al., 2001). Além da proliferacdo celular,
ocorre 0 bloqueio da apoptose, aumento na angiogénese tumoral e potencial
metastatico (GUPTA et al., 2010; PRASAD et al., 2010).

Varios estudos sugerem que as oncoproteinas dos HPVs de alto risco
modulam a expressdo de genes responsivos a NFkB (NEES et al.,, 2001;
HAVARD et al., 2005). A proteina E7 do HPV-16 interfere com a sinalizacdo NF-
KB, interagindo diretamente com as subunidades IKKa e IKK(B, causando a
reducdo da atividade relacionada a sinalizacdo NF-kB em células U20S
(SPITKOVSKY et al.,, 2002). Mesmo sob estimulo da citocina TNF-a, células
U20S transfectadas com o gene E7 de HPV16 foram menos responsivas,
exibindo uma sinalizagcdo NF-kB atenuada (BYG et al.,, 2012). Por fim, o
mecanismo através do qual a funcédo da proteina E7 de HPV de alto risco reduz
uma das principais vias de sinalizacao pro-inflamatoria ainda exige mais estudos.

Certa controvérsia emerge de estudos recentes que demonstram um efeito
contrario ao esperado decorrente das fun¢des das oncoproteinas E6 e E7 sobre a
via NF-kB, a depender do tipo de célula experimentado. A ativacdo da via NF-kB é
um achado frequente em células escamosas de carcinoma, sendo uma
importante evidéncia de transformacéo de células epiteliais (HUBER et al., 2004).
As oncoproteinas E6 de HPVs de alto risco sdo capazes de ativar a via NF-kB
(NEES et al., 2001; HAVARD et al., 2005; YUAN et al., 2005; JAMES et al., 2006;
D'COSTA et al., 2012). O exato mecanismo ainda ndo esta claro, embora existam
indicios de que E6 possa interagir com motivos de ligacdo PDZ presentes em
componentes da via de sinalizacdo (JAMES et al., 2006).

Apontando em outra direcdo, estudos indicam que E6 de HPVs de alto
risco inativam uma de-ubiquitinase, denominada CYLD, a qual causa ativacado do
NF-kB em condi¢des de hipdxia (AN et al., 2008), além de interagir com NFX-91,
0 que também resulta em ativacdo de NF-kB (XU et al., 2010). Também ha
evidéncias de que ambas as proteinas E6 e E7 de HPV-38, considerado cutaneo,
possam ativar NF-kB (HUSSAIN et al., 2011). A ativacdo de NF-kB leva a uma
regulacéo positiva de clAP2, um inibidor de apoptose, o que poderia se esperar
conferir alguma resisténcia a agentes de danos ao DNA (JAMES et al., 2006; WU

et al., 2010). As consequéncias da ativacdo de NF-kB por E6 sdo complexas e
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podem depender do tipo celular em questio. E possivel que a ativacio desta via
por E6 em células da ectocérvice aumente a proliferacdo, enquanto a ativacédo da
via seja inibitoria ao crescimento de células derivadas da zona de transformacao,
onde a maioria dos canceres cervicais se desenvolve (VANDERMARK et al.,
2012).
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Abstract

Cervical and a subset of head and neck cancers are caused by high-risk human
papillomavirus (HPV) persistent infection. HPV oncogenicity is strongly associated
with environmental factors, viral types, and their variants, but, even polymorphisms

in viral oncogenes may be involved in malignant progression risk. The knowledge
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about how genetic variance is distributed among populations and its relationship
with high-grade lesions may be crucial to diagnosis and therapeutic strategies
against HPV-related diseases. In Brazilian Northeastern patients, our study
described the presence of HPV types and variants from cervical cells by PCR
technique and sequencing. HPV-16 was found as the most prevalent type,
followed by HPV-31 and HPV-58. Among HPV-16 variants, C and D lineages were
detected mostly from high-grade cervical lesions. Furthermore, we have identified
four HPV-16 E7 gene polymorphisms. A non-synonymous polymorphism was
located into predicted T and B-cell epitopes, which are under positive selection.
This polymorphism is also located in a loop region next to LXCXE helix domain,
which is responsible for the interaction of E7 protein and pRb, crucial step in
cancer development. Novel adaptive mutations could lead the virus to evade host
immunological system and increase pathogenicity. These results add important
data on E7 variability, which could contribute to a better understanding of HPV

diversity and infection.

Keywords: HPV; Cervical cancer; E7 polymorphisms; NF-k

Introduction

High-risk HPV persistent infection is the major predisposing factor to high-
grade cervical neoplasia formation (1). HPV types are distributed among five
genera:  Alphapapillomavirus, Betapapillomavirus, = Gammapapillomavirus,
Mupapillomavirus, and Nupapillomavirus (2,3).

At moment, only Alphapapillomavirus genus contains high-risk HPV types,

including 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 and 82 (4,5). HPV
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variants are classified into lineages and sub- lineages based on whole genome
sequence analysis (6,7,8), which requires phylogenetic topology support and
nucleotide sequence differences from 1% to 10%, and from 0.5% to 1% ranges,
respectively (6). HPV-16 phylogenetic analysis has clustered together five
intratypic variant groups: European (E), Asian—American (AA), African-1 (Af-1) and
African-2 (Af-2), and Asiatic (As) (9,10). Recently, HPV-16 variants have been re-
classified into four lineages (A, B, C and D) and nine sublineages (6).

Several studies have correlated HPV-16 variants C and D with persistent
viral infection, which may be followed by malignant lesions outcomes (6). Besides
functional variants with differential oncogenicity and immunogenicity, single
nucleotide polymorphisms (SNPs) may be involved in variant-specific integration
potential (11).

Therefore, the present study was performed to detect major viral types
distribution in HPV-positive Brazilian Northeastern patients, showing the
prevalence of HPV variants in this population and its phylogenetic relationships.
We have also identified polymorphisms in HPV-16 E7 oncogene, which is located
in predicted T and B-cell epitopes sequences. These findings support the
hypothesis that polymorphic HPV genomes are under diversifying evolutionary
pressure leading to variable oncogenicity and immunogenicity in the infected host.
Our results add significant data to research efforts to a better understanding of

HPV types and variants profile in the Brazilian population.

Materials and methods

Study Population and Ethics Statement
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Samples were collected from a cohort of 318 women randomly selected
during their medical appointment at the Gynecology Unit of Clinical Hospital (n=81)
and Oswaldo Cruz University Hospital (n=156) at Recife, Pernambuco State, and
at the Center for Integral Attention to Women’s Health (n=81) at Aracaju, Sergipe
State, both regional hospitals of Northeastern Brazil. This study included women
with abnormal cervical cytology: 74 women with low-grade squamous
intraepithelial lesions (LSIL), 86 women with high-grade squamous intraepithelial
lesions (HSIL), and two women with cervical cancer. This study has been
approved by the Ethics Committee and Research from Federal University of
Pernambuco (CEP/CCS/UFPE N° 491/11), and the Hospital Complex Oswaldo
Cruz (HUOC/PEOCAPE 64/2010) and the Center for Integral Attention to
Women’s Health (CEP/CCS/UFPE N° 491/11). All women signed the informed
consent. Human immunodeficiency virus positive (HIV-positive) patients, pregnant,

or hysterectomized patients not were included in this study.

Total Nucleic Acid Isolation and HPV16 Detection

Cervical cells have been collected by cytobrush technique. Samples were
kept in PBS solution (pH 7.4) during delivery to Laboratory of Molecular Studies
and Experimental Therapy (LEMTE); they were stored at —-80°C. DNA was
extracted using the DNeasy Blood and Tissue Kit (Qiagen), following
manufacturer's instructions.

DNA was amplified by polymerase chain reaction (PCR) by using MDM2
primers to avoid false negative results and to ascertain the quality of DNA samples

(12). HPV screening was carried out by PCR using MY09/MY11 degenerate
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primers, which anneal in L1 gene region (13). HPV typing was performed by PCR
through specifics primers for HPVs 16, 31 and 58.
HPV-16 E7 Gene Analysis by PCR and Sequencing

Sixty-six HPV-16 positive cervical samples were further analyzed by E7
sequence amplification by PCR with the following primers: 5'-
CTCGAGATGCATGGAGATACACC-3’ and 5-
GCGGCCGCATTTCTAGATTATGGTTTCTGAG -3'.

Reactions were performed to 25uL final volume. PCR reaction was
composed by 50ng of DNA template, 20pmol of each primer, and 1X PCR Master
Mix (Promega). PCR cycling conditions were initial denaturation at 94°C for 2
minutes, 35 cycles of denaturation at 94°C for 10 seconds, annealing at 61°C for
20 seconds, elongation at 72°C for 1 minute, and a final extension at 72°C for 5
minutes. PCR products were analyzed by electrophoresis on agarose gel (1.5%).
Amplicons were purified by Invisorb Fragment Cleanup Kit (Invitek), and
nucleotide sequences were determined by fluorescent BigDye Terminator Cycle
Sequencing v 3.1 3500 Genetic Analyzer (Applied Biosystems) to obtain both the
forward and reverse sequences. PCR and sequencing were performed in

duplicate.

Sequence Analysis

Nucleotide sequences were assembled using Pregap4 and Gap4 programs
in Staden package (14). A Phred value above 30 was used as the cutoff for quality
analysis. Subsequently, sequences were aligned with HPV-16 E7 reference
sequence (GenBank Accession Number: K02718) using Basic Local Alignment

Search Tool (BLAST) (15). Multiple sequence alignment was performed by using
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ClustalW algorithm, incorporated in Mega 5.2 software (16). Phylogenetic trees
were constructed using Maximum Likelihood method with Kimura 2-Parameter
evolutionary model and SPR heuristic method using MEGA software version 5.2
(16). Branch support was assessed with 10,000 bootstrap replicates. Four clusters
were identified as lineages A, B, C, and D. Table 1 lists the reference sequences

used in this study.

T and B Cell Epitope Prediction

ProPred-1 (17) and ProPred (18) servers were used to perform T-cell
epitope screening to predict MHC | and Il binding regions, respectively. Bcepred
server (19) was used to predict B-cell epitopes based on amino acid
physicochemical properties (hydrophilicity, flexibility, polarity and exposed

surface). All default parameters were utilized in this analysis.

Diversifying Selection Analysis

Maximum likelihood estimates were used to assess which type of selective
pressure is associated with the polymorphisms found in E7 gene. These estimates
were calculated by using several codon substitution models with CODEML
program, incorporated in Phylogenetic Analysis by Maximum Likelihood package
(PAML) version 4.9c (20).

Initially, the detection of positive (diversifying) selection was carried out by
calculating the parameters of six different models (MO, M1, M2, M3, M7, and M8).
Next, the Likelihood Ratio Test (LRT) was used to verify which model better fits
the data, calculating the difference of likelihood values between nested models.

This likelihood difference follows a chi-square distribution, allowing us to determine
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the statistical significance between the models, which assumes that the degrees of
freedom are given by the difference between the parameters of each model.
Molecular Modeling of HPV-16 E7 Protein

A amino acid reference sequence of HPV-16 E7 protein (GenBank
accession number: AAA46940) was used for the determination of its 3D structure.
A blast search was carried out in Protein Data Bank (PDB) using blastp algorithm
for template selection. However, only small fragments of HPV-16 E7 protein was
obtained.

In this context, an ab initio approach was established to determine the 3D
structure of HPV-16 E7 protein using the Rosetta de novo protocol (21,22).
Molecular modeling was carried out using Robetta server (23). The obtained
models were refined by energy minimization by using ModRefiner (24). The
predicted models were evaluated by PROCHECK (25) for the Ramachandran plot
quality evaluation, Anolea (26), Gromos (27), QMEAN®6 (28), DFire (29), DSSP
(30), and Promotif (31). According to these parameters, the best model was
chosen in order to assess the structural variability.

In order to identify the possible effect of a mutation in the protein tertiary
structure, we used the Protein Variability Server (PVS) (32). This server evaluates
the variability of a set of aligned protein sequences and plots it onto a given 3D-

structure (32).

Results
HPV detection and typing.
Cervical samples were screened with L1 consensus primers. 225 (70.8%)

and of these samples tested positive for HPV DNA. Further genotyping with type-
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specific primers has revealed that 56 (24.9%) samples were positive for HPV-16,
37 (16.4%) positive for HPV-31, and 12 (5.3%) positive for HPV-58. From HPV-
positive samples, 59 have presented more than one HPV type. The results
indicated that HPV-16 and HPV-31 simultaneous presence was the most frequent
(n=48/21.3%), followed by HPV-16 and HPV-58 (n=6/2.7%), and HPV-16, 31 and
58 (n=5/2.2%). HPV type could not be determined in 61 samples.

All 56 HPV16 positive samples were subjected to amplification and
sequencing of the E 7 gene. Of these, 32 samples were excluded because either
they did not produce an amplicon or did not have a reliable sequencing. Thus, 24
samples were analyzed for presence of polymorphisms in the HPV16 E7 gene.
Among these, it was observed that 18 patients (75%) have presented HSIL, four
(16.7%) have shown low-grade squamous intraepithelial lesion (LSIL), and two

(8.3%) have presented cervical cancer

Phylogenetic Analysis

The evolutionary relationships among E7 sequences of HPV-16 were
assessed. The phylogenetic tree has shown a lineage- based clustering of the
isolates, which apparently groups HPV-16 E7 variants into four different lineages
(Figure 1). The phylogenetic tree presents well-supported clusters, making the
HPV-16 variants genotyping possible.

Fifteen isolates could be classified as lineage A, three as lineage B, three
as lineage C, and three as lineage D. This result highlights the diversity of HPV-16

E7 protein in Northeast region of Brazil.

Genetic Variability of HPV-16 E7 Gene
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Comparative analysis of E7 gene with the HPV-16 reference sequence
(K02718) has revealed that eight isolates (33.3%) were HPV-16 E7 variants. Four
different mutations were found in these isolates (Table 2). One non-synonymous
mutation (A647G) has been described as amino acid change N29S. The other
three alterations were synonymous mutations.

For the A647G (N29S) mutation, a T and B-cell epitope prediction analysis
was performed to evaluate its impact on HPV-16 E7 protein immune features. It
was observed that the amino acid change was located in overlapped epitopes
from MHC-I binding site (24-32 CYEQLSDSS - allele HLA-A24; 21-29
DLYCYEQLS - allele HLA-A2.1; 25-33 YEQLSDSSE - alleles HLA-B*51 and
HLA-B*5401) and MHC-II binding site (23-31 YCYEQLSDS - alleles DRB1_0426
and DRB1_0401; 22-30 LYCYEQLSD - alleles DRB1_0817, DRB1_0801 and
DRB1_0806) peptides. The N29S polymorphism is also located inside a B-cell

epitope.

Selective Pressure Analysis

The E7 protein of HPV-16 presented values of w between 0 and 1, which
means that this gene is under selection. The model that best fits the data is the
one that shows higher values of log-likelihood (InL). For E7, two models are
equally good, M2 and M3, with w = 0.1285 (Table 3).

Although HPV-16 E7 protein presented negative or purifying selection, we
could assess whether specific sites of this protein are under positive or diversifying
selection. LRT test indicated the presence of one positively selected site (N29S),
representing a mutation with a high probability of being fixed in the viral population

(Table 4).
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Structural Analysis of HPV-16 E7 Mutations

According to all parameters, the best HPV-16 E7 protein model presented
95.3% of residues in most favored regions in the Ramachandran plot, which
shows that we could get a good model (Figure 2). Expected values for
stereochemical parameters in well-resolved structures have >90% of phi and psi
angles in the core region of the plot. All other quality parameters confirm the
reliability of the model (data not shown).

HPV-16 E7 structure has 98 amino acid residues, composed of one zinc-
binding domain, which consists of two CXXC domains separated by 29 amino acid
residues. A motif LXCXE consists of an alpha helix, which is important to interact
with cellular proteins, such as pRb.

The N29S polymorphism is located in a loop region, right after a small
alpha-helix domain, which contains the LXCXE motif in the N-terminal region of E7
protein (Figure 3). This loop region represents a predicted immunogenic epitope,
showing that the polymorphism might have an important role in the adaptation of

the virus.

Discussion

The present study has been performed in Brazilian Northeastern patients,
whose cervical samples were positive for HPV in 70.8% of cases. HPV-16 was the
most prevalent type, followed by HPV-31 and HPV-58. It was also possible to
detect co-infection with different HPV types in the same sample. The most
frequent HPV type combinations were HPV-16/HPV-31 and HPV-16/HPV-58. Four

HPV-16 E7 polymorphisms have been identified at positions 647 (N29S), 732
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(F57F), 789 (1761), and 795 (T78T). N29S is a non-synonymous mutation at codon
29 that leads to an amino acid replacement in predicted epitopes of T and B-cell
recognition regions. The other three mutations were synonymous. The
phylogenetic tree has clustered the HPV-16 isolates into four different lineages,
which demonstrates the great genetic diversity of E7 gene in the region.

Although the Alphapapillomavirus genus is composed by several high-risk
HPV genotypes, HPV-16 is remarkable as the most common alpha-PV found in
Brazil (33, 34, 35, 36, 37, 38), as well as in the world (39, 40, 41). This fact is in
agreement with previous studies in Northeastern Brazil population (5, 42, 43).
Besides, HPV-31 was pointed as the second most prevalent type found in
Northeast region of Brazil (42, 43,44,45,46,47), and in Southern Europe population
(48).

Multiple infection events are commonly reported (49), and different
combinations of HPV types may be found depending on the studied population. It
is hypothesized that different HPV types may synergistically act in high-grade
lesion progression (50,51,52). It has already been reported that HPV16/HPV18
combination is more related to cervical lesions development risk (46). The high
prevalence of HPV-16/HPV-31 combination detected in our study may suggest
another oncogenic risk situation.

Different lineages could present different pathogenic outcomes. Studies
indicated an increasing risk of 2 to 4-fold for CIN3 and cervical cancer
development in non-European as compared to European lineages
(53,54,55,56,57,58,59). Several studies have shown the association between
HPV-16 lineage D infection and cervical lesion, and cervical cancer development

risk (60,59, 61). Here, we observed all four different lineages (A, B, C, and D) for
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E7 gene in cervical lesions. The most frequent HPV-16 E7 variant was from
lineage A. This result highlights the great genetic diversity of this gene in
Northeastern Brazil. E7 is an essential viral oncoprotein related to cancer
development, and this genetic variability evidences its capacity to adapt and
evolve with different pathogenic outcomes in the host. Although we have found all
these E7 genetic variants, a previous study suggests that HPV-16 E7 gene seems
to be more conserved than E6 gene (62).

Despite previous studies that have detected different HPV-16 lineages in
Northeast region (47), Midwest region (36), and in Southeast region of Brazil (63),
this is the first time that HPV-16 E7 variants was assessed in this country.
Information about E7 gene variability of HPV-16 is still very scarce.

Variations in the genetic sequence of HPV-16 E7 protein may be significant
once they may cause changes in viral protein interaction with host cellular proteins
as well as interfere with pRb degradation pathway (56,44,45). Although HPV-16
E7 is considered a highly-conserved alpha-PV gene (64,65, 66,67,68), our study
has identified four single nucleotide polymorphisms (SNPs) in E7 open reading
frame, known as N29S, F57F, 176l, and T78T, all of them have already been
described (69,70,64,71). One mutation is non-synonymous (N29S - serine
replaced by asparagine), and it was found in two clinical samples (8.3%). The
other three mutations are synonymous, and they were found in the clinical
samples three (12.5%), eight (33.33%), and seven (29.16%) samples respectively.
SNP frequency results were different from those reported by Song et al. (1997),
with HPV-16 positive cervical cancerous and noncancerous lesions obtained from
Korea, in which N29S was found in 60% and the other variants were found in only

16.7% of cases.
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The N29S is a common polymorphism in Asian population (70, 72,71,73).
This E7 polymorphism frequency, however, may be quite different in other regions
of the world, even within vast countries. For example, in China, its frequency may
fluctuate from 14.29% (Southwest China) to 70.21% (Central and Southern China)
(73). The N29S frequency may also be similar between some countries, as it has
been reported in Japan (60%) (70), and Korea (60%) (71). Therefore, while N29S
may achieve high frequency in Asiatic populations, its frequency in Northeastern
Brazil seems to agree with those found in non-Asiatic countries, such as Congo
(23%) (62), and Morocco (29%) (74).

Previous studies have reported oncogenic potential associated to N29S
polymorphism (71). Two of our N29S-positive samples were included into C
lineage (previously referred to as African-2 lineage), while three F57F-positive
samples were classified as D lineage (previously referred as Asiatic-American
lineage). Studies indicated a higher pathogenic potential of non-European
lineages, nowadays called lineages B, C and D, when compared with European
lineage, called lineage A (6). However, as indicated by E7/activated Ras
transforming activity study in cell culture, there is no increase in the HPV-16 E7
transforming potential has been associated with N29S presence (70).

The mutation A647G (N29S) was located in T and B-cell epitopes.
Following Bontkes et al. (75) and Zehbe et al. (66), the presentation of viral
peptides to T-cells may be influenced by HPV polymorphisms and Human
Leucocyte Antigen (HLA) polymorphisms. In HPV-16 E6 oncogene, Ellis et al. (76)
suggested that the R10G variant might alter a B*07 binding epitope that would
interfere with immune recognition by cytotoxic T lymphocytes. The L83V variant

association with HLA-I (B*44, B*51 and B*57) has also been suggested to
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increase from four to five-fold the risk of cancer (77). Therefore, it is possible that
N29S SNP influences the immune recognition of HPV infected cells as well as
evasion from the natural immune response.

In this study, it was observed that N29S SNP was under diversifying
selection, which means that it has a high possibility to be fixed in this viral
population. Adaptive mutations are necessary for viral evolution and adaptation to
the host, showing that this SNP might be relevant for the HPV infection cycle and,
consequently, pathogenicity. Structural analysis revealed that N29S polymorphism
is located in a loop region, right after the LXCXE helix domain. This domain is
responsible for the interaction of E7 protein and pRb, which is a crucial step in
cancer development. HPV-16 E7 variants that present structural alterations in this
region could alter its pathogenicity. Although N29S polymorphism is not located in
the LXCXE motif, its proximity might affect the interaction between E7 and cellular
proteins. However, more studies are needed to confirm this hypothesis.

It is known that novel adaptive mutations could lead the virus to adapt and
evade host immunological system, increasing pathogenicity. Here the
polymorphisms in HPV16-E7 gene were evaluated. These results add important
data on E7 variability, which could contribute to a better understanding of HPV
diversity and infection cycle, relevant to develop more efficient diagnostic and
treatment methods. To the best of our knowledge, this is the first study that

describes the genetic variability of HPV-16 E7 gene in the Brazilian population.
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Figure 1: Unrooted Maximum Likelihood phylogenetic tree of HPV-16 variants
based on E7 gene. Four clusters were identified as lineages A, B, C, and D.
Reference sequences are listed in Table 1. Only bootstrap values above 50% are

represented.
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Figure 2: Ramachandran plot of E7 from HPV-16 displaying 95.3% of residues in

most favored regions.
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Figure 3: Representation of HPV-16 E7 protein. The N29S polymorphism is
represented in the structure (N 29) in a loop region, right after a small alpha-helix
domain (LXCXE) in the N-terminal region of the protein. The alpha helix is

represented in gray, beta sheets in dark gray, and loops in light gray.
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Table 1. Reference genomes used in lineage classification of HPV-16 variants.

Variant Genome Accession HPV Lineages
ID number type
Ref K02718 HPV-16 A
WO0236 AF536180 HPV-16 B
R460 AF472509 HPV-16 C
QV15321 AY686579 HPV-16 D

Table 2. Nucleotide and amino acid changes in E7 gene of HPV-16 isolates

identified in this study based on reference sequence (K02718).

Isolates Nucleotide position in E7 gene  Cervical lesion
647 732 789 795

A T T T
1 HSIL
2 HSIL
3 HSIL
4 LSIL
5 HSIL
6 LSIL
7 HSIL
8 : : HSIL
9 C G HSIL
10 HSIL
11 HSIL
12 : : : LSIL
13 G C G HSIL
14 HSIL
15 HSIL
16 : : : HSIL
17 C C G HSIL
18 C G Cancer
19 . . . Cancer
20 C C G HSIL
21 . HSIL
22 : C : HSIL
23 . C C G HSIL
24 G : C G LSIL
Reference amino acids N F I T
Codon position 29 57 76 78
Amino acids in E7 variants S F I T

N — Asparagine; S — Serine; F — Phenylalanine; | — Isoleucine; T - Threonine.
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Table 3: Selective pressure estimates in E7 gene of HPV-16 based on likelihood,

calculated by PAML program. The model that best fits the data are in bold.

ORF Model InL w= Parameters
dN/dS*
E7 MO - 0.1285 w =0.1285
429.243357
M1 - 0.1284 Po = 0.99999 (p; = 0.00001) wo = 0.12844; w; =
429.242862 1.00000
M2 - 0.1285 po = 1.00000; p; = 0.00000 (p2 = 0.00000) wo =
429.242860 0.12845; w, =1.00000; w, = 1.00000
M3 - 0.1285 po = 0.34372; p; = 0.40336 (p2 = 0.25292) w, =
429.242860 0.12845; w; = 0.12845; w, = 0.12846
M7 - 0.1267 p = 14.39552; q = 99.00000
429.243348
M8 - 0.1285 Po = 0.99999 (p; = 0.00001) p = 14.63292; q =
429.243172 99.00000; ws = 1.00000

* Means that the values were determined from the arithmetic mean.

Table 4: LRT test results for the detection of sites under positive (diversifying)

selection. Values in between parenthesis indicate the posterior probability of the

site to be positively selected.

ORF Model 1 Model 2 LRT Positively selected sites
E7 MO M3  345.913886 -
M1 M2 0.225326 None
M1 M3  160.488580 None
M7 M8 0.000416 29 N (0.866)
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Abstract

BACKGROUND:

Cervical cancer is the third most common neoplasia in Brazilian women.
Epidemiologic studies indicate that high-risk human papillomavirus (HPV)
persistent infection is the major cause of cervical neoplasia. High-risk HPV E7
protein alters various aspects of the human cell cycle. Polymorphisms may lead to
altered biological function with clinical consequences. Besides impairing pRB-
mediated cell cycle control, E7 activities include NF-kB disturbing, which affects an
anti-viral cellular critical pathway. In this study, we have performed one of the first
NF-kB activity-based functional analysis of HPV16 E7 polymorphisms.

METHODS:

E7 synthetic genes have been designed with three HPV-16 E7 variants (N29S,
I761 and T78T) simultaneously, with only one of each, or without any of them.
These E7 genes have been cloned into pcDNA3.1 vector, and plasmids have
been called all variants, N29S, 1761, T78T and 16 E7 Reference. HEK- 293 cell
groups were co-transfected with an NF-kB-dependent firefly luciferase reporter,
known as (kB)3-Luc plasmid, and a Renilla luciferase-expressing plasmid, as
luminescence normalizer. NF-kB activity was measured by GloMax® 96
Microplate Luminometer. Statistical analysis were performed using ANOVA,; p <
0.05 was considered significant. In addition, in order to access E7 mRNA
expression levels from cell cultures, 24 hours post-transfection, total RNA were
obtained and cDNA has been synthetized. Gene expression was normalized with
GAPIIA)AI—é and ACT as the reference genes and the gene expression was calculated
by 27°°%9,

RESULTS:

Our results have shown that HPV-16 E7-expressing cells, with all variants, have
dramatically reduced NF-kB pathway activity, in comparison to 16 E7 Reference-
expressing cells (NF-kB activity control group). However, none of the E7 synthetic
genes with only one variant have shown significant NF-kB pathway disturbance.
N29S containing E7 mRNA expression was 9-fold higher than 16 E7 ref.-
expressing cells, while none of the others E7 synthetic genes with only one variant
have an E7 mRNA expression 2-fold higher than 16 E7 ref.-expressing cells.
Despite the most potent effect on NF-kB pathway, all variants-containing E7
MRNA expression were only 2.2-fold higher than 16 E7 ref.-expressing cells.

CONCLUSION: HPV-16 E7 gene variants in which the three polymorphisms are
present may perform a strong suppressive effect on the NF-kB pathway in HPV-
infected patients with implications for infection persistence and it's progression.
However, the changes resulting from the polymorphisms may not necessarily be
related to the differential expression levels of the variants.
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1. Introduction

Human Papillomaviruses (HPVs) are one of the most studied viral causes to
human cancer. Oncogenic HPV infection cycle are able to establish persistent
infection, which is directly associated with high-grade cervical neoplasia formation
(Rositch et al., 2013). High risk HPV-related carcinogenesis is promoted by E6
and E7 viral oncoproteins, whose mainly activities impairs two main tumor
suppressor gene products function, TP53 and Rb, respectively (Leemans,
Braakhuis and Brakenhoff, 2011). However, there is a set of E6 and E7 roles that
affect many others cell regulation key-proteins. For example, high-risk HPV E7
proteins can bind to cyclin/cdk kinases p21CIP1 and p27KIP1; both are two well
known activators of Rb with critical roles in cell cycle progression, differentiation
and cell death (Zerfass-Thome et al., 1996; Funk et al. 1997). On the other hand,
high-risk HPV E6 proteins bind to a large variety of PDZ cellular proteins, which
include proteins of cell signaling, cell adhesion, tight-junction integrity, molecular
scaffolding for protein complex assembly, and possibly tumor suppressor activity
(Glaunsinger et al., 2000).

Many viruses, including HPV, have acquired mechanisms to interfere in
innate host-cell defense pathways, as showed by Thompson et al. (2001). TNF-a-
dependent activation of pro-caspase 8 in HPV16 E7-expressing fibroblasts was
severely decreased, which indicates a possible mechanism of infected cells that
reach apoptosis resistance. However, it is also feasible that less studied functions
of E7 oncoprotein may impair more signaling pathways, which are important in
host cell anti-viral state development.

NF-kB is an essential pathway to appropriate immune functions (Hayden
and Ghosh, 2012). NF-kB promotes pro-inflammatory cytokines gene transcription,
such as interleukins (IL-1, IL-6, and IL-8) and TNF-q, cell adhesion molecules like
E-selectin, ICAM-1 and VCAM-1 (Hoesel and Schmid, 2013).

There are two distinct signaling pathways to NF-kB activation, a canonical
and a non-canonical (Gilmore, 2006). The canonical pathway is largely
responsible for regulation of inflammation as well as proliferation and apoptosis of
lymphoid cells during an immune response (Hoesel and Schmid, 2013;Perkins,
1997). Stimulation of this pathway by pro-inflammatory cytokines, such as TNF-q,
activates phosphorylation of an IKK complex, consisting of IKKa, IKKB and two
NEMO subunits (Sun, 2011). Inhibitor IKKB phosphorylation leads to its
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degradation, which releases NF-kB that enters the nucleus and exerts its function
as a transcription factor. The outcome of this chain activation is the expression of
inflammatory genes (Hayden and Ghosh, 2008).

Besides controlling the innate and acquired immune response, NF-kB
signaling has a crucial role in cell behavior such as apoptosis, cell adhesion,
proliferation, development, cell differentiation, and the cellular stress response
(Chen and Greene, 2004; Perkins, 2007).

Oncogenic HPV E7 oncoproteins impairs Rb protein family function, leading
to continuous DNA replication and cell immortalization. In addition, previous
studies showed that HPV16 E7 protein interfere in NF-kB signaling by direct
interaction with IKKa and IKKB subunits, which causes NF-kB signaling-related
activities decreasing in U20S cells (Spitkovsky et al., 2002). Even under TNF-a
stimuli, HPV16 E7-expressing U20S cells were less responsive, exhibiting
attenuated NF-kB signaling (Byg et al., 2012).

Our unpublished data has detected polymorphisms into HPV-16 E7
oncogene from high-risk variants in Brazilian Northeastern patients. Although
several reports indicate association between some HPV variants and poor
prognosis of cervical cancer (Freitas et al., 2014; Schiffman et al., 2010; Villa et
al., 2000; Zehbe et al., 2009) , only a handful of functional studies has tested
polymorphic HPV genes, such as high-risk HPV E7. Therefore, the present study
assessed polymorphism-related functional effects on the relationship between NF-
KB signaling pathway and the high-risk HPV E7 expression in cell culture.

2. Materials and methods
2.1. Analysis of E7 HPV16 by PCR and Sequencing

HPV16 E7 positive cervical samples were analyzed by E7 gene sequence
amplification by PCR using the following primers: 5'-
CTCGAGATGCATGGAGATACACC-3’ and 5'-
GCGGCCGCATTTCTAGATTATGGTTTCTGAG -3'. PCR conditions were carried
out as described in Lima et al. (2017) (submited).

PCR products were analyzed by electrophoresis in agarose gel (1.5%).
Afterwards, amplicons were purified by Invisorb Fragment Cleanup Kit (Invitek)
and nucleotide sequences were accessed by fluorescent BigDye™ Terminator

Cycle Sequencing using v 3.1 Ready Reaction ABI PRISM (Applied Biosystems)
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to obtain both forward and reverse sequences. PCR and sequencing were
performed in duplicate.

2.2. Plasmid constructs and cloning

Polymorphic E7 gene, which contains single nucleotide polymorphisms
(SNP) in positions 647, 789 and 795 (Figure 1), called respectively N29S, 176l and
T78T (Eschle et al., 1992; Fujinaga et al., 1994, Icenogle et al., 1991; Song et al.,
1997) has been amplified from HPV16-positive clinical samples and cloned into
PGEM-T TA-cloning vector (Promega®). BamHI, Hindlll and EcoRl restriction sites
have been inserted at polymorphic E7 gene flanks, which allows cloning into
pcDNA3.1 mammal expression, called “All variants” plasmid. Similarly, three
versions of polymorphic E7 gene were design, each one containing only one
variant, and they were cloned into pcDNA3.1 vector, which has generated the
constructs N29S, 1761 and T78T. The empty plasmid, pcDNA3.1, and an HPV-16
E7 reference E7-containing plasmid (16 E7 Ref.), which does not have N29S, 176l

and T78T SNPs, have been used as control.

position [N NN N ——
AB4T G T7E9C T7956G

aminoacid | Asparagine Isoleucine Threonine

change (neutral)—= (apolar)—= (polar)—=
Serine Isoleucine threonine
(neutral) (apolar) (palar)

Figure 1: Nucleotide position and amino acid change description of E7THPV16 based on
the reference sequence (NC_001526).

2.3. Cell culture, transfection, and TNFa stimulation

Human embryonic kidney cells (HEK-293) were cultured in Dulbecco’s
Modified Eagle Medium (DMEM) 1885 supplemented with 1%
penicillin/streptomycin (5,000 U/ml), 2 mM I-glutamine, 10% FBS and 10%
tetracycline approved FCS in 37°C in humidified air atmosphere with 5% CO..
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Cell transfection was performed using Polyfect reagent (Qiagen), according
to manufacturer’s protocol. Cells were incubated with TNFa (10 ng/ml) for 6 hours.
Stimulation was broken by replacing the medium with cold PBS, followed by cell
lysis using Passive Lysis Buffer (Promega, Madison, WI, USA), and stored at -
80°C.

2.4. Luciferase assays

HEK-293 cells were seeded in 6-well plates at 5x10° cells per well. All cell
groups were co-transfected with an NF-kB-dependent firefly luciferase reporter
construct with three NF-kB binding sites (kB) upstream of the luciferase gene,
(xB)3-Luc (1pg) (BCCMTM/LMBP, Gent, Belgium) and a renilla luciferase-
expressing plasmid (1 ng), as luminescence normalizer. Twenty four hours after
the transfection, cells were incubated with TNFa (10 ng/ml) during 6 hours. Groups
of HEK-293 cells were transfected with 0.4 pmol of each polymorphic E7 contruct
(All variants, N29S, 1761 and T78T), HPV-16 E7 reference (16 E7 Ref.) or
pcDNA3.1 empty vector. NF-kB activity was measured by GloMax® 96 Microplate
Luminometer (Promega®) using dual luciferase reporter assay system (Promega).
In order to ensure comparable transfection efficiencies, results were normalized by
renilla firefly luminecense. The readings for firefly and renilla were normalized to
protein levels detected in the sample by Bradford protein assay, and the fold

activation was determined by assigning 1 to the empty vector.

2.5. Real Time gPCR

Total RNA was obtained by RNeasy mini kit (Qiagen) and cDNA has been
synthesized by Improm® Reverse Transcription kit (Promega), according to
manufacturer’s instructions. gPCR reactions were performed by QuantiTect SYBR
Green® PCR kit (Qiagen) and primers and cDNA concentrations were the same
as the ones described by Leitdo et al., (2014). The cycle protocol was 95°C for
15min, 40 denaturation cycles at 95°C for 10s and reference genes annealing at
55°C for 30s, while E7 gene annealing at 60°C. Melting curve protocol has
gradually varied from 65 to 95°C.

Gene expression normalization has adopted GAPDH and ACT reference

genes. Each reaction was performed in three biological replicates including a
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negative control for each gene. Gene expression was calculated according to
Livak and Schmittgen, (2001).

2.6. Statistical analysis

Statistical analysis was used the software GraphPad Prism (version 6.0).
Normality test D'Agostino-Pearson was used to check the distribution of the data
for the luminescence data. Statistical analysis was performed using the one-way
analysis of variance (ANOVA) followed by Bonferroni correction post-test. p < 0.05

was considered significant.

3. Results
3.1. HPV16 E7 containing all variants (N29S, 1761 and T78T) attenuates NF-kB
activity

In order to investigate the effect of polymorphic E7 and each one of its
variants on NF-kB pathway, HEK-293 cells were transfected with four versions of
variants E7-coding plasmid (All variants, N29S, 1761 and T78T). Their effects on
NF-kB pathway were compared with those found in HPV-16 E7- Reference
expressing cells (16 E7 Ref.), which were transfected with empty plasmid-
transfected cells.

In this study, we evaluated the influence of HPV16 E7 variants on HEK-293
NF-kB pathway. Expression of HPV16 E7, that presents simultaneously the three
variants, N29S, 1761, T78T, has dramatically reduced NF-kB pathway activity to
50-fold below NF-kB pathway activity of the cell con