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RESUMO

Introducéo. A infeccdo por Papilomavirus humano (HPV) esta relacionada
a doencas benignas e malignas, sendo o grau de patologia dependente
do tipo viral, da resposta imune do hospedeiro e de fatores ambientais. O
condiloma acuminado sdo lesGes hiperproliferativas benignas
encontradas principalmente em epitélios ndo queratinizados. O objetivo
deste estudo foi identificar genes e vias celulares associadas as
alteracdes imunes em individuos que néo eliminaram espontaneamente o

virus e, assim, desenvolveram verrugas genitais. Material e Métodos.

Vinte e sete bidpsias de condiloma foram genotipadas por
sequenciamento direto e seus cDNAs foram organizados em trés pools -
HPV 6, HPV 11 e pool HPV negativo (margem). Noventa e dois genes
relacionados a resposta imune foram analisados por meio da metodologia
de TagMan Array. Seis genes com expressao diferencial obtidos a partir
do ensaio de expressao foram validados por qPCR. Além disso, cinquenta
e seis amostras parafinadas de condiloma foram submetidas a imuno-
histoquimica com anticorpos primarios para CDla, FOXP3, CD3, CD4,
CD8 e interferon gama (IFNG). Resultados. Todas as vinte e sete
amostras foram HPV positivas e apresentaram HPV 6 (70,4%) ou HPV 11
(29,6%). A analise de expressdo génica resultou em 31 genes
diferencialmente expressos em lesdes de condiloma acuminado. Seis
desses genes tiveram a expressao validada por gPCR. O gene GZMB foi
regulado positivamente em 63% das amostras, enquanto o IFNG, IL12B e
IL8 foram superexpressos em 81,5%, 55,5% e 78% respectivamente. Por
outro lado, o gene NFATC4 apresentou baixa expressdao em 63% das
amostras e IL7 em 30% delas. As andlises imuno-histoquimicas
mostraram maior abundancia de leucdcitos polimorfonucleares em todas
as amostras. Células de Langerhans e células T reguladoras (Tregs)

foram encontradas em poucas bidpsias de condiloma acuminado.



Conclusdo. A grande quantidade de leucécitos polimorfonucleares,
citocinas pro-inflamatérias e reducdo de células de Langerhans
observadas neste trabalho sugerem uma tentativa de resposta imune que

falha em induzir eficientemente uma resposta adaptativa.

Palavras-chave: HPV, condiloma acuminado, resposta imune.



ABSTRACT

Background. Human papillomavirus (HPV) infection is related to several
benign and malignant diseases, the pathology degree is dependent of viral
type, host immune response and local environmental factors. Condyloma
acuminate are benign proliferative disease, a category of anogenital warts,
found mainly on non-keratinized epithelia. The aim of this study was
highlight candidate genes and pathways associated with the immune
changes in individuals that not eliminated spontaneously the virus and
thus developed genital warts. Methods. Twenty-seven condyloma biopsies
were genotyped by sequencing and their cDNAs were arranged in three
pools - HPV 6, HPV 11 and HPV negative pool (margin). Ninety-two
immune-related genes were analyzed by TagMan Array Immune
Response assay. Six genes with differential expression in the TagMan
Array were validated by gPCR. Fifty-six condyloma paraffin-embedded
were submitted a immunostaining with primary antibodies to CDla,
FOXP3, CD3, CD4, CD8 and interferon gamma (IFNG). Results. All the
twenty-seven samples were HPV positive and presented HPV 6 (70,4%)
or HPV 11 (29,6%). Gene expression analysis (TagMan Array) resulted in
31 differentially expressed genes in condyloma acuminate lesions. Six of
these genes had the expression validated by gq°PCR. The GZMB gene was
up-regulated in 63% of the samples, while IFNG, IL12B and IL8 were
upregulated in 81.5%, 55.5% and 78%, respectively. On the other hand,
the NFATC4 gene was down-regulated in 63% of the samples and IL7 in
30% of them. The immunohistochemical analyzes showed greater
abundance of polymorphonuclear leukocytes in all samples. Langerhans
and regulatory T cells were found in few biopsies of condyloma acuminate.
Conclusion. The large amounts polymorphonuclear cells, cytokines and
lack of Langerhans cells observed in this work suggest an attempt immune

response that fails to induce efficiently an adaptive response.



Keywords: HPV, condyloma acuminate, immune response.
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1. INTRODUCAO

1.1. Papilomavirus

Os papilomavirus (PV) sdo virus que infectam o epitélio dos
vertebrados, como aves, répteis e mamiferos, podendo permanecer
assintomaticos ou desencadear o desenvolvimento de neoplasias
(BERNARD et al., 2010). Possuem um capsideo icosaédrico de 52—-55 nm
e DNA dupla fita circular com genoma entre 6,953 pares de bases (bp)
(Chelonia mydas papillomavirus type 1) a 8,607 bp (Cotton rabbit
papillomavirus type 1) (DUNOWSKA et al., 2014; VAN DOORSLAER,
2013). O gene L1, um dos 8 genes tipicamente presentes neste genoma,
€ responsavel por codificar a proteina principal do capsideo e possui alto
nivel de conservacdo de sua sequéncia nucleotidica, dessa forma
homologias em sua sequéncia sao utilizadas na classificacdo e
construcao de filogenias dos PVs (FAUQUET et al., 2005).

Novos papilomavirus sdo reconhecidos quando a sequéncia de
nucleotideos da regido L1 diverge em mais de 10% dos outros tipos ja
conhecidos. Diferencas na identidade de L1 entre 2% e 10% definem um
novo subtipo, e aqueles com menos de 2% de diferenca de nucleotideos
identificam variantes moleculares de HPV (BERNARD, 2005; DE
VILLIERS et al.,, 2004). No entanto, entre variantes moleculares a
variabilidade de nucleotideos pode ser de até 5% na LCR, sendo esta
regido gendbmica comumente utilizada para caracterizacdo de variantes
(HO et al., 1993).

Os PVs pertencem a familia Papillomaviridae e apresentam
tropismo por tecido epitelial e mucoso. Mais de 280 tipos de PVs foram
descritos sendo que destes mais de 200 infectam humanos e sé&o
conhecidos como Papilomavirus Humano (HPV) (MUNDAY, 2014).
Estudos baseados em filogenia molecular sugerem que estes virus se
originaram na Africa e se disseminaram para todos os continentes

(BERNARD, 1994). A domesticacao animal favoreceu a transmissao dos
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PVs e, com isso, novas estratégias de adaptacdo foram necessérias para
garantir a infeccao e coevolucdo com novos hospedeiros (GOTTSCHLING
etal., 2011; GOTTSCHLING et al., 2007).

1.2. Papilomavirus Humano (HPV)

Os HPVs pertencem aos géneros Alphapapillomavirus, HPVs que
infectam preferencialmente mucosa oral ou anogenital em humanos e
primatas; Betapapillomavirus; Gammapapillomavirus; Nupapillomavirus e
Mupapillomavirus, HPVs que infectam preferencialmente pele de
humanos (FAUQUET et al., 2005).

O genoma do HPV, com aproximadamente oito mil pares de base,
possui oito sequéncias abertas de leitura, do inglés open reading frames
(ORFs), as quais codificam seis proteinas precoces (E1, E2, E4, E5, E6 e
E7), associadas com a regulacdo dos genes virais e transformacao
celular, e duas tardias (L1 e L2), que originam o capsideo viral
(KUMARASWAMY; VIDHYA, 2011; PALEFSKY; HOLLY, 1995) (Figura
1). Existe ainda uma regiao regulatoria, ndo codificadora, de 400 a 1.000
pares de bases que é conhecida pelas denominac¢des long control region
(LCR) ou upper regulatory region (URR), situada entre os genes L1 e E6
(TYRING, 2000).

Os HPVs sao classificados como cutdneos ou mucosos de acordo
com o sitio de infeccdo (BERNARD et al., 2010). Os tipos mucosos
possuem diferencas genotipicas, decorrentes de alteracdes na sequéncia
de bases de E6 e E7, que permitem classifica-los como de baixo risco,
risco intermediario ou alto risco oncogénico (TANG, 2002). A infeccéo por
HPVs de alto risco, com tropismo por tecido mucoso (HPV 16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, e 68) (JOSHI et al., 2014), pode sofrer
progressao neoplasica para lesdes intra-epiteliais de alto grau e canceres,
especificamente de colo de utero, peniano, anal e orofaringe. No entanto,

infeccbes por HPV de baixo risco, como HPV 6 e 11, raramente
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desencadeiam carcinogénese, sendo responsaveis por lesdes benignas
(HAWLEY-NELSON et al., 1989).

Em muitas populacbes, mais de 50% das mulheres (até 80%)
(EINSTEIN et al.,, 2009; MYERS et al., 2000) e homens sexualmente
ativos sao infectados por HPV em algum momento da vida (GIULIANO et
al., 2008). Os HPVs de alto risco sao frequentemente associados a
diversos canceres, como o de colo de Utero, um dos principais tipos de
cancer que causam a morte de mulheres em todo mundo (ARBYN et al.,
2011; COGLIANO et al., 2005). Infecgbes com os tipos de HPV de baixo-
risco, como o HPV 6, 11 e 42, estéao ligadas a lesdes benignas, como as
verrugas e papilomas, as quais nao tem risco de transformacao
carcinogénica (JOSHI et al., 2014; PARK et al., 2014).

O grau da patologia desencadeada pelo HPV depende do tipo viral,
da resposta imune do hospedeiro e de fatores ambientais. A maioria das
infeccdes sao transientes, com cura espontanea dentro de um ano em 60
a 70% dos casos e em 2 anos em 91% dos casos (GRAVITT, 2011,
RODRIGUEZ et al., 2008).

No Brasil, foram relatados 16.340 novos casos de cancer de colo
de atero somente no ano de 2016 (INCA, 2017). Embora a maioria das
infeccdes por HPV sao eliminadas espontaneamente, as lesbes cervicais
podem se desenvolver em mulheres com infeccdo persistente por HPVs
de alto risco (VILLA, 2003). Entre os HPVs de alto risco, o HPV 16 é o
mais frequente em cancer cervical, sendo detectado em mais da metade
dos casos (ZUR HAUSEN, 2009).
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Figura 1. Reconstrucdo por criomicroscopia eletrbnica do capsideo
icosaédrico do Papilomavirus humano (A) e do genoma de HPV 16 (B).
Adaptado de Buck, Day e Trus (BUCK; DAY; TRUS, 2013) (A) e de
Rautava e Syrjanen (RAUTAVA; SYRJANEN, 2011) (B).

Regulacdo da expressio » Transff:rmagéo e
génica e replicacdo viral interrupgdo do controle
do ciclo celular
LCR E6E7,
L1 Replicagdo do DNA
Proteina maior epissomal
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6000  HPV-16 E1
Proteina menor |
do capsideo Amplificagdo do
L2 genoma viral
E2
transcrigdo viral

Proteina de
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de membrana

E1-E7:Regido de genes precoces

Replicacdo do DNA
LCR: Long Control Region ES SRCAER 20 N
regulacdo da
p97: Promotor
L1 e L2: Regido de genes tardios

1.3. Ciclo replicativo e patogénese

O ciclo replicativo do Papilomavirus humano esta fortemente ligado
a diferenciacdo celular dos queratinocitos do hospedeiro. A entrada do
HPV no corpo humano requer um ferimento epitelial que permita que o
virus entre nas camadas basais do epitélio (SYRJANEN; SYRJANEN,
2000). Eventos no inicio da préfase do ciclo celular, como desintegracao
do envoltério nuclear, sédo criticos para estabelecimento da infeccdo por
HPV, por isso o Papilomavirus Humano infecta somente células do
epitélio basal (células ndo diferenciadas em processo de divisdo) (PYEON
et al., 2009).

Apés a infeccdo, o virus se estabelece como um epissomo no
nacleo, com baixo nimero de copias. Neste estagio, a replicacédo viral €
considerada néo produtiva; proteinas E1, E2, E6 e E7 sdo expressas em
niveis baixos e os virions ndo sao formados (RAUTAVA; SYRJANEN,
2011). A medida que as células infectadas se diferenciam e atingem

camadas superiores do epitélio, o virus inicia a fase produtiva de seu ciclo



20

replicativo, caracterizada pela replicacdo do epissomo viral em mais de
1000 cépias por célula (LEHOUX et al., 2012). Os niveis de proteinas
virais necessérias a replicacdo aumentam (E1, E2, E4, E5) e proteinas do
capsideo (L1 e L2) sdo produzidas em células epiteliais maduras. Nas
células terminalmente diferenciadas, o DNA viral é empacotado em
capsideos e liberado na superficie do epitélio. As infec¢des persistentes
por HPV aumentam a possibilidade de transformacao, levando primeiro a
imortalizacao celular e mais tarde a malignidade (RAUTAVA; SYRJANEN,
2011).

A integracdo do genoma do HPV no cromossomo da célula
hospedeira representa um evento frequente durante a progressédo maligna
em infecgbes por HPV de alto risco. Aparentemente ndo existem hotspots
para integracdo do genoma viral no cromossomo do hospedeiro
(ZIEGERT et al., 2003), entretanto, em 40% dos canceres de colo de
Utero a integracdo do genoma viral ocorre em regides transcricionalmente
ativas, resultando na perda da expressao génica (KRAUS et al., 2008;
SCHMITZ et al., 2012).

A integracdo frequentemente leva a delecbes nas sequéncias
virais. As proteinas E6 e E7 sdo proteinas virais consistentemente
expressas em carcinomas cervicais (BAKER et al., 1987). A expressao
dos genes E6/E7 € desregulada apods integracdo do genoma viral, devido
a frequente perda do repressor transcricional, E2. Além disso, a
integracdo do DNA viral no genoma da célula hospedeira leva ao aumento
da estabilidade do RNAm codificado pelos oncogenes E6/E7, contribuindo
para o aumento da expressdo dessas proteinas (JEON; LAMBERT,
1995).

Um dos mecanismos bem documentados pelo qual os HPVs de
alto risco causam cancer de colo de Utero € a inativacdo do supressor de
tumor retinoblastoma (Rb), mediada pela proteina E7, que desencadeia
progressdo do ciclo celular (JONES; THOMPSON; MUNGER, 1997).

Entretanto, este ndo € o Unico mecanismo de imortalizacao celular pelos



21

HPVs de alto risco. A proteina viral E6 estimula a degradacdo de p53, um
supressor de tumor. E6 complexada com a proteina de associacdo a E6
(E6-AP) funciona como ubiquitina ligase e desencadeia a ubiquitinacao de
p53 para degradacédo (SCHEFFNER et al., 1993).

Além da degradacao de p53, a proteina viral E6 interfere na funcéo
de enzimas chaves de regulacdo epigenética. A atividade de histonas
metiltransferases em promotores responsivos a p53 é importante para
interacdo desse supressor de tumor com a cromatina e ativacao da
transcricdo de genes (HSU et al., 2012). Entretanto, em células infectadas
por HPV, a proteina E6 interage com essas enzimas e inibe sua funcéo,
desencadeando a repressédo de genes controlados por p53, como genes
apoptoéticos. Em adicdo aos efeitos de proliferacdo celular, E6 e E7
interferem em componentes especificos da resposta imune inata, inibindo,
por exemplo, NF-kB e facilitando a persisténcia da infeccédo e
imortalizacao celular (VANDERMARK et al., 2012).

A proteina E6 também participa da regulacdo transcricional de
alguns genes, positivamente ou negativamente, por mecanismos
dependentes ou independentes de p53 (CULLMANN et al., 2009;
PARROCHE et al.,, 2011; VELDMAN et al.,, 2001). A regido carboxi-
terminal da proteina E6 de todos HPVs de alto risco possui um dominio,
conhecido como PBM, capaz de reconhecer e se ligar a proteinas
humanas com dominios PDZ (LEE; WEISS; JAVIER, 1997) e

desencadear alteracdes no ciclo celular (STUQUI et al., 2016).

1.4. Condilomaacuminado

O condiloma acuminado (CA) também conhecido como verrugas
genitais refere-se a lesGes benignas atribuidas principalmente a infecgéo
pelos HPVs do tipo 6 e 11, embora a co-infeccdo com HPVs de alto risco
seja possivel (BROWN et al., 1999; STUREGARD et al., 2013). Os CAs
sdo uma categoria de verrugas anogenitais que se desenvolvem em

epitélio ndo queratinizado, caracterizadas como papulas Unicas ou
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multiplas na vulva, perineo, area perianal, &nus, vagina, cervix, pénis,
escroto e uretra (PATEL et al.,, 2013). Representam o tipo de doenca
sexualmente transmissivel (DST) mais comum, sendo que até 20% dos
individuos portadores de verrugas genitais podem apresentar outros tipos
de DSTs (LEONARD et al., 2014).

Além da infeccdo por HPVs do tipo 6 e 11, mdltiplos parceiros
sexuais, relacbes sexuais ndo protegidas, histéria de infeccdes
sexualmente transmissiveis, tabagismo, uso de contraceptivos orais e
imunodeficiéncia sédo fatores de risco para o condiloma (NELSON;
STOCKDALE, 2013). Embora o uso correto do preservativo possa
diminuir a transmisséo do HPV, a protecao néo € totalmente eficiente uma
vez que o HPV pode infectar areas ndo cobertas pelo latex do
preservativo (MANHART; KOUTSKY, 2002; WINER et al., 2006).

Esse tipo de lesdo pode ser assintomatica, entretanto, pacientes
gque desenvolvem CA frequentemente relatam dor, prurido ou
sangramento. A doenca em sua forma latente pode se tornar ativa,
principalmente na gestacdo e imunossupressao (LEONARD et al., 2014).
Geralmente ha um longo periodo de incubacédo viral, sendo que o
aparecimento clinico das verrugas genitais pode ocorrer somente apos
2,9 meses da infeccdo, o que facilita a transmissao viral para novos
parceiros sexuais (WINER et al., 2005).

Em 30% a 40% dos casos de condiloma nao tratados ocorre
regressdo, nos demais casos a lesdo pode permanecer inalterada ou
aumentar o tamanho e numero das verrugas genitais. As terapias
disponiveis envolvem destruicdo da lesdo por meio de podofilox,
crioterapia, acido bicloroacético ou tricloroacético, excisdo cirurgica ou
modulacdo imunolégica. Entretanto, mesmo apdés o tratamento o indice de
recorréncia das lesdes é alto (13 a 65%) (HU; GOLDIE, 2008).

O diagnéstico de CA é feito principalmente na rotina clinica por
analise visual, somente nos casos de diagnéstico incerto ou de lesdes

7

gue ndo respondem a terapia a amostra € submetida a analise
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histopatologica (GORMLEY; KOVARIK, 2012). Embora os condilomas néo
representem altas taxas de morbidade e mortalidade, estdo
frequentemente associados a desconfortos médicos e psicolégicos
durante o diagnéstico e tratamento (NELSON; STOCKDALE, 2013).

1.5. Transmisséo e prevencao

A transmissdo de HPVs do tipo cutaneo envolve contato fisico
entre verrugas presentes na regido epitelial queratinizada e pele normal,
gerando microlesGes que permitem o alcance do epitélio basal pelas
particulas virais. A liberacdo dos virions inclui uma combinagcdo de
filamentos de queratina, a atuacdo da proteina viral E4, além de
proteases do hospedeiro (DOORBAR, 2013; SINGH et al., 2012). Da
mesma maneira, as infec¢ées por HPV do tipo mucoso ocorrem apos o
desenvolvimento de microabrasdes na regido genital e anal durante as
relacbes sexuais. A maturacdo vertical dos queratindcitos infectados
completa o ciclo replicativo viral culminando com a liberacdo dos virions
nas camadas superiores das verrugas (CHRISTENSEN, 2016). O uso de
preservativo € recomendado, entretanto, o grau de protecdo oferecida
pelo latex ndo é claro (MANHART; KOUTSKY, 2002; WINER et al.,
2006).

Durante a gestacdo, a proliferacdo de verrugas genitais pode
ocorrer como consequéncia da imunosupressao induzida pela gravidez.
Entretanto, a rota de transmissdo vertical ndo € completamente
compreendida (KENNEDY; BOARDMAN, 2008; SANCHEZ-TORICES;
CORRALES-MILLAN; HIJONA-ELOSEGUI, 2016). Nao existem
evidéncias que o parto cesariano evite transmissdo viral e previna o
desenvolvimento de doencas causadas pelo HPV, como a papilomatose
respiratoria infantil. Dessa forma, o Centro de Controle e Prevencédo de
Doencas (CDC/EUA) recomenta cesariana somente nos casos em que as

verrugas genitais estejam obstruindo o canal de parto ou que oferegcam
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risco de sangramento excessivo durante o parto vaginal (KENNEDY;
BOARDMAN, 2008).

Sabe-se que o tratamento dos CAs reduz a quantidade de
particulas virais no epitélio, diminuindo assim a transmissdo do HPV, uma
vez que a infectividade desse virus esté relacionada com a carga viral
(BURCHELL et al., 2006). Entretanto, mesmo depois da erradicacao das
verrugas, 0 paciente pode continuar com o virus latente no seu epitélio
(GORMLEY; KOVARIK, 2012). Neste periodo de laténcia a transmissao
pode ocorrer sem a presenca de lesdes visiveis (GOON; SONNEX, 2008).

A vacinacdo é considerada a melhor forma de prevencao, controle
e erradicacdo de doengas virais (RIBEIRO-MULLER; MULLER, 2014).
Desde 2006 duas vacinas baseadas em VLPs (particulas semelhantes a
virus) utilizando a proteina L1 do HPV estdo disponiveis no mercado
(ARALDI et al., 2017). Cervarix (Glaxo-Smith Klein - GSK) € uma vacina
bivalente capaz de conferir protecdo contra os HPVs de alto risco 16 e 18.
Ja a vacina Gardasil (Merck) confere protecao contra quatro tipos de HPV,
dois de baixo risco (HPV 6 e 11) e dois de alto risco (HPV 16 e 18)
(RIBEIRO-MULLER; MULLER, 2014).

A producdo de anticorpos contra HPV é maior apos vacinacao
guando comparado com uma infeccdo natural (OLSSON et al.,, 2009;
VILLA et al., 2005). Além disso, mesmo em pacientes HPV positivos ha
protecdo contra lesdes cervicais, anogenitais e de laringe associadas ao
HPV apo6s administracdo da vacina quadrivalente (OLSSON et al., 2009;
TJON PIAN Gl et al., 2016). Estudos reportam 100% de protecédo contra
lesbes associadas ao HPV, como verrugas genitais e lesbes pré-
cancerosas no colo do utero, vagina e vulva apds administracao profilatica
de trés doses da vacina quadrivalente (SATTLER, 2005; (VILLA et al.,
2006). Dessa forma, espera-se que a vacinacdo de adolescentes e
adultos jovens resulte em grande reducdo dos canceres associados ao
HPV, além das neoplasias intraepitelias de diferentes graus e verrugas
genitais (VILLA et al., 2006).
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1.6. Respostaimunolégica

Os queratindcitos, células consideradas sentinelas na resposta
imune inata, expressam Receptores de Reconhecimento de Padrdes
(PRR) que reconhecem DNA ou RNA viral (NESTLE et al., 2009). Esses
receptores, conhecidos como Tool-like Receptors (TLRS) sdo expressos
na superficie celular ou em endossomos e reconhecem padrbes
moleculares associados a patégenos (PAMPs). Os TLRs presentes em
endossomos sdo essenciais no controle de infecgbes virais, por meio do
reconhecimento do acido nucleico viral, sendo o TLR-9 responsavel por
reconhecer DNA dupla fita rico em regides CpGs (NASU; NARAHARA,
2010). A ativacdo desses receptores promove a producdo de citocinas
gerando um microambiente pro-inflamatorio (YANG et al., 2005).

Em uma infeccdo cutanea viral genérica a ligacado nos TLRs resulta
na producéo de interferon (IFN) tipo | e citocinas pré-inflamatorias via fator
regulatorio de IFN (IRF) e fator nuclear kappa-light-chain-enhancer de
células B ativadas (NFkB), ativando diferentes vias imunoldgicas (MA;
MELIEF; VAN DER BURG, 2017).

As células de Langerhans, principal subtipo de células dendriticas
encontradas no tecido epitelial, tem papel essencial em recrutar a
resposta imune inata e adaptativa para eliminar o patdégeno (PAHNE-
ZEPPENFELD et al., 2014). Durante a maturacdo, apos reconhecimento
viral, essas células dendriticas iniciam a superexpressdo de moléculas de
superficie como CD83 e MHC (classe | e Il), requeridas para a
apresentacdo de antigenos, assim como moléculas coestimulatorias,
CD80 e CD86, e liberacdo de citocinas pré-inflamatoérias. Essas células se
tornam responsivas as quimiocinas CCL19 e CCL21 através do receptor
CCRY7, permitindo sua migracdo até o linfonodo. Apdés a migracdo, as
células de Langerhans ativam células T naive que se direcionardo para o
tecido infectado a fim de iniciar uma resposta imunoldgica adaptativa
(PAHNE-ZEPPENFELD et al., 2014; SAEKI et al., 1999).
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As células T, linfocitos T helper (Th) e linfocitos T citotoxicos, sao
responsaveis por regular a resposta imunolégica adaptativa em
cooperacdo com células apresentadoras de antigeno. A liberacdo de
diferentes citocinas durante um processo infeccioso regula a sintese e
acdo de outras citocinas. As resposta imunolégicas conhecidas como Thl
sdo responsaveis pela liberacdo de citocinas imunoestimulatérias como
interferon gamma (IFNG), TNF alfa, interleucina 2, interleucina 12, as
guais induzem principalmente a imunidade mediada por células. Ja as
citocinas do tipo Th2 (IL 4, IL 5, IL 6 e IL 10) induzem predominantemente
uma resposta imunolégica humoral (SPELLBERG; EDWARDS, 2001).

Na infeccdo pelo HPV a resposta imune inata, caracterizada pela
presenca de células de Langerhans, células dendriticas, natural killer (NK)
e queratindcitos, tem o0 objetivo de estabeler uma eficiente resposta
adaptativa ao HPV, seja ela humoral ou celular (AMADOR-MOLINA et al.,
2013). Os TLR 9 expressos pelos queratindcitos, células alvo do HPV, séo
importantes no reconhecimento viral e producdo de citocinas pro-
inflamatorias como TNF alfa, IL 8, CCL 2, CCL20, CXCLS9 e interferon |
(MILLER; MODLIN, 2007). As células NK, por sua vez, sdo capazes de
eliminar diretamente células infectadas pelo HPV (RENOUX et al., 2011).
A maioria das lesées HPV positivas regride espontaneamente, como
resultado de uma resposta mediada por células do tipo Thl, seguida de
uma memdéria imunologica que protege o hospedeiro contra futuras
infeccdes (STANLEY, 2009).

Entretanto, mesmo com a possibilidade de eliminacao viral, muitos
individuos imunocompetentes apresentam infeccao persistente pelo HPV
e desenvolvem lesdes hiperproliferativas, muitas delas recorrentes (LE
POOLE; DENMAN; ARBISER, 2008). Os HPVs desenvolveram uma
variedade de estratégias de escape da imunidade inata e adaptativa,
alcancadas principalmente pela acdo das proteinas E6 e E7 (KANODIA;
FAHEY; KAST, 2007). Entre os mecanismos de evasao estdo a escassez

de eventos inflamatorios, infeccdo localizada ao epitélio, modulacdo da
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expressédo de citocinas e quimioatraentes que alteram a apresentacéo de
antigeno, degradacéo do precursor de IL1-beta e supresséo da via do IFN
e de E-caderina (NIEBLER et al., 2013; HONG; LAIMINS, 2017; HUBERT
et al., 2005).

As células HPV positivas também conseguem evitar o ataque por
células NK através da regulacdo da expressao de seus marcadores de
ativagdo. Em pacientes com lesdes cervicais ou lesdes precursoras s&o
encontradas células NK com baixa citotoxicidade, evidenciada pelos
baixos niveis de receptores NKp30 e NKp46 (GARCIA-IGLESIAS et al.,
2009). Em concordancia com esses achados, a vacinagdo com a vacina
guadrivalente, aléem de aumentar os niveis de anticorpos neutralizantes,
induz aumento da populacdo de células NK ativas, expressando o0s
receptores NKG2D, NKp30, Nkp46, sendo esta uma via de protecdo
imunologica (COLMENARES et al., 2012).

Alguns trabalhos descrevem que a infeccdo crénica pelo HPV
envolve uma manipulacao viral do microambiente imunologico da leséo,
caracterizada pela alteragcdo da proporcdo de citocinas Th1/Th2, com
predominancia de células Th2 e células T regulatérias (BAIS et al., 2005;
MANGINO et al., 2016). Dessa forma, mesmo em individuos saudaveis,
uma imunossupressao local poderia explicar a ndo eliminacéo da infeccéo

viral, além do desenvolvimento e regressédo de condiloma acuminado.

2. OBJETIVO

Identificar, por meio de expressdo génica e analise qualitativa de
células imunoldégicas, alteracGes locais no sistema imune de individuos
gue nao eliminaram espontaneamente o virus e, com isso, desenvolveram

condiloma acuminado.
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2.1. Objetivos especificos:
l.  Identificar os gendtipos do virus HPV em DNA obtidos de biopsias

frescas de condiloma acuminado;

II. Obter o padrdo de expressao de genes relacionados a resposta
imunoldgica por meio de ensaios de Tagman Array e validacao por
PCR quantitativo;

lll.  Identificar populacdes de células do sistema imune presentes em
amostras parafinadas de condiloma acuminado por meio de imuno-

histoquimica;
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ABSTRACT

Background: Human papillomavirus (HPV) infection is related to several
benign and malignant diseases, the pathology degree is dependent of viral
type, host immune response and local environmental factors. Condyloma
acuminate are benign proliferative disease found mainly on non-
keratinized epithelia. The aim of this study was highlight candidate genes
and pathways associated with the immune changes in female individuals
that not eliminated spontaneously the virus and thus developed genital
warts.

Methods: Twenty-seven condyloma biopsies were genotyped by
sequencing and their cONAs were arranged in three pools - HPV 6, HPV
11 and HPV negative pool (margin). Ninety-two immune-related genes
were analyzed by TagMan Array Immune Response assay. Six genes with
differential expression in the TagMan Array were validated by gPCR. Fifty-
six condyloma paraffin-embedded were submitted a immunostaining with
primary antibodies to CDla, FOXP3, CD3, CD4, CD8 and interferon
gamma (IFNG).

Results: All the twenty-seven samples were HPV positive and presented
HPV 6 (70,4%) or HPV 11 (29,6%). Gene expression analysis (TagMan
Array) resulted in 31 differentially expressed genes in condyloma
acuminate lesions. Six of these genes had the expression validated by
gPCR. The GZMB gene was up-regulated in 63% of the samples, while
IFNG, IL12B and IL8 were upregulated in 81.5%, 55.5% and 78%,
respectively. On the other hand, the NFATC4 gene was down-regulated in
63% of the samples and IL7 in 30% of them. The immunohistochemical
analyzes showed greater abundance of polymorphonuclear leukocytes in
all samples. Langerhans and regulatory T cells were found in few biopsies

of condyloma acuminate.
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Conclusion: The large amounts polymorphonuclear cells, cytokines and
lack of Langerhans cells observed in this work suggest an attempt immune
response that fails to induce efficiently an adaptive response.

Keywords: HPV, condyloma acuminate, immune response.
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BACKGROUND

Human papillomavirus (HPV) infection is related to several benign
and malignant diseases (BRIANTI; DE FLAMMINEIS; MERCURI, 2017,
ERMAN-VLAHOVIC et al., 2017; YOSHIMATSU et al., 2017). The
pathology degree in HPV infections depends on viral type, host immune
response and local environmental factors (NELSON; STOCKDALE, 2013).
These virus are the most frequent virus sexually transmitted in the world.
The anogenital warts are benign proliferative diseases that manifest as
visible lesions, namely as single or multiple papules on the vulva,
perineum, perianal area, vagina, cervix, penis, anus, scrotum and urethra
(GROSS; PFISTER, 2004). Condyloma acuminate or genital warts are a
category of anogenital warts found mainly on non-keratinized epithelia
(PATEL, H. et al., 2013).

The majority of condyloma acuminate is caused by low-risk HPV,
mainly HPV 6 and 11 (BALL et al., 2011; BROWN et al., 1999). In a study
with 621 subjects, HPV 6 was identified in 61.7%, HPV 11 in 10.3% and
either of these HPV types in 71.0% of the condylomas, besides other
types of low risk HPV (types 40, 42, 43, 54, 70, and 81). Combination with
16, 18, 31, 33 and 35 type of high risk HPV also was observed
(STUREGARD et al., 2013).

Although it is a benign disease, the condyloma causes significant
psychosocial distress and anxiety (NELSON; STOCKDALE, 2013). The
treatments involve tissue  destruction (podofilox, cryotherapy,
bichloroacetic or trichloroacetic acid); surgical excision; or immune
modulation (imiquimod, sinecatechins) and can result in scarring, pain,
disfigurement, and sexual dysfunction. There is a high incidence of
recurrence (13%-65%) with condyloma, thus multiple treatments are
required (HU, D.; GOLDIE, 2008; NELSON; STOCKDALE, 2013).

Both innate and adaptive immunity play key roles in protecting host

against epithelium invading viruses. Resident antigen presenting cells,
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Langerhans cells (LCs) and keratinocytes are important in viral recognition
and in bridging innate and adaptive immune responses (DA SILVA et al.,
2015).

Antigenic stimulation of LC results in activation of signaling
cascades, up-regulation of costimulatory molecules, and the release of
pro-inflammatory cytokines as interferon | (IFN 1) and interleukin-12 (IL-12)
(BANCHEREAU; STEINMAN, 1998; MUTYAMBIZI; BERGER,;
EDELSON, 2009). These activated LCs migrate to lymph nodes and
interact with antigen specific naive T cells initiating an adaptive T cell
response. Effector T cells travel to tissue and destroy infected epithelial
cells (RANDOLPH; OCHANDO; PARTIDA-SANCHEZ, 2008). However,
respecting to HPV infections, previous studies have demonstrated that the
occurrence, remission, relapse and cancerization of condyloma acuminate
are associated with immune disorders in patients (LE POOLE; DENMAN;
ARBISER, 2008; SHI; YANG; YANG, 2013). Even in patients not
immunosuppressed, benign HPV-mediated lesions are difficult to
eradicate, so in healthy individuals these lesions could exhibit local
immunosuppression (LE POOLE et al., 2008).

In the present study, we performed gene expression profiling of 92
immune-related genes in condyloma acuminate biopsies and in control
biopsies (HPV negative margin tissue), besides evaluating populations of
immune cells present in condyloma microenvironment, aiming to highlight
candidate genes and pathways associated with the immune changes in
individuals that not eliminated spontaneously the virus and thus developed

genital warts.

MATERIALS AND METHODS

Ethics Statement and samples
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The study was approved by the Research Ethics Committee of
Instituto de Biociéncias, Letras e Ciéncias Exatas de S&o José do Rio
Preto (IBILCE/UNESP), State of S&do Paulo.

The analyses were carried out with 27 fresh condyloma biopsies
and normal tissue (margins) obtained by surgical section of female
patients attended at Hospital das Clinicas of FMRP-USP. To analyze the
immune-related genes expression, these samples were arranged in three
cDNAs pools, prepared with six samples of HPV 6, HPV 11 and HPV
negative. The same 27 cDNA samples were used to validate the results.
Additional 56 condyloma biopsies paraffin-embedded were used to
evaluate the immune cells present in these lesions by
immunohistochemistry. These samples were obtained in Ribeirdo Preto
Medical School (FMRP-USP) and Botucatu Medical School (UNESP).

The patients carry out in this study were HIV negative and the
biopsies were classified as condyloma acuminate after histopathological

analyzes performed by a experient pathologist (F.O.L.).

Total DNA and RNA isolation

Total RNA and DNA were extracted using TRIzol reagent
(Invitrogen, Carlsbad, California, USA) following the manufacturer’s
protocol. The RNA and DNA purity (A260/280 nm) were assessed using
NanoDrop ND- 1000 (NanoDrop Technologies, Wilmington, Delaware,
USA).

Nested Polymerase Chain Reaction (NESTED-PCR) and HPV
Genotyping

The polymerase chain reaction (PCR) methodology was used to
amplify the DNA of HPV present in 27 condyloma samples. The
oligonucleotides PGMYQ09 (5-CGT CCM ARR GGA WAC TGATC- 3) and
PGMY11 (5-GCM CAG GGW CAT AAY AAT GG-3) were used, which are

degenerated sequences to detect viral DNA. The amplification products
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were used in a nested PCR with the oligonucleotides GP5+ (5-
TTTGTTACTGTGGTAGATACTAC-3) and GP6+ (5-
CTTATACTAAATGTCAAATAAAAA-3), which amplify a sequence of
internal 150 bp to the fragment produced by the pair of oligonucleotides
PGMY09/PGMyl11 (FUESSEL HAWS et al., 2004). The products of the
amplifications were electrophoretic run on 1% agarose gel.

The sequencing reaction was carried out to assess the HPV
genotype, according to the Sanger technique (SANGER; NICKLEN;
COULSON, 1977), wusing the BigDye terminator kit (Applied
Biosystems/Life Technologies, Foster City, CA, USA). A sequence of 34
bases downstream of the GP5+ binding site was used for accurate
genotyping of HPV types (LEE et al., 2009). The obtained sequences were
guality assessed by use of PHRED/PHRAP/CONSED software and were
then aligned and checked for similarity with the sequences deposited in
GenBank using the BLAST tool - Basic Local Aligment System
(www.ncbi.nlm.nih.gov/ blast / Blast.cgi) and BioEdit — Biological

Sequence Alignment Editor (%2www.mbio.ncsu.edu/BioEdit/page2.html).

Quantitative real-time PCR

cDNA samples were prepared from total RNA using the High
Capacity cDNA Reverse Transcription kit (Applied Biosystems, Carlsbad,
California, USA) and subsequently the cDNA pools were prepared for the
study groups (HPV 6 pool, HPV 11 pool and HPV negative pool). For each
cDNA pool gPCR reactions were carried out using 20 ng of cDNA and a
TagMan Array Fast 96-well Human Immune Response Plate (cat.
4418718, Applied Biosystems, Carlsbad, California, USA) (Table S1),
representing 92 immune-related genes and four reference genes,
according to the manufacturer’s instructions.

For TagMan array validation the cDNA of 27 condyloma samples
was analyzed individually using TagMan Fast Advanced Master Mix (cat.
4444963, Applied Biosystems, Carlsbad, California, USA) and TagMan


../../../../../../../../../../../../../../../../../../../../../../../../../../../../../../../../../../sv223050/Downloads/%222%22www.mbio.ncsu.edu/BioEdit/pageHYPERLINK%20%22file:/C:/AppData/Local/AppData/Local/Microsoft/Paola/Downloads/%22www.mbio.ncsu.edu/BioEdit/pageHYPERLINK%20%22http:/www.mbio.ncsu.edu/BioEdit/page2%222%222
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Gene Expression Assays (cat. 4331182, Applied Biosystems, Carlsbad,
California, USA) (Table 1) following the manufacturer’s protocol. The HPV
negative cDNA pool was used as reference sample and HPRT1 was the
endogenous gene.

All the gPCR reactions were performed using a Quanti-Studio 12K
Flex Real Time PCR System (Applied Biosystems, Carlsbad, California,
USA). The samples were tested in triplicate. The relative expression of
each specific gene was calculated using the following formula: R = (E
target)ACt target (control - sample) I(E endogenous)ACt endogenous (control - sample) \y/hich
was published previously (PFAFFL, 2001); a cutoff higher than a 2-fold

change was considered significant.

Table 1. TagMan Gene Expression Assays identification (cat. 4331182,
Applied Biosystems, Carlsbad, California, USA).

Gene symbol Assay ID
HPRT1* Hs99999909 m1l
GZMB Hs00188051 _ml
IFNG Hs00174143 ml
NFATC4 Hs00190037_m1
IL7 Hs00174202_m1
IL12B Hs00233688_m1
IL8 Hs00174103_m1l

*Endogenous gene

Immunostaining

The 56 condyloma paraffin-embedded samples were used to a
Tissue Microarray (1 mm) production. Tissue Microarray sections (4 um)
were submitted to an antigen-retrieval step using a citrate buffer (pH 6.0)
at 96°C for 20 min. The endogenous peroxide activity was blocked with

3% hydrogen peroxide for 20 min followed by incubation with BSA 2% for
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30 min. The sections were incubated overnight at 4°C with the following
Abcam (Cambridge, UK) primary antibodies: to Langerhans cells (anti-
CD1a, ab708, 1:100), regulatory T cells (anti-FOXP3, ab20034, 1:100), T
cells (anti-CD3, ab16669, 1:100), helper T cells (anti-CD4, ab846, 1:25),
cytotoxic T cells (anti-CD8, ab17147, 1:50) or cytokine interferon gamma
(anti-IFNG, ab9657, 1:500). Some sections were incubated with 1% BSA
instead of the primary antibody to provide a negative control for the
reaction. After washing, the CD1la, FOXP3, CD4 and CD8 sections were
incubated with a HRP-polymer (ab210059) for 30 min at room temperature
and staining with the DAB substrate (ab210059). Some sections (CD3 and
IFNG) were incubated with a biotinylated secondary antibody (sc2018,
Santa Cruz Biotechnology, CA, EUA) for 45 min at 37°C and reveled with
ImmunoCruz rabbit ABC Staining System (sc2018, Santa Cruz
Biotechnology, CA, EUA). The sections were washed in distilled water,
counterstained with hematoxylin and mounted. The analysis was
conducted on Olympus BX60 microscope with digital camera Olympus
DP71 (Olympus Corporation, Tokyo, Japan), using the Image Pro Plus
Media Cybernetics software for qualitative analysis.

All immunohistochemical reactions were standardized using as a

positive control tonsil, following the antibody manufacturer’s suggestion.

RESULTS

HPV genotyping
The patients carry out in this study were HIV negative. All the 27
samples were HPV positive and presented HPV 6 or HPV 11 (Table 2).

HPV 6 type was the most prevalent in the samples.
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Table 2. Prevalence of HPV 6 and 11 in fresh condyloma acuminate

samples.
HPV type Number of Patients Percentage
HPV 6 19 70,4%
HPV 11 8 29,6%

Immune-related genes expression

Array analysis of gene expression in condyloma pools compared to
controls resulted in 31 genes with significant differential expression,
considering the threshold for significance of 2 or -2 expression level
(Log). Eight of them, AGTR1, BCL2, CYP1A2, FN1, IL7, NFATC4, SELE,
SKI, were down-regulated in HPV 6 samples, and nine, AGTR1, BCL2,
C3, CSF3, CYP1A2, FN1, IL12A, NFATC4, PF4, in HPV 11 samples. Five
of them (AGTR1, BCL2, CYP1A2, FN1, NFATC4) were down-regulated in
both HPV types samples. While eight genes were up-regulated in
condyloma samples HPV 6 and 11 (CD38, CXCL10, CXCL11, GZMB,
IFNG, IL12B, IL17A, IL8), nine were up-regulated (CD19, CCL3, CD80,
HLADRB1, ICAM1, IL1A, IL1B, LTA, NOS2) only in HPV 6 samples and
two (ICOS and IL9) only in HPV 11 samples (Table 3).

Six of these genes, GZMB, IFNG, NFATC4, I1L12B, IL7 and IL8
were selected to gPCR validation using the 27 condyloma samples
individually. The genes choice was based on literature. Sixty three percent
of the samples (17/27) were up-regulated to GZMB gene just like the
TagMan Array assay (Figure 1A). Similarly, the IFNG gene was up-
regulated in 81.5% (22/27) of the samples (Figure 1B) and IL8 gene was
up-regulated in 78% (21/27) of them (Figure 1C). Sixty three percent of the
samples (17/27) were down-regulated to NFATC4 gene (Figure 1D). The
gene IL12B was up-regulated in 55.5% of biopsies (15/27) (Figure 1E),
while the gene IL7 was down-regulated only in 30% (8/27) of the samples
(Figure 1F).
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Table 3. Relative mMRNA expression level (Logz) of immune-related genes

differentially expressed in condyloma acuminate biopsies compared to

controls.

Gene Description HPV 6 HPV 11

samples samples

(Log2) (Logo)
AGTR1 Angiotensin Il receptor type 1 -5,1 -2,2
BCL2 B-cell CLL/lymphoma 2 -2,7 -2,4
C3 Complement C3 -0,6 -2,9
CCL3 Chemokine (C-C motif) ligand 3 3,9 0,8
CD19 CD19 molecule 4,2 1,1
CD38 CD38 molecule 4,6 2,6
CD80 CD80 molecule 2,2 1,4
CSF3 Colony stimulating factor 3 19 -2,7
CXCL10 C-X-C motif chemokine ligand 10 3,8 3,7
CXCL11 C-X-C motif chemokine ligand 11 4,4 4,3
CYP1A2 Cytochrome P450 family 1 -6,3 -2,8

subfamily A member 2
FN1 Fibronectin 1 -3,3 -2,2
GZMB Granzyme B 3,1 2,1
HLADRB1 Major Histocompatibility Complex, 12 -1,7
class I, DR beta 1

ICAM1 Intercellular adhesion molecule 1 2 -1,1
ICOS Inducible T-cell costimulator 1,98 2,7
IFNG Interferon gamma 4.8 3,3
IL12A Interleukin 12B 0,98 -2,6
IL12B Interleukin 12B 3,5 2,5
IL17A Interleukin 17A 4,6 3,5

IL1A Interleukin 1A 55 1.4


https://www.ncbi.nlm.nih.gov/gene/718
https://www.ncbi.nlm.nih.gov/gene/952
https://www.ncbi.nlm.nih.gov/gene/952
https://www.ncbi.nlm.nih.gov/gene/1440
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https://www.ncbi.nlm.nih.gov/gene/1544
https://www.ncbi.nlm.nih.gov/gene/2335
https://www.ncbi.nlm.nih.gov/gene/3002
https://www.ncbi.nlm.nih.gov/gene/3123
https://www.ncbi.nlm.nih.gov/gene/3123
https://www.ncbi.nlm.nih.gov/gene/3383
https://www.ncbi.nlm.nih.gov/gene/29851
https://www.ncbi.nlm.nih.gov/gene/3458
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IL1B Interleukin 1B 4,6 0,5
IL7 Interleukin 7 -2,6 -1,99
IL8 Interleukin 8 10,6 6,2
IL9 Interleukin 9 -1,7 3,9
LTA Lymphotoxin alpha 2,6 0
NFATC4  Nuclear factor of activated T-cells 4 -3,55 -3,1
NOS2 Nitric oxide synthase 2, inducible 5,7 -0,9
PF4 Platelet factor 4 -0,99 -4,6
SELE Selectin E -2,1 -0,84
SKI SKI proto-oncogene -2 -1

Immune cells in the lesion microenvironment

The condyloma acuminate lesions presented low number of
immune cells related to adaptive response. We observed rare CD3" and
CD8", they are found in at most two samples and in small number (Fig 2C
and 2D). Cells CD4 positive were not observed.

The cells observed with greater abundance in all samples were
polymorphonuclear leukocytes (Fig. 2F). Dendritic cells (CD1a") were
observed in 34% of the samples and T regulatory cells (FOXP3") in 23%
of them (Fig. 2A and B).

Confirming the findings in gene expression analysis to IFNG
cytokine, all samples presented epithelial cells immuno-marked in the
cytoplasm for IFNG (Fig. 2E).

DISCUSSION

In benign or malignant lesions caused by HPV, the innate and
adaptive immune response pathways failed at some point. The HPV
infections are very common, most of them are asymptomatic, subclinical
and transient. It is estimated that more than 50% of sexually active

persons were infected with HPV at least once in their lifetime (MYERS et
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al., 2000). However most of these infections are controlled by host
adaptive immunity (CHRISTENSEN, 2016; VELDHUIJZEN et al., 2010).
The high incidence of HPV infections and the quick clearance of infections
indicate that in lesions provoked by persistent infections is due to immune
escape mechanisms with lack of inflammatory events (FRISCH; BIGGAR;
GOEDERT, 2000; KREUTER et al., 2008).

In the present study were analyzed HPV positive genital warts from
hosts without known immunosuppressive diseases. The samples were
histologically classified as condyloma acuminate. All the samples were
HPV 6 or 11 positive as described by other authors (BALL et al., 2011;
BROWN et al., 1999), with predominance of HPV type 6 (BROWN et al.,
1999).

The expression analysis of 92 genes related to immune system
revealed mainly pro-inflammatory (IL1A, IL1B, IL8, IL12B, IFNG, GZMB,
CXCL10, CXCL11) genes with expression altered positively in condyloma
samples. On the other hand, genes whose products are essential for the
activation of an innate and adaptive immune response like TNF-a, CD40,
CD40LG and CD86 (LAIDLAW et al., 2017; MA et al., 2017; PAHNE-
ZEPPENFELD et al., 2014; TUMMERS et al., 2014) did not have their
expression altered compared to control. In the same way, genes that
indicate T cell activation were downregulated (IL7 and NFATC4) (BIKKER
et al., 2012; MINEMATSU et al., 2011). Confirming these finding,
immunohistochemical analysis showed few inflammatory cells in the
lesion, except polymorphonuclear leukocytes.

Some previous studies of benign and malign HPV positive lesions
showed alterations in localized immune environment in spite of a normal
immune systemic profile (BONAGURA et al., 2010; PAHNE-
ZEPPENFELD et al., 2014; SASAGAWA; TAKAGI; MAKINODA, 2012).
Zeppenfeld et al. (2014) observed in cervical cancers biopsies and cell
lines HPV 16 or HPV 18 positive that the induction of the chemokine

receptor CCR7 in mature dendritic cells (DCs) is suppressed and this
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impair their migration toward a lymph node, required to initiate adaptive
immune responses (PAHNE-ZEPPENFELD et al., 2014). They confirmed
the presence of CD83" in cancer biopsies, suggesting that cervical cancer
cells can dissociate CCR7 regulation from the regulation of other
maturation markers, including CD83 (PAHNE-ZEPPENFELD et al., 2014).

In lesions triggered by low-risk HPV, mainly in recurrent respiratory
papillomatosis (RRP), studies propose that inability of RRP patients to
eliminate HPV-infection is due to a suppression of effective Thil-like
responses (IFNG, IL-6, TNF-qa, IL-12 and IL-8) and a predominance of
regulatory T cells (Tregs), Th2-like and IL-10 cytokines microenvironment
within papillomas (BONAGURA et al., 2010; DEVOTI, J. et al., 2014). IL-
10 is considered a master negative regulator of inflammation (ROJAS et
al., 2017). However, in the present study this cytokine did not show an
altered expression in the condyloma samples compared to control tissue,
which may explain the findings of proinflammatory cytokines
overexpression. In the same way IFNG, IL-12B and IL-8, Th-1 like
cytokines presented overexpression. These findings indicate a partial
activation of the immune response.

Most authors agree with our findings that LC numbers are reduced
in lesions caused by HPV 6 and 11 (BHAWAN; DAYAL; BHAN, 1986; DA
SILVA et al., 2015; FAUSCH et al., 2005). In addition to a few LCs, we
found few Tregs, suggesting that the absence of Langerhans cells, as
observed in most studies, may be more important for viral persistence and
lesion development than the presence of Tregs. LCs are migratory cells
that are specialized in processing, presentation of antigens to T cells and
initiate an adaptive T cell response (MERAD; GINHOUX; COLLIN, 2008).
The decrease observed in condyloma could explain the rare T cells found
in the lesion.

The T cells absence was also confirmed by the downregulation of
IL-7, a cytokine secreted during T cells activation by many cells as DCs

and keratynocites (BIKKER et al., 2012); besides the downregulation of
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NFATC4 in the condyloma samples, a transcription factor originally found
in activated T lymphocytes and implicated in regulation of IL-2, IL-4 and
TNF-a gene transcription (JAIN; LOH; RAO, 1995; MCCAFFREY;
GOLDFELD; RAO, 1994; ROONEY; HOEY; GLIMCHER, 1995).

Although IFNG cytokine has antitumor and antiviral properties
(MIYAKI et al., 2017), in most of condyloma acuminate analyzed samples
this gene was overexpressed. The immunohistochemical analysis
revealed the presence of this cytokine in keratinocytes, cells that play an
important role during the initiation of the HPV infection (AMADOR-MOLINA
et al., 2013; NESTLE et al., 2009). Despite this seems paradoxical, more
studies are necessary to understand the role of this protein in HPV positive
lesions. Some data suggest that IFNG can play a role in local
immunosuppression (MATTAROLLO et al., 2010; MULLER-HERMELINK
et al., 2008; WANG et al., 2006).

The high expression of IL17 and IL8 in our samples could explain
the polymorfonuclear abundance in the tissue, once IL8 protein is a potent
neutrophil-attracting chemokine that is potently induced by IL17
(VANAUDENAERDE et al., 2008). On the other hand, the
polymorfonuclear may be the IL-17 source. In squamous cervical cancer,
Punt et al. (2015) confirmed that predominant cell type expressing IL-17 is
the neutrophilic granulocyte and mast cells (PUNT et al., 2015).
Interestingly, recent data indicate an immunosuppressive role for IL-17
(GOSMANN et al., 2014; PUNT et al.,, 2015). Gossman et al (2014)
suggested that blocking IL-17 in persistent viral infection could promote
antiviral immunity and prevent progression of HPV-associated epithelial
hyperplasia (GOSMANN et al., 2014). Punt et al. (2015) showed that IL-17
promotes tumor growth and it is correlated with poor prognosis in cervical
cancer (PUNT et al., 2015).

Thus, large amounts polymorphonuclear cells, cytokines and lack of
Langerhans cells observed in this work suggest an attempt immune

response that fails to induce efficiently an adaptive response, however
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more studies are needed to understand the role of each cell and cytokine

in the low risk HPV-induced genital lesions.

CONCLUSION

The condyloma acuminate samples studied exhibit a partial immune
response, with overexpression of cytokines described in the literature
sometimes as pro-inflammatory and others as immunosuppressive. There
is a predominance of polymorphonuclear, cells presented in early stages
of the immune response, and a lack of Langerhans cells, essential to

stimulate effective innate and adaptive immune responses.
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Figure 1. Validation by gqPCR of immune-related genes differentially
expressed in condyloma acuminate. The expression of the genes
GZMB(A), IFNG (B), IL8 (C), NFATC4 (D), IL12B (E) and IL7 (F) in
condyloma samples (HPV6 positive and HPV 11 positive) compared to
control (HPV negative samples) are shown as the fold change (log2)

relative to expression.
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Figure 2. Qualitative analysis of immune cells in the lesion
microenvironment. Dendritic cells (CD1a+) (arrows) were found in almost
all samples (A). On the other hand cells FOXP3+ (arrows) were observed
only in some patients (B). CD3+ (C) and CD8+ (D) cells (arrows). were
presented only in two warts and CD4" cells not observed. Condyloma’s
epithelial cells were IFNG positive (E). The innate immune cells,
polymorphonuclear leukocytes (arrows), were the more frequent in the
lesions, presented in all patients with variable abundance (F). Negative
control without primary antibody (G). Bars: 20 uM (B, C, E and G), 10 uM
(A,Dand F), 5 uM (B and C insets).
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2. SUPPLEMENTARY MATERIAL

Table S1. Immune genes contained in the TagMan Array Human Immune,
Fast 96-Well Plate (Applied Biosystems, Carlsbad, California, USA).

Assay ID Gene Symbol
Hs99999905 m1 GAPDH
Hs99999909 m1 HPRT1
Hs99999908 m1 GUSB
Hs00174092_ml IL1A
Hs00174097_ml IL1B
Hs00174114 ml IL2
Hs00174117_ml IL3
Hs00174122_ml IL4
Hs00174200_ml ILS
Hs00174131_m1 IL6
Hs00174202_m1 IL7
Hs00174103_m1 IL8
Hs00174125 m1l IL9
Hs00174086_m1 IL10
Hs00168405_m1 IL12A
Hs00233688_m1 IL12B
Hs00174379_m1 IL13
Hs00174106_m1 IL15
Hs00174383_m1 IL17A
Hs00155517_m1 IL18
Hs00234142_m1 CCL3
Hs00171149 m1l CCL19
Hs00234140_m1 CCL2
Hs00174575 _m1 CCL5
Hs00174150_m1 CCR2
Hs99999919 m1 CCR4
Hs00152917_m1 CCR5
Hs00171054 _m1 CCRY
Hs00171041_m1 CXCR3
Hs00171042_m1 CXCL10
Hs00171138 m1l CXCL11
Hs00174164 m1 CSF1
Hs00171266_m1 CSF2
Hs00357085_g1 CSF3
Hs00234174 m1 STAT3
Hs00174517_m1 NFKB2
Hs00233284 m1l IKBKB




Hs00167894 m1l
Hs00181217 ml
Hs00233520_ml
Hs00174333 _m1l
Hs00166229 m1l
Hs00174796_m1
Hs00233552_ml
Hs00374176_m1
Hs00365634 g1
Hs00154355 ml
Hs00175478 ml
Hs00199349 ml
Hs00175480_ml
Hs00163934_ml
Hs00219575 _ml
Hs99999917 ml
Hs00203436_m1
Hs00188346_ml
Hs00359999 ml
Hs00167248 ml
Hs00153350_ml
Hs00169141 ml
Hs00180269_ml
Hs00164932_ml
Hs00174583_ml
Hs00174057_m1
Hs00157965 _ml
Hs00153133_ml
Hs00189742_ml
Hs00167927_ml
Hs00167982_m1l
Hs00174143 ml
Hs00169473 ml
Hs00188051 ml
Hs00246266_m1
Hs00163653_ml
Hs00181225 ml
Hs00171257_ml
Hs00232222_ml
Hs00178696_m1
Hs00161707_ml
Hs00365052_m1
Hs00163811 ml
Hs00174128 ml
Hs00236874_ml
Hs00174179 ml

CD3E
CDh4
CDS8A
CD19
IL2ZRA
CD28
CD38
CD40
PTPRC
CD68
CD80
CD86
CTLA4
CD40LG
HLA DRA
HLA DRB1
TBX21
TNFRSF18
ICOS
NOS2
BCL2
BCL2L1
BAX
ICAM1
SELP
SELE
HMOX1
PTGS2
LRP2
CYP1A2
CYP7Al
IFNG
PRF1
GZMB
GNLY
FAS
FASLG
TGFB1
SMAD3
SMAD7
SKI
FN1
C3
TNF
LTA
ACE
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Hs00173626_m1
Hs00156373_m1
Hs00241341 m1
Hs00169126_m1
Hs00174961_m1
Hs00171455_ m1
Hs00209771_m1
Hs00236988_g1
Hs00190046_m1
Hs00190037_m1
Hs00236998_m1
Hs00374292 m1

VEGFA
CD34
AGTR1
AGTR2
EDN1
LIF
LY96
MIF
NFATC3
NFATC4
PF4
SYK
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1. CONCLUSOES

Conclui-se que as amostras de condiloma acuminado estudadas exibem

uma resposta imune parcial, uma vez que apresentaram:

Superexpressdo de citocinas descritas na literatura tanto
como pré-inflamatdrias quanto imunossupressoras.
Predominancia de células polimorfonucleares,
representando a resposta imune inata.

Poucas células de Langerhans, essenciais para estimular
respostas imunes inatas e adaptativas efetivas.

Poucas células T regulatorias.

Auséncia de células T.



