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Resumo

Introducdo: A infeccdo persistente pelo papiloma virus humano (HPV) é o principal
agente causador do carcinoma de células escamosas do colo uterino. No processo de
carcinogénese, 0 HPV interage com a resposta imune do hospedeiro modificando-a em
seu favor. Os receptores TOLL simile (TLR) sdo receptores transmembrana presentes
em células de defesa do hospedeiro e sdo responsaveis pelo reconhecimento de
estruturas patogenas e ativacdo da resposta imune inata. Em humanos, ja foram
reconhecidos 10 tipos de TLR sendo que alguns deles foram associados a alguns tipos
de tumor, inclusive ao carcinoma cervical. Os fatores de necrose tumoral (TNF- a,
TNF- B) sdo importantes mediadores de inflamacéo da pele e mucosas. Varios estudos
indicam que a expressao desses fatores influencia diretamente o destino da infeccdo por
HPV sendo que a sua expressdo desregulada no microambiente tumoral parece
favorecer o desenvolvimento e invasdo tumoral. Desse modo, esse estudo visa avaliar se
h& uma interacdo entre essas duas vias de resposta imune no processo de carcinogénese
cervical. Além disso, este estudo visa avaliar a expressdo dos receptores TOLL simile
2,3 e 4 e da expressdo de TNF- a e TNF- B em amostras de neoplasia cervical, assim
como em lesbes pré-invasoras (NICs) em comparacdo com os controles. Os dados
foram analisados através do teste de razdo de verossimilhanca para a primeira
comparagao e o teste qui-quadrado para a segunda comparacdo. O nivel de significancia

foi considerado quando p < 0,05.

Resultados: Houve associagéo entre os niveis de expressdo de TLR2 com TNF-a e com
TNF-B (p=0.01, p=0.021; respectivamente) assim como associa¢do entre os niveis de

expressdo de TLR4 com TNF-a e com TNF-B (p=0.016, p=0.025; respectivamente)



Observou-se também maior expressdo de TLR2 (p=0.032), TLR4 (p<0.001), TNF-
a(p=0.007) e TNF- B (p=0.036) nos grupos de lesdo pré invasora e carcinoma cervical

quando comparado ao controle.

Conclusdo: H& uma associacdo da via imunolégica dos receptores TOLL simile 2 e 4
com a via dos fatores de necrose tumoral no processo de carcinogénese cervical . Além
disso, ha uma maior expressdo desses marcadores nas lesGes pré invasoras e no cancer
cervical. A expressdo receptor TOLL simile 3 ndo se associa a expressao dos fatores de
necrose tumoral a e B e nem apresenta elevacdo de sua expressao no cancer cervical e

lesBes pré-invasoras quando comparado ao controle.

Palavras-Chave: Cancer invasor do colo uterino, imunohistoquimica, receptores TOLL

simile, fator de necrose tumoral
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Abstract

Introduction: Cervical cancer is an important cause of death in women worldwide. The
persistent infection of human papillomavirus (HPV) is recognized as one of the
causative agents. The persistence of HPV infection is necessary, but insufficient to the
development of cervical cancer. HPV may alter the host’s immune response in order to
escape from the immune attack and use it favoring the malignant transformation. The
TOLL Like receptors (TLR) are membrane receptors present in the defense cells and
they are responsible to recognize pathogens structures and activate signaling pathways
leading to an activation of innate immune response .In humans, 10 different types of
TOLL Like receptors are recognized. Previous studies had shown association between
TLR expression and cervical cancer. Tumor necrosis factors (TNF-a, TNF-f) are one of
the main mediators of skin and mucosa inflammation .They have a potent
antiproliferative effect on normal epithelial cells. Numerous observations indicate that
TNF may influence the fate of HPV infected cells. Deregulated TNF expression within
the tumor microenvironment appears to favor malignant cell tissue invasion, migration,
and ultimately metastasis formation .The TLR and TNF are play crucial role in the
development of the cervical cancer. Still, to date, there are no studies about a possible
association between them in the cervical cancer. This study showed the association
between the expression of TLR and TNF in cervical cancer, HPV related lesions when
compared to normal controls.

Results: It was observed an association between expression levels of TLR2 with TNF-
a (p=0.01) and with TNF- B (p=0.021) in cervical cancer and CIN groups. The
expression of TLR4 was also associated with the expression of TNF- a (p=0.016) and

TNF- B (p=0.025) in the groups. Differently, TLR3 was not statistically associated with
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TNF a nor TNF B . It was also found, in accordance with previous studies, that there
are higher levels of expression of TLR2 (p=0.032), TLR4 (p<0.001), TNF- o (p=0.007)
e TNF- B (p=0.036) in the CIN and cervical cancer groups when compared to normal
control. Once again, it was not observed statistical differences between TLR 3 among
the three groups.

Conclusion: There might be an association between TOLL like receptors 2 and 4
pathways with the imunogical response of tumor necrosis factors o and P. Those
markers are also expressed in higher levels in cervical cancer and pre malignant lesions
when compared to normal controls. The TOLL like receptor 3 was not associated with
tumor necrosis factors. There were no differences between the level of expression

among cervical cancer, CIN and controls groups
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1- INTRODUCAO

1.1 Generalidades
1.1.1 Cancer de colo uterino

Uma das descobertas cientificas mais importantes nos tltimos 30 anos foi a ligacéo
causal entre a infec¢do por papiloma virus humano (HPV) no colo uterino e o cancer
cervical. O papiloma virus humano (HPV) apresenta mais de 100 tipos identificados
incluindo 13 tipos considerados de alto risco que sdo o0s responsaveis pelo
desenvolvimento de neoplasias cervicais, anorretais e orofaringeas. (Crosbie et al.,
2013) Mais de 85% desses Gbitos ocorrem em paises em desenvolvimento (Parkin, B et
al. 2005). No Brasil, em 2013, representou a segunda causa de morte por cancer em
mulheres com 4.800 dbitos. Alem disso, 18.430 novos casos de cancer do colo uterino
sdo diagnosticados a cada ano, com um risco estimado de 17 casos a cada 100 mil
mulheres (Brazil), 2013).

A infeccdo persistente pelo Papilomavirus (HPV) é fundamental para carcinogénese
cervical(Spriggs e Boddington, 1980; Ferenczy e Franco, 2002), entretanto, ndo é
condicdo suficiente. A interacdo do HPV com o sistema imunol6gico do hospedeiro é
um ponto crucial na evolucdo da infeccdo para a cura ou persisténcia. Através da
infeccdo persistente 0 HPV se utiliza de varios mecanismos moleculares de interacao
com a resposta imune do hospedeiro que visam sua multiplicacdo (Lages et al., 2011).
Durante essa interagdo podem ocorrer alteragdes genéticas e epigenéticas que sdo passos
necessarios para a transformacéo e progresséo neoplasica (Silva-Filho et al., 2004), pois

é através desses eventos que ocorrem a perda do controle da multiplicagdo celular, a
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instabilidade gendmica e a falha nos mecanismos de controle do ciclo celular (Del
Mare, Salah e Ageilan, 2009).

O prognostico do cancer de colo uterino esta associado a caracteristicas individuais
como idade e também fatores relacionados ao préprio tumor. Dentre estes tem
importancia o estadiamento, o volume tumoral, o tipo histolégico e o grau de
diferenciacdo, a invasdo do corpo uterino e a profundidade da invasdo estromal, a
invasdo linfovascular e a presenca de metéstases linfonodais (Waggoner, 2003; Silva-
Filho et al., 2005). Ainda assim, o CCE invasor do colo uterino possui evolugao clinica
variavel. No estaddio IB, a sobrevida em 05 anos pode variar de 65 a 95%
(Gynecologists, 2003). Portanto, a identificacdo de biomarcadores com aplicacao clinica
e potencial prognostico também é importante, auxiliando na ado¢do de um tratamento
primario mais agressivo ou na avaliacdo do beneficio de terapia adjuvante.

Desse modo, para uma melhor compreensdo do processo de carcinogénese cervical
deve-se investigar um dos pontos cruciais na interagdo molecular do virus com o
hospedeiro que é permeado pela resposta imunoldgico-inflamatéria.

1.1.2 Carcinogénese

O processo de carcinogénese é complexo e envolve alteracBes genéticas sequenciais e
somatorias, incluindo ativacdo de oncogenes e inativacdo de genes supressores
tumorais. Essas alteracGes sdo essenciais tanto nos estagios iniciais da neoplasia como
na progressao tumoral (Hanahan D et. al, 2000; Hahn WC, et. al., 2002).

Os genes supressores tumorais regulam a divisao, a proliferacdo e a apoptose celular e,
desse modo, impedem o desenvolvimento de tumores (Hahn WC, et. al. 2002). A
avaliacdo da expressdo desses genes amplia 0 conceito da carcinogénese e permite o
diagnéstico mais precoce das transformagdes neoplasicas (Lliopoulos et. al. 2006).

Além disso, o envolvimento de genes supressores tumorais especificos durante o
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processo do desenvolvimento e a progressao neoplasica, podem originar tumores de
diferentes comportamentos clinicos, respostas terapéuticas heterogéneas, e, portanto, de

prognasticos variaveis (Del Mare et. al. 2009).

1.2.1 O receptor TOLL simile (TLR)

Os receptores TOLL-Simile (TLR) sdo moléculas de superficie e endossomais,
altamente conservadas evolutivamente, presentes nas células de defesa do hospedeiro,
responsaveis pelo reconhecimento de estruturas microbianas e na geragdo de sinais, que
levam a producdo de citocinas pro inflamatdrias essenciais para a ativagao das respostas

imunes inatas.

Sua descoberta se deu na década de 1990, com papel de protecdo das moscas do género
Drosophila contra as infec¢bes fungicas. Em humanos foi caracterizado um homologo

da proteina TOLL no ano de 1997 recebendo a denominacéo de receptor TOLL-Simile.

Dez homdlogos da proteina TOLL ja foram identificados em humanos cada um com
diferentes funcgdes especificas para determinado componente microbiano. Embora 0s
receptores TOLL-Simile desempenhem um papel primordial na defesa do hospedeiro
contra os processos infecciosos e inflamatérios, deve haver um equilibrio entre a
ativacdo e inativacdo destes receptores para evitar uma resposta inflamatdria ou

imunoldgica excessiva seja daninha ao hospedeiro.

De maneira geral, os TLRs responsaveis pelo reconhecimento de &cidos nucleicos
(TLR3, TLR7, TLR8 e TLRY), localizam-se no compartimento endossomal enguanto os

TLRs que detectam antigenos lipoprotéicos (TLR1, TLR2, TLR4, TLR5 e TLR6),



18

localizam-se na superficie das células. Exce¢do ao padrdo sdo os TLR2 e TLR10 que

podem apresentar localizagdo mista, ou seja, endossomal e de superficie. (Jinushi, 2012)

Os receptores TOLL-Simile sdo ditos receptores de reconhecimento padrdo (PRR)
presentes nos macrofagos, nas células dendriticas e nos neutréfilos (leucocitos
polimorfonucleares ou PMN), responsaveis pelo reconhecimento dos padrdes
moleculares associados a patdgenos (PAMP), que sdo epitopos expressos comumente
por bactérias, virus, protozoarios e fungos, que podem ser estruturas lipoprotéicas assim

como acidos nucléicos.

A ativacdo PRR-PAMP faz parte da resposta imune inata do organismo que é a primeira
linha de defesa contra patdgenos. Posteriormente colaborando também para o

desenvolvimento da imunidade adquirida contra os antigenos especificos.

Cada receptor TOLL-Simile tem sua prépria via de sinalizagcdo intrinseca e induz
respostas bioldgicas especificas contra microrganismos. Quando algum PAMP é
reconhecido por algum receptor TOLL-Simile especifico, a proteina MyD88 recruta as
cinases associadas ao receptor da interleucina-1(IRAK-1 e IRAK-4) para ativar o fator 6
associado ao receptor do fator de necrose tumoral (TRAF6). Este ativa o fator de
crescimento B associado a cinase-1 (TAK1), que, por sua vez, promove a ativacdo do
complexo IKK formado por duas subunidades cataliticas (IKKa e IKKP) e por uma
subunidade regulatoria (NEMO/IKKY). Este complexo promove a fosforilagdo do IxB e
a sua degradacdo resulta nos fatores de transcricdo nucleares (NF-xB), que sera
translocado ao ndcleo para induzir a expressdo das citocinas inflamatdrias e das

moléculas de adesdo. FIGURA 1



19

TLR4 TLRZ, TLA9

1|HAP90 RWD% O BWDBB
TOLLIF'E % IRAK TOLP[ Y jRak

? /\ \

TAK1 MEKE

Vo

TAKA
[_NF-rB. JNK.paa] [FF8] ldNK. pad W8] FINK, pad

Figura 1: cascata de sinalizacdo do receptor TLR4 e TLR2

1.2.2 Receptores TOLL simile e cancer

Os receptores TOLL-Simile apresentaram associa¢do positiva com diversos tipos de
cancer. A primeira observagédo da associagédo veio de que a injecdo de ligantes dos TLR
ao tecido tumoral apresentava efeito antitumoral (Coley, 1991; Kikkawa et al., 1993).
Dentre esses ligantes destacam-se 0s Lipopolissacarideos (LPS) bacterianos que
sabidamente ativam o TLR 4. O uso de LPS foi testado no tratamento de neoplasia
cervical, gastrica e orofaringea e em todos os casos apresentou efeitos antiproliferativos,
quando injetados dentro do tumor. Por outro lado, a injecéo intraperitoneal de LPS em
pacientes com neoplasia de cdlon metastatica , relaciona-se com aumento da
proliferacdo celular. (Luo et al., 2004). E ainda , ratos deficientes da proteina MYD88
que sdo importantes componentes da cascata de sinalizacdo dos TLR, apresentavam
menor incidéncia de cancer de colon e além disso desenvolviam tumores de menores
dimensdes em média (Rakoff-Nahoum e Medzhitov, 2007). Além disso, uma maior

expressdao de TLR4 relaciona-se com a neoplasia epitelial ovariana estimulando o
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crescimento tumoral e levando quimiorresisténcia (Kelly et al., 2006). Os niveis de
expressdo mais elevados de TLR4 estdo também relacionados a um maior potencial
metastatico no cancer prostatico, assim como um estadiamento mais avangado no
carcinoma escamocelular de cabeca e pescoco.(Hua et al., 2009; Szczepanski et al.,

2009).

No cancer de mama,a injecdo sistemica de LPS aumenta a angiogénese tumoral,
migracdo celular e invasdo tecidual do tumor. (Harmey et al., 2002). Foi observado que
no microambiente tumoral da neoplasia mamaria, aproximadamente vinte por cento das
células mononucleares expressam TLR4 . Também sdo expressas TLR3 e TLR9 em
quantidades expressivas, principalmente em tumores mais agressivos. (Gonzalez-Reyes
et al., 2010). Por outro lado ratos ‘“knockdown” para TLR4 mostraram reduc¢do na
viabilidade das células tumorais diminuindo a persisténcia e proliferacdo do cancer de

mama.(Yang et al., 2010).

O estudo de polimorfismos relevantes nos genes que codificam varios tipos de TLRs
mostraram influéncia na progressdo natural de varios tipos de cancer , mesmo aqueles
tumores que ndo possuem etiologia infecciosa. Os polimorfismos influenciam também a

resposta a quimioterapia e imunoterapia em graus variaveis.(Jinushi, 2012)

Do acima exposto conclui-se que , 0s receptores TOLL simile, principalmente o TLR4,
parecem se relacionar com o cancer de forma dual: enquanto o estimulo desses
receptores nas células tumorais parece inibir o crescimento tumoral, sua estimulagdo nas

células imunes parece favorecer seu crescimento, invasao e criacdo de metastases.

1.2.3 Receptores TOLL Simile e cancer de colo uterino
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A cadeia dupla de DNA do virus HPV é reconhecida pelos receptores TOLL simile e
em seguida a cascata de interferons (INF-a, INF-B, e INF-y) é ativada. Tanto os
receptores TOLL simile quanto a cascata de interferons sdo alvos das oncoproteinas do
HPV levando a uma expressdo aberrante dessas proteinas. O resultado € uma replicacao
viral mais intensa que favorece a transformacéo neoplasica.

Com a progressdo da doenca, a presenca de HPV no epitélio cervical leva a uma
expressao aumentada dos receptores TOLL simile no estroma subjacente 0 que aumenta
a producdo de interferons ali. Entretanto, a resposta imune encontra-se diminuida no
epitélio devido a acdo das oncoproteinas virais. Desta forma, o HPV que se encontra no
epitélio foge do ataque imunoldgico e a0 mesmo tempo cria um microambiente

favoravel a sua malignizacao no estroma. (Decarlo et al., 2012).

Polimorfismos nos genes dos receptores TOLL simile também estdo associados com
uma maior susceptibilidade ao cancer cervical, principalmente os tipos TLR2, TLRS3,

TLR4 e TLR9 (Pandey et al., 2009; Pandey et al., 2011).

Especificamente, os receptores TLR4 e TLR7 apresentam maior expressdo por imuno-
histoquimica em lesdes cervicais pré-malignas e no cancer cervical e, além disso, esse
aumento na expressdo dos receptores € um preditor da progressdo e agressividade
tumoral. (Hasimu et al., 2011).Também a expressdo do receptor TLR9 aumenta
conforme o grau de malignidade das lesbes cervicais.(Lee et al., 2007). A infeccéo
persistente pelo HPV 16 por sua vez esta relacionada com um aumento insuficiente na
expressdao de receptores TOLL simile quantificada pela reacdo em cadeia da

polimerase(Daud et al., 2011).

Assim, se pode concluir que os receptores TOLL simile s&o importantes para a primeira

linha de defesa contra a infeccdo por HPV e os individuos que sdo incapazes de
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produzir niveis satisfatorios de TLR apresentam maiores chances de adquirir uma
infeccdo persistente pelo HPV. Entretanto uma vez estabelecida a infeccéo, o virus HPV
se utiliza da expressao aberrante e aumentada dos TLR para favorecer a carcinogénese e

a progressao tumoral.

1.3.1 Fatores de necrose tumoral a.e

Os fatores de necrose tumoral (TNF- o e TNF-B) desempenham um papel central na
resposta imune adaptativa. Eles sdo secretados principalmente por macréfagos ativados
e promovem a defesa do hospedeiro através da ativacdo do processo inflamatério. (Li et
al., 2013). Por isso mesmo desempenham papel chave na resposta antibacteriana,
antiviral e antiparasitaria no organismo humano. A expressdo dessas citocinas nos
queratindcitos se eleva em resposta ao trauma, inflamacao, infec¢do viral e radiacdo
ultra violeta(Termini et al., 2008). O nome fator de necrose tumoral deriva da
observacao de trés diferentes efeitos bioldgicos dessas substancias. Primeiro; necrose
hemorragica provocada no endotélio tumoral. Segundo; imunomodulacdo realizada
sobre outras celulas imunitarias. Terceiro; efeito citotoxico direto sobre células
tumorais. Entretanto, paradoxalmente ao seu nome, essas substancias podem apresentar
efeitos que na verdade promovem o crescimento tumoral assim como a metastatizacao.
(Diaconu et al., 2008)

Duas grandes cascatas de sinalizacdo podem ser ativadas pela agdo dos fatores de
necrose tumoral em seus receptores. O estimulo do receptor tipo um incluido no grupo
dos receptores chamados de receptores da morte leva a apoptose da célula através da
acdo do dominio citoplasméatico chamado de FADD que ativa as caspases. A outra

cascata ativada apos a ligacdo com o receptor é a cascata inflamatoria que também
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inicialmente ativa o dominio citoplasmatico FADD que em seguida recruta os dominios
TRAF2 e RIP que apds uma complexa e ainda ndo completamente desvendada série de
reacfes moleculares ativa o dominio NF-kB que desempenha um papel chave na

inducdo da transcricdo de varios genes ligados a resposta inflamatdria. FIGURA 2
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Figura 2: cascata de sinalizacdo do TNF

1.3.2 Associagéo entre Fatores de Necrose Tumoral e cancer cervical

Os fatores de necrose tumoral apresentam efeitos controversos sobre células
neoplasicas. Eles podem levar a citolise de algumas linhagens celulares sendo inclusive
testados como tratamento para cancer em alguns estudos. De maneira oposta os fatores
de necrose tumoral podem estimular células neoplasicas o que levou ao uso de algumas
drogas anti-TNF para o tratamento oncoldgico.

Outro ponto importante que evidencia a relagéo dos fatores de necrose tumoral com o
processo carcinogénese é o achado de que polimorfismos genéticos para TNF-a se
associam com susceptibilidade a véarios tipos de canceres incluindo o cancer de mama,

hepatocarcinoma, mieloma multiplo e cancer de pulmao.
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No processo de carcinogénese cervical especificamente, os fatores de necrose tumoral
parecem influencid-lo em diferentes niveis. Primeiro, promovendo a divisdo e
proliferagéo celular por aumentar a atividade das enzimas quinase cliclino-dependentes.
Segundo, modulando a expressdo do RNA das proteinas E6/ E7 do HPV16. (Diaconu et
al., 2008). Terceiro, aumentando a transcricdo do fator de crescimento epidérmico
(EGF).

Essas a¢des levam as células neoplésicas se tornarem resistentes ao efeito citotoxico dos
TNFs o que favorece ainda mais a proliferacdo celular e a invaséo tecidual. (Diaconu et
al., 2008) Essa resisténcia € mediada pela proteina E7 do virus HPV que induz a supra
regulacdo de um grupo de genes associados com a progressdao da divisdo celular
(Termini et al., 2008; Boccardo et al., 2010).

A resisténcia aos TNF em lesfes cervicais pode ser clinicamente comprovada, pois 0s
niveis séricos de TNF-a de mulheres com neoplasia intraepitelial cervical (NIC) estdo
mais elevados em relagcdo a mulheres saudaveis. (Lee et al., 2009). Além disso, culturas
de queratindcitos imortalizados derivados de tumores positivos para HPV 16 e HPV 18
continuam a crescer mesmo na presenca dos fatores de necrose tumoral(Termini et al.,
2008).

Do acima exposto, fica claro que a resisténcia aos fatores de necrose tumoral adquirida
pelo virus HPV no processo de carcinogenese cervical é um ponto crucial no desfecho
dessa neoplasia, apesar dos pormenores da base molecular subjacente ndo estejam ainda

completamente clarificados.

1.4 Associacgdo entre Receptores TOLL Simile e Fatores de Necrose Tumoral
Em um contexto inflamatdrio ndo neoplésico, a associa¢do entre a via dos receptores

TOLL simile e a via dos fatores de necrose tumoral ja é conhecida. No sistema nervoso
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central, a expressdo de TLR2 e TLR4 se torna supra regulada ao nivel da transcri¢éo
génica como consequéncia da exposi¢do do tecido a0 TNF-a in vitro e in vivo. Essas
mesmas celulas neurais quando expostas a agonistas de TLR2 e TLR4 produzem e
secretam TNF- a.(Covacu et al., 2009). Quando tecidos neurais sdo expostos ao um
agente infeccioso como o estafilococos aureus, 0 TNF-a atua de maneira autocrina e
parécrina levando a uma expressdo maior de TLR2 na micréglia. (Syed, Phulwani e
Kielian, 2007).

Ja nas sindromes coronarianas agudas, a expressdo de TLR4 assim como 0s niveis
séricos de TNF- a estdo aumentados ¢ 0s mesmos correlacionam entre si.(Xie et al.,
2010). No choque séptico, 0 TNF- o afeta a expressdo de TLR4 a nivel molecular

atuando como um modulador da resposta inflamatoria (Lin e Yeh, 2005).

1.5 Justificativa do estudo
Pelo acima exposto percebe-se que o sistema imunoldgico desempenha um papel central
no processo de carcinogénese e disseminacdo tumoral. Tanto os receptores TOLL simile
como os Fatores de necrose tumoral estdo entre 0s componentes mais ativos no processo
neoplésico quando analisados separadamente. No entanto, apesar de haver uma clara
associacao entre essas duas vias imunoldgicas em um contexto inflamatério ndo
neoplésico, essa associacdo nunca foi testada no processo neoplasico cervical. Essa
associacdo uma vez confirmada pode abrir novos horizontes no que diz respeito a

possiveis novos sitios de tratamento, acompanhamento e até mesmo diagnaostico.
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2-ODbjetivos

2.1 Objetivo geral

e Auvaliar a associacdo das vias imunoldgicas dos receptores TOLL simile com a
via inflamatdria dos fatores de necrose tumoral em lesfes cervicais pré-invasoras

e no cancer cervical.

2.1 Objetivo especifico
e Comparar os niveis de expressdao de TLR2, TLR3, TLR4, TNF-a, TNF-B por
imuno-histoquimica em laminas de tecido cervical entre o grupo controle,

mulheres com neoplasia intraepitelial (NIC), e carcinoma de células escamosas.
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3-Artigo

Association between Toll Like Receptors and Tumor Necrosis Factors

immunological pathways in cervical lesions and cervical cancer

Abstract

Immune system plays a critical role on the defense against the HPV infection or its
persistence. The carcinogenesis process is a result of the continuous pressure exerted on
the developing tumor by the immune system [1]. The Toll Like receptors (TLR) are
membrane receptors responsible for an activation of innate immune response and it was
shown an association between TLR expression and cervical cancer. Tumor necrosis
factors are one of the main mediators of skin and mucosa inflammation and they may
influence the fate of HPV infected cells and they also could favor malignant cervical
cells invasion. The aim of this study was to demonstrate the association between TLR
and TNF immune pathways in cervical cancer and cervical lesions.

A total of 64 paraffin embedded tissues were obtained from gynecological procedures,
including 35 specimens with cervical intraepithelial neoplasia (CIN) and 10 specimens
with squamous cervical cancer (SCC), as well as 19 normal cervical tissues. The
expressions of TLR 2, TLR3, TLR4, TNF-o and TNF-p were measured by
immunohistochemistry and were graded in low and high levels of expression. Results:
There was an association between expression levels of TLR2 with TNF- a and with
TNF- B (p=0.01, p=0.021, respectively) in cervical cancer and CIN groups. The
expression of TLR4 was also associated with the expression of TNF- a and TNF- 3

(p=0.016, p=0.025 respectively) in the groups. On the other hand TLR3 was not
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statistically associated with TNF o or TNF B. Conclusion: There might be an association
between Toll like receptors 2 and 4 pathways with the immunological response of tumor
necrosis factors o and f in cervical cancer. Those markers are also expressed in higher
levels in cervical cancer and pre malignant lesions when compared to normal controls.
The toll like receptor 3 was not associated with tumor necrosis factors expression. There
was no difference in the level of expression of TLR3 between cervical cancer, CIN and

controls.

Introduction:

Cervical cancer is an important cause of death in women worldwide [2]. In Brazil it is
the second most common cancer among women. Every year, 18.430 new cases are
diagnosed and about 4.800 women die annually from this condition [3]. The persistent
HPV infection is recognized as the most important factor for the development of
cervical cancer. Immune system plays a critical role on the defense against the HPV
infection and its persistence.[4] The carcinogenesis process is a result of the continuous
pressure exerted on the developing tumor by the immune system and it is known as
cancer immunoediting.[1]. Innate immunity is the first line of defense against infection,
before the acquired immune response is activated.

Toll like receptors belong to the innate immune system and they are able to recognize
pathogen associated molecular patterns (PAMPS) and pattern recognition receptors
(PRRs) promoting cytokines production by classic PI3K/Akt signaling pathway. After
the TLR mediated signaling pathway is activated, proinflammatory cytokines are
produced, antigen-presenting cells are activated, and innate immunity and acquired
immune response are initiated. To date, 10 types of TLR were identified in humans. Of

them, the TLR2, TLR3, TLR4, TLR7, TLRS8, and TLR9, have been demonstrated to
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recognize viruses. [5] Cervical cancer appears to escape from immune surveillance of
the TLR which results in a tumor microenvironment, favorable for its development and
strengthened resistance to cancer chemotherapy. [6] TLR expression is emerging as an
important biomarker in the development and progression of diverse neoplasia, including
cervical cancer where although, the pathways are not yet completely clarified, the up
regulation of certain TLRs seems to play an important role in the carcinogenesis process
and they could become an attractive target for new treatments for cervical cancer.[7]
Tumor necrosis factors (TNF-a and TNF-B), have a central role in the adaptive immune
response. They are mainly secreted by activated macrophages and they are able to
promote the host’s defense by activating the inflammatory process [8]. A moderate TNF
level is necessary to maintain cell in-setting and to prevent certain diseases through
regulating immune response. However, excessive TNF due to pathological conditions is
associated with autoimmune diseases, infectious diseases, and malignant tumors. In
cervical cancer, TNF promotes the progression of cell cycle by increasing cyclin-
dependent kinase activity and HPV16 E6/E7 RNA expression in HPV-immortalized
keratinocytes [9]. In addition, TNF enhances the transcription and stability of the
epidermal growth factor (EGF) receptor, resulting in cell proliferation and
tumorigenesis. [10] The serum level of TNF-a in women with cervical intraepithelial
neoplasia (CIN) is much higher than in healthy controls, although the there is no
differences in the levels collected in cervical washings.[11] It seems that TNF
deregulated expression favors the neoplastic cells.

An association between TLR signaling and TNF response had already been
demonstrated .None of them in a neoplastic scenario. In septic shock, TLR 4 and TNF a
signaling pathways collaborate to activate inflammatory cascades suggesting that these

two inflammatory pathways may crosstalk in a molecular level [12]. In acute coronary
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syndrome, the expression level of TLR4 has a positive correlation with serum levels of
TNF-a[13].In neuroinflamatory conditions, the central nervous system tissue exposed to
TLR2 and TLR4 agonists, produce and released TNF- o protein.[14]. In the other hand,
in response to neural S. aureus infection, TNF-a acts in an autocrine/paracrine manner
to enhance TLR2 expression in microglia[15].

Although TLR and TNF signaling pathways have been previously associated to
different types of cancer when studied separately we were not able find any study which
associates the expression of this two pathways in any kind of neoplasia even though
there is a clear association between them in many different non-neoplastic inflammatory
conditions. Therefore, the aim of this study is to evaluate the TLR and TNF signaling
pathways in the cervical carcinogenesis process. The expressions of the TLR2, TLR3,

TLR4 and TNF-a, TNF- 3 were evaluated in cervical cancer and pre neoplastic lesions

Materials and Methods:

Data collection:

A total of 64 paraffin embedded tissues were obtained from gynecological procedures,
including 35 specimens with cervical intraepithelial neoplasia (CIN) specimens and 10
squamous cervical cancer (SCC) specimens, as well as 19 normal cervical tissues
obtained from resected uterus for benign causes, which were used as controls. Samples
were selected from the Gynecology department of Federal University of Minas Gerais.
The women recruited had mean age of 40 years, ranging from 18 to 85 years old. They
had a mean of 3,2 gestation ranging from 0 to 13 gestations. Eight (12.5%) patients
were in menopause status. Only one patient was receiving hormonal therapy for
menopause. Nineteen (29.7%) patients were using oral contraception and only 9(14.1%)

patients were smokers. This study was approved in the local ethics committee.
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Hematoxylin-Eosin (HE) staining

The HE staining was performed on formalin fixed and paraffin embedded samples. The
samples were immersed in the filtered Harris Hematoxylin for 1 minute, after that, they
were rinsed with tap water. Then, they were immersed in EOSIN stain for 1-2 minutes
and again they were rinsed with tap water. The samples were dehydrated in ascending

alcohol solutions (50%,70%,80%,95%, 100%) and then cleared with xylene twice.

Immunohistochemistry:

The immunehistochemical assay was performed on formalin fixed and paraffin
embedded samples. Slides were conventionally dewaxed by xylene and hydrated with
gradient alcohol, and antigen was then retrieved using a microwave. Endogenous
peroxidase was blocked with 3% H 20 2. Slides were incubated with primary antibody
at 4°C overnight. PBS was used instead of primary antibody as a negative control. In the
following day, secondary antibody was added, followed by DAB detection, hematoxylin
staining, and conventional dehydration. Finally, the slides were clearly mounted. Slides
were washed using PBS for 10 min between two steps. Immunohistochemical results
were observed for a single experienced gynecologic pathologist The expressions of
TLR 2, TLR3, TLR4, TNF-a. and TNF-p were graded from absent to ++++ degrees
according to two parameters. The darkness of the reaction in the tissue and the number
of cells that presented the reaction compared with total of cells. For the analysis we
considered as high levels of expression the +++ and ++++ degrees of reaction and low
levels were defined as absent + or ++ degrees of reaction. This classification was made

in accordance with previous studies.[6, 16]
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Statistical analysis:

The Pearson Chi-Square was used to verify an association between the level of
expression of TLR2, TLR3, TLR4 and the levels of expression of TNF-o and TNF-f
.The Likelihood Ratio Test was used to determine whether the three groups expressed
different levels of TLR2, TLR3, TLR4, TNF-o and TNF-p. Fisher’s exact test was used
for multiple comparisons between each two of the control, CIN, and CSCC groups. All
the values presented in this study were two-sided and the significance level was set to
less than 0.05. All of the statistical analyses were performed using SPSS 15.0 (SPSS

Inc., Chicago, Ill, USA).

Results:

There is an association, in cervical tissues, of the expression levels of TLR2 with the
expression levels of TNF-o and TNF-B (p=0.010 and p=0.021, respectively). There is
also an association between the expression of TLR4 with expression of TNF-a and
TNF-B, in normal, CIN and SCC tissues (p=0.016 and p=0.025 respectively). There is
no association between the expression of TLR3 with TNF-a and TNF-B. (p=0.513 and
p=0.135 respectively). Table 1

Cervical tissues with CIN and SCC had significantly higher levels of TLR2 compared
with control (p=0.032). In the control group, 73% of the women had low levels of TLR2
and 27% had high levels. In the CIN group 31% had low levels and 69 % had high
levels. In the SCC, 20 % of tissues had low levels and 80% had high levels of TLR2.
FIGURE 1

The expression levels of TLR4 are higher in the CIN and SCC groups when compared
with the controls (P<0.001). All tissues in the SCC group and 15.4% in the CIN group

had high levels of TLR4 while none of them had in the control group. FIGURE 2
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Tissues in the CIN and in the SCC group had, significantly, higher levels of expression
of TNF-a when compared with controls. (p=0.007). In the control group, 93% of the
specimens expressed low levels of TNF-a while 61% in the CIN group and 50% in the
SCC group expressed high levels of TNF-a. FIGURE 3

Tissues in the CIN and SCC groups expressed significantly higher levels of TNF-f
(p=0.036). While 87% of the tissues in the control group expressed low levels of TNF-
B, in the CIN and SCC groups expressed 69% and 50% tissues with high levels of TNF-
B. FIGURE 4

There was no difference of TR3 expression between women with benign cervix, CIN

and SCC (p=0.150) FIGURE 5

Discussion

This study showed for the first time that there is an association between the levels of
expression of TLR2 and TLR4 with TNF-o and TNF-f expression in the cervical
lesions and cervical cancer. There was no association between TLR3 levels with TNF-a
and TNF- expression.

It was already known that in non-neoplastic inflammatory conditions the TLR signaling
cascade seems to correlate with the TNF- o pro-inflammatory pathway. In central
nervous system, the expression of TLR2 and TLR4 was transcriptionally up-regulated
as a consequence to inflammatory exposure of TNF- a in vitro and in vivo. Most
importantly, neural system cells exposed to TLR2 and TLR4 agonists produced and
released TNF- a protein [14, 15]. In central nervous tissues exposed to S. aureus, TNF-a
acts in an autocrine/paracrine manner to enhance TLR2 expression in microglia[15]. In
another inflammatory condition, the septic shock, TNF- o can affect the expression

level of TLR4, suggesting that TNF-o may regulate the inflammatory response by
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modulating TLR4 expression in molecular level [12]. In acute coronary syndromes, the
expression of TLR4 and the serum level of TNF-a are high and they correlate to each
other[13] .

In our study, the same association between TLR and TNF- o expression was observed.
It seems that HPV infection stimulates TLR2 and TLR4 expression that enhances the
TNF- o production resulting in a pro inflammatory microenvironment. [6] The
pathways involved in the virus scape from immune attack are not yet totally understood,
but it seems that despite of activation of these inflammatory pathways in cervical
lesions, the resulting inflammation is not able clear the virus infection, contrarily, it
seems to favor it. The results are alteration in oncogenes and tumor suppressor gene,
abnormal cell adhesion molecules and, finally, carcinogenesis.

Pre-malignant cervical lesions and cervical cancer had higher levels of expression of
TLR2, TLR4, TNF-a and TNF-B, when compared to controls, in this study. In the other
hand, TLR3 levels were not differently expressed between the groups.

These results are in accordance with the previous studies. The expression of several
TLRs including TLR2, TLR4, TLR7 and TLR9 by some kinds of malignant cells may
influence cancer progression in a direct fashion rather than as a consequence of
immunological effects. [17]

Specifically in cervical cancer, TLR4 and TLR7 upregulation, quantified by
immunohistochemistry, was shown to be an important predictor of cervical cancer
progression significantly correlating with SCC differentiation [6]

Interestingly, the HPV- 16 persistence seems to be related with dampened TLR
expression, measured by quantitative reverse transcription-PCR. [18]. These findings
suggest that TLR are important for the first line of immune defense and those women

that are not able to produce enough levels of TLR have higher chances to have
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persistent infection. In the other hand, once the infection is established, TLRs are
expressed in higher levels in pre-malignant lesions and cervical cancer suggesting that
the virus uses the TLR immune response favoring the carcinogenesis.

The transition from infection to viral clearance as well as the development of HPV-
related lesions is influenced by local cell-mediated immune response. There is a
complex panel of interactions between these cells. Tumor necrosis factor-alpha (TNF-a)
Is an extraordinarily pleiotropic cytokine with a central role in immune homeostasis,
inflammation, and host defense.[19] It is also involved in the defense against HPV
infection, modulating viral replication[8] . However, tumors can become TNF-a
resistant and eventually most malignant tumors become TNF-a resistant. In fact, some
malignant tumors can escape from TNF-a-induced cell death suggesting that HPV
mediated TNF resistance is a key event in the multi-step process leading to cervical
cancer.[19-21].

It is a study with a small number of cases; however, the results could reach a statistical
significance. The quantification of the expression of the markers was made by a
immunohistochemistry which is less precise method than the quantitative reverse
transcription (PCR), but as it was the first study about the subject, it was decided to use
a immunohistochemistry as the first attempt to demonstrate the association.

The immune pathways and their association in the carcinogenesis process are much
more comprehensive than these two pathways that have been studied but here the
association was demonstrated for the first time in a neoplastic condition. It helps to
understand the immune mechanisms involved in cervical cancer development.

Although the signaling pathways related to cervical carcinogenesis are not Yyet
completely clarified, the TLRs and TNF immune pathways could be considered to be

attractive targets for new treatments or new prognosis factors for cervical cancer [22].
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Understanding the immunological mechanisms that underpin natural viral clearance and
disease regression is needed to inform design of a therapeutic vaccine.

The aim of this study was to demonstrate the association between TLR and TNF
immune pathways. These two important immune cascades are expressed in higher
levels in cervical lesions and cervical cancer and their levels are statistically associated
This study highlights the importance of further studies to facilitate a greater
understanding of biological processes and how the immunologic system pathways can

help in prognosis and monitoring of patients
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Table 1.
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Association between the level of expression of TLR2, TLR3 and TLR4 with levels of

TNF-o and TNF-p in cervical tissues

TNF-a P TNF-B p
High Low High Low

TLR2 n (%) n(%) 0.010 n(%) n(%) 0.021
High  13(20.3) 15(9.4) 13(20.3) 15(24.2)
Low 6(3.1) 30(67.2) 7(10.9) 29(44.6)

TLR3 n (%) n(%) 0.513 n(%) n(%) 0.135
High 0(0) 1(1.6) 1(1.6) 0(0)
Low 19(29.7) 44(68.7) 19(29.7) 44(68.7)

TLR4 n (%) 0.016 0.025
High 7(11.0) 5(7.8) 7(11.0) 5(7.8)
Low 12(18.7 40(62.5) 13(20.3) 39(61.0)

TLR2=Toll like receptor 2,

TLR3 Toll like receptor 3, TLR4= Toll like receptor 4, TNF-o. = Tumor

necrosis factor o, TNF-p= Tumor necrosis factor B Values are expressed as absolute numbers and

percentage (%). Association between the markers were evaluated chi square test



FIGURE 1:

Expression levels of TLR2 in, normal, CIN and cervical cancer tissues
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Note that tissues with CIN and SCC had significantly higher levels of TLR2 compared with control (p=0.032). In the

control group , 73% of the women had low levels of TLR2 and 27% had high levels of TLR2. In the CIN group 31%

had low levels and 69 % of the women had high levels. In the SCC the results showed 20 % of women with low

levels and 80% with high levels of TLR2
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FIGURE 2:

Expression levels of TLR4 in normal, CIN and cervical cancer tissues
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Note that the expression levels of TLR4 in the Immunohistochemical are higher in the CIN and SCC groups when
compared with the controls (P<0.001). All women in the SCC group and 15.4% in the CIN group had high levels of

TLR4 while none of them had in the control group
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FIGURE 3:

Expression levels of TNF-a in normal, CIN and cervical cancer tissues:

p=0.007
11060, 0% THNFalfa
[ JLow
W Hich
20 08—
60,09
E o
-]
(]
L]
-
40,080
10,084
W,

0,0%—

Normal CIN SCC

Tissues in the CIN and in the SCC group had, significantly, higher levels of expression of TNF-a in the tissues

analyzed when compared with controls. (p=0.007). In the control group, 93% of the specimens expressed low levels

of TNF-a while 61 in the CIN group and 50% in the SCC group expressed high levels of TNF-a.



FIGURE 4:

Expression levels of TNF-B in normal, CIN and cervical cancer tissues
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Tissues in the CIN and SCC groups expressed significantly higher levels of TNF-B (p=0.036). While 87% of the

tissues in the control group expressed low levels of TNF-B, in the CIN and SCC groups expressed 69% and 50%

tissues with high levels of TNF-f



FIGURE 5:

Expression levels of TLR3 in normal, CIN and cervical cancer tissues
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Note that it wasn’t observed any statistical difference between the groups (p=0.150). All tissues in the control group

and in the CIN group had low levels of TLR3. In the SCC group, 10 % presented high levels of TLR3 but without

significance.
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4-Conclusoes

Este estudo permite concluir que:
e Existe uma associacao estatistica entre os niveis de TLR2 e TLR4 com os niveis
de TNF-a ¢ TNF-B nas lesdes intraepiteliais cervicais e na neoplasia cervical.
e Os niveis de expressdo de TLR2, TLR4, TNF-a e TNF-f estdo aumentados nas
lesGes intraepiteliais cervicais e no cancer de colo uterino quando comparadas ao

controle.
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6-Anexos

ANEXO I: MATERIAIS E METODOS

O estudo foi aprovado pelo Comité de Etica em Pesquisa (COEP) da Universidade
Federal de Minas Gerais
As amostras teciduais de colo uterino obtidas foram entdo incluidas no estudo e

divididas em 03 grupos:

- Grupo 1 (controles): 19 mulheres com diagnéstico de miomatose uterina com
indicacdo de histerectomia acompanhadas no servi¢co de ginecologia do Departamento
de Ginecologia e Obstetricia do Hospital das Clinicas da Universidade Federal de Minas
(UFMG).

- Grupo 2 (lesGes pré-invasoras do colo uterino): 35 mulheres com diagndstico de
lesbes pré-invasoras do colo uterino acompanhadas no ambulatorio de propedéutica do
colo uterino do mesmo hospital.

-Grupo 3 (cancer do colo do atero): 10 mulheres com diagndéstico carcinoma de
células escamosas (CCE) invasor do colo uterino acompanhadas no servigo de

oncoginecologia do mesmo hospital.

3.2 Técnica Cirurgica
As pacientes com mioma uterino foram submetidas a histerectomia de acordo com a

técnica modificada de Heaney.
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As pacientes com lesdes pré-invasoras do colo uterino foram submetidas a resseccao por
cirurgia por alta frequéncia (CAF) ou conizagéo por bisturi “frio” conforme a indicagéo
do caso.

As pacientes com cancer de colo uterino foram submetidas a laparatomia mediana com
realizacdo de inventario da cavidade abdominal, histerectomia radical classe Il
Rutledge-Piver e linfadenectomia pélvica. A histerectomia radical, base do tratamento
cirargico para o cancer do colo uterino nesses estadios, consiste na remocao do Utero e
do tecido peritumoral, constituido pelo paramétrio, paracolpos e margens vaginais. Sao
descritos cinco classes de histerectomias que se diferem no local das ligaduras nas
artérias uterinas e vesicais superiores, na dissec¢do ureteral, e na extensdo da resseccao
parametrial e vaginal (Piver et al. 1974). A resseccao vaginal é variavel, podendo ser
retirado apenas o seu terco superior (Piver Il), metade superior (Piver IIl) ou 3/4
superiores (Piver 1V).

O tratamento cirdrgico foi o primeiro a ser adotado e nenhuma das pacientes foi

submetida a radioterapia ou quimioterapia antes da cirurgia.

3.3 Obtencao das amostras

Foram removidos do material cirdrgico 4 amostras medindo 0,5 X 0,5mm, todas
retiradas de areas ndo necréticas, Em seguida os exemplares foram fixados em
formalina neutra tamponada 10% e enviados ao servico de Anatomia Patoldgica da
UFMG. A avaliacéo histologica de todas as amostras foi realizada por uma patologista
com experiéncia em oncoginecologia e em imunohistoquimica de acordo com as
recomendacdes da Sociedade Americana de Patologistas. Foi avaliado o tamanho do
tumor, a classificacdo, o grau de diferenciacdo (G1, G2, G3), a invasao linfovascular, o

envolvimento vaginal e parametrial e a presenca metastases em linfonodos pélvicos.
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3.4 Imunohistoquimica

As amostras retiradas do colo uterino normal e neoplasico foram estudadas através da
técnica de imunohistoquimica. Foram avaliadas as expressdes das proteinas TLR2,
TLR3, TLR4, TNFa ¢ TNFp.

Os cortes das amostras foram desparafinizados em xilol e hidratados em série
decrescente de etanol. A seguir, foram mergulhados em solucdo de EDTA 1mM (pH
8,0), e aquecidos a 96°C em vaporizador steamer por 30 minutos, para a recuperacao
antigénica. Apos resfriamento e lavagem dos cortes em tampéao TRIS, Tris-HCI 0,05M
(pH 7,6), eles foram tratados com solucdo de H,O, a 3%, fundamental na inativacdo da
peroxidase enddgena. Nova lavagem com TRIS foi feita para que, em seguida, 0s cortes
fossem incubados com os anticorpos primarios. Para controle negativo da
imunomarcacao, foi utilizado apenas TRIS. Essa incubacdo durou uma noite e foi
mantida a 4°C em camara Umida. Apds lavagem em TRIS, as sec¢bes foram expostas a
solucdo pds-primaria, kit NovoLinkTM Max Polymer (Novocastra, Reino Unido). Nova
lavagem precedeu a exposicdo dos cortes ao polimero, kit NovoLinkTM Max Polymer,
fundamental para a amplificacdo da resposta. A imuno-reacdo foi visualizada usando
diaminobenzidina - DAB, kit Liquid DAB + Substrate Chromogen System
(DakoCytomation, Estados Unidos), que foi preparado de acordo com as orientaces do
fabricante. Ao final, os cortes foram contra corados com hematoxilina de Harris,

desidratados, diafanizados e montados.

3.5 Anélises da imunomarcacédo de TLR2, TLR3, TLR4, TNFa e TNFf
Todos os cortes foram examinados em um microscopio de luz (Modelo KF2, Zeiz, GE),
sob 0 aumento de 400x para quantificar a intensidade de imunoexpressao das proteinas.

As coloragbes para TLR2, TLR3, TLR4, TNFo ¢ TNFp foram avaliadas por uma
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patologista de acordo com o numero de células positivas para as proteinas por campo.
Ambos desconheciam a historia e a evolugdo clinica das pacientes. Foram consideradas
positivas as células que apresentaram citoplasma com coloragdo castanha, como
resultado da precipitacdo do cromdgeno diaminobenzidina, independentemente da
intensidade da coloracdo. Em cada campo avaliado, foram quantificados o numero total
de células epiteliais e 0 numero de células positivas. A partir dos dados obtidos pela

avaliacdo de todos os campos, foi calculado o indice de marcacdo através da formula:

indice de marcacio = soma do ndmero de células positivas nos campos x 100

soma do numero total de células nos campos

O indice de marcacdo indica, portanto, a porcentagem de células positivas sobre o
namero total de células epiteliais do colo. E serdo entdo classificados em scores, de

acordo com a porcentagem de células imunopositivas.

Para as proteinas consideramos 0s scores:

-Auséncia de imunocoragdo: nenhuma célula imunopositiva
-Escore 1+: 1% a 25% de células imunopositivas;

- Escore 2+. 26% a 50% de células imunopositivas;

- Escore 3+: 51% a 75% de células imunopositivas;

- Escore 4+: 76% a 100% de células imunopositivas

As laminas foram entdo reclassificadas como apresentando altos titulos de expresséo
quando apresentavam escores 3+ ou 4+ ou baixos titulos de expressdo quando

apresentavam escores 0, 1+ ou 2+ conforme estudos anteriores. FIGURA 8
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Figura 8:
Coloracdo por imuno-histoquimica dos receptores TLR3 e TLR4 nos grupos controle,
NICs e cancer de colo

Cancer de colo de Utero



