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RESUMO

A investigagdo dentro da imunologia envolvendo RNA tem sido amplamente
explorada com o reconhecimento da existéncia do receptor Toll like 3 (TLR3) o qual
interage com RNAs de origem viral. TLR3 reconhece RNA dupla fita, como por
exemplo RNA poly (I:C), um analogo sintético de RNA dupla-fita (RNAdSs) viral e sua
estimulagdo resulta na liberacdo de citocinas e quimiocinas proinflamatérias. E
conhecido que RNAds, além de desencadear a sinalizacdo em cascata para
producao de citocinas, como interferons (INFs), também ativa enzimas induzidas por
INF, incluindo proteina quinase dependente de RNA (PKR). No presente estudo foi
investigada a expressao relativa de RNAm para TLR3, CXCR4, IFNy e PKR em
culturas de células sensibilizadas com poli (I:C) e RNA endégeno proveniente de
células mononucleadas do sangue periférico (PBMC) humano. N&o foi observado
efeito citotoxico e aumento na proliferacéo de células CD3*, CD4" e CD8". Houve
aumento da expresséo relativa de RNAm de TLR3, IFNy, CXCR4 e PKR em cultura
de PBMC com poli (I:C). Embora tenha sido observado que TLR3 reconhece RNAds
sintético e ativa genes que aumentam as citocinas inflamatoérias importantes para a
interagcdo das células imunes, a fungdo fisiolégica do TLR3 permanece a ser
elucidada. Interessantemente, a cultura de células sensibilizadas com RNA
endogeno autologo apresentou diminuigdo da expressédo de RNAm de TLR3, IFNy,
CXCR4 e PKR. E possivel que os RNAs endégenos como microRNAs e RNAs
longos, ndo codificadores, através de suas complexas estruturas secundarias
participem na regulagdo da expressdo génica independente do TLR3. E conhecido
que TLRs sdo expressos ndo somente pelas células do sistema immune, mas
também por células tumorais e que IFNy pode ser uma citocina chave na resposta
imune antitumoral. A proxima etapa do presente trabalho foi investigar a expressao
de RNAm de TLR3, IFNy e CXCR4 por PCR em tempo real, em tecido mamario
tumoral das pacientes com cancer de mama (carcinoma ductal) comparado com
tecido mamario saudavel. Embora ndo tenha sido verificada diferenga significante
entre o tecido mamario saudavel e tecido mamario tumoral quanto a expressao de
TLRS3, houve aumento estatisticamente significante da expressdo do TLR3 no tecido
mamario tumoral de pacientes sem acometimento de linfonodos. Foi verificada
correlagao positiva da expressdo de RNAm para TLR3 e IFNy e também para TLR3
e CXCR4, portanto é possivel que estas moléculas tenham implicagdes na
patogénese do cancer. A etiologia do cancer de mama tem sido muito discutida,
variaveis como predisposicdo genética, idade e ambiente sdo comprovadamente
fatores de risco, porem nao sao absolutos e unicos. Alguns virus, devido a sua
complexidade na estrutura e mecanismo de agdo, sdo considerados agentes
etiolégicos de algumas neoplasias, como cancer de colo de utero, cancer de mama,
linfoma e leucemias. O virus do tumor mamario de camundongos (MMTV) tem sido
sugerido como candidato a virus causador de cancer de mama. E provavel que
algumas pacientes com cancer de mama possam apresentar envolvimento viral e
que o TLR3 possa ser um receptor envolvido na resposta imune como também num



processo carcinogénico na mama. A participacao do RNA na patogénese da doenca
e suas implicagdes na modulacédo da resposta imune como também na terapéutica é
um tema a ser elucidado.

Palavras-chave: TLR3. IFNy. CXCR4. PKR. RNA. MMTV.
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implications in the microenvironment of breast cancer. 2011. 95f. Thesis (Doctorate
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ABSTRACT

The research of immunology involving RNA has been widely exploited with the
recognition of Toll like receptor 3 (TLR3) which interacts with viral RNAs. TLR3
recognizes double stranded RNA such as RNA poly (I: C), a synthetic analogue of
double-stranded RNA (RNAds) virus and its stimulation results in release of
proinflammatory cytokines and chemokines. It is known that RNAds, besides triggerring
the cascade signalization for the production of cytokines such as interferons (INFs), also
activates enzymes induced by INF, including RNA-dependent protein kinase (PKR). This
study investigated the relative expression of mMRNA for TLR3, CXCR4, IFNg and PKR in
sensitized cultured cells with poly (I: C) and endogenous RNA from peripheral blood
mononuclear cells (PBMC) human. No cytotoxic effect or increased proliferation of CD3",
CD4" and CD8" were observed. There was an increased mRNA expression for TLR3,
IFNy, CXCR4 and PKR in cultured PBMC with poly (I: C). Although it was observed that
TLR3 recognizes dsRNA synthetic and activates genes that increase the inflammatory
cytokines important for the interaction of immune cells, the physiological function of TLR3
remains to be elucidated. Interestingly, the cultured cells sensitized with endogenous
RNA exhibited reduced mRNA expression of TLR3, INFy, CXCR4 and PKR. It is possible
that endogenous RNAs such as microRNAs and long RNAs, not coders, through their
complex secondary structures are involved in regulating gene expression independent of
TLR3. It is known that TLRs are expressed not only by cells of the immune system but
also by tumor cells and that IFNy can be a key cytokine in anti-tumor immune
mechanism. The next step of this study was to investigate mRNA expression of TLRS3,
IFNy and CXCR4 by real time PCR in breast tumor tissue of patients with breast cancer
(ductal carcinoma) compared with normal breast tissue. Although no significant
difference was found between normal tissue and breast in the expression of TLR3, there
was a statistically significant increase in the expression of TLR3 in tumor breast tissue of
patients without lymph node involvement. It was found positive correlation between
MRNA increase for TLR3 e IFNy and too TLR3 and CXCR4, so it is possible to
involvement the increase of MRNA expression for TLR3 and IFNy that these molecules
have implications in the pathogenesis of cancer. The etiology of breast cancer has been
much discussed, variables such as genetic predisposition, age and environment are
proved risk factors, but are not absolute and unique. Some viruses, due to its complexity
in structure and mechanism of action, are considered etiologic agents of some
malignancies such as cervical cancer, breast cancer, lymphoma and leukemia. The
mammary tumor virus of mice (MMTV) has been suggested as a candidate for the virus
that causes breast cancer. Therefore, it is reasonable to assume that some patients with
breast cancer may have viral involvement and that TLR3 may be a receptor involved in
immune response but also a carcinogenic process in breast. Involvement of nucleic acid
in the pathogenesis of the disease and its implications in the modulation of immune
response in therapy is an issue to be elucidated.

Keywords: TLR3. IFNy. CXCR4. PKR. RNA. MMTV.
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1 INTRODUCAO

1.1 RECEPTOR TOLL LIKE

Contrariando as defini¢gdes tradicionais que dividem o sistema imune
em inato e adaptativo, atribuindo papéis especificos a cada um, ha um crescente
acumulo de evidéncias atribuindo ao sistema inato um papel mais significativo na
defesa no organismo humano.

Os TLRs compreendem uma familia de receptores de proteinas de
superficie celular e possuem importante funcao na resposta imune inata. Estes
receptores estdo presentes em diferentes tipos de células, que funcionam em
mamiferos, reconhecendo componentes moleculares de microorganismos, 0s quais
sdo denominados padrées moleculares associados ao patdgeno (PAMPS), sendo
um dos principais mecanismos pelo qual o hospedeiro reconhece que existe um
microrganismo presente. Essa importante informagdo é transmitida através da
membrana celular ao nucleo, onde genes especificos podem ser ativados para
desencadear uma resposta apropriada. Esses receptores sdo homoélogos a familia
do receptor de interleucina 1 (IL-1), em humanos, e a proteina Toll da Drosophila
(TRINCHIERI, 2007). TLRs sao formados por dominio extracitoplasmatico de
repeticdes em leucina (LRRs) as quais estdo envolvidas diretamente ou através de
moléculas acessorias ligando ao dominio que interage com dominio receptor toll de
interleucina 1 (TIR) contendo moléculas adaptadoras (BELL et al., 2003). Os TLRs
ativam a via do fator nuclear kappa B (NF-xB) e fator regulador de interferon (IRF)
que regulam a expressao de citocinas (TRINCHIERI, 2007).

No genoma humano, TLRs foram identificados: TLR1, TLR2, TLRS,
TLR4, TLR5, TLR6, TLR7, TLR8, TLR9 e TLR10 (AKASHI-TAKAMURA; MIYAKE,
2008), sendo que estes reconhecem e se ligam a PAMPs especificos: por exemplo,
TLR4 e TLR5 sao os receptores de lipopolissacarideos e flagelina, respectivamente.
Com base na localizagao celular, TLRs sao classificados em dois grupos: TLRs de
membrana plasmatica incluindo TLR1, TLR2, TLR4, TLR5 e TLR6 e TLRs
endossomal incluindo TLR3, TLR7, TLR8 e TLR9 presentes nos endossomas
intracelular (MEDZHITQOV, 2007).

Receptores Toll-like podem ser encontrados na membrana celular,

no citosol e no endossoma. Células dendriticas, macrofagos, natural killer, e
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mastocitos expressam receptores Toll-like 3 (TLR3) intracelularmente e contribuem
para a resposta imune inata (HEINZ et al., 2003; ORINSKA et al., 2005; WANG et
al., 2006). Porém, em fibroblastos e células epiteliais TLR3 & expresso no
endossoma e também na superficie das células (MATSUMOTO et al., 2002; 2003).

Estudos destinados a decifrar os caminhos da sinalizacao através de
TLR3 em diferentes subconjuntos de células dendriticas podem fornecer
informagdes importantes facilitando a utilizacdo de RNAs dupla fita (RNAds -double
stranded) como um ativador das células dendriticas (GAUZZI et al., 2010).

Os RNAds virais participam na apoptose de células infectadas por
virus, mas o caminho da sinalizagdo nao esta totalmente esclarecido. Salaun e
colaboradores (2006) demonstraram que RNAds sintético induz apoptose em células
de cancer de mama humano de uma maneira dependente de TLR3, o qual envolve o
adaptador molecular Toll/IL-1R que induz IFN-beta (IFNB) e sinalizagao autdcrina, e
independentemente da proteina quinase ativada por RNA (PKR). A atividade pro-
apoptoética endégena humana de TLR3 expresso por células cancerigenas revelam
um novo aspecto da biologia do TLR, o qual pode trazer um avancgo clinico utilizando

antagonistas de TLR3 como agente citotoxico em cancer.

1.2 RNAPoLi(l:C)E TLR3

O acido poliriboinosinico:poliribocitidilico (poli (I:C)) € um analogo
sintético de RNA dupla fita, sendo um modelo molecular associado a infecéo viral. O
TLR3 reconhece estes RNAs e ativa genes que aumentam as citocinas inflamatérias
e moléculas co-estimulatorias, importantes nas interagdes celulares (TAKEDA et al.,
2003; MATSUMOTO; SEYA, 2008).

Alexopoulou e colaboradores (2001) demonstraram que o TLR3
humano reconhece RNAds, e a ativagao deste receptor por poli (I:C) pode induzir a
ativacdo de NF-kB e proteina quinase ativada por mitogeno (MAP)
independentemente de MyD88 (proteina adaptadora), e causar a maturagdo de
células dendriticas.

Sabe-se que RNAds, além de desencadear a sinalizacdo pro-
inflamatéria em cascata que leva a producdo de IFN, também ativa diretamente
algumas enzimas, incluindo a PKR (DE LUCCA et al., 2002; WATANABE et al.,
2003; 2005) e 2'- 5' oligoadenilato sintase (SAMUEL, 2001), e helicases mais
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recentemente identificada como gene | induzivel de acido retindico (RIG-I) e gene 5
associado a diferenciagao de melanoma (MDA5) (UNTERHOLZNER et al., 2008).

RNAds ativa duas vias importantes, sendo a via NF-kB/MAP kinase,
e a outra envolvendo o fator de regulagdo do IFN (IRF-3) e producéo de IFNB. O
resultado é a ativagado e aumento da regulagao de genes importantes para a atragao
de células imunes (TRINCHIERI, 2007).

Okahira e colaboradores (2005) analisaram a estrutura do RNAds
capaz de induzir a producao de IFNB através do TLR3 utilizando RNA dupla fita
sintético e RNAds viral, e verificaram que este reconhecimento é feito
preferencialmente utilizando RNA sintético (poli (I:C)).

Estudos realizados por Liu e colaboradores (2008) verificaram que
poli (I: C) induz o aumento da regulacéo do TLRS3, eotaxina e CCL5 (RANTES) e, a
expressao de IL-6, IL-8, G-CSF, MIP-1, ICAM-1 e VCAM-1. Portanto estas células
podem desempenhar um papel importante na modulagdo da resposta imune local,
na presenga de poli (I:C).

A estimulacdo de TLR3 por poli (I: C) induz a apoptose em células
de cancer de maneira dose-dependente. Estudos realizados por Nomi e
colaboradores (2010) demonstraram a atividade pro-apoptotica de TLR3 expressa
por células escamosas de carcinoma de cabega e pesco¢co (HNSCCs) e esses
resultados sugerem que TLR3 poderia ser um novo alvo para terapia em HNSCCs.

Pesquisa realizada por Tabiasco e colaboradores (2006) demonstrou
que TLR3 também esta presente nas células que participam diretamente da
resposta imune adaptativa como linfocitos T CD8" humano. Neste contexto, TLR3
atua aumentando a producdo de INFy por estas células, evidenciando que TLR3 é
um receptor com potencial na imunidade inata e adaptativa (VERCAMMEN et al.,
2008; ZHANG et al., 2009).

Interferons (IFN) s&o proteinas com fungdes imunomodulatérias,
citostaticas e com atividade citotoxica. Envolvidos tanto na resposta imune inata
como na adaptativa, participam e modulam também a resposta imune do hospedeiro
frente aos tumores (SELIGER et al., 2008). O INFy é produzido em grande
quantidade principalmente por células T (YOUNG; ORTALDO, 1987), e tem se
mostrado um potente fator de sobrevivéncia das células B em culturas celulares

obtidas de pacientes com leucemia linfocitica crbnica tendo, portanto, efeitos
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antiapoptoticos (BUSCHLE et al.,, 1994). O INFy é o principal fator de ativagao de
macrofagos, com numerosas fungdes, incluindo atividade antimicrobiana (NATHAN
et al., 1983), aumento do potencial microbicida contra patdégenos intracelulares
(TORRICO et al.,, 1991), estimulo da apresentagcdo de antigenos aos linfocitos
através da indugdo de moléculas MHC de classe Il (BASHAM; MERIGAN, 1983) e

promogao da citotoxicidade a tumores (PACE et al., 1983).

1.3 TLR3 E 0 ENVOLVIMENTO cCOM RNA ENDOGENO NA IMUNOMODULACAO

Tem sido relatado que RNA autdlogo possui um papel
imunomodulador na artrite reumatoide via TLR3. Brentano e colaboradores (2005)
demonstraram que o RNA liberado de células necréticas pode atuar como um ligante
endoégeno para TLR3 promovendo estimulacdo da expressdo de genes pro-
inflamatorios de fibroblastos sinoviais na artrite reumatoide.

Kariké e colaboradores (2004) demonstraram que RNA heterdlogo
liberado por células necroticas também estimula TLR3 e induz a ativagédo do sistema
imune. E possivel que o RNA liberado a partir de células mortas, contenha
estruturas de dupla fita que ativam TLRS3.

Em outro estudo realizado por Karikd e colaboradores (2005) foi
verificado que uma variedade de RNAs naturais possuem capacidades diferentes
para ativar células imunes. Os RNAs mais eficazes neste experimento foram os que
apresentaram o menor numero de nucleotideos modificados e, portanto, existe a
hipétese de que a modificacdo dos nucleotideos suprima o efeito imuno-estimulador
de RNA.

O RNA, provavelmente, através da estrutura secundaria, pode ser
um modulador de TLR3. Este fato tem relevancia fisioldgica porque RNA liberado
por tecidos danificados ou dentro das células endocitadas poderia servir como um
ligante enddgeno para TLR3 que induz ou modula a resposta imune.

Um membro pertencente aos transcritos n&o codificadores de
mamiferos foi identificado como noncoding transcript in T cell (NTT) RNA, o qual foi
reconhecido como gene diferencialmente expresso em células T CD4" humanas.
Este gene apresenta um transcrito de 17kb seletivamente expresso em células T
ativadas (LIU et al., 1997). NTT parece estar envolvido com a ativacdo de células

(macrofagos) através de IFNy. Células podem utilizar diferentes mecanismos de
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regulacado da sintese de RNA e neste contexto a expressdo do gene NTT poderia
modular a resposta dos linfocitos T (AMARANTE et al., 2005).

1.4 TLR3 E RNA: IMPLICACOES NA TERAPIA ANTI-TUMORAL

Sabe-se que TLRs sdo expressos ndo s6 em células do sistema
imunoldgico, mas também em células tumorais, indicando que TLRs podem
desempenhar importantes papéis na biologia tumoral (CONROY et al., 2008). E
conhecido que a persisténcia do processo inflamatério pode induzir a formagao de
tumores. Esta ocorre, em parte, porque citocinas e quimiocinas, desempenham um
papel crucial na promogao da angiogénese, metastases e ativagado do sistema imune
adaptativo (COSTANTINI et al., 2009).

Zhang e colaboradores (2009) analisaram o efeito da ativagao TLR3
na metastase do carcinoma da nasofaringe. Verificou-se que a ativagao de TLR3
diminui a expressao do receptor de quimiocina CXCR4 de uma maneira dose-
dependente e inibe a migragédo celular em resposta ao ligante do CXCR4, o fator
deridado de células estromais-1alfa (SDF-1a ou CXCL12), em ensaios de
quimiotaxia. A ativacao de TLR3 reduziu significativamente a capacidade das células
de carcinoma da nasofaringe para formar metastases em linfonodos drenantes,
quando injetado em camundongos atimicos.

Estudos realizados por Gonzalez-Reyes (2010) verificaram que a
expressdao aumentada de TLR3 esta associada com alta probabilidade de
metastases, o qual esta de acordo com outros estudos indicando que a expressao
TLR3 esta relacionada com a agressividade tumoral (SALAUN et al., 2006;
SHOJAEI et al., 2009; SCARLETT et al., 2009; ALLHORN et al., 2008; MORIKAWA
et al., 2007). Portanto, TLR3 pode representar um bom alvo terapéutico no cancer
de mama.

A extensao e a qualidade das modificagdes dos nucleotideos podem
alterar a eficacia tanto para RNA enddgeno quanto para RNAs patogénicos. Kariko e
Weissman (2007) descreveram algumas modificagdes que ocorrem naturalmente no
RNA e sua influéncia sobre a capacidade destes RNAs em ativar as células imunes
e TLRs. RNAs contendo nucleotideos modificados tém grande importdncia em
aplicagdes clinicas. Varios estudos tém demonstrado que a ativagcao de TLR3 por

RNAds inibe diretamente a proliferagao celular e induz apoptose em células tumorais
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(LE et al., 2008; SALAUN et al., 2006; 2007; TAURA et al., 2010). Neste contexto, a
investigacado da utilizagado de compostos derivados de RNAds em combinagdo com
agentes anticancer tem sido promissor.

RNAs potencialmente ativados in vitro ou recém isolados de células
dendriticas humana ativadas, levou a produgao e expressao aumentada de IL-12,
IFNa e moléculas co-estimulatorias. Estes dados podem auxiliar o desenvolvimento
de aplicagdes terapéuticas utilizando vacinas baseadas em RNA ou como um
adjuvante na imunoterapia (KARIKO et al., 2005).

O analogo sintético poli (I: C) pode produzir efeitos secundarios
téxicos in vivo, incluindo choque, insuficiéncia renal, coagulopatias e reacbes de
hipersensibilidade (ROBINSON et al., 1976). A modificagdo de poli (I: C) através da
introdugcédo de bases ndo pareadas (uracila e guanina) resulta em RNAds capaz de
sofrer hidrdlise acelerada com baixa toxicidade em humanos. Poli (I:C 12U) é um
RNAds sintético, conhecido como Ampligem®, avaliado como né&o toxico e utilizado
como um adjuvante na imunoterapia do cancer (Navabi et al., 2009). Verificou-se
que mondcitos e células dendriticas humanas derivadas de lisado tumoral e ativadas
com Ampligen sdo capazes de gerar respostas Th1 especifica contra o cancer
(JASANI et al., 2009).

O envolvimento do RNA enddégeno com receptor TLR3 e a liberagao
de varias citocinas e quimiocinas na patogénese de doengas imunoldgicas e outras
doengas como cancer, ainda esta sendo investigada e pode ter implicagdes
importantes no futuro. Conhecimentos adquiridos a partir destes estudos podem
auxiliar na compreensao de varias doencas onde RNAs podem desempenhar um

papel importante na patogénese ou na regulagéo da expressao génica.
1.5 RNA DE ORIGEM VIRAL EM TECIDO MAMARIO TUMORAL

Muitos fatores de risco estdo envolvidos na etiologia do cancer de
mama, como, idade, dieta, alteragbes hormonais, além de predisposi¢cao genética.
Estudos sugerem que agentes virais podem estar relacionados com a doenca. De
acordo com Etkind e colaboradores (2008), dados moleculares e epidemiologicos
indicam um possivel envolvimento do mouse mammary tumor virus (MMTV), agente
etiolégico de neoplasia da glandula mamaria em camundongos em laboratério, em

uma porcentagem pequena de casos de cancer de mama em humanos.
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O MMTV ¢é retrovirus tipo B, descoberto em 1936, e pode causar
cancer de mama em camundongos por um processo chamado mutagénese por
insercdo. Durante a replicacdo do MMTYV, sua sequéncia de DNA pode ser inserida
proxima ou dentro de oncogenes, responsaveis pelo controle do crescimento e
divisdo celular. Geralmente, ocorre perda de funcdo deste supressor de tumor e
estas mutacdes serao responsaveis pela formagao de tumor (CARDIFF et al., 1968;
ETKIND et al., 2000).

O genoma humano apresenta sequéncias enddégenas denominadas
HERVs (human endogenous retroviruses), que sdo componentes naturais, similares
aos retrovirus exogenos, incluindo o MMTV (FRANK et al., 2008; INDIK et al., 2007).
Tem sido demonstrado um virus do tipo HERV em cancer de mama em humanos, o
human mouse mammary virus (HMTV), que apresenta 95% de homologia com
MMTV (MELANA et al., 2007; FRANK et al., 2008).

Indik e colaboradores (2007) sugeriram a capacidade de replicagao
viral do MMTV em células humanas. De acordo com Levine e colaboradores (2004),
existem diferencas demograficas na prevaléncia de cancer de mama associado ao
MMTV. Foi observado maior porcentagem de deteccao de MMTV em pacientes com
cancer de mama na Tunisia (74%) comparado com a prevaléncia nos Estados
Unidos (36%), Italia (38%), Australia (42%), Argentina (31%) e Vietna (0,8%).
Sequéncias do envelope do MMTV foi também identificado em cancer de mama
humano na Australia, Argentina, China, Italia, Mexico, Tunisia, e Estados Unidos, e
raramente encontrado em tecido mama saudavel (LAWSON et al., 2010). Portanto, é
razoavel supor que algumas pacientes com cancer de mama podem apresentar

envolvimento com MMTV, porém este € ainda um tema a ser elucidado.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar as possiveis implicagdes do RNA humano enddgeno na
imunomodulagao através de TLR3, bem como avaliar as implicagcdes deste receptor

no microambiente pro-inflamatério do cancer de mama.

2.2 OBJETIVOS ESPECIFICOS

2.2.1 Cultura de Células Mononucleadas do Sangue Periférico

a Analisar a imunofenotipagem para CD4, CD8 e CD3 por citometria
de fluxo das células PBMCs sensibilizadas ou nao com poli (I:C) e
RNA enddgeno.

b Verificar a toxicidade dos diferentes estimulos (poli (I:C) e RNA),
nas PBMCs, através da quantificagdo da desidrogenase lactica.

c Analisar a expressao génica de TLR3, INFy, CXCR4 e PKR nas
culturas de células,

d Comparar a expressao génica de TLR3, IFNy, CXCR4 e PKR em

cultura de células ativadas com poli (I:C) e RNA enddgeno.

2.2.2 Células de Tecido Mamario de Pacientes com Cancer de Mama

a Avaliar a expressao génica de TLR3 no tecido mamario saudavel
e tumoral;
b Comparar a expressado génica de TLR3 e IFNy, e TLR3 e CXCR4

em tecido mamario saudavel e tumoral.
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3 PRODUCAO CIENTIFICA

3.1 RECEPTOR TOLL-LIKE 3: POSSIVEL IMUNOMODULAGCAO ATRAVES DE RNA

A investigacdo da imunologia envolvendo RNA tem sido amplamente
explorada com o reconhecimento da existéncia do receptor Toll like 3 (TLR3) o qual
interage com RNAs de origem viral, RNAs sintéticos (poli (I:C)) e RNA de origem
endoégena e sua estimulagdo resulta na liberacdo de citocinas e quimiocinas
proinflamatdrias. A extensdo e a qualidade das modificagcbes dos nucleotideos
podem alterar a eficacia tanto para RNA enddgeno quanto para RNAs patogénicos.
Estudos tém demonstrado que a ativacdo de TLR3 por RNAds inibe diretamente a
proliferacdo celular. RNA proveniente de células necrdticas do liquido sinovial de
artrite reumatoide ativa fibroblastos sinoviais via TLR3 e o RNA liberado a partir de
células necroticas pode atuar como um ligante endégeno para TLR3 promovendo
estimulagdo da expressdo de genes pro-inflamatorios de fibroblastos sinoviais na
artrite reumatoide. A nossa proposta foi investigar se RNA proveniente de células do
sangue periférico humano autélogo seria capaz de imunomodular a expressao de
genes como TLR3, CXCR4, IFNy e PKR em PBMCs.
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Artigo 1

Human Endogenous RNAs: Implications for Immunomodulation of

Toll-like Receptor 3

Abstract: Nucleic acids can be recognized by TLRs among mammalian receptors in
which TLR3 recognizes double-stranded (ds)RNA, a product from replication of some
viruses. Polyinosinic-polycytidylic acid, referred to as poly (I:C), an analog of viral
dsRNA, interacts with TLR3 and thereby elicits immunoinflammatory responses
characteristic of viral infection or down regulated the expression of chemokine
receptor CXCR4. It is known that dsRNA also directly activates IFN-induced
enzymes, including the RNA-dependent protein kinase (PKR). The mRNA expression
of TLR3, CXCR4, IFNy and PKR was investigated in culture of peripheral blood
mononuclear cells with poly (I:C) and endogenous RNA from human PBMC. There
was no citotoxic effect on cells or proliferation of CD3", CD4" and CD8" cells. The
levels of TLR3 expression in PBMC in the presence of the poly (I:C) group was up-
regulated 9.5 fold and for PBMC treated with endogenous the RNA was down-
regulated 1.8 fold (p=0.002). The same performance was verified for IFNy where in
the presence of poly (I:C) there was an 8.7-fold increase and in the presence of
endogenous RNA a 3.1 reduction in IFNy was observed. For culture activated with
poly (I:C), mRNA increased to CXCR4 (8.0 fold) and to PKR (33.0 fold), and these
genes decreased in culture with endogenous RNA when compared with culture
without stimulus. Thus high expression of mMRNA for TLR3, INFy, CXCR4 and PKR
was verified in the presence of poly (I:C) and low expression in culture cells with
endogenous RNA. In conclusion, TLR3 may have major physiological roles that are
not in the context of viral infection. It is possible that RNA released from cells, could
contain enough double stranded structures to regulate the cell activation. The
involvement of self endogenous RNA endogenous for gene expression, and its
implications in the regulation, are still being studied, and will have important
implications in the future.

Keywords: TLR3. CXCR4. INFy. PKR. RNA.

Introduction

The innate immune system is the first line of defense against
invading pathogens (1). This system uses TLRs to recognize conserved pathogen-
associated molecular patterns and orchestrate the start of immune responses.
Several TLRs recognize and respond to nucleic acids. Double-stranded (ds) RNA, a
frequent viral constituent, has been shown to activate toll-like receptor 3 (TLR3) (2,3).
Data has demonstrated that TLR3 regulates amplification events during inflammation
mediated by nonviral mechanisms (4). It is known that dsRNA-activated dendritic

cells induce increase in Th1 and decrease in Th2 differentiation, resulting in



32

extremely polarized responses relative to those induced by unstimulated and other
TLR ligand-activated dendritic cells (5).

In recent years, diverse combinations of drugs targeting multiple
pathways have been used for cancer treatment. One of the agents for tumor
chemotherapy that has been assessed with favorable outcome in clinical trials is the
synthetic dsRNA (6,7). The ability of dsRNA to directly stimulate TLR3 and produce
type | interferons (IFNs) was primarily the rationale for its clinical use in cancer
patients (8). More recently, several studies have demonstrated that the activation of
TLR3 by dsRNA directly inhibits cell proliferation and induces apoptosis in tumor cells
(9-11). In view of these promising effects, the use of dsRNA-derived compounds in
combination with anticancer agents for chemo-immunotherapy warrants robust
investigation (12).

TLR3 mediates anti-viral immune response by activating the innate
immunity and cross-priming CD8" T cells. TLR3 agonists can directly trigger
apoptosis in human cancer cells, and have been used as adjuvants to treat cancer
patients with the aim of inducing an IFN-dependent immune response. Chemokines
receptors such as CXCR4, have been implicated in organ-specific metastasis of
various cancers, and the results from functional chemotaxis assays indicated that the
treatment of nasopharyngeal carcinoma cells with poly I:C dose-dependently reduced
CXCR4 expression (13).

The double-stranded RNA-activated PKR has a key role in the innate
immune response to viral infection in higher eukaryotes. PKR contains an N- terminal
dsRNA-binding domain and a C-terminal kinase domain. In the prevalent auto
inhibition model for PKR activation, dsRNA binding induces a conformational change
that leads to the release of the dsRNA-binding domain from the kinase, thus relieving
the inhibition of the latent enzyme.

Further discovery and characterization of RNAs help to understand
innate immunity and thereby provide the opportunity to make new and better RNA-
based therapeutics (14). The dsRNA, an intermediate virus replication and a
signature of infection and dsRNA are recognized in the cytoplasm via PKR, RIG-I,
and MDA-5 (15). These trigger the release of inflammatory cytokines, that is, they

activate innate immunity which shapes adaptive immune response (16, 17).
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The purpose of the present study was analyze the expression of
MmRNA for TLR3, CXCR4, IFNy and PKR in PBMC with poly (I:C) and human
endogenous RNA.

Materials and Methods

The Human Ethics Committee of the State University of Londrina
approved the present study and a voluntary written consent term was obtained from
all of the patients enrolled in the present study. Peripheral blood mononuclear cells
(PBMC) were collected from healthy blood donors with negative sorology for HIV,
HBV and HCV.

Cell Cultures

Peripheral blood cells were directly obtained in EDTA
(EthyleneDiamine Tetraacetic Acid) vacutainers. The PBMC were extracted by Ficoll-
Hypaque (Sigma-Aldrich Co. Ltd, St. Louis, MO, USA). The PBMC cells were
maintained in RPMI 1640 plus 10% (v/v) heat-inactivated fetal bovine serum (FCS,
GIBCO, Grand Island, NY) in 24-well plates (Costar, Austria) at 1 x 10° cells/well. All
of the media were supplemented with 2 mM-glutamine, 100 units/mL penicillin G and
100 units/mL streptomycinin. The cells were maintained at 37°C in a humidified
incubator containing 5% CO, and presence or absence of stimuli for 24 hours. Poly
(I:C) (Sigma-Aldrich Co. Ltd, St. Louis, MO, USA) was used at 50ug/mL
concentrations. Endogenous total RNA was obtained from PBMC from self donors of
this study, the same way it is described in RNA isolation. It was used at the

concentrations of 500ug/mL in the culture.
Quantification of Lactate Dehydrogenase (LDH)

The citoplasmatic enzyme LDH was quantified in all samples for the
cytotoxicity analysis. The Dimension® (DADE Behring, Newark, USA) clinical
chemistry system was used to determine the LDH activity. The lactic dehydrogenase
method is a modification of the enzymatic lactate to pyruvate procedure modified by
Gay et al. (18).
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Flow cytometry analysis

A total of 1-3x 10° cells were saturated with purified normal mouse Ig
(Becton Dickinson) at room temperature for 10 min. The cells were then incubated for
30 min at 4°C with mouse monoclonal antibodies anti-CD3 labeled with fluorescein
isothiocyanate (FITC), anti-CD8 labeled with phycoerythrin (PE) and anti-CD4
labeled with allophycocyanin (APC). The cells were counted by flow cytometry
performed in the FACSCalibur™ flow cytometer (Becton Dickinson Biosciences, San
Jose, CA, USA) equipped with 635 nm and 488 nm lasers that were capable of
detecting light scatter (forward and side) and four-color fluorescence with emission
detectable in four ranges: 515-545 nm, 562-607 nm, > 650nm and 652-668 nm.

RNA isolation and reverse transcriptase reaction

Total cellular RNA was extracted from culture cells with TRIzol LS
reagent (Invitrogen™, Carlsbad, California, USA) according to the manufacturer’s
instructions. Purified total RNA was measured and assessed for purity by determining
absorbance at 260 and 280 nm and was then stored at —80°C until testing. Reverse
transcriptase reaction was performed using 500ng RNA, 20 units cloned Moloney
Murine Leukemia Virus Reverse Transcriptase (M-MLV RT; Invitrogen™), 4 units
Recombinant Ribonuclease Inhibitor (RNaseOUT™; Invitrogen™) under the
following conditions: 2.5 yM oligo dT, 50mM Tris HCI pH 8.3, 76mM KCI, 1.5 mM
MgClz, 1.25 mM dNTP, at 42°C for 60 min in a Hybaid PCR Sprint Thermal Cycler

(Biosystems, Guelph, Ontario, Canada).

Molecular analysis of Beta-actin mRNA

PCR for beta-actin was determined as described by Amarante et al.
(19). Briefly, cDNA synthesis was carried out as previously described and the PCR
conditions were: 94°C for 1 min followed by 35 cycles of 94°C for 30 sec, 55°C for 30
sec, 72° C for 1 min and finally, 72°C for 10 min in a Biocycler (Biosystems, Guelph,
Ontario, Canada). PCR products were analyzed by electrophoresis on acrylamide gel
(10%) and detected by a nonradioisotopic technique using a commercially available

silver staining method.
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Quantitative real-time PCR Conditions

Real-time PCR using SYBR green fluorescence was performed with
80 ng cDNA. Each real-time PCR reaction consisted of 2.5 uL RT product, 10uL
Platinum®SYBR Green qPCR SuperMix UDG (Invitrogen™) and 0.25 uM of each
sense and antisense primer. The amount of cDNA was estimated by the quantitative
polymerase chain reaction (QPCR) amplified using the sense and the antisense
primer according to table below (table 1). All the PCR reaction was performed for 40
cycles and the condition of each cycle was as follows: 95°C for 30 sec, annealing
temperature for 30 sec and 72°C for 30 sec using a Chromo4™ Real Time PCR
Detection (Bio-Rad, Hercules, USA). The Ct values (the cycle number at which
emitted fluorescence exceeded an automatically determined threshold) reported are
the mean fold change + SEM for three independent determinations. Data from the
control PBMC and activated PBMC with poly (I:C) or RNA, show mean of Ct values,
which are adjusted Ct values for CXCR4, TLR3 and INFy that are corrected by Ct
values for GAPDH and PKR that is corrected by Ct values for 18S from control
samples, considering efficiency values, according to the Pfaffl method (20).
Subsequently, a melting curve was recorded between 50 and 98°C with a hold every

2 sec.

Table 1 — Primers used in reactions of gPCR.

Gene GenBank Primers Sequence Annealing
mRNA Acession 5-3 Temperature
Number (T°C)
GAPDH  NM_002046  Forward GAA GGT GAA GGT CGG A 54.0
reverse GGG TCA TTG ATG GCA AC
TLR3 NM_003265  Forward ~AAA TAG ACA GAC AGA CAG AACAGT 54.0
teverse AAA AAC ACC CGC CTC AAA
CXCR4 AF025375 Forward TCTACTCCATCATCTTCTTTA 54.0
reverse ACGTTGGCAAAGATGAAGGTC
IFNy NM 000619 Forward AAT TGT CTC CTT TTA CTT CA 54.0
reverse GTCATC TCGTTTCTT TTT GT
PKR M385294 forward  ACA GCA AAA ATA GTT CAA GGT CA 57.0
reverse AAA GAG TTC CAA AGC CAA AA
18S NR_003286 forward GTA ACC CGT TGA ACC CCA TT’ 57.0

reverse CCA TCC AAT CGG TAG TAG CG
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Statistical Analysis

Statistical analysis was carried out using the SPSS Statistics 17.0
program (SPSS inc., Chicago, lllinois, USA). A p value <0.05 indicated statistical
significance. The paired samples correlations for relative expression were tested

using t tests.

Results

Culture was performed with PBMC from 6 healthy blood donors in
the presence and absence of double-stranded RNA poly (I:C) and endogenous RNA.
Poly (I:C) was used for cell activation at a concentration of 50 yg/mL. Endogenous
RNA was obtained from the same PBMC-blood donors and each PBMC culture was
sensitized with the self endogenous RNA.

In the first step, after 24 hr, PBMC toxicity was analyzed by
quantifying the lactate dehydrogenase (LDH). The concentration of LDH found in
cultures was PBMC control 70.33 (x17.39) U/L, PBMCs activated with poly (I:C) 47.0
(x12.29) U/L and PBMC with RNA 60.00 (£5.29) U/L. Statistical significance was not
observed between the PBMC control and PBMC with poly (I:C) and PBMC RNA
(p>0.05), and no toxicity was detected in any culture.

The next step was to determine the number of CD4, CD8 and CD3
antibody binding sites (ABS) on unstimulated and stimulated culture cells. The
difference between culture cells and culture stimulated with poly (I:C) and

endogenous RNA was not statistically significant (figure 1).
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Figure 3 — Quantification of CD4", CD8" and CD3" antibody binding sites by flow
cytometry. The CD4" PBMC control (918,25/uL (+352,19), PBMC poly
(I:C) 723,00/pL (£304,63), PBMC RNA 958,75/uL (+492,89). To CD8"
PBMC control 507,87/uL (£283,46), PBMC poly 372,33/uL (£174,72),
PBMC RNA 494,75/uL (299,95) and to CD3" PBMC control 1501,87/uL
(x644,04), PBMC poly 1169,67/uL (x473,65), PBMC RNA1486,50/uL

(x747,30).
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RNA was extracted from culture in the presence or absence of poly
(I:C) and endogenous RNA for 24 hr at 37°C and 5% CO,. The viability and integrity
of the RNA samples and cDNA quality were analyzed by conventional PCR for beta-
actin, performed with specific primers. All the RNA samples presented detectable
quantities of beta-actin mRNA and acceptable integrity during amplification. No
contamination with genomic DNA was verified, since all the amplified products
presented a fragment correspondent to 353 bp.

Quantitative PCR was used to investigate the expression of mRNA
for TLR3, IFNy, CXCR4 and PKR in human blood cells activated with poly (I:C) and
endogenous self RNA. The levels of TLR3 expression in PBMC in the presence of
the poly (I:C) group was up-regulated 9.5 fold and for PBMC treated with
endogenous the RNA was down regulated 1.8 fold (p=0.002). The same performance
was verified for IFNy where in the presence of poly (I:C) there was an 8.7-fold
increase and in the presence of endogenous RNA a 3.1 reduction in IFNy was
observed. For culture activated with poly (I:C), mRNA increased to CXCR4 (8.0 fold)
and to PKR (33.0 fold), and these genes decreased in culture with endogenous RNA
when compared with culture without stimulus (1,2 fold and 2,01 fold, respectively).
This correlational was statistically significant (p=0.001). Thus high expression of
MRNA for TLR3, INFy, CXCR4 and PKR was verified in the presence of poly (I:C)
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and low expression in culture cells with endogenous RNA, as shown in figure 2.

Figure 4 — The mRNA relative expression of TLR3, IFNy, CXCR4
and PKR in culture cells in the presence of poly (I:C) and
endogenous RNA. Pfafll values were compared between
values from culture in the presence of poly (I:C) and
culture with endogenous RNA.
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Discussion

Pathogen recognition is largely assigned to an evolutionarily
conserved family of receptors, the Toll-like receptors, which function in innate
immunity and subsequent acquired immunity against microbial infection or tissue
injury.

In the present study, CD4 and CD8 levels were uniform among
lymphocyte subsets of CD3" cells and the culture with poly (I:C) and with
endogenous RNA they did not present toxicity and lytic activity for 24 hours, which
was demonstrated by LDH assay . All RNA used in this study was tested to integrity

through beta-actin expression evaluation.
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It has been described that the RNA released from necrotic synovial
fluid cells activates rheumatoid arthritis synovial fibroblasts via TLR-3. This study
from Brentano et al. (21) indicated that the RNA released from necrotic cells might
act as an endogenous TLR3 ligand for the stimulation of proinflammatory gene
expression in rheumatoid arthritis synovial fibroblasts. In our study we verified that
endogenous RNA obtained from self healthy PBMC, in contrast to poly (I:C), reduced
expression of TLR3, IFNy, CXCR4 and PKR in PBMC when compared with PBMC
alone, which was statistically significant.

Ben-Asouli et al. (22) has shown that human IFNy mRNA activates
the PKR kinase. IFNy mRNA activates PKR through a pseudoknot in its 5’-UTR. This
5-UTR creates a stem-loop with a remote sequence in the RNA molecule. Thus,
IFNy mRNA regulates its own translation by an RNA pseudoknot. Several reports
have described messenger RNA-like transcripts as polyadenylated but with no
defined open reading frames, indicating that they lack protein coding capacity and,
therefore, regulatory RNAs exert their action at the RNA level (23,24).

Research by Tabiasco et al. (25) demonstrated that TLR3 is also
present in cells that participate directly in the adaptive immune response in which
human effector CD8" T lymphocytes. In this context, TLR3 ligation was shown to
directly increase IFNy production by CD8" T cells. This evidence indicated that TLR3
is a “danger” receptor with a pleiotropic potential in innate and adaptive immunity
(26). These authors demonstrated that TLR3 contributes to the elimination of specific
viruses, but others have demonstrated that some viruses can benefit from TLR3
stimulation. The general outcome is probably dependent on several factors, such as
the type of virus, the viral load, its mode of infection (endoplasmic versus
cytoplasmic), the cell type that is infected, and the stage of infection.

Primary attention has so far been focused on the role of TLR3 in
eliciting cellular responses to virus infection, because of the antimicrobial functions of
other TLRs and the fact that dsRNA, the ligand of TLRS3, is produced during the
replicative cycle of some viruses. The physiological roles of TLR3 remain to be
clearly defined. It is possible that TLR3 has major physiological roles that are not in
the context of viral infection. In that case, the origin of the dsRNA is unclear. It is
possible that extracellular RNA released from cells, due to their apoptotic or necrotic

death, contains enough double stranded structures to activate or inhibit the receptor.
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In vitro transcribed mRNA or endogenous RNA released from necrotic cells, when
added extracellularly, has been shown to activate experimental or natural cell
expressing TLR3 (27).

PKR plays an important role in mediating the antiviral effects of IFNs,
but in uninfected cells PKR is also implicated in regulating cell proliferation under
normal conditions (28). Several studies have demonstrated that the activation of
TLR3 by dsRNA directly inhibits cell proliferation and induces apoptosis in tumor cells
(9-11, 29).

Kariké et al. (30) reported that a variety of natural RNAs had different
capacities to activate immune cells. The most potent RNAs were those that had the
least number of modified nucleosides, therefore, it was hypothesized that nucleoside
modification suppresses the immune-stimulatory effect of RNA. In a quest to prove
this, several novel lines of evidence were discovered of RNA- mediated immune
activation.

Cell may employ different mechanisms to regulate RNA synthesis, in
this context, it is noteworthy the expression of the noncoding T cell RNA could be
implicated in the T lymphocyte response (19). In the context of adaptative immunity
response, it was demonstrated that TLR3 is also present in cells that participate
directly in the adaptive immune response in which the human effector T lymphocytes
express TLR3 as a functional coreceptor. If there is an endogenous noncoding short
or long human RNA, these molecules could be a candidate for TLR3 or other
intracellular receptors.

TLR3 has gained recognition as a novel molecular target for cancer
therapy because TLR3 activation by its synthetic ligand poly (I:C) directly causes
tumor cell death (12). TLR3 agonists can directly trigger apoptosis in human cancer
cells and have been used as adjuvants to treat cancer patients with the aim of
inducing an IFN-dependent immune response. Zhang et al. (13) verified that TLR3
activation down regulated the expression of the chemokine receptor CXCR4 in a
dose-dependent manner and inhibited cell migration in response to the CXCR4
ligand. In this work although poly (I:C) increased expression of CXCR4 on PBMC, the
contrary effect was verified with endogenous RNA. Although poly (I:C) was found to
be the potent IFNy inducer, in this work, it is possible that endogenous RNA
promotes regulation of the expression of CXCR4, IFNy and PKR, and there are no

involvement with TLR3.
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The involvement of RNA and its receptors and the release of several
cytokines and chemokines in the pathogenesis of immune disorders and other
diseases, such as cancer, are still being studied and will have important implications
in the future. Insights gained from study with endogenous RNA as noncoding
regulatory RNAs could advance our understanding of various diseases where nucleic
acids play a prominent role in the pathogenesis or regulation of gene expression,
determine a role for nucleoside modifications on RNA, and give future directions for
the design of therapeutic RNAs (31).

The investigation of RNA-based immunology has been reinvigorated
with the observation that TLR3s interact with RNA. mRNA therefore joins the list of
endogenous ligands for TLRs and is the first endogenous ligand described for TLR3.
The presence of these host ligands during inflammation activates the immune
system. The further finding that nucleoside modification alters RNA-mediated TLR
signaling presents a mechanism for the long-observed differences in immunogenicity
between bacterial, viral and mammalian RNAs. This is one of the first studies to
comprehensively compare not only the effects of TLR ligands such as double
stranded RNA on human PBMC activation, but more importantly, the inhibitory effect
of self endogenous RNA on PBMC. The involvement of RNA modification in the
pathogenesis of immune disorders and other diseases, and its implications in the
therapeutics, are still being studied, and should be important implications in the

future.
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The recognition of pathogens is assigned fo an evolutionarily conserved family of
recepiors, Ehe Thll-like recepiors (TLRs). The investigation of RNA-bosed immunol-
ogy has been reinvigorofed with the observation thot TLR3s interact with RNA
{dsNA of viral origin, poly (1:2C) and endogencus BNA) Many RNAs, therefore,
jmin the list of endogenous ligands for TLRs The furibher finding thai nuclesside
modification aliers RNA-mediaied TLR signaling presenis o mechanism for the
long-ohserved differences in immunogenicity. The involvement of BNA modifica-
tion in the pathogenesis of discoses, and its implicotions in dhe therapewtics, are
still being studied, ond will have imporiant implications in the fuiure.

Keywords TLRE3, RNA, Paly (I:C), immune cells

INTRODUCTION

Toll like receptors (TLR=) are pattern recognition receptors for ligand
molecules derived from microbes or host cells, and TLR-ligand binding
plavs a key role in innate immunity and subzequent acquired immn-
nity against microbial infection or tizguwe injury [1, 2]. Thi= svstam can
recopnize conzerved pathopen-associated molecular patterns (PAMP=s)
through TLR= expressed on immune cells but alzo on a number of non-
immune cellz [3—-6). Mammalian TLE=s rezspond not only to pathogen-
associated structures but also to host-derived molecules that are re-
leased from injured tizzues and cells [7].

TLR= ara located either on the cell surface or in intracellular vesic-
ular compartments. The cell-surface TLEs, including TLR1, TLRZ2,
TLR4, and TLES, recognize microbial membrane lipids [8]. whereasz
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TLR3, TLRY, TLREE, and TLRES recopnize microbial nucleic acids in
endolysosomes and initiate innate and adaptive immune responses
[9-12]. Indeed, TLES iz able to respond to mammalian DMA if ex-
pressed on the cell surface [12] and unmethylated DNA. TLRT also
responds to host-derived, single-strand ENA [13]. TLR7 in dendritic
cellzs (IMCs) alzo responds to self-derived BNA/DNA, respectively, and
drive autoantibody production [11].

Nucleic acid sensing in endolysosomes rather than on the cell sur-
face iz thought to be a safety mechanizsm that prevents response to
self—nucleic acid, because self—nucleic acids are rapidly degraded be-
fore reaching endolyv=osomes [12]. Viral nuocleic acid iz, on the other
hand, protected by capsid proteins and is able to reach endolysosomes
[11].

TLR3 mBENA has been detected in a number of human tissues includ-
ing the placenta, pancreas, lung, liver, heart, lymph nodes, and brain
[14-18&], and TLER3 transcripts have been found in a variety of hu-
man and mouse immune cells, including T lvmphocytes, natural killer
(WK} cells, macrophages, mast cells, and 6 T cells [17-22]. Human fi-
broblasts and epithelial cells express TLRS both intracellulary and on
the cell surface while monocyte-derived immature dendritic cells and
myeloid dendritic cellz only express TLRE3 intracelllularly [23, 24].

There are notable differences between mouse and man in this re-
sgpect; for example, human TLE3S is highly expressed in immature den-
dritic cells whereas mouse TLES iz highly expressed in macrophages
[25]. TLRS agonists are also well established and potent activators of
dendritic cell maturation [26]. Both activities probably contribute to the
important role of TLR3 in antiviral immunity and adaptive immunity
induction.

TLES recognize dsKNA and activate genes that increase inflamma-
tory cvtokines and co-stimulatory molecules important for immune cell
interactions [27]. It iz known that both natural and synthetic double-
stranded (ds) RINA elicit interferon (INF) production [28, 29]. Several
studies have suppested that human cells recognize particular spatial
and steric organizations of dsRNA via putative cell membrane recep-
tors and produce type I IFN [30—32). Among the synthetic dsENAs,
polyvinosinic-polyeytidylic acid referred to as poly (1:C), a synthetic ana-
logof dsRNA and a molecular pattern associated with viral infection, in-
teracts with TLE3 and thereby elicits immunoinflammatory responses
[33]. Poly (I:C) was found to be the most potent IFN inducer [30].

In addition to TLR3, dsENA was recopnized by several other cy-
tosolic sensors, such as PER, olisoadenylate synthases, and the more
recently identified RNA helicazes such as the retincic acid inducible
pene I {RIG-17 and melanoma differentiation-associated pene 5 {MDAS)
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[34, 35]. TLR3 and the RIG-I'MDAS RNA helicases differ in their cel-
lular location and ligand specificities, and induce antiviral responses
via different signaling pathways [36, 37].

Poly I.C induces innate immune responses by two pathways [34].
In one pathway, poly I:C iz internalized through endocytosis and rec-
ognized by TLR-3 [38—40]. Upon recognition, TLR-3 transmits signals
via the adaptor protein Toll-IL-1 receptor (TIR) domain containing
the adaptor molecule-1 (TICAM-1] (alzo called TIE domain-containing
Adapter inducing IFN-w (TRIF)). Thiz activates the transcription
factors interferon regpulatory factor 3 (IRF-3), NF-KB, and AP-1, a
complex of activating transcription factor 2 (ATF2) and JUN, leading
to the induction of type I IFN (especially IFN-x), cviokine/chemokine
production and dendritic cell maturation [41-45] (Figure 1) Althouagh
it is clear that TLE3 recopnizes extracellular dsRNA and induoces
TICAM-1-mediated innate and adaptive immunity, the in vivo role in
anti-viral responses is still controversial. In the second pathway (intra-
cellular pathway), fransfected complexed poly (I.C) (complexes between
poly (I:C) and transfection reagents to facilitate cellular intermaliza-
tion) is recognized by the intracellular cytoplasmic sensors melanoma
differentiation-azsociated pene & (MDA-5) and retinoic acid indacibla
gene I (RIG-I) which results in the activation of the transcription
factors interforon repulatory factor 3 (IRF-3), NF-kB, and activating
protein 1 (AP-1) [39, 40, 43). Djafarzadeh et al. [43] sugpested that the
NF-EB zipnalling pathway might not be directly involved in poly (1:C)
induced mitochondrial dyvsfunction in cultured human hepatocytes.

Production of IFNs by TLR3 signaling iz independent of the adap-
tor protein, the myeloid differentiation factor 58 (MyD&S) but IFN-o
induction by TLLRY, TLRS, and TLRY requires MyD&S |27-33, 46-50].

Damage-associated molecular patterns derived from injured mormal
epithelial cells and necrotic cancer cells appear to be present at signif-
icant levels in the tumor microenvironment, and their stimulation of
sgpecific TLHs can foster chronic inflammation [49].

TLR3 AND IMMUNOLOGICAL NETWORK

Many TLRS effects rely on cells of the innate immune system that either
express TLHR3 or respond to inflammatory mediators that are produced
upon TLE3 signaling. Immune cells that express TLRES and contribute
toan innate immune response are dendritic cellzs, macrophages, natural
killer cells, and mast cells [20, 41, 51].

In light of the growing application of dendritic cell-based im-
munotherapy approaches and for a deeper understanding of the
dsENA-induced immune responses, clarification of these issues is of
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Exogenous! Endogenous RNA

FIGURE 1 Tall-like receptor 3 licands and signaling patheays. TLRI are
expressed in the endosomal membranes of various eells and recognize exoge-
nous and endogenous hgands. TLRS recognize dsBNA and activate gpenes that
increass inflammatory cytokines and co-stimulatory molecules important for
immune cell interactions. TLR3 recruit TICAM-VTRIF and induee apoptosis
by RIP1, and they also induce inflammatory cytokine/chemokine preduction by
activation of interferon regulatory factor (IRF)3 NFEB and MAPE.

preat importance. Studies aimed at deciphering the TLR3 signaling
pathways in different subsets of dendritic cells promise to provide im-
portant ingights facilitating the use of dsKMNA as an activator of den-
dritic cells and in vivo adjuvant [52].

The involvement of TLR3-TICAM-1 in activation of matural killer
cells and citotoxic T Iymphocytes by myeloid dendritic cells suggests
that TLE3 serves as an inducer of cellular immunity sensing viral
infection rather than a simple IFN inducer [26].
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Cross-talk between NK cells and IDDCs is critical for the potent thera-
peutic response to dsRNA, but the receptors involved remain controver-
gial. Perrot ot al. [53] alzo showed that polyinosinic-polyeytidvlic acid
triggored human TLR3, RIG-1, and MIDAS. This dsRNA enhanced NK
cell activation within peripheral blood mononuclear cells (PEMCs) and
induced IFN-p. Poly (I.C) synergized with mDC-derived 1L-12 for IFN-
¥ production by acting directly on NK cells. Finally, the requirement
of both TLE3 and the Rig-like receptor (RLE) on mIDCs and RLEs but
not TLRE3 on WK cells for IFN-y production was demonstrated using
TLRE3- and Cardif-deficient mice and human RIG-I-specific activator.
Thiz reports the requirement of cotriggering TLR3 and RLE on mIdCs
and RLE= on NK cells for a pathogen produoct to induce potent innate
cell activation.

Takahashi et al. [54] demonstrated that nasal mucosa-derived fibrob-
last=s express a large amount of TLR3 mBNA. Stimulation with poly
(I:C) directly induced production of IL-8 and RAWNTES in nasal fibrob-
lasts. Viral respiratory infections are increasingly implicated in allergic
exacorbations. Virus-induced activation of eosinophils through toll-like
receptors (TLE=) could be involved. A study by Mansson et al. [55] was
designed to examine TLERE3 expression in eosinophils from bone marrow
(BM) and peripheral blood (PB) during syvmptomatic allergic rhinitis.
TLR3 expression was higher in BM-derived than in circulating cells
and it was downregulated in both compartments during svmptomatic
allergic rhinitis. Stimulation with poly (I:C) increazed the percentage
of CDM1b+ cells and enhanced the secretion of I1-8. Eosinophils acti-
vated via TLRE3 might be more able to home and recruit leukocytes to
inflammation sites.

Mast cells are long-lived CD344-derived cells that migrate to in-
flammation sitez and regulate innate immune responses via the pro-
duction of cytokines, leukotrienes, and other inflammatory mediators
[56]. Kulka et al. [67] demonstrated that mast cells produced type
I IFMNs after exposure to poly (I:C), respiratory synecytial virus, in-
fluenza virus, and type 1 reovirus, and expressed TLR-3 as well as
all other known TLRs except TLR-10. In addition, TLR-3 sipnaling
with poly (I:C) was uniquely capable of inducing the production of type
I IFNz and did not result in the production of other proinflammatory
cviokines.

TLES has also been implicated in the immunobiology of skeletal
mugcle. TLES iz expressed intracellularly in muscle cells both in vitro
and inm vivo and iz upregulated by dsRNA and IFN. TLR3 levels are
high in muscle biopsy specimens from patients with inflammatory and
human immunodeficiency virus-associated myopathies, sugposting a
deleterious role for TLES in inflammatory muscle dizeasze [58].

49

RIGHTS LI N K



Int Few lmmnunal Downlosded from sdomaheahheane com by 159 90 65 11 an 1151240
For pesaonal use only

562 M. K. Amaranite and M. A. E. Watenabe

The effects of poly (I:C) on the expression of proinflammatory cy-
tokines, chemokines, and adhesion molecules; the sipnaling pathways
that underlie such effects, were investipated in cultured human corneal
fibroblasts. Liu et al. [59] verified that poly (I:C) induced the up-
regulation of TLR3, release of IL-6, IL-8, G-CSF, MIP-18, eotaxin, and
RANTES, and ICAM-1 and VCAM-1 expression in corneal fibroblasts,
Therefore, corneal fibroblasts may play an important role in the mod-
ulation of local immune and inflammatory responses to viral infection
in the corneal stroma.

Bérubé et al. [60] found that the nuclear factor kappaB (NF-kB)
pathway is essential for the transcriptional regulation of both IL-8 and
RANTES following the activation of TLRLTLREZ and TLES.

In the context of adaptative immunity response, research by
Tabiasco et al. [21] demonstrated that TLR3 iz also present in cells
that participate directly in the adaptive immune response in which the
human effector CDE+ T lymphocytes express TLR3 as a functional core-
ceptor. In this context, TLR 3 ligation was shown to directly increase
IFM-y production by antigen-primed CDE+ T cells. This evidence in-
dicates that TLR3 is a “danger” receptor with a pleiotropic potential
in inmate and adaptive immunity [61]). These authors demonstrated
that many reports show that TLR3 contributes to the elimination of
specific viruses, but others demonstrate that some viruses can benefit
from TLR3 stimulation. The peneral outecome is probably dependent on
several factors, such as the type of virus, the viral load, its mode of in-
fection (endoplasmic versus cytoplasmic), the cell type that is infected,
and the stage of infection.

Holm et al. [62] discovered that poly (I:C) induced synthesiz of
both IL-17A and I1-21 and that poly (I:C) was able to drive the dif-
ferentiation of naive Th ecells into an IL-21 but not into an TL-17A-
producing phenotype. Finally, they found that the IL-21-producing
cells that were differentiated in response to poly (I:C) expressed the
chomokine receptor CXCR3, which is important in the recruitment of
T cells into inflamed joints in rheamatodd arthritis. This is the first re-
port to show that the TLR3 lipand poly (I:C) can directly induce IL-1TA
and IL-21 symthesis and drive differentiation of human naive CD4+
T cells.

Interestingly, TLRS stimulation by poly (I:C) induced apoptosis in
cancer cellz in a dose-dependent manner. The research of Nomi et al.
[63] demonstrated that TLR signaling affects survivin-mediated =sig-
nal transduction in apoptosis. These results sugpest that TLR3 could
be a new target for therapy for human head and neck squamous cell
carcinomas.
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ENDOGENOUS RNA AS A TLR3 LIGAND

It iz known that poly (I:C) in a cell-associated form has been reported
to be more efficient in tripgering TLRE3 than soluble dsRNA, suggesting
that dsRMNA from dving cells iz probably a more potent and physiologi-
cally relevant TLRES ligand than dsRNA from live cells [&4].

Karikd et al. [65) demonstrated that a variety of natural RNAs had
different capacities to activate immune cells. The most potent RNA=s
were those that had the least number of modified nucleosides; there-
fore, it was hypotheszized that nucleoside modification suppresses the
immune-stimulatory effect of RNA. In a quest to prove this, several
novel lines of evidence were discovered about ENA-mediated immune
activation.

Brentano et al. [66] demonstrated that mRNA containing short
dsEMA sequences, which are releazed from necrotic svnovial fluid cells,
are sufficient to activate cultured human RASF= (synovial fibroblasts),
resulting in the induction of expression of Thl-associated chemokines,
guch ag CXCL10 and CCL5. These results sugpest an important role of
TLR-3 in the activation of svnovial fibroblasts in rheumatoid arthri-
tiz. These findings extend those of a study that reported the activation
of human endometrial cells with 171 RNA, has a significant double-
stranded secondary structure—the U1 small nuclear RNP (U1 snRNF),
capable of inducing innate immune responses consistent with TLR-3
ligation. Translocation of the 171 RNA—containing 171 snRNF out of the
nucleus to locations where it could potentially encounter TLRs occurs
in dead and dving cells [67, 63]. Thus, failure to clear dead cell debris
may provide not only autoantipen targets for autoimmune responses
but also a potentially proinflammatory signal via RNA interaction with
TLR-3 [69].

Several studies have shown the presence of liver mitochondrial dys-
function during sepsiz, and TLR3I lipand amplifies the systemic hy-
perinflammatory response obzerved during sepsis and in sepsis KNA
escaping from damapoed tissues/cells may serve a8 an endogenous lig-
and for TLR3 thereby modulating immune responses [70].

Nucleic acids ponerated by infections or cell death have been de-
tected within arteriosclerotic lesions and it is known that microbial
and synthetic nmucleic acids evoke inflammatory responses in cul-
tured vascular cells. IFN-y, a cyvtokine linked to atherosclerosis and
graft arteriosclerosiz, potentiated the inflammatory responses of in-
tact artories and cultured vascular smooth muscle cells (WSMCs) to
poly (I:C) and was necessary for inflammatory responses of VSMOC
to self-RMA derived from auntologous cells. IFN-y induced the expres-
sion of TLRES, MDAS e RIG-I. These findings from Ahmad et al. [T1]
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sugpest that exogenous or endogenous ENA sources may contribute to
the inflammatory milien of arteriosclerosis.

The study by Lee et al. [72] explored the possibility that Schwann
cellz are activated by endopenous TLR agonists released from dam aged
nerves and to examine this hypothesis, they tested whether Schwann
cells were activated by necrotic neuron-derived molecules mediated by
TLE2 and TLR3. Thus far, there are no in vivo data to support this
hypothesis.

Baierzsdorfer et al. 73] indicated that cellular RMA, following its
release from necrotic rat cells in atherosclerotic lesions, can act as an
endopenous TLRES lipand to induce clustering { CLUT—strong expression
of CLIT iz associated with tizsue regression. neurcdegenerative condi-
tionz, malipnant transformation, and cardiovascular dizeases, such as
myocarditis and atherosclerosis) expression in VEMC and in vivo. Thus,
they expand the view on TLRE2 and TIL.R4 as known pro-atherosclerotic
effectors toward TLR3. Conclusively, TLR3 activation induces expres-
sion of cytoprotective and anti-inflammatory CLT by VEMC and mice,
to potentially counteract atherosclerotic pathology.

A member of the noncoding mammalian transcripts has been iden-
tified. NTT inoncoding transcript in T cells) was found serondipitously
during a search for genes that are difforentially expressed among sub-
sets of activated human CD4~ T cells. This pene presents a 17-Eb tran-
script and is selectively expressed in activated T cells [74]. NTT is
probably involved with cell activation through IFNyp. Cells may employ
different mechanisms to regulate RNA synthesis; in this context, it is
noteworthy that the expression of the N'TT gene could be implicated in
the T lvmphocvte response [75]. If there iz an endogenous noncoding
human ENA, a possible candidate would be the TLRS.

Although TLHES recopnizes viral double-stranded RNA, studies have
sugpested that host endopenous cellular mREMA released from either
damaged tissue or contained within endocytosed cells may serve as a
ligand for TLR3 (7). This may have important relevance in conditions
such as sepsis, because RNA escaping from damaged tissues/cells may
serve as an endogenous ligand for TLR3, thereby modulating immune
Fesponses.

TLR2 MODULATION—IMPLICATIONS FOR THERAPY

The extent and the quality of nucleozside modifications could alter the
potency of RNA-mediated immune activation and be used a8 a means
to differentiate between host and pathogenic KNA. It is known that
TLHs are expressed not only on immune cells but also on cancer cells.
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Areview by Karikd and Weizzman [76] characterized a fow naturally
occurring nucleoside modifications of RNA and their influence on the
capacity of RNA to activate immune cells and TLRs. RMNAs containing
modified nucleosides, and thus lacking immune-activating properties,
have potential importance in clinical applications. Several studies have
demonstrated that TLR3 activation by dsRNA directly inhibitz cell pro-
liferation and induces apoptosis in tumor cells [T7-79]. In view of these
promizsing effects, the use of dsRNA-derived compounds in combination
with anticancer agents for chemo-immunotherapy warranis thorough
investigation.

The KENA, probably, through secondary structure, iz a potent activa-
tor of TLR3. TLR3 alzo responds to stimulation by cellular or in vitro
transcribed RNAs. Although these are typically regarded as ssRNA,
cellular and in vitro transcribed EMNA can form secondary structures
(hairpins} that contain double stranded sequences [T, 80, 81]. This find-
ing has potential phy=iological relevance because RNA escaping from
damaged tizsue or contained within endocytosed cells could serve as
an endopenous lipand for TLR3 that induces or otherwise modulates
immune responses.

Hoffman et al. [69] suggest that =elf RNAs are capable of providing
an innate immune stimulus that could predispose toward RNA binding
protein—associated antoimmunity. This hypothesis, if found to extend to
additional autoantigens, may substantially reshape our understanding
of the role of innate immunity in the development and propagation of
ENA binding protein—associated autoimmune syndromes.

EMA potently activated in vitro generated or freshly isolated hu-
man dendritic cells led to IL-12 and IFNo production and the enhanced
expression of costimulatory molecules. These data will help puide the
development of therapeutic applications of RNA, because avoiding mod-
ification may enhance the potency of immunotherapy involving RNA
based vaccines or the use of KNA as an adjuvant. Conversely, appro-
priate nucleotide modifications could result in more efficient BENAS by
dsBENA, including siEMNA [B2].

MicroRMAs play important regulatory roles in a variety of biological
processes. In studies from Liu et al. [B3], it was found that a microRNA,
miR-147, was induced upon stimulation of multiple TLRs and fume-
tioned as a negative regulator of TLR-associated signaling events in
muring macrophages. Expression of miR-147 wags greater after cellular
activation by TLR4 than after engagement of either TLREZ2 or TLES3,
sugpesting that maximal induction of miR-147 required activation of
both NF-EB and IEF3. miR-147 mimics or the induced expression of
miR-147 decreazed, whereas miR-147 knockdown increased inflamma-
tory cytokine expression in macrophages stimulated with ligands to
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TLEZ, TLR3, and TLR4. These data demonstrate a negative-feedback
loop in which TLR stimulation induces miR-147 to prevent excessive
inflammatory responses.

Activation of TLR-3 inhibits human immunodeficiency virus (HIV)
replication, but the mechanismiz) underlying the action of TLR-3
activation on HIV are unknown. Zhou et al. [84] demonstrated that
treatment of monocyte-derived macrophages with poly 1:C, =sipnifi-
cantly inhibited HIV infection and replication. Imvestigation of the
mechanizms showed that TLR-3 activation resulted in the induction
of type I interferon inducible antiviral factors, including APOBEC3IG
and tetherin, the newly identified anti-HIV cellular proteins. In
addition, poly IC-troated macrophages expressed increased levels
of CC chemokines, the lipands for CCRE and TLR-3 activation in
macrophages induced the expression of cellular microRMAs. These
findings indicate that TLRE-3-mediated induction of multiple anti-HIV
factors should be beneficial for the treatment of HIV dizeaze where
innate immune regponses are compromised by the virus.

Poly (I:C) may produce toxic side effects in vivo, including shock,
renal failure, coagulopathies, and hypersensitivity reactions [85]. A
clinical prade, non-toxic analogue of poly (1:C) evaluated poly (I:C1217)
(Ampligen) as a potential adjuvant for cancer immunotherapy because
of its ability to drive maturation of human myeloid dendritic cells
[B6]. It has been verified that the human monocyte-derived dendritic
cells primed with tumor lysate and matured with Ampligen are ca-
pable of generating Thl specific anti-cancer responses in peripheral
blood T-cells derived from cancer patients in the presence of ascites
medium containing immunosuppressory cviokines., In summary, poly
(I:C1217) appears to have potential for use as a clinical grade adjuvant
for adoptive transfer or active immunization in cell-mediated cancer
immunotherapy [87].

There iz a series of RKMA sensors in the innate immune svstem that
dizcriminate self and non-self RNA on the basis of nucleoside modifica-
tions at 5'-end and internal regions of the KNA, although the molecular
baziz iz probably different for each sensor. It appears that endosomal
and cytosolic viral recopnition pathways complement each other. Fur-
ther discoverv and characterization of RKMNA PAMPz will aid in under-
standing innate immunity and thereby provide the opportunity to make
new and better RNA-bazed therapeutics [88].

Modification of poly (I:C) by the introduction of unpaired bases
{uracil and poanine) results in unique “mizmatched” dsRN A= capable
of undergoing accelerated hydrolvsis, and is associated with reduced
toxicity in humans, without redoction in pharmacological activity
Interestingly, some differences have been reported on the functional
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activity of poly (I:C12U) with respect to poly (1:C) as maturation stimuli
for dendritic cells [89], and on the signaling pathways activated. In
fact, poly (I:C12U) =ipnaling relies only on TLR3, while poly (1:0)
activates both TLR3 and the cytosolic helicase MDAS [90].

The double-stranded RNA (dsRNA) analogue poly (I:C) is a promis-
ing adjuvant for cancer vaccines because it activates both DCs and nat-
ural killer (NEK) cells, concurrently promoting adaptive and innate an-
ticancer regponses. In these studies, MeCartney et al. [91] investigated
the relative contributions of MDAS and TLR3 to poly (I:C)-mediated
NE cell activation using MDAS(—), TLR3(—), and MDAS{—ITLR3(—)
mice. MDAS and TLR3 activated NK cells indirectly through accessory
cells and induced the distinet stimulatory cytokines interferon-o« and
interloukin-12, respectively. Interestingly, multiple accessory cells wera
implicated, with MDAGS acting primarily in stromal cells and TLR3 pre-
dominantly in hematopoietic cells. Furthermore, poly (1:C)-mediated
MK cell activation was not notably impaired in mice lacking CD8w
DCz, providing further evidence that poly (I:C) acts through diverse
accessory cells rather than solely through IMCs. These results demon-
strate distinct yet complementary roles for MDAS and TLR3 in poly
(I:C-mediated NK cell activation.

Many adjuvants appear to be specific lipands for toll-like recep-
tors (TLR) which are potent activators of innate immune responses.
Some TLR apgonists, such ag CpG, have been shown to generate paral-
lel immunosuppressive and inflammatory responses in innate immune
cells capable of regulatory T cell induction and expansion. Various im-
munoestimulant adjuvants are therefore under investigation in an effort
to boost the immune system to overcome tolerance to tumor associ-
ated zelf-antigens and the ambient immunosuppressory influence of
cytokines and regulatory T-cells [92].

It iz known that TLHEs are expressed not only on immune cells
but also on cancer cells. Cancer cells also induce CXCL12 which re-
cruits plasmacytoid dendritic cells that express CXCR4, the receptor of
CECL12, into the tumor microenviroment. Moreover, CXCL12 together
with other factors, such ag TNF o and IL-18, attract vascular dendritic
cells to the tumor microenviroment, with a subsequent increase in tu-
mor vascularization and metastasi=z [93]. Toll-like receptor 3 (TLR3)
has gained recognition as a novel molecular tarpet for cancer ther-
apy because TLR3 activation by itz synthetic ligand poly (1.C) directly
causes tumor cell death [94]. TLR3 agonists can directly trigger apop-
tozgis in human cancer cells and have been used as adjuvants to treat
cancer patients with the aim of inducing an IFN-dependent immune
response. Zhang et al. [95] examined the effect of TLR3 activation on
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the metastasiz of nasopharyngeal carcinoma and reported that TLRE3
activation downregulated the expression of chemokine receptor CXCR4
in a dose-dependent manner, and inhibited cell migration in response
to CXCRA4 lipand stromal cell-derived factor-1o (SDF-1x) in chemotaxis
aszavs. TLR3 activation significantly reduced the capacity of nasopha-
ryngeal carcinoma cells to form metastazis in draining lvmph nodes
when injected in athymic mice.

mHENA can be used as a vehicle for gene therapy because the immune
gvstem iz naturally activated by foreipn nucleic acids. Thanks to the
presence of TLHs in endosomes, the delivery of foreign nucleic acids
usually induces an immune response directed against the encoded pro-
tein. Meanwhile, the naturally transient and cytosolically active mBENA
molecules are seen a2 a possibly safer and more potent alternative to
DNA for gene vaccination. Optimized mRENA (improved for codon us-
age, stability, antipen-processing characteristics of the encoded protein,
ete.) were demonstrated to be potent gene vaccination vehicles when
delivered naked, in liposomes, coated on particles or transfected in
dendritic cellz in vitro. Human clinical trials indicate that the delivery
of mBENA naked or transfected in dendritic cells induces the expected
antipen-zpecific immune response. Follow-up efficacy studies are on the
way. Meanwhile, mENA can be produced in large amounts and GMP
quality, allowing the further development of mRENA-based therapies
[96].

The involvement of RNA and itz receptors and the release of several
cytokines and chemokines in the pathogonesis of immune disorders
and other dizeases, such as cancer, are still being studied and will have
important implications in the future. Insights gained from study with
endopenous ENA as noncoding repulatory KNA=s could advance our
understanding of various dizseases where nucleic acids play a prominent
role in the pathogenesis or regulation of gene expression, determine a
role for nucleozide modifications on RINA, and give future directions for
the design of therapeutic RNAz.
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3.2 RECEPTOR TOLL-LIKE 3: POSSIVEIS IMPLICACOES NO MICROAMBIENTE DO CANCER DE
MAMA

O cancer de mama é uma doenga complexa, heterogénea, cuja
evolugdo depende da interacdo tumor-hospedeiro. O grau de heterogeneidade
molecular e celular no cancer de mama e o grande numero de eventos moleculares
envolvidos no controle do crescimento celular, diferenciagcdo, proliferacdo e
metastases enfatizam a importancia dos estudos acerca das alteracées moleculares
no cancer. E conhecido que TLRs s&do expressos ndo somente pelas células do
sistema imune, mas também por células tumorais e que IFNy pode ser uma citocina
chave na resposta imune antitumoral. A préxima etapa do presente trabalho foi
investigar a expressdo de RNAm de TLR3, IFNy e CXCR4 por PCR em tempo real,
em tecido mamario tumoral das pacientes com cancer de mama (carcinoma ductal)
comparado com tecido mamario saudavel. A etiologia do cancer de mama tem sido
muito discutida; variaveis como predisposicdo genética, idade e ambiente sao
comprovadamente fatores de risco, porem néo séo absolutos e unicos. Alguns virus,
devido a sua complexidade na estrutura e mecanismo de acéo, sao considerados
agentes etiolégicos de algumas neoplasias, sendo que o virus do tumor mamario de
camundongos (MMTV) tem sido sugerido como candidato a virus causador de

cancer de mama.
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Artigo 3

Toll-like Receptor 3: Implications for Proinflammatory Microenvironment in

Human Breast Cancer

Abstract: Under many circumstances, the host constituents that are found in the
tumor microenvironment support a malignancy network and provide the cancer cells
with advantages in proliferation, invasiveness and metastasis establishment at
remote organs. It is known that TLRs are expressed not only on immune cells but
also on cancer cells and it has suggested a deleterious role for TLR3 in inflammatory
disease. Hypothesizing that altered IFN signaling may be a key mechanism of
immune dysfunction common to cancer as well CXCR4 is overexpressed among
breast cancer patients, in the present study the mRNA expression of TLR-3, CXCR4
and IFNy in breast cancer tumor tissues was investigated from women patients by
real time PCR. The majority of the patients (92.3%; 25/26) were diagnosed with
ductal carcinoma and a large number of patients included in this study presented
stages Il and Ill. No significant difference was observed when mRNA relative
expression for TLR3 was assessed between healthy mammary and tumor tissue.
However, when TLR3 mRNA expression was analyzed among different tumor stages
and nodal status, it was observed that lymph node negative patients showed a
significantly higher expression. It was also verified a positive correlation between
MRNA relative expression of TLR3 and CXCR4 (p<0.001; rho=0.710) (Figure 3), and
MRNA relative expression of TLR3 was significantly increased in breast cancer tumor
tissue when compared to healthy mammary gland tissue among patients expressing
high IFNy, indicating that the proinflammatory microenvironment could lead to an up-
regulation of CXCR4 mRNA and consequently to an increased TLR3 mRNA
expression even among nodal negative patients. However a comprehensive study of
TLR3, CXCR4 and IFNy axis in primary breast tumors and corresponding healthy
tissues will be crucial to further understanding of the cancer network.

Keywords: TLR3. IFNy. CXCR4. Breast cancer.

Introduction

Toll like receptors (TLRs) are pattern recognition receptors for ligand
molecules derived from microbes or host cells and TLR-ligand binding plays a key
role in innate immunity and subsequent acquired immunity against microbial infection
or tissue injury [1, 2].

TLR3 are expressed in the cytoplasm and can recognize viruses and
respond to double-strand RNA. Damage-associated molecular patterns derived from
injured healthy epithelial cells and necrotic cancer cells appear to be present at
significant levels in the tumor microenvironment and their stimulation of specific TLRs

can foster chronic inflammation [3].
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Karik6 & Weissman [4] characterized a few naturally occurring
nucleoside modifications of RNA and their influence on the capacity of RNA to
activate immune cells and TLRs. RNAs containing modified nucleosides, and thus
lacking immune-activating properties, have potential importance in clinical
applications. Several studies have demonstrated that the activation of TLR3 by
dsRNA directly inhibits cell proliferation and induces apoptosis in tumor cells [5-7]. In
view of these promising effects, the use of dsRNA-derived compounds in
combination with anticancer agents for chemo-immunotherapy warrants thorough
investigation.

TLR3 is expressed both intracellularly and on the cell surface of
fibroblasts and epithelial cells, but is localized in the endosomal compartment of
myeloid dendritic cells. Involvement of TLR3-TICAM-1 in activation of natural killer
cells and cytotoxic T lymphocytes by myeloid dendritic cells suggests that TLR3
serves as an inducer of cellular immunity sensing viral infection rather than a simple
IFN inducer [8].

It is known that the exposure of Kaposi's sarcoma cells (KS) to viral
RNA ligands can result in a TLR3-mediated increase in the secretion of inflammatory
proteins associated with KS cell growth that may contribute to disease [9].

Takahashi et al [10] demonstrated that nasal mucosa-derived
fibroblasts express a large amount of TLR3 mRNA. TLR3 has also been implicated in
the immunobiology of skeletal muscle. TLR3 is expressed in muscle cells both in vitro
and in vivo and is upregulated by dsRNA and IFN. TLR3 levels were elevated in
muscle biopsy specimens from patients with inflammatory and human
immunodeficiency virus-associated myopathies, suggesting a deleterious role for
TLR3 in inflammatory muscle disease [11].

Interferon - gamma (INFy) coordinates a diverse array of cellular
programs through transcriptional regulation of immunologically relevant genes.
Cellular effects of IFN-1v are described, including up-regulation of pathogen
recognition, antigen processing and presentation, the antiviral state, inhibition of
cellular proliferation and effects on apoptosis, activation of microbicidal effector
functions, immunomodulation, and leukocyte trafficking [12].

In breast cancer, the risk of metastatic disease is classically
estimated by factors such as tumour size, tumour grade, estrogen and progesterone

receptor status, ERBB2 (HER2/neu) overexpression and the number of positive
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auxiliary lymph nodes (ALN). Numerous studies have shown that the presence of
disseminated tumour cells in auxiliary lymph nodes is the most powerful prognostic
factor and is associated with significantly poor disease-free and overall survival [13].

It was also demonstrated that samples of peripheral blood cells of
stage Il samples from breast cancer patients revealed higher CXCR4 expression
than the controls and other stages [14]. CXC chemokine receptor 4 (CXCR4) plays
various roles in many normal and pathological processes including embryogenesis,
hematopoiesis, immunological homeostasis, human immunodeficiency virus
infection, and the progression of rheumatoid arthritis [15].

In this study we proposed to investigate the expression and possible
correlations among TLR3, CXCR4 and IFN gamma in the microenvironment of

human breast cancer.
Methodology
Patients and Tumor Tissues

The protocol was approved by the institutional Human Research
Ethics Committee of the State University of Londrina, Parana, Brazil. The individuals
with breast cancer were invited to participate, informed in detail regarding the
research and voluntary written consent term was obtained from all of the patients
enrolled. A term of free informed consent was signed by all sample donors and
doctors involved prior to tissue collection. Samples of invasive breast carcinoma
tissue and healthy mammary gland tissue from the same patient were obtained from
a case series of 26 patients who had undergone surgery at the Londrina Cancer
Institute, Parana State, Brazil. Clinical staging was determined according to the
Union of International Control of Cancer (UICC) classification criteria. Healthy breast
tissue was obtained from the adjacent tissue of patients undergoing surgery for the

tumors.
RNA isolation and reverse transcriptase reaction

Total cellular RNA was extracted from tissue cells with TRIzol LS

reagent (Invitrogen™, Carlsbad, California, USA) according to the manufacturer’s
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instructions. Purified total RNA was quantified and assessed for purity by determining
absorbance at 260 and 280 nm and was then stored at —80°C until testing. Reverse
transcriptase reaction was performed using 500ng RNA, 20 units cloned Moloney
Murine Leukemia Virus Reverse Transcriptase (M-MLV RT; Invitrogen™), 4 units
Recombinant Ribonuclease Inhibitor (RNaseOUT™; Invitrogen™) under the
following conditions: 2.5uM oligo dT, 50mM Tris HCI pH 8.3, 75mM KCI, 1.5mM
MgCl,, 1.25mM dNTP, at 42°C for 60 min in a Biocycler (Biosystems, Guelph,

Ontario, Canada).
Molecular analysis of Beta-actin Mrna

PCR for beta-actin cDNA was determined as described by Amarante
et al [16]. Briefly, cDNA synthesis was carried as previously described and the PCR
conditions were: 94°C for 1 min followed by 35 cycles at 94°C for 30 sec, 55°C for 30
sec, 72°C for 1 min and finally, 72°C for 10 min in a Biocycler (Biosystems, Guelph,
Ontario, Canada). PCR products were analyzed by electrophoresis on acrylamide gel
(10%) and detected by a nonradioisotopic technique using a commercially available

silver staining method.

Quantitative real-time PCR for TLR3, CXCR4 and IFNy mRNA

Real-time PCR using SYBR green fluorescence was performed with
20('g cDNA in a total volume of 20uL. Quantitative real-time PCR reaction was
carried out using Platinum®SYBR Green qPCR SuperMix UDG (Invitrogen ™) with
0.2500M of each sense and antisense primers (Table I). The PCR reaction was
performed for 40 cycles as follows: 95°C for 30 sec, 54°C for 30 sec and 72°C for 30
sec in a Chromo4™ Real Time PCR Detection (Bio-Rad, Hercules, USA). In the
quantitative RT-PCR analysis the expression level of mRNA was calculated
according to the Pfaffl method [17], in which Ct values for the target gene were the
mean fold change + SEM for three independent determinations corrected by human
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) Ct values from control

samples, considering efficiency values.
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Table 1 — Quantitative real-time PCR Conditions.

GenBank
Gene . .
Acession Primer  Sequence
Mrna
Number
CXCR4 AF025375 Foward 5 TCTACTCCATCATCTTCTTTA 3’
5> ACGTTGGCAAAGATGAAGGTC 3’
Reverse
IFNy NM_ 000619 Foward 5 AATTGTCTCCTTTTACTTCA 3’

Reverse 5> GTCATCTCGTTTCTTTTTGT 3°

GAPDH NM_002046 Foward 5> GAAGGTGAAGGTCGGA 3’
Reverse 5> GGGTCATTGATGGCAAC ¥’

TLR3 N M_OO3 265 Foward 5 AAATAGACAGACAGACAGAACAGT 3
Reverse 5> AAAAACACCCGCCTCAAA 3’

Statistical Analysis

Statistical analyses were conducted using the SPSS Statistics 17.0
program (SPSS inc., Chicago, lllinois, USA). A p value <0.05 indicated statistical
significance. The Kruskal Wallis Test was used to check expression and the two-
tailed Spearman’s rank analysis was used to analyze correlation for TLR3, IFNy and

CXCR4 expression.

Results

In the present study, the expression of TLR3 mRNA, CXCR4 mRNA
and INFy mRNA in breast cancer tumor tissue was investigated in 26 women, aged
40 to 86 years old, average age 60 years, attended at the Londrina Cancer Institute,
Parana, Brazil.

The majority of the patients (92.3%; 25/26) were diagnosed with
ductal carcinoma, according to the clinical criteria determined by the Union of
International Control of Cancer (UICC, 1958) [18] (Table II). A large number of
patients included in this study presented stages Il and Il (69.23%; 18/26), while the
number of patients who presented stages | and IV was relatively small (15.38%;
4/26).
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Table 2 — Clinicopathological features of
breast cancer patients (n=26).

<40 1 (3.85)
41-50  5(19.23)
Age (years) 51-60  8(30.77)
> 60 12 (46.15)
Tumor Stage | 3(11.54)
1l 16(61.54)
11 6(23.07)
v 1(3.85)
Tumor Histology IDC 25(96.15)
ILC 1 (3.85)
Negative 8 (30.77)
Nodal Status Positive 8 (30.77)

unknown 10 (38.45)

‘IDC - Invasive Ductal Carcinoma
ILC — Invasive Lobular Carcinoma

Before the TLR3 mRNA assays, the viability of the RNA samples and
cDNA quality were analyzed by conventional PCR for beta-actin, performed with
specific primers. When occur contaminants of genomic DNA, the amplification
product would be to 573bp. No contamination with genomic DNA was observed,
since all the amplified products presented a fragment correspondent a 353bp. All the
RNA samples presented detectable quantities of beta-actin mRNA and acceptable
integrity during amplification.

In the next step, the relative expression of TLR3, INFy and CXCR4
was determined comparing healthy mammary tissue with tumor mammary tissue for
the same breast cancer patient using the Pfaffl method. TLR3 RNAm levels were
evaluated using real time PCR. No significant difference was observed when mRNA
relative expression for TLR3 was assessed between healthy mammary and tumor
tissue. However, when TLR3 mRNA relative expression was analyzed among
different tumor stages and nodal status, it was observed that lymph node negative

patients showed a significantly higher expression (p = 0.013) (Figure 1).
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Figure 1 — TLR3 mRNA relative expression according to nodal status. Correlations
were evaluated by 2-tailed Spearman’s rank. (p= 0.013). Bars show
mean and error bars show 95% CI of mean.
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TLR3 mRNA relative expression was significantly correlated to IFNy
MRNA relative expression (p=0.001; rho=0.612), as shown in Figure 2, and mRNA
relative expression TLR3 was significantly correlated to CXCR4 (p<0.001;

rho=0.710), as shown in Figure 3.

Figure 2 — Correlation among TLR3 and IFNy expression. Correlations were
evaluated by 2-tailed Spearman’s rank. (p=0.001, rho = 0.612).
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Figure 3 — Correlation among TLR3 and CXCR4 mRNA expression. Correlations
were evaluated by 2-tailed Spearman’s rank. (p<0.001, rho = 0.710).
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Discussion

Clinicopathological parameters have been validated and serve as a
guide for the use of systemic therapy and prognostication. These include tumor size,
lymph node stage and histological grade, histological type and the patients’ age [19],
molecular profile and response to therapy [20].

The incidence and prevalence of most cancers increase with age [21]
and our results are in agreement. In the present study, the age range of 26 women
breast cancer patients was 40 to 86 years old, the average age was 60. The
association between cancer and age can be explained by a more prolonged
exposure to carcinogens in older individuals, what would lead to age-associated
tissue dysfunction caused by the accumulation of molecular and cellular damage [22]
since aging is associated with the inability to maintain and repair somatic cells [23].

Many TLR3 effects rely on cells of the innate immune system that
either express TLR3 or respond to inflammatory mediators that are produced upon
TLR3 signaling. Immune cells that express TLR3 and contribute to an innate immune
response are dendritic cells, macrophages, natural killer cells, and mast cells [24-
26).

Under many circumstances, the host constituents that are found in
the tumor milieu support malignancy cascades and provide the cancer cells with
advantages in proliferation, oxygen and nutrient supply, invasiveness, and
metastasis establishment at remote organs [27]. TLR3 mRNA relative expression
was analyzed among different tumor stages and nodal status and it was observed

that lymph node negative patients presented a significantly higher expression.
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Research by Tabiasco et al [28] demonstrated that TLR3 is also
present in cells that participate directly in the adaptive immune response in which
human effector CD8" T lymphocytes express TLR3 as a functional coreceptor. In this
context, TLR3 ligation was shown to directly increase IFNy production by antigen-
primed CD8" T cells. This evidence indicated that TLR3 is a “danger” receptor with a
pleiotropic potential in innate and adaptive immunity [29]. These authors have
demonstrated that many reports show that TLR3 contributes to the elimination of
specific viruses, but others demonstrate that some viruses can benefit from TLR3
stimulation. The general outcome is probably dependent on several factors, such as
the type of virus, the viral load, its infection mode (endoplasmic versus cytoplasmic),
the cell type that is infected, and the stage of infection.

In this study, IFNy expression presented no correlation to
clinopathological features, but a significantly higher IFNy expression was observed in
breast tumor tissues from stage Il patients (p=0.014) (data not shown). Interestingly,
this increase was followed by an increase in TLR3 in the same patients.

It has been proposed that efficient IFN signaling is critical to
lymphocyte function; animals rendered deficient in peripheral IFN signaling develop
cancer at higher rates and impaired-IFN signaling was equally evident in stage II, IlI,
and |V breast cancer patient periphery blood, suggesting that altered IFN signaling
may be a key mechanism of immune dysfunction common to cancer [30].

Results from Negishi et al [31] bring the TLR3-type Il IFN axis to the
forefront of our understanding of the host’s antiviral innate immune response. In their
hypothetical model, TLR3 mediates the production of type Il IFN, which then
functions in parallel with the type | IFN system that is elicited by RIG-I/MDA5
cytosolic receptors. The TLR3-type Il IFN axis is sufficient to reduce Coxsackievirus
group B serotype 3 (CVB3- a member of the positive-stranded RNA virus family
picornaviridae) replication systemically and, at the same time, to prevent local tissue
damage. Thus, these two arms of innate immunity presumably exert their functions
by coupling with each other to mount a full-blown antiviral response.

Although the presence of lymph node (LN) metastasis is a negative
prognostic factor for breast cancer and other cancers, it is not yet possible to reliably
identify those patients who will eventually relapse with metastatic disease only from

their LN status at primary therapy, indicating that other ways of metastatic tumor cell
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spread also play an important role [32]. Considering that significant numbers of LN-
negative patients develop metastatic disease, the reliability of current staging
procedures to detect DTC in LN has been questioned [19].

Data from McCall et al [33] indicated that papillary thyroid carcinoma
cells basally express TLR3 and TLR3 signal systems are functional in these cells.
High basal TLR3 levels and TLR3 signals are capable of increasing cytokines.

Kato et al [34] reported that the CXCR4 expression pattern was
significantly correlated with the degree of lymph node metastasis in breast cancers
and Rhodes et al [35] reported that CXCR4 overexpression is indeed correlated with
worse prognosis and decreased patient survival irrespective of the status of the
estrogen receptor (ER).

In the present study there was no statistically significant differences
in the expression of CXCR4 mRNA, IFNy and TLR3 between healthy and tumor
tissues, however, it was observed a positive correlation between mRNA relative
expression of TLR3 and CXCR4, and mRNA relative expression of TLR3 was
significantly increased in breast cancer tumor tissue when compared to healthy
mammary gland tissue among patients expressing high IFNy.

Since the tumor microenvironment plays important roles in cancer
initiation, growth, progression, invasion and metastasis [36], it is possible to propose
that an overexpression of IFNy mRNA due to the proinflammatory microenvironment
can lead to an up-regulation of CXCR4 mRNA and consequently to an increased
TLR3 mRNA expression even among nodal negative patients.

Although the comprehensive study of TLR3, CXCR4 and IFNy axis in
primary breast tumors and corresponding normal tissues will be crucial to further
understanding of the cancer network, the present study suggests that TLR3, CXCR4

and IFNy has important implications in the immunopathogenesis of breast cancer.
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Abstract It is well known that the eticlogy of human
breast cancer is significantly affected by environments fac-
tors. Winas-associated cancer refers to a cancer where viral
infection resulis in the malignant transformaton of the
host's infected cells. Human papillomavinses (HPY)
meouse mammeary wmaer virs (MMTVY) and Epstein—Barr
(EBY) wims are prime candidsie viruses as agenis of
buwmzn breast cancer. The precise role that vinuses play in
tumarigenssis is mnod clear, but it seems that they are respan-
sible for causing only oee in a series of steps required For
cancer development The idea that a wims could camse
breast cancer has been investigated for quite some Hime,
even thomgh breast cancer could be a hereditary disease;
hiowever, hereditary breast cancer & estimated to account
for a small percentxpe of all breast cancer cases. Based on
carment research, this review present al moment, substandzal,
but mod conclusive, evidence that HPY. EBY and MMTY
may be involved in breast cancer.

Keywords Breast cancer - MMTV - HPY - ERV

Imiroduction

Several studies suggest wiral oncogenesis a5 an etiological
factor for breast cancer, but it remains controversial. Many
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risk Factors have beem associabed with the pathogenesis of
this disease. However, the molecular events in the penesis
of most breast cancers are unclear (Dimmoeck and Primeose
10045, The involvement of viruses in certain breast lumors
amd cells lines has beem described. Maprath and Bhatia
(1090 snd Arbach etal (2004) described a role for
Epstein-Barr vins (ERY) in breast cancer and Wong ed al.
(2002} studied pew associations of heman papillomavinas,
Simizn virus 40, and EBY with human cancer.

The purpose of 3 study by Trabelsi et al. (2008) was io
detect ERY im breast camcer. Positivity was observed in
tumeanr cells, bat mot in nontwmoeral epithelial cells nor in
Iymphoid cells. sugpesting a possible implication of EBY
in these tamods, although farther studies are required.

Lymphoepithelioma-like carcinoma (LELC) of the
breast is a rare twmaor, with few cases docomented in the lit-
erature. Every reported case was EBY nepative and oo
olber viral eticlogy was suggested. Lymphoepithelioma-
like carcinomas are not well circumscribed: they show
either Schminke's or Rigand's prowth patterns or both,
they can be estrogen receplor positive and, in conbrast io
medullary carcinomas, the stromal infiltrate contains few
plasma cells. In 2005, Kurose et al. reported that LELC of
the breast shows evident ultrastructural glandular differenti-
ation. LELC are mmors with morphodogic features idemtical
i those of undiferentiated nasopharingeal carcinoma. The
presence of HPY has been verified in LELC carcinoma of
the breast (Kulka etal 2008), but some awthors have
reponied negative cases for EBY (Dadmanesh e al. 2000;
Ibvan et al. 2004; Sanasdi et al. 2004},

Stodies invelving human pestational breast camcer that
arises during or immediately afier pregnancy reveal that il
i associsted with a poorer prognosis tham other types of
breast cancer (Wang e al. 2003). One possible interpreta-
tion of these data is that the expression of mouse mamimary
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twmior vins-like sequences presend in the homan genome is
stimulated by pregnancy hormones via the honmone
resporse element (HRE), leading to Encreased wiral load
and reinfection. Indeed, the same authors also reporied
MMTV-specific BMNA expression in buman  mammary
twms carying such MMTV-like sequences (Wang et al.
T oag].

Wang etal. (1008) idemtified mouse mammary tamor
virs (MMTV) mEMA in breast cancer specimens, but not
in mormal breast tissues. Indik et 2l (2007 demonstrated
that MMTV rapidly spreads im cultwred haman breast cells,
ultimately leading to the infection of all the cells in culture,
thus providing farther evidence that haman cells e com-
patible hosts for MMTY. Thetr chservations further suggest
that cross-species transmission of MMTV is generally pos-
sible and strengthens the contention that MMTVY might be
am etiodogical agent invelved in human bresst carcinogens-
Bis.

Yiral particles isolated from primary cultures of haman
breast camcer cells have beem chamciermed. The proviral
structure of 1 retrovins has been described in homan breast
cancer. This provimus, designated 35 human mammary
twmior virus (HMTY), was 05% homologous to MMTY and
revealed features of 3 replication-competent virus (Melans
et al. 2007).

Human papillomaviruses (HPYs) and mouse mammary
twmor vims (MMTV) possess hormone respoasive ele-
ments that appear to be associated with enhamced replics-
tion of these vimses in the presence of comticosteroid and
other hormones. Viral genetic material for each of these
candidate viruses has been identified by polvmerase chain
reaction (PCR) in breast twmors, but rarely in normal breast
tiszue controds. Pooled data from controlled studies show
substantial odds ratios for the presemce of viral genetic
maderial im breast fwmors companed with aormal controts.
These and additional data provide substantial. but not con-
clusive, evidence that HFY, MMTY and EBV may play a
role in the etiology of human breast cancer (Lawson et al.
&, b).

Withen this context and based on current research, the
present review investigates the possible involvement of
vimses such as Epstein-Bar vims, humsn papillomavi-
mazes and mouse mamimary iemor virus on breast cancer.

Epstein-Barr virus (ERV) and breas cancer

For many years, comelations between ER'Y meplication and
the appearance of a malignant phenotype were limited to
nasapharyngeal carcinoma and Dymphosd cells. Contro-
versy regarding the association of ERY. a ubiquitous
bemzn herpesvims, with breast cancers has been reporied
in the literatare. A hypothesis was proposed that primary

'Eﬁrﬁnr:

EBY infection occurring during adolescence o adulthood
could be associated with elevated breast cancer risk (Y asi
e al. PO00).

ERV might have 3 rode 3l an early siep in carcinogenesis
ard them be lost after the development of the tamor. Aller-
matively, infection with EBY a1 a late state of tumor devel-
opment might enhance oncogenic properties, such as
invasiveness, angiogencsis and metastasis (Muorono e al.
2001; Wakisaka 2002). These findings raise the possibility
that EBY might alter the phenotype of a sabpopalation of
carcinmmatons cells so that they become more xpgressive in
behavior (Wakisaks and Pagano 2003

This cancer is very frequent and the iovolvement of EBY
in even a small proportion of breast camcers could have
important implications (Trabelsi e al. 20080 The mie of
ERY in the pathopenssis of bresst cancer has been of kag-
standing interest io ihe feld. Bresst epithelial cells can be
infected by ERV through direct contact with ERV-bearing
Iymphoblastoid cells and ERY infection has recently been
shiown to confer increased resistance o chemotherapeutic
dmugs in breast cancer cells (Lin et al. 3007)

Perkins et al. (2004} proposed that the detectable kevels
of EBW DA found in the twmor and the absence or lower
amounts of viral DNA found in matched peripheral biood
suppart a relationship between Epstein-Barm vims and
breast carcinoma. Lin etal (2007) esisblished ERY-
infected beeast cancer MOCFT and BTA74 cells and demon-
strated that EBY infection promeotes tamorigenic activity of
breast cancer cells.

Trabelsi et al. (2008 saggested a possible implication of
EBRY in two types of breast cancer: medullary carcinoma
and high grade Envasive ductal cacinoma with Iymphosd
stroma, althoweh further studies along these research lines
are required. Several laboratories have reported the detec-
tion of EBY in a subset of breast wmors (Bonmet e al.
1098 Fina et al. 3001; Labrecque ed al. 19%95; Lugmani and
Shousha 1995, Muomay etal. 2003k however, negalive
results have also been reported (Cha et al. 2001 ; Deshpande
ef al. 2007: Herrmann and Niedobitek 2003). Nevertheless,
in most of the studies avalable, a kow wviral losd was
detecied in breast cancer hiopsy specimens and infected
cells were not clewrly ideatified. Through microdissection
and isolstion of pare mmor cells, the findings were that
even in ERBY-positive umor samples, many tumor cells do
nod contain ERV genomes and that bresst carcinomas are
highly heterogeneoas in ierms of genome content and dis-
tribution. Such findings mise the possibility that although
EBY is unlikely to present an etiological role in the genesis
of breast cancer, the virus might contribute o tumor pro-
gression, Conseguently, if even a small number of breast
cancer cells are ERY infected, the impact of ERY infection
on the efficiency of anticancer treatment might be of clini-
cal imporiznce (Arbach et al. J006).
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Cienes are expressed by many haman tumaors of different
histodogical types but not by normal cells, except for male
germbine cells. Im this context, Hemnard efal (2006)
reponied that one of the antibodies frequently emploved io
detect nuclesr antigen | (EBNA 1) in tissue samples cross-
reacts with the MAGE4 protein, a cancer antigen ex pressed
in many cancer types. Their observation supgests that
reponts documenting an EBY association on the basis of
reactivity with this antibody must be considersd unreliable.

Ribeiro-Silva (2005} demomstrated the presence and
expression of EBY restricied to epithelial tumor cells in a
subsed of breast carcinomas in Argentine patients. The path-
ophysiological significance and clinical implications of
ERY presence in breast cancimomas remain unclear, but the
motion of a silent passenger for this “carcinogenic vims™
was discarded.

Table | shows aver 25 stadies of ERY and breast cancer
tiszues wsing malecular biology invalving methodology.

Human papillomaviruses | HP'Y) and breasi cancer

Cervical cancer development is 2 mulistep process. The
megor steps are HPY infection and HFY persistence for over
| year, followed by slow progression to precanceroas lesions
amd. eventually, to invasive cancer. Most HPY infections
spontanecusly resolve in 612 months and the majority of
precancervus lesions regress due o immune response. Since
only a small propoction of HPY infections will eventually
lead to cervical cancer. other cofacions are required for cervi-
cal cancer development (Schiffman and Kjaer 2003). It is
well established that high-risk HP's are the major casse of
cervical cancer. HI'Y is the most prevalent sexeally transmit-
ted viral infection among men and women and it i estimaied
that BO'E: of sexually active adubts have been infected with at
least one HPY type (Baseman and Kousisky 2005).

Two major classes of genital HPY tvpes have been iden-
tified sccording to their association with cervical cancer.

Table | Resuls of siudies into e presence of EBY geaetic malerial in human bresst cancer

Ragion Sample Contrale AV (%) Comes  FAV4 (%) Anthors
LSA Paraifn-mmbodded iz - 15 o Craffiry ot sl (10030
Jmpan Paraifn-embedded e — hE} B0 Hawiucka et al. {10k
UK Ierexren 21000 ol | Lahrengue =t al. {1955)
Halgium Paraifn-mmbodded iz - L] o0 Lespagmard of 2l (1795)
UK Paraifn-embedded bizeme - % 540 Lugmani snd Shoashs {1 H)5)
Taferun Paraifn-mmbodded iz - i o Chu =t al. (1998)
LSA Paraifn-mmbodded iz - a7 o Crlaseer el ol (100E])
Framca/LIK Ierexren STN0.090 100 510 Beanzt o sl {1007)
Hallusd Feresen - H 210 Brink =t al. {20003
Jupan Paraifn-embedded bizeme - A HIH Kijima et ol {20015
LSA Frecren/Para - pmboddad o .1 142 Chuy et al. (3001
Mard AfricaBouthern FrecrenParafn-embodded zese  O30000%) 5 I1E Fama =t al. (2000
FrasceMNarthern Funape
USA Frowen - 115 0 McCall et (2000)
USA Paraifn-embedded s 21000 K 4210 rrimstein of al. CH002)
USA Paraifn-embedded s 1100 . | 4510 Eleer e al_ (2007)
USA Paraifn-embedded s - 43 HIH Deeshpasde et al. (20025
UK Paraifn-embedded s - 02 210 Murray et 2l (2003)
(Sermany Paraifn-embedded s - ! 6.8 Hermmann and Needobilek (2007)
UK Fresh Frozen - 15 400 Nue o al. (0003
LSA Paraifn-mmbodded s - 11 3636 Lo et al. (200%)
USA Paraifn-embedded s - 55 70 Thormne et &l {2K15)
Argenting Fresh tissue LRI () n 310 Prevcindo of al_ (2005
LSA Paraifn-mmbodded s ASA005) 45 o Parigoue el gl (2005)
Turkey Paraifn-mmbodded s kD ] i 12K Ealkan o al. {2K15)
Tadwan Frzen A0 62 452 Tsai e 2l (2005)
Framce Frowen - 05 4 #urbach et al. {006
LSA Fresh Frozes - H 455 Parkice of gl {2004)
Framce Paraifn-mmbodded s - W 1368 Trahelss ot al. (2008}
Egypt Paraifn-mmbodded s 20009 40 250 Fawey =t al. (HNE)
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The low-risk types, especially HPY & and HPY 11, are
almixst never isodated in cervical malignancies. In contrast,
viral [MNAs from the high-risk types are identified in most
cervical cancer cases; although the vast majority of kesions
in which they are found are mooamalignant. HPV16 and
HPY 18 are the teo most carcimogenic HPY types and are
responsible for 709 of cervical camcer and aboat 504% of
cervical intrepithelial neoplasia (CIN) grade 3 (CIN1)
(Smith et 2l 2007).

[ Lonardo et al. (19920 were the first to report the rela-
tionship between HPY and breast cancer, demonstrating
HPY-16 DMA in 2004% of 17 breast carcinoma samples
and it has been proposed that HPY type 16 is present in
many invasive and melnstatic breast cancers and bess fire-
quently in situ breast cancer (Yasmeen et al. 2007} [t has
been smpgesied that high-risk HPY infection cam induce cell
invasion and metastasis in breast cancer through Id-1. a
family of helix—loop-helix transcription factors (Y asmeen
et al. 2007; Akil et al. 2008).

The identification of HPY by de Villiers eial. (20055
Damin et al. (2004} and Kan e o, (2005) in breast mmors
has established HPY as strong candidate oncovinases For
breast cancer. Widschwendier et 2l. (2004) detecied HPY
DM A in breast cancer tissues of patients presenting cervical
cancer history.

Cervical camcer is cances of the wiering cervix and is 3
common cause of desth among middle-aged women

(40650 years obd). Several stadies detected different HPY
types im breast carcinomas that were members of the high sk
groap, such as HPY-16, HPY-18 and HPV-13 described in
invasive ductal carcimomas (de Williers etal. 20050
Kroupis et al. (2006) verified the presence of high-risk HPY
saquences im breast cancer tissues and in association with
histopaibological characieristics.

Fluorescence in sitw hybridization with an HFY-33 DNA
progie proved the presence of the HPY-33 genome in a few
tmer Cell noclei. Therefore, Kulka et al. (2008) supgested
that the tumor cells themselves contxin the HPV genome.
The morphodogy of twumor cell necks also sappons this
hypothesis. These authors proposed international collabora-
tion to furber stedy [ymphoepithelioma-like carcinoma
(LELC) cases of the breast incloding the presence or
ahzence of previous history of cervical carcinoma, the pres-
emce of shsence of HPY in the temor, together with all fol-
bva-up data, which they believed would rapsdly increass
current knowledge of this rare type of breast carcinoma

Although researchers have described the presemce of
HPY in breast cancer patients. no HPY-DNA segquences
were detected in samples using [MNA amplification by PCR
e detect papillomavirus DNA. These data reported by de
Cremen et al. (2008) argue against the rode of oncogenic
HPY in the pathogenesis of breast cancer.

Table 2 shows studies involving moleculsr biology For
HPY detection in breast cancer tissues.

Table 2 Fesulis of shxdizs into the preseace of HPY geoetic material in human bress cancer

Region Sample Contrals P+ (%) Casax HPV 4 & Huibors

Haly Paruflin-embedded Gssue - 17 041 128 Lonseda ot al. {19920
LI5A - 13 oa Brattbemer ot ol {1902)
UK - B oa Wrede of gl {1002)

Inchia Frezh - u oa (Cropallorizhes ot sl. (1906
(ki and Paruflin-embedded Gssue - n 41&T Yt al (10059

Japan nn

Moreay Paraflin-embedded Gsspe - ] 4% Henning o al. (1)
L5A Fresh tizsse - 17 5 Lo e sl {20005

(China Paruflin-embedded tissuz - i 17 Liet sl (20070

Hruzil Paruflin-embedded tissuz 100 101 MTS Damin 2f al. (2004
Tarwan Froch tissse GADLORE 0 129 Teai et al_ (2005)

Ausirig Fized - 11 h3Ed Widsrbreemdior ol ol (2004)
(Germuny Paruflin-embedded Gssue - N Ei0 de Villiers o 2l (2K5)
Australian Peruffin-embedded Gsspe - 50 4RK0 Ean ot ml. {2051

(Grosce Froces Bmsue - a7 159 Eroupis ei al. {2006
Turkey Froch tissse TRTITED 50 T40 Crisrmne e ol (2006
Kares Paruflin-embedded tissuz - 123 65 Chei et al. (300T)

Sz Paruflin-embedded Gssue - Bl oa Lirdel et al. (23007}
Menico Paraflin-embedded Gssue A0U0AE &7 447 Mezndizabal Fuix of al. {7008}
lspan 11000 124 210 Ekamin of o, {2008)
Frumce Frezh Tizznz - 50 00 de Cremioux 2f al. (300E)
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Mouse mammary twmor virus (MMTV) and breasi
CANCET

Mouse mammrery tumor (MY vins has been used as 2
moded for ithe study of breast cancer since its discovery in the
1930 as a milk-transmitled agent The MMV infection
cyvcle has been reported and the contribution of vins-encoded
proteins o mammary (issse rmnsformation (Ross 2008).

Although MMTY, the prototype f-retrovines. was dis-
covered by Bittner more than half a century ago (Bittner
1836), the biclogy of this vims is still not completely
understood mainly dise to difficulties in obtaining high titers
of the virus in cell cultare, §s poor infectivity compared
with y-retrovimuses and the lack of a smple and sensitive in
vitro assay to evaluate the infectivity amd transforming
potential of the vinas (Indik et al. 2005).

MMTY. 2 member of the betaretroviridae, is the most
common cause of breast cancer amd T cell Iymphomas in
mice and is transmitted in méce in the germline, as endoge-
mous provimses, and exogenously, as infectias virkons.
MMTV spreads like a cold wimas from perscn to person,
although researchers are not cerain whether this vins
spreads by sneexing, food comtamimation or some other
means of ransmission. The invodvement of MMTY with
bumzn pathogenesis was bassd on immanological and
malecular biokogy evidence and was proposed some time
ago {Sarkar 19800

MMTV, starting with the infection and activafion of
dendritic cells and B cells that leads to the expression of 2
viral superantigen followed by professional superantigen-
mediated priming of naive polyclonal T cells by dendritic
cells and induction of superantizgen-mediated T cell B cell
collaboration results im long-lasting perminal center forma-
tion and production of long-lived B cells that can later camy
the virus to the mammary gland epithelium. Later in life it
can induce mammary gland transformation by integrating
close to proto-cncogenes leading to their overexpression
{Achs-Ovbea et al. 2007).

The hypothesis that a retrovirus homologous o the
MeISE MaEmmary temor virus is involved in homan breast
cancer an ebology has Fascimated sciemtists from many
vears, but it has mever been comvincingly demonstrated.
Benewed interest in this hypothesis developed when an
MMTV env geme-like sequence was foumd in 38% of
buwman bresst cancer tissues. Whereas some subsequent
studies confirmed these findings, others did not The mxin
reasons for this discrepancy included the different sensitivi-
ties and technscal details of current modecular approaches to
the detection of thess sequences (Zammarchi et al. 2006

Previous studies have fiound signs of the virnus in breast
cancer tissue taken from women. Srabo etal. (2005)
reviewsd the ohservation that 3 subsed of cats infected with
a close homologoe of MMTV could be of epidemiclogical

significance for buman breast cancer. Cats can become
infected by MMTY from mice and, in turn, may transmit
the virus lo hamans, possibly afier selection for varanis
with an expanded host range.

Witt et al. (2003) reporied that the MMTV-like env gene
saquence was not detectable in breast cancer tissee of Ans-
trian patients: similady, stodies by Zangen etal (30020
coubd not coafirm a role for MMTV-like env gene a5 o
maleculyr marker for breast camcer. The detection of
MMTV-like env sequences has been reported & variable
proportions that did nod exceed 4065 of BC cases in several
coumtries. Howevwer, these viral sequences were found in
higher proportion (74%) En Tunisian women diagnosed
with BC durimg ibe 1970s (Hachana et 2l 2008).

MMTV-like eav pene sequences, which indicale the pres-
ence of a replication-compeleat MMTV-like vims, have been
identified in some human breast cancers. bt mrely & pormal
breast tisswes. However, no evidence for a causal rode of an
MMTV-like vims in human breast camcer has emenged.
alihough there are precedents for associations between spe-
cific histological charactenistics of human cancers and the
presence of oncogenic vineses (Lawson et al. 20064, bl

Vaned MMTV-like eavelope pene {env) sequences have
been identified in up 1o 74% of human breast cancers. Hoa-
ever, the rode and ornigin of these MMTV-like ssquences in
bmain breast cancer remain uncertain. Mok et al. (2008) stud-
ied the intepration of MMTV-like eov sequences in buman
breast cancer. PCR screening has identified 28 (56%) Austra-
lizin breast cancer specimens and 7 (87.5%) human breast can-
cer cell lines o be positive for the MMTV-like eav saquence.

It is kmown that Buman endogemous retrovimises
(HERVs) account for up to 9% of the human genome and
include more than 200 elements related to betaretrovinases.
While MMTV is the accepied etivlogical agent of mam-
mary twmors in mice, the role of retroviral elements in
bismean breast cancer remains elusive. In 3 study by Frank
et al. (2008}, no evidence for MMTY or bumsn MMTV-
like vims transcrapts was foand, indicating that transcrip-
tionally active, MMTV analopous, exopenous vinses wem
nof present in the breast cancer samples analyzed.

Despite the widely accepled belief that human cells are
not appropriate hosts For MMTY, resulis from Indik et al.
(2007) show that baman cells can support replication of
MOUSE MEMMAary bamos vins.

MMTV-like gene sequences were amplified in the lung
cancer cell INER-5 1, bui not in the MCF-7 cell line that has
been used as a positive control in other reporis and in five
ot of 119 (4.2%) breast cancer biopsy tissues. Furthermore,
the identity of saquences of PCR products from INER-51
and bresst camcer-positive samples are 08 and 9% when
compared with the env region of MMTV. These results indi-
cate that MMTV-like gene sequences are present in the
Mexican population (Zapata- Benavides ef al. 2007,
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Melana et al. (2007} described the complete proviral
structure of 3 rebrovins in human breast cancer. This provi-
s, designated as buman mamamary twmor vines (HMTW )L
was 05% homologoes 1o MMTY and revealed features of 2
replication-competent winas. It has been shown that breast
cancer cells in primary caltures produced HMTY viral par-
ticles that are similar o the mouse vius and may play a role
in human breast cancer pathogenesis.

Despite the high semsitivity of the real-time PCR
method used, none of the samples were positive for
HTMY DNA or RNA. The absence of HTMY in both
breast camcer samples and controls imdicates either that
the concentration of patative HMTV DMNA in the breast
cancers was too low for detection or that it did not exist
there (Bindra et al. 2007).

A shady was reported involving thiee members of the
same Family, father, mother, and daughter, who were diag-
nosed with cawinoma of the breast with axillary modal
medastases. The father was the first o be dizgnosed at the
age of 70 in 1963, The meother amd damghter were each
dizgnosed six years later in 1960 af the apes of 82 and 56,
respectively. All three family members had invasive carci-
momma (Eikind et al. 2008).

The possibility of using the MMTV variants as alterna-
tive madels for analyzing mammary tumor stem cells and
pregnancy-associated breast cancer in women was dis-
cussed by Kordon (2008).

A MMTV-like long ferménal repeai superantigen im
buwmn breast cancer has beem sequenced from homan

breast camcer amd has been found highly Bomologous to
those of MMTV (Wang et al. 2004)

Mok atal. (2008) studied the inlegration of MMTV-lke
ey saquences in buman beeast cancer. Seguence analysis
ilentified a novel ORF of approximately 1.6 kb which is 94~
0% wentical to MMTY env penes. The MMTV-like env
saquences were shown i be different from the buman endog-
enous retroviral sequences and are chosely related o rodents.

The involvement of MMTY im the pathogenesis of
bimezn breast cancer has long been assumed. However, this
viral sequence has nod been detected from many breast can-
cer samples in several subsequent studses as Japan, Ger-
many, UUSA, Anctria, Sweden and UK (Fangen et al. 2002;
Wit et al. 2003; Mani and Cason 2004; Bindrs et al. 2007;
Frank et al. 2008; Fukuoka et al. 2008)

Table 3 shows studies of MMTY and breast cancer tis-

sues using mobecular biokogy imvolving methodobogy.

Conclusion

Breast cancer is the most frequently diagnosed malignancy
of women in many popubstions. It is generally accepied that
environmental factors play 2 role in the eticdogy of varioas
types of cancer. However, viruses, such as specific types of
beman pagpilksmavims, Epsiein-Barr and moass mammary
fwmer wirus, may be high-risk factors closely associated
with hwman cancers. It is estimated that vimses are a con-
tributory cause in 30% of all human cancers. The rale of

Table 3 Fesulis of sidies inio the preseoce of MM TY.-Be vinses geaetic malenial in human bresst cancer

Region Sample ConrobMM T+ (%) Caes MMIY - % Authors

USA Paraifin-2mbedded tisusTroren 107K 1.BY 314 IES Wang et al. (1905)
USA Froven 35ND0%:) 73 3 Fikind =t al. {200
Haly Paraffin-=mbeddad tissue 1N T ) 1 30l Mzlana et ol {21}
Argenting Paraffin-2mbedded tiszues 101 0%} i 3% Mzlang e ol {2070
LSA Paraffin-embeddod tissue - 18 oo Fangen el ol (X7}
Ansiralia Pamffin-=mbedded tissue 11151.8%}) 43 4027 Ford et al. {3003)
LU5A Fresh frozenParaifin-embedded tisoe - L 52 Wang et al. (20030
Ansiriy Fresh frozen tumaor - i | g W et al. (2003)
Ansiralis Parifin-2mbedded tisue 2004 13 TEE Ford et al. (304E)
Ausiraliz Pamifin-2mbedded tisue - 136 32 Ford et al. {300da)
Fingland Fresh frozen umaor - 44 LI Mani and Ca=na (2004
Tunisis Paraffin-2mbeddod tissue - Kk} TAT Lawine ot al. {200)
USA Paraffin-=mbedded tissue - 12 50 Eikind et al. {200
Sweden Fresh froeen 1141 04%:) 18 g Himdra et al. (27
Menico Paraffin-embedded tissue - 114 42 Lapats-Besevides of ol (2007}
Tunisiz Froven - 122 138 Hackana e ol (2{E}
USA Paraffin-2mbedded tissue - 3 1 Eikind et al. (H0&)
(Germany Fresh Frozen SN0 i LI Frank e al (2005}
Jupan - i LI Fukuoks et ol (2({E]}
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virs as a causative agent in bueman breast carcinogenesis
has recently beea the subject of renewed Enterest.

The identification of a mouse mammary bamor vims
could support the viral eticlogy for breast tumors in ani-
mals, but similar viral saquences found in humans are not
believed to play any direct role in carcinogenesis.

In vims-associated camcer. the twmor cells can exhibit
viral antigens both Enternally or on their surfaces. As a
result, viral amtigens in tumors represent a potential anti-
genic tarped that is clearly different from normal ssues.
This & potentially an exciting discovery; if a virus is found
to present a definitive role in breast cancer development
then the possibility of developing preventive ireatments
against such a vims becomes maore plausible and may lead
to g reduction in these cancers.

Fecent technological advances now make it feasible 1o
betier ckle the methodobogical challenges of detecting
vims in breast cancers. A critical next step in understanding
this relationship is to apply detection sirategies that are sen-
sitive and specific for virus and sbde o localize this xgeat (o
particular malignant cells within the tissue. A recent
Mational Cancer Instibate recommendation specifies an
approach combiming real-time quantitabive PCR, which
allows measurement of the amount of viral kad in archival
tissue samples, with laser capture microdissection o
improve localization of wiral nocleic ackd to benign or
malignant components of a tssse sample.

In spite of many years of research, no etiological Factors
other than genetic susceptibility have been found for human
breast cancer. If breast cancer has a wiral eticlogy, it
redmin (o be clarified.

Acknowledgments  This review ws supporied by e Conselho
Macional de Desenvolvimenio Cientifioo ¢ Tecnoldgioo (CRPg), the
CoordenscBs de Aperfeigcamentc de Pessnal de Mivel Superior
(CAPES) and the Lomdring Stale University Coordination for Posi-
graduason (PFROPRG-UELL Docor poet graduate siudent, Marls Kar-
ine Amuaranie is g fellow from CAPES. The estire article was mevised
by Philsp 5. P- Badiz and Adrissme Toledo, 2 Bntish-born sciensfic
Lexd eglitioer.

References

MAche-Orbea H, Stakhow AN, Finke I (3007) [memne response i
MMTY infection. Front Heasd 12:15%- 1608, doi: 1027412172

Akl N, Yasmeen A, Kassab A ot al (2008} High-rsk human papillo-
mavinus infecBons in bresst cancer in Syrian woomen oo i
msxociiin with [4-1 exprescion: & tissue micrnamay shudy. Hre J
Camcer 19431404407, dai: 10,1038 hjc 6602507

Artach HL Yiglasky ¥, Lefeo F ot al (2006) Epsiein-Bas virus (ERY)
penome and expression in breast cancer tissue: effect of ERY
infocton of breast cancer cells on esistance to paclitaxed (Taxal)
J Vol BI-B43-B53 dniz 101 1 2RFTYLED. 1LE45-B 53 2004

Haseman M. Kovssky LA (2005 The epidemiology of humas papil-
lomavine infec@oes | CHn Viral 3:016-24. dai: [0 101E
jejov D, 12008

Hindra A, Mumdrasali 5, Kisekka B (2007) Search for DNA of exog-
enous mouse mammey iwmaor virs-relaied wines in buman bresst
cancer samples. J Gen Vool &1B06-1300. doi: 10,1005
wvir. LB IT6T-0

Hittner JJ (1036} Some poasible affects of nursing on the mumsary
gland wmaor incidence in mice. Scence 4161 da: 10,1128
science 24 21721162

Hoeanet M, Guinebretiere JM, Kmemmer E et al {1999) Detecton of Ep-
sizin-Hlam vims in imvasive breast cancers. J Nall Cancer [nst
D1:1376-1381. doi: 101093 jeci®] . 161376

Hraithaver (., Tavassols FA, OFLeary T (1992) Eticlogy of hreast
CEECIKERL M nt rode for papillomavines pes 6111612
Paticd Bes Pract 1BE(1):384- 384

Brink AA, van Den Brule Al, van Deest P et o (20000 Ee: detection ol
Fpstein-Ber vines in invasive bresst cancers. J Nail Cancer Inst
TEAS5ESE, don:10. 1098 jnci 90 BASS

Choi Y1, Cho EY, Kim JH 22 al {2007} Deiedion of human papilloms-
virus DNA by DNA chip in breast carcinomas of Eorean women
Tumour Biol 28:327-33L doi: 10.1 15000012458

Chu I8, Chen CC, Chang K {1598) In sitn detecSon of Epsiein-Harr
vins in bt cancer. Comcer Lem [24:53-57. doi: 101014
SOG-RISOTHA0T

Chu P;, Chang KL, Chen Y'Y =t al (2001} Mo significant sssociaian
al Epstzin-Har vins infection with invasive breast carcinoma.
#um I Pathol 15%:571-578

Dadmanesh F, Pelerse 11, Sapine A et ol CH01) Lymphoepithelioms-
like carcinoma of the Breast: lack of evidesce of Epsiein-Harr
vims infection. Histopathalogy 38015461, dor: 1001046, 1365
2559, 2001 01055.x

Damin AP, Karam R, ffefler O et ol (2004) Evidence for an associs-
tiron o hyman: papillcomavines wnd bt corcinomas. Breest Can-
cer Bes Treal B:130-137. dea: 14 1028 E: BREA OO0 EL1 1.
EOGET. Od

de Cremoux P, Thioux M, Lebigot | =t al (XME) Noevidenoe of humasn
papillomayvines DNA ssquences in invasive breast carcinoma.
Breast Cancer Ees Treat 100:55-5K. dioiz 1001007 s] D580-007 -
DaT6A

Deshpande {0, Badve 8, Kadwai N et ol (A7) Lack of expresson of the

peirmn-Har vinus (ERY) gene products, FRERs, EENAL LM,
and LMP2A, in bzt cancer cells. Lah Imvest £2:1193- 1159

de Vallers EM, Sandsrom RE, rur Houses H oef ol (3005 Presence of
papiliomavines sequences in condylamakoes: kesions of te mamillae
and in invasive castinoma of the bressdt. Hressd Cancer Bes 7400-11

[N Losando &, Vesuts A, Marcaste ML (1992 Human papillomavines
in Beeasi cancer. Heeast Concer Bes Tread 21020:05-1000
otz 1L 1 OO BRI 8346655

Dimmuock NI, Primrose SH {1904) Carcinogenesis and msmour vinses:.
Introduction o modern virology, 4th edn Blackwell Science,
London

Eikind P, Tha 1, Kham A et ol (X0 Mouse mammary temor virus-like
ENY gene sequences in buman beeast umors and in 2 lymphoma
al o breast cancer patiend. Clin Concer Res &1773-1278

Eikind PR, Stewart AF, Dorai T e al (30041 Clonal isolation of differ-
ent srmins of mouse memmary tumor vins-like DA ssquences
from Both de breast temors and pom-Hodgkin's lymphomas af
individual patients di with both malignascies. Clin Can-
ooy Ries 1{E5656-5664. doi: 10,1158/ 1078-04 32, 0CR-03-0064

Eikind PR, Stewart AF, Wiernak PH (2008) Mome mammary tumar
virus (MMTVilike DNA sequences in the breast lumors of
father, mother, mnd - Infect Agent Cancer TR

Fawzy &, Sallam M., Awad NM (208} Detection of Epstein-Bar vins
in breast carinoma in Egyp@an women. Clin Biochem 41486497

Fana F, Eomain 5, Ouafik 1. et al (3001) Froguency and gesome loed
al Fpstein-Harr vims in 5H beeast cancers from different gea-
praphical anees. B 1 Concer B4 TEI-THD. dai: 10,1054 8joc. 20000
1672

ﬂﬁn'inm



136

85

J Cancer Res Clin Oncol (200490 135:320-337

Foed CE, Tran [}, Deng Y ol ol CA03) Mowse memmary tumar virs-
like gene saquences in bresed tumors of Awstralian and Viefsam-
exe women. Clin Coscer Res S:1118-1120

Ford CF, Faedo M, Crouch B et 2 (3004a) Progression from normal
bresst pathakigy o bresst cancer is assodialed with incneasing
prevalence of mous: mammary tumor vins-lke sequences
men and womesn. Cancer Bes 6447554755, doi: 1011 52/0008-
SATLCAN-03-380

Fond CE, Faedo M, Rawdinson WL (20M5) Mouse mammary tumor
vins-like RN A ramscripts and DA are found i sffecied cells of
human tweast cancer. (CBn Cancer Ees [00THR4-TZIESL
iz 101 158/ 107R-04 32 O -0 {IT6ET

Frask 0, Yerbeke O, Scirerarz N ot al (2008} Varishl: tramscripticaal
wctivity of endogenous retroviruses in hwman bresst cancer.
1 Viral E2:1B0E-1818. don: 10.1 1Z&TVLOZ1 1507

Fukeoks H, Moruchi M, ¥ eso H et 2l (23008} Mo associaion of mouse
mammary wmor virus-relaed etovines with cases of
breast cancer. J Med Viel 200ER1447-1450. dai: 10100
jme. 21247

Gaffey M, Frierscs HF Ir, Mills SE et 2 (1993) Medullary carcinoma
af the Breast. Mentification of lymphocyie subpopulations and
their signifcance. Mod Pathol 6:721-T28

Gilaser S, Ambinder RF, DiGGiussppe JA et al {1998} Absence af Ep-
stzin-Bam varus FEER- | frunscripts inan y diverse
group of breast cancers. Int J Cancer 75: 555558 doi: 10,100
(SICT 100702151 PRI T 524555 A DL T e QOB

(Gopalkrishna ¥, Singh UK, Sodiani 17 e al (1996} Aternce of human
papillomavines DNA in brest cancer as revealsd by podymerase
chain resction. Heeast Cancer Res Trem  30:0107-201
i 10 10TEFD BIG 156

Grmstein 5, Preciado MY, Gaiteso Pet ol (200F) Demosstration of Ep-
siein-Har vius @ caminomes of yonows sies Cancer Bes
G2:4ETE-4BTR

CGumus M, Yumuk PF, Salepd T et al {2006 HFY DNA frequency and
subset analysis in humen breast cancer " mormal mnd o-
maral tissue samples. J Exp Clin Cancer Res 25:515-521

Hachena M. Trimeche M, Fiadi % ef ol (XME) Prevalence and characies-
istics af the MMV like associaied bresst cortinomas in Tunisia.
Canrer Lete FTCERZEE-TR0 dii: 1. 101 &.cunlet. 2008. 06,001

Hesnged C, Piuhl T, Huetiner M et ol 2006 The antibody 24 direct-
el agminsi the Fpstein-Har vines (ERY -encoded noclear antigen
1 (EBNAL) detects MAGE-4: implications for sadies on the
ERY aszccia@on of human camcers. J Pathal MHH4-4300 435,
iz 1. 10 path. 1 004

Heonig EM, Suo £, Thomsen 5 et al (1999 Humen paplllomavirus 16
in breast cancer of women teealed for high grade cervical intraep-
ithelial neoplasia 0CIN IHL Breast Cancer Bes Treat 53:121-135.
iz 140 DOCES A | O ] GDECRR 200

Hermmann K, Nedobiiek (3 (20035 Lack of evidemsce for an associaSon
af Fpstein-Hamr vims infocion with breast corcinoma. Breast
Concer e SSR13-RAT. doiz10U1 1 BborS6l

Harmchi K,Hﬂml;{hml{d.ﬂﬂlm:ltmmdm
and hreast withly stroma: localmation of Epsisan-Harr vi-
nz= | Clin Fﬂnl-!-?:ﬂﬂ—iﬂll].d:i.]ﬂ.]]lﬁjcp.d?_ﬁjﬂ

Ihvan 5, Celik ¥, Ulker Abyildiz I ot al (X4} Lymphoepithedioma-
like corrinoma of the beeast- is it o distinct entity? Clinicopatho-
lngical evalation of two cases and review of the literatune. Ereass
13{6):522-506

Inchik 5, Goneburg, WH, Salmons B et al Q20055 Mowse mammary -
mar vius indects buman cells. Cancer Hes 65( 15066516655,
i 101 1 SEA0008- 54 T CAM- 04- 2S00

Indik 5, Giineburg WH, Eulach P et al (2007) Rapid spread of mouse
mammary temor vins in oultored human breast oells. Eetnoviral-
agy 4T3 doiz 1001 1BA] 7424600473

Kafkan A, Oredarendeli A, Bulut ¥ etal (2005) Invesigation of Ep-
simn-Harr wirus IMNA in formalin-fized snd paraffin-embedded

'Eﬁn'in.prr

reast cancer izases. Med Princ Pract 14:268-271. don: 10,1155
MRS TR
Kan Y, lscopema B, Lawson I35 et al (3005 ldeatification of humas
apillcmavines A gene soquences in human breast cancer. Hr
N Canrer 93046048, dai: 10, 1038k bijc. 6612772
Khan NA, Cestilio A, Korfyama C et 2l (200E) Hwman papillomavines
deieded in female besst carcinomss i Japan Hr ] Cancer
TEA0E A 14, den: 10,1008 5) bijc G0 50T
Kijima ¥, Hokita 5, Takao 5 e al (2001} Epsiein-Bar vins imvolve-
ment = mﬂrmﬂndmlymﬁmpidul type af gastrc car-
cinome Various neoplasms. J Med Vool 64:513-
S1E. doiz 10, 1002 me. 1079
Kieer 0, Tseng MID, Cutsch DI et ol (3K} Detection of Epsisin-
E.ﬂ'l'ﬂ'ﬂ.':.l’.q]d]} g fbroadenomas of the brest in
hnsl.-n ]uhd Pathol 15:750-T64. don: 10, 100!
n'rn#u.l.l'ruljm
Kordon EC (200E) MMTV-imduced pregl.ml:r—dq:ﬂdml M-
mary tumors: early hisiory and new ves. J Mammary
Cland Riol Meoplasis [33):280-107. doi: 10100710911
HE-S091-7
Kroupis C, Markcw &, Vourlidis M et al (2006) Pressace: of high-risk
Ineman papillomavines ssquences i bressl cancer tisues and
assnoiation with hi | charscteristics. Clin Baochem
FETIT-T31. dai:10.100 &) climbinckem. 203, 005
Kulka I, Kovaleky I, Svastics I et al (200E) LymphoepitheBoma -like
carriname of the bresst nol Epsiein-larr virus—, bl humas
mpilloma vans—positive. Hom  Paded 30:208-301.
dor: 141 101 & Ersmpath. 3007 08,006
Kumse A, ldanchasama R, Kanno H et al (305 Lymphoepithel-
oma-like carcinoma of the breas. Report of o case with the first
electron microstopic stndy and review af the [geratuee. YVirchows
Apch 447653659 doic 10, 1007 EMMIE 0041 1951
Labrecoue LG, Hames I3, Fentiman 15 et al (1595 Epstein-Har vi-
s in epithelial cell twmaors: & breast cancer study. Cancer Res
553045
Lan 5K, Chen Y'Y, Berry Gl ot al (2007} Epstein-Harr vins infecion
is mof assncialed with ibmadenomes of the breas in immenosup-
patients afier organ rm ion. Mod Pated 161242
1247, dhovicz | 0, IO AP DOCD00 T 363, T2A00. 00
Lawson 15, Gomedurg WH, Whitsker NI (30043} Viruses and humas
breast cancer. Futre  Miceohiol  1:33-51 Jan: 102217
1T460413.1.133
Lawsan IS, Tram DD, Carpenier E et ol (2006h) Presence of mouss
mammary wmeur-lfke vins geoe sequences may be assaciaied
with morphology of Ireman bezast cancer. ] Clin Paghed
SN 121 ZET-1292. doi: 1001 136cp. 20050357
Lespagrand L., Cochaux P, Larsimont I3 et al (1993) Absence of Ep-
sizin-Hamr vims in medullery carcinoma of &e breesd s demon-
straled by immunopbenatyping. in s Bybridivation  snd
podymerase chain reacon. Am ] Clin Pathol 105:440-452
Levine FH, Pogo Bl Klowj & =t ol (X)) Increasing evidence for o
Imnman bresst carcinoma virus with geograplec dfferences. Can-
aer [01:721-TRa doi: 10,1002 ner. 20436
Li T, Lo 28, Gue M et ol {20075 p53 endon T1 polymeephism (00G)
and the Ask of human vine-assocuied carcinomes in
China. Cancer 95:2571-25Té, doi:1 0. 12 mor. 1 1008
Lin JH, Tsai CH, Cha 15 2t al {207 Dysegulation of HERZHIER
signaling axis in Fpetzin-Hamr virus-infecied bresst carcinoma
cedls. ] Vared B1:5705-57 13, doiz 10,11 2RIV].00076-07
Lindel K. Fordar A, Allmmati HI et ol (23007 Breas cancer and hu-
man papilicemavires (HPY ) infecon: noevadence of & viral egol-
gy in & growp ol Swiss women. Breast 16:172-177. dai: 10,1001 &'
j-hreast 0600 001
Lin Y, Klimherg W%, Andrews MR ot ol (2001) Heman papillomavines
DMA is present in & subset of unselactod Beeast concers. ] Hum
Vol 4:39-334



1 Cancer Res Clin Onood (2009 135:329-337

86

iif)

Lugmani ¥ A, Shousha 5 (1955) Presence of Epsein-Ear vins
hreast carcinoma. Ini | Oncol 6200003

Megrath I Bhatza K (156590 Hreast cancer: s new E wirus-
msuociped  disegea? 1 Mol Comcer [pesd 91:1340-1350
dai: LI jecifB . L6 13249

Mot C, Cason ) Q20040 A& homan munine mammary temour virs-like
agent is mn wncomancing etiakogacal sgent for human beeast can-
cer. Cancer Res 61:1754-1750

MoCall 54, Lichy JH, Bajwaerd KE et al (2001} Epsizan-Har vims
detrciion in ductal carcinoma of the breast. § MNatl Coneer Inei
0314150, dai: 10. 1093 nci53. 1148

Melans SM., Holland JF, Pogo B (2001 Search for mowss mummary
tumar virus-likz env sequences in cancer and noemal breast from
the same individuals. Clin Cancer Res T:2E3-I84

Melans S8, Mepomneschy |, Sakalion M =t ol (2007 CherecienzaSon
af virl particles isolated from primary cultuees of buman hreass
cancer oells. Cancer Res GT:R0G0-S965. doi: (115800008
SATECAMN-O6- 3R

Melanz 5M, Pioromi MA, Fossi C ot ol (202) Detection of murine
mammery tomor vins (MM TV) eny gene ke ssquences in bresst
cuncer from Argestine patienis. Medicing (B Aies] 62335177

Mendirabal-Ruiz AP, Morales 1A, Ramirez-Jeano [ el o (3008) Low
freguency of buman papillomavines DNA in breast cancer tissue
Bress: Cancer Bzs Treat 30 Epub shesd of print

Mok MT, Lawson J5, Lacopetia B et ol (3005 Mouse mammary tu-
mer vins-like emy in human Eeeast cancer. Int J Cancer
122286428, doi: 10U 1002jc 23372

Murmno 5, [noue H, Tanabe T et 2 (20003 Inducion of cyclooxygen-
mse-X by Epsisin-Bamr vins lafenl membrane protein | is in-
valved in vascular esdothelial growth fedor producSon o
nesppharyngeal comrinoma celle Proo Nall Aced Sci USA
ORGS0 don: 1L 10T poes 1210 E00E

Murmay PG, Lesauer 13, Junying J et al (2003 Reactivity with a mono-
clonal antibody 10 Fpstein-Har vines (EBY) nodear antigen 1
defines 3 subset of aggressive breast cancers in the sheence of the
EREY genome. Cancer Res 63:7338-25343

Perkins RS, Sahm K, Marando C et ol (306) Anatysis of Epsiein-Harr
vins reservairs in paired Blood snd breast cancer primary hiopsy
specimess by real @Gme PCR. Breast Cancer Bes S6GRTL
dai: 1.1 1&&ber 1637

Pemigoue )i, den Boon 1A, Friedl A e al (20050 Lack of sssociaSon
between ERY and broast cascinoma. Cancer Epidemiol Biomark-
ers Prey 14: BB 1. doi: 101 15R055- 65 1P M-0763

Preciado MY, Chatay PA. De Matieo EN e al C3005) Epsiein-Harr vi-
= in bressl cordinoma in Argesting Arch Paibol Lab Med
124:377-381

Ribeiro-Salve A (2005) Fpstein-Ham vins in bresst carcinoma
Arpentiea. Arch Patbnl Lab Med 17001088

Foss SR (200E) MMTY infections cycle and the contribution of virus-
encoded proleins 1o reesfonmation of memmary tissue. 1 Mam-
mary (land Biol Neoplasia 13:2000307. doi: 10,1007 1091 1-
- -8

Hanati 5, Ayala AG, Middleon LP{200K) Lymphoeptelioma ke car-
cinoma of the breast: report of & c2se mimiclang ymphoma Ann
Deagn Pathold 8300315, dax: 111 10164 annchagpath 0040701 2

Sarkar MH (19809 Type B vines and human breast cancer. In: The mle of
wiruzzs in human cancer, vol 1. Elsevier, Mo Holl and. pp 207-135

Schiffman M, Kjaer SE {3003) Chapier I Maural hisiory of snogeniial
human papillomavins infection and neoplxia. 1 Naill Cancer [nst
Maozogr 31:14-19

Smath I3, Lindsay 1., Hoots B el sl (2007) Human papillomayins bype
distribution in invesive cervical cancer sed high-grade cenvical le-
sions: 3 mets-analysis updaie. Int J Cancer 1ZI0621-631
ai: 140, 100 AT 22527

Szabo &, Haslip AM, Gamy RF (3005) OF mice, cats, snd men: is ho-
man bresd cancer & roonsis? Micross Res Tech 68:107-208
oz 1L 100 femi. 20232

Thorne LB, Eyan JI., Elmore SH el ol (305 Real-ime PCR measres
Fpetean-Barr Vine DM A in archival hreast adenccaecinomas. Diagn
Mol Pathol 147933 de: 10, MET pes OO0KH 32448, 23468 ah

Trahel= &, Rammeh 5, Stita W et ol (2008} Detection of Epsien-Harr
vines in breast cancers with hymphoid stroma. Ann Biol Clin (Par-
is) G 5062

Tzai JH, Tsaa CH, Cheng MH et ol (2005) Assneiatics of viral faciors
with pom-familial bresst cancer in Taiwan by companson with
non-cancemus, fibroadenome, and thymid tumor tseses. § Aed
Vol 75:776-XTE. doi: 10, 1002 jm». 20267

Wakisaka N, Pagano J5 (20030 Epsizin-Barr vins mduces invason
and mefastasis factors. Asticancer Bes 23:2133-7138

Wakisaka M, Murano 5, Yoshizaki T et al {2002 Fpstein- B virus a-
flent membrane projein 1 induces and canses releass of fibrobiast
prowih facioe-I Cancer Res 62:6337-6344

Wang Y, Haolland JF, Bleiweiss U et 2l (1995) Detection of mammary
tomar vines eny gene-like sequences i heman breast cancer. Can-
aer Res 5551735179

Wang ¥, Go ¥V, Holland JF et ol {15} Expeesson of mouse mam-
mary wmaor wirus-lfke eny gene sequences in buman breast can-
cer. Clin Cancer Res 4:25685- 2562

Wang Y. Melana 5M, Baker B etal (2003) High prevalence of
MMTV. Bk sov pene sequences in pesiaBonal bresst cancer
Med Oncal 20:233-T36, dai: [ 0] 3R5M {13133

Wang Y, Jinng JI, Xu ID et al (3004 A mouse mammary lemor virus-
likee bemeeg, dermmanal repeal superantiges in human beeasi cancer. Can-
cer Res 6441064111, dai: 1001 1550008- 54720 CAN 033880

Widschwendier A, Brabuber T, Wiedemair & et al (2004) Deiedion
al baman papallomavirus DINA in bresst cancer of patsenis with
cervical cancer history. J Clin Weod 31:H2-207. dou:10. 10141
oo 200, TR

Wit A, Hartmann B, Martos E et al {3203 The mouse mammary
tumor vines-like env gene sequence is nol detectable in breast
cuncer tissue of Austrian patents. (ncol Rep 10:1025-1029

Wong M, Pagano 15, Schiller IT e al (2002} New associatsans of
human papillomayins, Simian wires 40, and Epsicin-HRarr vines
with bumnen cancer. | Natl Cancer Inst 94183218336

Wrede [}, Lugmani Y A, Coombes BT et ol (1992) Afeence of HPY 16
anid 1E I¥A i beeast cancer. Br ] Cancer 65:591-25%4

Xue 5A, Lamper [A, Haldase 15 et ol (3035 Epsizin-Tarr wirus gens
expression in beman breast cancer: prolagonist or pesenger? Br
N Camrer 89113119, don: 1. 10384 bijc. 660 1027

Yasmesn A, Bismer TA, Dekbal H e ol (2007 Edl-2 receplor coop-
erates with BT of HPY type 16 in breasi mmon-
penesk Call Cycle &390 1043

Yasui Y, Potter 11, Sranford JL ot al (2001} Breast cancer risk snd “de-
layed” primary Epsiin-Barr virus infection. Cancer Fpidemiol
Biomarkars Prav [0:0-16

Yu ¥, Maorimoto T, Sasa M et al (1999 HFY33 DMNA m premalignant
and malignant breast lesions m Chinese ond Japaness populs-
tions. Anicancer Res 19:5057-5061

Fammarchi F, Pesello M, Pieragilh A et al (2006 MMTV-Ble sequenc-
= in buman breast cancer: & Auorescent PUR Taser macnodi section
appmach. J Pathal 700-436-444. doiz 10,1002 path, | #T

Ffangen B, Harden 5, Cohen 17 et ol (2007} Mouse mammary umor-
likz env gene ss o moleculsr marker for Breast cancer? Int 1 Can-
aer 102:304-307. doiz 10 10024 je. 10702

Ffapmis-Beavides P, Sasvedrs-Alonso 8, Famors- Aviles D et ol (20070
Mou=e memmary tmaor vrus-like gens saquences in bresst can-
cer samples of Mexican women Inervirokogy 50:402-807.
oz 1L 1 15 00E] 10652

&) Springer



87

4 CONSIDERACOES FINAIS

» Aumento da expressao relativa de RNAm de TLR3, IFNy, CXCR4
e PKR foi verificado em cultura de PBMC humano na presenca de
RNA sintético dupla fita poli (I:C). Nao foi observado efeito
citotoxico e aumento na proliferacdo de células CD3*, CD4" e
CD8" nas culturas. Cultura de células sensibilizadas com RNA
endégeno humano apresentou diminuicdo da expressdo de
RNAm de TLRS3, IFNy, CXCR4 e PKR quando comparada com
cultura de células na auséncia de estimulo.O RNA autdlogo,
endogeno, apresentou efeito inibitério sobre as células
mononucleadas do sangue periférico humano. E possivel que os
RNAs enddégenos como microRNAs e RNAs longos, néo
codificadores, através de suas complexas estruturas secundarias
tenham envolvimento na regulacdo da expressao génica
independente do TLRS3.

> A participacao do RNA dupla fita e dos seus receptores na
patogénese de doencas imunoldgicas e outras doengas, como
cancer, podem ter implicagdes importantes na modulacido da
expressao génica. Conhecimentos adquiridos a partir de estudos
com RNAs endogenos como RNAs nao codificadores ou
reguladores podem contribuir para a compreensao de varias
doencas onde os acidos nucléicos podem desempenhar uma
funcdo importante na patogénese ou na regulagdo da expressao
génica.

» Aumento estatisticamente significante da expressdo do TLR3 foi
verificado no tecido mamario tumoral de pacientes sem
acometimento de linfonodos. Correlagdo do aumento de
expressdo de RNAm para TLR3 e IFNy, e TLR3 e CXCR4 foi

verificado no tecido tumoral portanto é possivel que estas
moléculas tenham implicagbes na patogénese do cancer. E

possivel propor que a expressdo aumentada de RNAm para IFNy

devido ao microambiente pré-inflamatério pode levar a um
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aumento do mRNA para CXCR4 e, consequentemente, aumentar
expressdo de mMRNA para TLR3 mesmo em pacientes sem

acometimento de linfonodos.



APENDICE

APENDICE A

Estadiamento do Cancer de Mama Segundo Uicc

89



90

Para afirmar se um tumor esta em estadiamento avangado ou ndo, usa-se um critério para a
classificagdo dos tumores, criado pela Unido Internacional Contra o Cancer (UICC), denominado
estadiamento, baseando-se no fato de que os tumores seguem um curso biolégico comum. O
estadiamento clinico é importante porque permite estabelecer a extensao e a gravidade da doenga,
planejar o tratamento, dar o progndstico, ou seja, prever a evolugédo das enfermidades, e, finalmente,
agrupar os casos para estudo e pesquisa (INCA/MS, 2007).

O Sistema Tumor-N6dulo-Metastase (TNM) foi desenvolvido por Pierre Denoix em meados de
1942 e representou uma tentativa de classificar o caAncer baseado nos atributos morfolégicos maiores
dos tumores malignos que acreditavam influenciar o prognoéstico da doenga: tamanho do tumor
primario (T), presencga e extensdo do envolvimento de nédulos linfaticos regionais (N), e presenca de
metastases distantes (M). A UICC apresentou a classificagado clinica de cancer de mama baseada no
Sistema TNM em 1958 e o Comité Americano de Céncer (AJCC — American Joint Committee on
Cancer) publicou um sistema de estadiamento de cancer de mama baseado no TNM no seu primeiro
manual de estadiamento de cancer em 1977 (Beahrs, 1977). Desde entdo, revisGes regulares tém
sido emitidas para refletir maiores avangos em diagndsticos e tratamentos. Na revisdao de 1987,
diferencas entre as versdes do AJCC e do UICC no sistema TNM foram eliminadas.

Portanto, esta avaliagdo tem como base a dimensao do tumor (T), a avaliagdo da extensao
aos linfonodos (N) e a presenga ou ndo de metastases a distancia (M). Apds a avaliagdo destes
fatores, os casos séo classificados em estadios que variam de | a IV graus crescentes de gravidade
da doenga (INCA/MS/2007).

Esta classificagdo aplica-se apenas aos carcinomas, sendo indispensavel a confirmagéo
histologica. Recomenda-se que, quando houver multiplos tumores, o maior deles seja considerado
para definicdo dos parametros e quando houver tumores sincrénicos bilaterais a classificagdo de
cada um deles serd isolada.

Os quadros a seguir sintetizam as classificagdes conforme o tamanho do tumor (T),
comprometimento nodular (N) e metastases (M), além de agrupar as diversas combinagdes possiveis

(INCA/MS, 2007).

TAMANHO DO TUMOR (T)

Tx - tumor ndo pode ser avaliado
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TO - ndo ha evidéncia de tumor primario

Tis - carcinoma in situ

T1 - tumor com até 2 cm em sua maior dimensao

T1 mic - carcinoma microinvasor (até 1 mm)

T1a - tumor com até 0,5 cm em sua maior dimensao

T1b - tumor com mais de 0,5 e até 1 cm em sua maior dimenséo
T1c - tumor com mais de 1 cm e até 2 cm em sua maior dimensao
T2 - tumor com mais de 2 e até 5 cm em sua maior dimensao

T3 - tumor com mais de 5 cm em sua maior dimensao

T4 - qualquer T com extensao para pele ou parede toracica

T4a - extensao para a parede toracica

T4b - edema (incluindo peau d'orange), ulceragdo da pele da mama, nodulos cuténeos
satélites na mesma mama

T4c - associagado do T4a e T4b

T4d - carcinoma inflamatério

Observagoes:
a. O comprometimento do musculo grande peitoral ndo caracteriza T4.
b. Presencga de retragao da pele ou papila nao interfere no estadiamento.

LINFONODOS REGIONAIS (N)

Nx - Os linfonodos regionais ndo podem ser avaliados

NO - Auséncia de metastase

N1 - Linfonodo(s) homolateral(is) mével(is) comprometido(s)

N2 - Metastase para linfonodo(s) axilar(es) homolateral(is), fixos uns aos outros ou fixos a
estruturas vizinhas ou metastase clinicamente aparente somente para linfonodo(s) da cadeia
mamaria interna homolateral

N2a - Metastase para linfonodo(s) axilar(es) homolateral(is) fixo(s) uns aos outros ou fixos a
estruturas vizinhas

N2b - Metastase clinicamente aparente somente para linfonodo(s) da cadeia mamaria interna
homolateral(is) em evidéncia clinica de metastase axilar

N3 - Metastase para linfonodo(s) infraclavicular(es) homolateral(is) com ou sem
comprometimento do(s) linfonodo(s) axilar(es), ou para linfonodo(s) da mamaria interna
homolateral clinicamente aparente na presenga de evidéncia clinica de metastase para
linfonodo(s) axilar(es) homolateral(is), ou metastase para linfonodo(s) supraclavicular(es)
homolateral(is) com ou sem comprometimento do(s) linfonodo(s) axilar(es) ou da mamaria
interna

N3a - Metastase para linfonodo(s) infraclavicular(es) homolateral(is)

N3b - Metastase para linfonodo(s) da mamaria interna homolateral e para linfonodo(s)
axilar(es)

N3c - Metastase para linfonodo(s) supraclavicular(es) homolateral(is)
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Observacao: Clinicamente aparente € definido como detectado por estudos de imagem (exceto
linfocintigrafia), pelo exame clinico ou pelo diagnédstico patolégico macroscopico.

METASTASES (M)

Mx metastase a distancia nao pode ser avaliada
MO auséncia de metastase a distancia

M1 presenca de metastase a distancia (incluindo LFN supraclaviculares)

ESTADIAMENTO TNM DO CANCER DE MAMA POR AGRUPAMENTOS

Estadio 0 Tis NO MO
Estadio | T1 NO MO
Estadio Il A TO N1 MO
T1 N1 MO
T2 NO MO
Estadio Il B T2 N1 MO
T3 NO MO
Estadio Ill A TO N2 MO
T1 N2 MO
T2 N2 MO
T3 N1 MO
T3 N2 MO
Estadio Il B T4 NO MO
T4 N1 MO
T4 N2 MO
Estadio Il C Tqq N3 MO*
Estadio IV TqgNqq M1*

* qq = qualquer

Referéncias:

Beahrs OH.; CARR DT; RUBIN P. Manual for Staging of Cancer. Philadelphia: Lippincott,
1977.

INCA/MS: Instituto Nacional de Cancer do Ministério da Saude. 2007 Disponinel em: < 13
http://www.inca.gov.br/estimativa/2008/versaofinal.pdf > Acesso em Dezembro 2010.
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Estadual de Londrina

“Analise da regido 3UTR da quimiocina SDF-1, expressao do receptor

CXCR4 e quimiocinas: implicagdes na patogénese do cancer de mama”
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