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RESUMO

O cancer de prostata (CaP) e a hiperplasia prostatica benigna (HPB) sdao condicdes
tumorais prostaticas ndo relacionadas, de alta prevaléncia e que afetam homens com
idade avancada. Suas etiologias ndo sdao bem compreendidas, havendo poucos fatores
de risco reconhecidos, o que torna dificil a identificacdo dos individuos suscetiveis a
estas doencas. A condi¢do imunoldgica é um fator determinante no desenvolvimento e
progressdao tumoral. O antigeno leucocitario humano G (HLA-G) é uma molécula
imunomodulatéria relacionada a mecanismos de tolerancia imunolégica. Inumeras
evidéncias vém apoiando o papel do HLA-G como um mecanismo de escape das células
tumorais da imunidade antitumoral, sugerindo que a expressao desta molécula em
pacientes com cancer possa ser prejudicial. Em condicdes patolégicas e fisioldgicas da
préstata, pouco se conhece sobre o papel do HLA-G. No presente trabalho,
investigamos a influéncia do HLA-G em cancer de préstata e hiperplasia prostatica
benigna. Participaram do estudo homens do sul do Brasil com CaP, HPB e individuos
saudaveis predominantemente euro-descendentes. Inicialmente, oito polimorfismos
da regido 3’ ndo traduzida (UTR) do gene HLA-G foram analisados em 468 individuos,
incluindo o polimorfismo de insercdo/delecdo de 14 pares de bases (rs371194629), e
os polimorfismos de nucleotideo Unico (SNP) na posi¢do +3003T/C (rs1707), +3010C/G
(rs1710), +3027A/C (rs17179101), +3035C/T (rs17179108), +3142G/C (rs1063320),
+3187A/G (rs9380142) e +3196C/G (rs1610696) do gene. Também foi caracterizado o
perfil de expressio da proteina HLA-G em 53 tecidos cancerosos/hiperplasicos
(CaP/HPB) e em porcbes avaliadas como normais de préstatas provenientes de
pacientes com CaP e HPB. Por fim, o perfil imunoldgico sistémico foi investigado em
cada condicdo estudada através da caracterizacdo do perfil de citocinas séricas
Th1/Th2/Th17 nos trés grupos (n=89). Para tanto, foram dosadas as citocinas
interleucina (IL)-2, IL-4, IL-6, IL-10, fator de necrose tumoral alfa (TNF-a), interferon
gama (IFN-y) e IL-17A. Nesse estudo, encontramos evidéncia de uma influéncia
significativa de polimorfismos da 3’'UTR do gene HLA-G na suscetibilidade ao CaP e
nossos dados apoiam o uso da variante +3003 como um tag SNP para o risco de cancer
de proéstata. Além disso, foi possivel diferenciar tecidos de prdstata com cancer de

tecidos com hiperplasia e tecidos normais pelo nivel de expressao da proteina HLA-G.
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Uma expressao elevada foi observada predominantemente nos tecidos com CaP, nao
sendo comum niveis elevados de expressao de HLA-G em tecidos normais e com HPB.
Tais resultados fornecem evidéncia de consideravel influéncia da expressao proteica
de HLA-G no desenvolvimento de CaP. Como um potencial mecanismo de escape das
células cancerosas da préstata da imunidade antitumoral, o HLA-G representa um
potencial alvo terapéutico para CaP. Quanto ao perfil imunoldgico sistémico nas
condicOes avaliadas, observamos nivel elevado de IL-10 e TNF-a diferenciando homens
com CaP dos saudaveis, enquanto niveis elevados de IFN-y e IL-17A diferenciaram
pacientes com HPB dos com CaP. Concluindo, nossos dados apontam um perfil
relacionado a tolerancia imunolégica em cancer de proéstata, influenciado pelo HLA-G e
capaz de favorecer o desenvolvimento deste cancer. J& em HPB, que apesar de ser
uma condicdo tumoral, é benigna, indicios de maior responsividade do sistema imune

foram encontrados.
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ABSTRACT

Prostate cancer (PCa) and benign prostatic hyperplasia (BPH) are unrelated prostatic
tumoral conditions, highly prevalent and affecting aged men. Their etiologies are not
well understood, with few risk factors recognized, which make the identification of
susceptible individuals to the disease difficult. The immunological condition is
determinant in tumor development and progression. The human leukocyte antigen G
(HLA-G) is an immunomodulatory molecule related to mechanisms of immunological
tolerance. Several pieces of evidence have supported the role of HLA-G as an escape
mechanism of tumor cells from antitumor immunity, suggesting that the expression of
this molecule in cancer patients can be harmful. In pathological and phisiological
prostate conditions, little is known about the role of HLA-G. In the present work, we
investigated the influence of HLA-G in prostate cancer and benign prostatic
hyperplasia. Men from South Brazil with PCa, BPH and healthy individuals
predominantly euro-descendant were included in the study. Firstly, eight HLA-G 3’
untranslated region (UTR) polymorphisms were analyzed in 468 individuals, including
the 14 bp insertion/deletion polymorphism (rs371194629) and the single nucleotide
polymorphisms (SNP) at gene position +3003T/C (rs1707), +3010C/G (rs1710),
+3027A/C (rs17179101), +3035C/T (rs17179108), +3142G/C (rs1063320), +3187A/G
(rs9380142) and +3196C/G (rs1610696). The profile of HLA-G protein expression was
characterized in 53 cancerous/hyperplastic (PCa/BPH) and in areas evaluated as
normal prostate tissues provenient from patients with PCa and BPH. Finally, the
systemic immunological profile was investigated in each studied condition through the
characterization of the Th1/Th2/Th17 serum cytokine profile in the three groups
(n=89). For that, the concentration of interleukin (IL)-2, IL-4, IL-6, IL-10, tumor necrosis
factor alpha (TNF-a), interferon gamma (IFN-y), and IL-17A cytokines was measured. In
this study, we found evidence of a significant influence of HLA-G 3'UTR polymorphisms
in PCa susceptibility and our data support the use of the +3003 variant as a tag SNP for
PCa risk. In addition, it was possible diferentiate prostate tissues with cancer from with
hyperplasia and normal tissues through the level of HLA-G protein expression. An
elevated expression was observed predominantly in PCa tissues, but elevated level of

HLA-G expression was not common in normal and BPH prostate tissues. These results
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provide evidence of a considerable influence of HLA-G protein expression in PCa
development. As a possible escape mechanism of prostate tumor cells from antitumor
immunity, HLA-G represents a potential therapy target in PCa. About the systemic
immunological profile in the evaluated conditions, high IL-10 and TNF-a level
differentiated PCa patients from healthy men, while high IFN-y and IL-17A level
differentiated BPH from PCa patients. In conclusion, our data point out to a profile
related to immunological tolerance in PCa, influenced by HLA-G and able to favour the
cancer development. In BPH, a benign tumor condition, the data point out to a higher

responsiveness of the immune system.
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INTRODUCAO

Cancer de Prdstata

O cancer de proéstata (CaP) é o segundo tipo mais comum de cancer nos
homens e o quarto tipo mais comum no mundo (Ferlay et al., 2013). Representa uma
das principais causas de morbidade e mortalidade relacionada ao cancer nos homens
do mundo ocidental (Agarwal et al., 2012). No Brasil, o CaP é o segundo mais incidente
tipo de cancer na populacdo geral e também no sexo masculino, e a segunda principal
causa de morte por cancer entre os homens (DATASUS, 2014; INCA, 2016). O numero
de casos novos estimado para o ano de 2016, segundo o Instituto Nacional de Cancer
(INCA), é de 61.200. Desconsiderando os canceres de pele do tipo ndo melanoma, o
CaP é o mais incidente entre os homens em todas regides do Brasil, incluindo a regiao
Sul (95 casos/100.000 homens), Centro-Oeste (67/100.000), Sudeste (62/100.000),
Nordeste (51/100.000) e Norte (29/100.000). A capital do Rio Grande do Sul, Porto
Alegre, apresenta frequéncia elevada da doenca, com cerca de 126 casos a cada 100

mil homens (INCA, 2016).

Apesar da alta prevaléncia do cancer de préstata, poucos fatores de risco estao
bem estabelecidos. Dentre eles, destaca-se a idade. O CaP é raro antes dos 50 anos,
mas sua incidéncia e mortalidade aumentam significativamente apds esta idade
(Gronberg, 2003; INCA, 2016). A hereditariedade é outro fator envolvido na etiologia
da doenca. Homens com um ou mais membros da familia acometidos por CaP tém um
risco de 2 a 11 vezes maior de desenvolvé-lo quando comparados com aqueles que
ndo possuem historico familiar (Reiter & Kernion, 2002). Além de fatores genéticos,
outros fatores como etnia, influéncias hormonais (androgénio), ambientais e dieta
podem contribuir para um risco aumentado de desenvolver CaP (Carter & Partin,

2002).

O adenocarcinoma de prdstata é um dos tipos de tumores malignos com maior
importancia clinica em virtude de sua frequéncia elevada. Nos estagios iniciais, ele
parece limitar-se a prostata. Quando ndo tratado, geralmente invade 6rgaos préoximos
(vesiculas seminais, uretra e bexiga) e espalha-se para 6rgdos mais distantes (ossos,
figado e pulmdes), provocando sérias consequéncias (Lefort & Almeida, 2004). Um dos
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agravantes do CaP para os afetados é que os tumores sé produzem manifestacdes
clinicas quando a neoplasia atinge a capsula prostdtica, isto é, quando a doenca ja
apresenta-se relativamente avancada (IARC, 2010). Assim, o CaP caracteriza-se por
uma evolugdo silenciosa. Muitos pacientes ndo apresentam sintomas na fase inicial da
doenca ou, quando apresentam, estes sdo semelhantes aos da hiperplasia prostatica
benigna (HPB). Geralmente associados ao trato urindrio, tais sintomas incluem
necessidade de urinar com maior frequéncia, jato urindrio fraco, dificuldade de urinar,
dentre outros. Na fase avancada, o CaP pode provocar dor dssea, sintomas urindrios

ou, guando mais grave, infeccao generalizada ou insuficiéncia renal (INCA, 2016).

O diagndstico para cancer de préstata passa por exame de toque retal e
dosagem dos niveis séricos do antigeno prostatico especifico (PSA). O PSA pode
apresentar-se elevado em vdrias situacdes, como hiperplasia prostatica benigna,
manipulagdes uroldgicas, prostatites, retencdo urindria, ndo sendo um marcador
especifico do CaP. Além disso, niveis normais de PSA podem ser observados em até
27% dos pacientes com este tipo de cancer, o que complica seu uso como marcador
diagndstico (Goldstraw et al., 2007). Assim, havendo indicios da doenca por estes
exames iniciais, é realizada ultrassonografia pélvica ou prostatica transretal que
indicard a necessidade de bidpsia prostatica transretal. O diagndstico final de CaP é
determinado pela histopatologia do tecido prostatico obtido por bidpsia. A analise do
tecido permite a identificacdo da graduacdo histoldgica pelo escore de Gleason, que
indica a taxa de crescimento tumoral e sua tendéncia a disseminacdo (INCA, 2016). O
sistema de escore de Gleason baseia-se nos diferentes padrdes histoldgicos do tumor
(arquitetura tecidual). Cada fragmento de tecido obtido por bidpsia (de 10 a 12
fragmentos) é particularmente avaliado e identificado por um escore de Gleason (Kunz
& Epstein, 2003; Epstein et al., 2005; 2016). Os tecidos sdo analisados sob microscépio
Optico geralmente através de lente objetiva de 4x de aumento, podendo ser utilizado
aumento de 10x, conforme o caso (Gordetsky & Epstein, 2016). No sistema de escore
de Gleason sdo considerados cinco padrdes histoldgicos aos quais se atribui um valor
de 1 a 5, do tecido mais ao menos diferenciado. Valores mais altos representam maior
agressividade tumoral (Epstein, 2010). Como o cancer de prdstata é morfologicamente

heterogéneo, o sistema de escore de Gleason foi criado considerando os dois padrdes
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mais comuns encontrados no tecido tumoral (Gleason & Mellinger, 1974) (Gordetsky &
Epstein, 2016). O padrao dito primario é o predominante no tumor (perfazendo mais
de 50% do padrdo total observado). O padrdo secundario é o segundo mais prevalente
(representa de 5% a 50% do tecido tumoral). A soma dos graus dos dois padrdes
resulta num escore final, de 2 a 10 (Epstein, 2010). O escore de Gleason é apresentado
como uma equagao matemadtica. No exemplo 3 + 4 = 7, o escore de Gleason é
apresentado como 7(3+4) (Gordetsky & Epstein, 2016). Em casos que o cancer
apresenta apenas um padrado histoldgico, o valor deste padrdo é utilizado duas vezes,
por exemplo, escore de Gleason 6(3+3). Para determinacao de progndstico e terapia,
os médicos costumam considerar o escore de Gleason do fragmento de bidpsia que
apresentar cancer com grau mais elevado (Kryvenko & Epstein, 2016). O sistema de
escore de Gleason é um dos mais poderosos preditores de progndstico no CaP e tem
passado por revisdes e atualizagdes. No ano de 2014 ocorreram algumas mudangas
nesse sistema apos a Conferéncia de Consenso sobre Escore de Gleason em Cancer de
Préstata da Sociedade Internacional de Patologia Urolégica - ISUP (Epstein et al., 2005;
2016). Uma mudanca importante na pratica é que o menor escore de Gleason utilizado
passou a ser 0 6, embora a escala va de 2 a 10. Isso porque os padrdes 1 e 2 sdo agora
considerados alteragBes precoces que ndo necessariamente representam cancer
(Kryvenko & Epstein, 2016). Por fim, os pacientes também sdo diagnosticados através
do sistema de estadiamento tumoral. O mais utilizado é o Sistema TNM de
Classificacdo dos Tumores Malignos, preconizado pela Unido Internacional para
Controle do Cancer - UICC (INCA, 2016). Este sistema baseia-se na extensdo anatémica
da doenca e determina o estadiamento do tumor primario (de 6rgdo-confinado a
totalmente invasivo - T1 a 4), o envolvimento ou ndo de nddulos linfaticos (NO ou 1) e
a presenca e grau de metdstases a distancia (MO e 1a-c) — Figura 1. Estas
caracteristicas tumorais aliadas ao escore de Gleason auxiliam na determinacdo do
prognostico e escolha do tratamento do paciente (Shen & Abate-Shen, 2010; INCA,
2016).
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Figura 1. Representacdo esquematica de condi¢Oes prostaticas: normal, cancer de prdstata (CaP) e
hiperplasia prostatica benigna (HPB). T1 a T4 sdo os estadiamentos tumorais do CaP e definem a

localizagdo e disseminagdo do cancer. Adaptado de Cannistraci et al., 2014.

As terapias padrdo atualmente disponiveis para pacientes com cancer de
prostata localizado limitam-se a prostatectomia radical (remogao cirurgica da préstata)
ou radioterapia, podendo ser curativas. Para pacientes com CaP localmente avancado
utiliza-se radioterapia ou cirurgia em combinacdo com terapia hormonal -
privacdo/bloqueio androgénico (INCA, 2016). Dos pacientes com diagndstico de CaP,
cerca de 40% desenvolvem doenca metastdtica (Omlin & de Bono, 2012). Para estes
pacientes com CaP metastatico ou para aqueles com recidiva da doenca, a terapia de
privagdo de androgénio em geral é eficaz inicialmente, mas a resisténcia desenvolve-se
na maioria dos casos, levando a doenga sintomatica e a morte. O padrdo atual de
tratamento para CaP metastdatico resistente a castracdo (CRPC, quando o paciente
desenvolve resisténcia ao tratamento hormonal) é a quimioterapia baseada em
docetaxel, que apresenta cerca de 19 meses de sobrevida ao paciente, mas estd
associada a efeitos adversos significativos e ndo é curativa. Assim, existe grande
necessidade de abordagens terapéuticas mais eficazes e menos tdéxicas para estes
pacientes, bem como necessidade de melhorias nos métodos diagndsticos para que a
doenca seja diagnosticada mais precocemente, quando a chance de cura é maior

(Higano et al., 2010).
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Hiperplasia Prostatica Benigna

A hiperplasia prostdtica benigna é uma anormalidade proliferativa do tecido
epitelial e fibromuscular da zona de transicdo da area periuretral da prostata (McNeal,
1990). E um processo natural que ocorre nos homens e determina o crescimento
progressivo da glandula prostdtica. Nesse processo, a hiperplasia do estroma
prostdtico e das células epiteliais resulta na formagado de nédulos relativamente nitidos
— Figura 1 (Foster, 2000). E importante mencionar que a HPB n3o é considerada uma
precursora do cancer de préstata (Packer & Maitland, 2016). Muito frequente entre os
homens, sua prevaléncia é dependente da idade, com evidéncia histoldgica de HPB
comum por volta dos 80 anos, quando aparentemente todos os homens apresentam

alguma evidéncia histoldgica desse processo (Kesarwani & Mittal, 2010).

A etiopatogénese da HPB ainda ndo é bem esclarecida (McVary et al., 2011). Os
Unicos fatores de risco claramente definidos sdo a idade e os horménios androgénios.
Assim como em cancer de prdstata, a incidéncia de HPB aumenta consideravelmente
com a idade (Frydenberg & Lawrentschuk, 2012). Abaixo dos 40 anos, apenas cerca de
10% dos homens apresentam HPB (Tang & Yang, 2009); aos 50 anos, de 40 a 50%, e ja
aos 70 anos, cerca de 90% dos homens sdo afetados (Kirby, 2000; Roehrborn, 2005).
Além disso, os fatores genéticos, étnicos e alimentares também podem influenciar no
desenvolvimento da HPB. Homens com um ou mais parentes de primeiro grau
afetados tém um risco maior de desenvolver esta condicdo, bem como aqueles com
histérico familiar de prostatas mais volumosas ou de individuos mais jovens
acometidos. A incidéncia de HPB é maior em negros que em caucasianos, assim como
seu desenvolvimento é mais precoce entre Afro-descendentes. A menor incidéncia é

observada em asiaticos (Ekman, 2000; Frydenberg & Lawrentschuk, 2012).

A HPB ocorre em diferentes graus, de modo que em alguns homens o
crescimento pode ser excessivo e levar a obstrucdo do fluxo de urina. Assim, a HPB vai
manifestar-se clinicamente com sintomas referentes ao trato urinario, podendo ainda
estar associada a disfungao sexual. Os sintomas urinarios incluem mudanga no ritmo
miccional, dor ou dificuldade para urinar, esvaziamento incompleto da bexiga, jato

fraco de urina, dentre outros. No entanto, estes sintomas podem ser ocasionados por
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vdrias outras condi¢Ges além da HPB, sendo o CaP uma delas, conforme previamente
mencionado (Frydenberg & Lawrentschuk, 2012). Nem todos os homens irdo
apresentar sintomas. Estima-se que de 25% a 50% dos homens com HPB tém algum
grau de sintomas urindrios e estes podem recorrer a alguma forma de tratamento.
Embora ndo represente risco de morte, a HPB pode ter um impacto bastante
significativo na qualidade de vida do homem (Shabbir & Mumtaz, 2004; Tang & Yang,
2009).

O diagndstico da HPB passa por uma série de avaliages, dentre elas a analise
do escore internacional de sintomas prostaticos, exame do toque retal, dosagem do
PSA sérico, ultrassonografia transretal e abdominal, e bidpsia da préstata. Assim como
no caso do CaP, o diagnéstico final da HPB é determinado apenas pela andlise
histopatoldgica (Frydenberg & Lawrentschuk, 2012). O tratamento frequentemente é
medicamentoso (visando retrair a préstata ou relaxar a bexiga) ou cirlrgico, por
prostatectomia aberta (enucleacdo da porcdo interna da préstata) ou resseccdo

transuretral da préstata (retirada de fragmentos prostaticos) (van Rij & Gilling, 2015).

Imunidade antitumoral versus escape tumoral

Alguns mecanismos imunolégicos efetores sdo capazes de reconhecer e
destruir células tumorais in vitro e in vivo, e mecanismos distintos podem ser eficazes
em diferentes tipos de tumores. Os linfécitos T CD8" citotdxicos (CTLs) sdo
provavelmente os efetores antitumorais mais importantes da imunidade antitumoral
in vivo, embora também estejam envolvidos nesse processo as células Natural Killer
(NK) e os macréfagos (Abbas et al., 2011). Nesse contexto, as moléculas do Complexo
Principal de Histocompatibilidade (MHC) também sdo extremamente importantes para
o desenvolvimento da resposta celular, mediada por linfocitos T (Rhodes & Trowsdale,

1999).

O complexo MHC constitui-se de um conjunto de genes e a maioria destes
genes codificam diversas moléculas de superficie celular, as moléculas do MHC, que

podem atuar no reconhecimento e apresentacdo de antigenos (como os antigenos
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tumorais) as células efetoras do sistema imune. O MHC desempenha importantes
fungdes na regulagdo do sistema imunoldgico. Na espécie humana, esse complexo
génico denomina-se sistema HLA (Antigenos Leucocitdrios Humanos) (Rhodes &
Trowsdale, 1999). No entanto, mesmo que as células efetoras do sistema imune
possam reconhecer antigenos tumorais (apresentados na superficie das células
cancerosas por certas moléculas do MHC) como “estranhos” e mesmo que a
imunovigilancia possa limitar o crescimento de alguns tumores, algumas vezes o
sistema imune ndo consegue impedir o desenvolvimento do cancer no organismo
(Abbas et al., 2011). Uma das explicacdes para tal fato é a de que muitas neoplasias,
dentre elas o cancer de préstata, apresentam mecanismos de escape a imunovigilancia

e a resposta imune antitumoral do hospedeiro (Slovin, 2012; Klotz & Emberton, 2014).

Diferencas quanto aos padrdes de expressao génica entre células cancerosas e
normais tém sido analisadas ha muito tempo. Em meados dos anos 1970,
pesquisadores ja haviam observado a ocorréncia de alteracbes na expressdo de
moléculas do MHC de classe | em tumores de camundongo e do homem. Porém,
apenas em meados dos anos 1980 considerou-se que estas altera¢des poderiam
representar um importante mecanismo de escape tumoral a resposta imune especifica
(Algarra et al., 2000). Atualmente, alteracbes da expressdo génica relacionadas as
moléculas HLA de classe | ja foram constatadas em diversos tipos de canceres (Garrido

et al., 1997; Algarra et al., 2000).

Recentes avancos na area da imunogenética e biologia do cancer tém permitido
uma melhor compreensdo das interacdes entre o sistema imune e os tumores,
impulsionando o desenvolvimento de novas estratégias para o tratamento do cancer.
Muitas destas estratégias sdo destinadas a induzir (potencializar) uma atividade
antitumoral eficaz no hospedeiro. Exemplo disso sdo as vacinas antitumorais que vem
sendo desenvolvidas e testadas (Jacobs & Ullrich, 2012). A recente aprovacdo da
vacina Sipuleucel-T (Dendreon Corporation) pela FDA (Food and Drug Administration)
para o tratamento do cancer de prostata representa um avango significativo nessa
area, bem como um estimulo para novos estudos (Agarwal et al., 2012). Porém, estas
imunoterapias ainda mostram-se insatisfatérias para a regressao completa do tumor.

Varios estudos indicam que esses resultados decepcionantes podem ser explicados por
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diversos fatores, incluindo a evasdao tumoral do reconhecimento imunolégico, a
imunossupressao induzida pelo cancer e a inducgdo ineficiente da imunidade adaptativa
especifica. Quanto a estes aspectos, had reconhecida necessidade de mais estudos pois
para aumentar as chances de sucesso terapéutico, estes deverao ser solucionados
(Buonaguro et al., 2011). Assim, esclarecimentos quanto aos processos de
imunomodulagdo e quanto as vias imunossupressoras induzidas pelo cancer podem
contribuir significativamente para o desenvolvimento de abordagens terapéuticas mais

eficazes contra o cancer (Jacobs & Ullrich, 2012).

Antigeno Leucocitdrio Humano G

Diversas estratégias das células tumorais minimizam o reconhecimento por
diferentes mecanismos efetores imunoldgicos. A alteragao na expressao génica do HLA
de classe |, citada anteriormente, € um dos mecanismos mais frequentemente
utilizados pelas células tumorais para seu escape do reconhecimento e destrui¢cdo por
linfécitos T CD8” citotdxicos e células Natural Killer (Lampen & van Hall, 2011). Neste
contexto de escape da resposta imune, o HLA-G tem chamado a atencdo em diversos

tipos de canceres (Sheu & Shih, 2010).

O gene HLA-G localiza-se na regido genémica do MHC, sobre o braco curto do
cromossomo 6 humano (regido 6p21.3), e é classificado como um HLA de classe | ndo
classico (Hunt et al., 2005). Esta classificacdo como HLA n3o classico se deu pelo fato
deste gene diferir dos demais genes HLA de classe | quanto a diversidade genética,
expressdo, além de estrutura e funcbes da molécula codificada (Carosella et al.,
2008a). O HLA-G é pouco polimérfico (ha apenas 51 alelos versus 3356 alelos HLA-A,
4179 HLA-B e 2902 HLA-C) (Robinson et al., 2015), exibe um padrdo de expressao
proteica restrito no organismo e apresenta propriedades imunorregulatérias e
imunossupressoras (Curigliano et al., 2013). Este gene codifica a molécula HLA-G,
inicialmente descrita na interface materno-fetal, em citotrofoblastos (Ellis et al., 1986;
Geraghty et al, 1987; Kovats et al., 1990). Através do processamento (splicing)
alternativo do transcrito primario codificado pelo HLA-G, sdao geradas sete isoformas
proteicas, sendo quatro associadas a membrana celular (HLA-G1 a -G4) e trés
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isoformas soltveis (HLA-G5 a -G7), conforme ilustra a Figura 2 (Moreau et al., 2002;

Carosella et al., 2003).

A atividade da molécula HLA-G se dd por sua interacdo com receptores
expressos em células imunoldgicas ou ndo imunoldgicas. Através de tais interagdes, a
proteina HLA-G é capaz de inibir a funcdo citolitica e induzir a apoptose de CTLs e
células NK, de impedir a proliferacdo de células B, T CD4" e CD8", de direcionar as
células T CD4" para um perfil de imunossupressdo e de tolerizar células dendriticas. O
HLA-G também pode promover um perfil de citocinas Th2 e induzir a geragdo de
células T reguladoras (Donadi et al., 2011; Carosella et al., 2015). Assim, devido as
funcdes que exerce, o HLA-G é reconhecido como uma molécula tolerogénica
(Carosella et al., 2008b). A expressao proteica do HLA-G ndo é normalmente detectada
em tecidos sauddveis. Nestas condicbes, sua expressdo é restrita a poucos tipos
teciduais, como placenta, timo, cérnea, células hematopoiéticas e ilhotas pancreaticas.

Porém, sua expressdo ja foi observada em vdrias situacdes patoldgicas, como cancer,

infecgdes virais, doencas autoimunes e inflamatérias (Carosella et al., 2015).
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Figura 2. Transcrito primario (mRNA) e isoformas proteicas do HLA-G. O transcrito primario do HLA-G
apresenta um cdédon de parada prematuro no éxon 6 (sinal vermelho de stop). Em funcdo disso, a
porcdo final do éxon 6 e o éxon 8 sdo sempre transcritos, mas nunca traduzidos, e esta é considerada a
3'UTR do gene. O éxon 7 é sempre excluido durante o processamento do mRNA. As isoformas HLA-G1 a
-G4 sdo associadas a membrana celular (presenca da porgao transmembrana e da cauda citoplasmatica).
HLA-G5 a -G7 sdo isoformas sollveis. Adaptado de Donadi et al., 2011.
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Em 1998 foi descoberta a expressdao aberrante do HLA-G em melanoma, o que
desencadeou uma série de estudos quanto ao papel do HLA-G na imunobiologia do
cancer (Paul et al., 1998). A expressdo génica do HLA-G tanto em nivel de RNA
mensageiro (mRNA) como de proteina ja foi observada em diversos tipos de tecidos
neopldsicos (cancer renal, de pulmdo, de mama, dentre outros) e correlacionada a
parametros clinicos variados. A molécula HLA-G pode ser expressa na superficie
celular, nos fluidos do corpo e em exossomos derivados de tumores (Yan, 2011). A
expressao proteica do HLA-G é detectada preferencialmente nas lesGes tumorais e
raramente nos tecidos ndo tumorais adjacentes (Yie & Hu, 2011). Como a molécula
HLA-G apresenta efeitos inibitorios sobre as células imunocompetentes e induz a
geracao de células imunossupressoras, pesquisadores baseiam-se na hipétese de que
sua expressdo é um mecanismo de escape tumoral que contribui para o
desenvolvimento do cancer, uma vez que as células malignas conseguem escapar da
imunovigilancia e da resposta imune antitumoral do hospedeiro (Amiot et al., 2011).
Os resultados obtidos até o momento tém apoiado esta hipdtese (Rebmann et al.,,
2007; Rouas-Freiss et al., 2014; Carosella et al., 2015). Exemplo disso é que a proteina
HLA-G é expressa nos tecidos de cancer primario e metastatico, mas nao nos tecidos
saudaveis e de regressdao do tumor de pacientes com melanoma (Paul et al., 1999).
Outro exemplo é o de que o glioma primario pode ser protegido da destruicao por
células T e NK alogénicas pela expressdao de HLA-G1; e que HLA-G soluvel de pacientes
com neuroblastoma pode inibir a lise celular mediada por CTLs e células NK (Wiendl et
al., 2002; Morandi et al., 2007). Dentre os estudos realizados nesse sentido, o nivel de
expressao da molécula HLA-G em lesGes malignas pode variar de 0% a 100% em
diferentes tipos tumorais. Sua expressao é 0% (ou ndo detectada) em melanoma uveal
e carcinoma de laringe, por exemplo, e 90,9% em casos de carcinoma epidermoide de

esofago (Yan, 2011).

O HLA-G tem apresentado relevancia clinica em diversos tipos de canceres. No
carcinoma hepatocelular, a expressdo proteica do HLA-G estd fortemente
correlacionada com estagios mais avangados da doencga, é mais frequente entre os
idosos (Lin et al., 2010a) e esta associada com menor sobrevida e/ou maior recorréncia

da doenca (Wang et al., 2011). Correlagdo semelhante foi relatada quanto a pacientes
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com cancer gastrico, colorretal, cancer de pulmao de células ndo-pequenas (NSCLC) e
cancer de células escamosas do es6fago, nos quais a expressao de HLA-G nas lesdes
malignas esta fortemente correlacionada ao estagio da doenca e mau progndstico
(Yan, 2011). Também ja se observou que, entre pacientes com cancer de mama,
aqueles cujas células malignas expressam HLA-G apresentam menor sobrevida livre da
doenga ou menor sobrevida do que aqueles cujas células malignas ndao expressam esta
molécula (He et al., 2010). Por outro lado, para alguns tipos de canceres, como o renal
e de bexiga, ndo foi possivel estabelecer associacdo entre a expressdao do HLA-G e

parametros clinicos (Li et al., 2009; Gan et al., 2010).

As formas soluveis do HLA-G (sHLA-G) sdo bastante avaliadas em fluidos do
corpo ou efusées malignas de pacientes com cancer (Sheu & Shih, 2010). Nestes
pacientes, os niveis de SsHLA-G no plasma apresentam-se frequentemente
aumentados. Entre pacientes com cancer de pulmdo de células n3do-pequenas,
adenocarcinoma de pulmdo, carcinoma de células escamosas e carcinoma
indiferenciado, os niveis de sHLA-G sdo elevados apenas para NSCLC (Schiitt et al.,
2010). Estes niveis elevados no plasma foram associados com estagio avancado da
doenca e menor sobrevida dos pacientes (Lin et al., 2010b). Os niveis de sHLA-G
também parecem Uuteis na distincdo entre cancer colorretal e doencas colorretais
benignas (Zhu et al., 2011). Assim, a determinacao dos niveis de sHLA-G no plasma tem
se mostrado util para diagndstico, distincdo entre individuos sauddaveis, com tumores

malignos ou benignos, e como marcador prognéstico.

Estudos apontam para um importante papel de estratégias de escape tumoral
no cancer de prostata, incluindo a inducdo de citocinas imunossupressoras
direcionadas para uma resposta do tipo Th2, imunossupressao e inducdo de morte de
células T, presenca de células T reguladoras em tumores da prdstata (Miller & Pisa,
2007). Como a maioria dos pacientes com CaP é imunocompetente, acredita-se que a
perda de capacidade do sistema imune do hospedeiro em combater o cancer
represente um estado de tolerdncia imunoldgica (Rajarubendra et al., 2011). Apesar
das diversas evidéncias de que os tumores no CaP promovem tolerancia imunoldgica
desde o inicio da doenca (Slovin, 2012) e dos iniUmeros estudos sobre HLA-G em outros

tipos de canceres, pouco se sabe sobre a influéncia do HLA-G no CaP e nas condigdes
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prostdticas de modo geral. Inicialmente, um trabalho realizado nesse sentido foi o de
Langat e colaboradores (2006). Estes pesquisadores nao estavam interessados no
papel do HLA-G no cancer de préstata em si, mas numa possivel influéncia desta
molécula sobre a receptividade imunoldgica da mulher ao esperma do homem, no
contexto da reproducdo humana (Langat et al., 2006). Através da analise de tecidos de
prostata normal, com HPB e com CaP, a expressao do mRNA do HLA-G (-G1, -G2, -G5 e
-G6) foi detectada em todos os tipos teciduais. Além disso, foi avaliada isoladamente a
expressdo das isoformas HLA-G1, -G2/-G6 e -G5. Dentre estas, apenas a proteina
soltvel HLA-G5 foi detectada nos tecidos de prdstata. A expressao de HLA-G5 foi forte
nos tecidos de prdstata normal e nas secre¢des prostaticas presentes no limen
glandular destes tecidos. Em HPB, a expressdo de HLA-G5 foi reduzida em alguns casos
e intensa em outros. Por fim, a expressao de HLA-G5 foi reduzida ou ndo detectavel no
CaP, embora detectdvel nas suas secregdes prostaticas (Langat et al., 2006).
Posteriormente, Larsen e colaboradores (2011) realizaram um estudo da expressao de
HLA-G em 6rgdos do sistema reprodutivo masculino (Larsen et al., 2011) e relataram
uma fraca expressdo do HLA-G5/-G6 em tecidos com HPB (Larsen et al., 2011). Até o
momento, estes sdo os dados disponiveis sobre HLA-G em condi¢des prostaticas

(Langat et al., 2006; Larsen et al., 2011; Hviid, 2015).

Conforme comentado até aqui, ha muitos estudos demonstrando a expressao
aberrante da proteina HLA-G em diversos tipos tumorais e sugerindo que tal expressao
envolve um mecanismo de escape da imunovigilancia. No entanto, os mecanismos que
regulam tal expressdo e o papel das variantes genéticas do HLA-G sobre a
carcinogénese ainda s3ao pouco estudados sendo pobremente compreendidos
(Carosella et al., 2015). Estudos mostram que as regides 5’ e 3’ ndo traduzidas (UTR) do
gene HLA-G contém sequéncias envolvidas na regulacdo da expressdao da molécula

HLA-G tanto transcricionalmente, como pds-transcricionalmente (Castelli et al., 2011).

Em particular, a 3’UTR do gene HLA-G é uma regido polimdrfica que tem
despertado nosso interesse. Recentemente, oito polimorfismos frequentes nesta
regido foram avaliados e caracterizados em uma populagdo Brasileira (Castelli et
al.,2010). Ja se sabe que alguns deles influenciam o perfil de expressdo do HLA-G

(Castelli et al., 2010; 2014a). Mais que isso, certas variantes da 3’"UTR, onde ha sitios de
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ligagdo a microRNAs (miRNAs), parecem controlar a disponibilidade e estabilidade do
mRNA, apontando para um possivel controle da expressdo génica do HLA-G por
miRNAs — Figura 3 (Castelli et al., 2009; Porto et al., 2015). Os miRNAs sdo pequenos
RNAs nao-codificantes envolvidos principalmente na regulagdao pds-transcricional da
expressdao génica. Através da ligacdo aos mRNAs alvo, os miRNAs podem induzir a
degradacgao destes mRNAs ou reprimir sua tradugdo (Bartel, 2009). O mRNA do HLA-G
tem sido detectado em diversos tecidos do organismo, mas a expressdo proteica é
limitada a poucos tipos celulares, conforme ja mencionado (Vianna et al., 2007; Langat
et al., 2006). Assim, é provavel que haja um fino controle sobre a expressdo do HLA-G

(Veit & Chies, 2009).
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Figura 3. Principais sitios polimadrficos na regido 3'UTR do gene HLA-G e miRNAs que potencialmente
podem se ligar a esta regido (conforme a variante genética presente) e influenciar o perfil de expressao
proteica do HLA-G. Adaptado de Porto et al., 2015.

De fato, alguns trabalhos ja estdo demonstrando que a expressdao do HLA-G
pode ser controlada por miRNAs que se ligam a 3’UTR do mRNA, como o miR-148a e o

miR-152, e analises in silico tém apontado para outros possiveis miRNAs envolvidos
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nesse processo, incluindo o miR-4462, -4492, -193a-5p, -559, -6515-5p (Veit & Chies,
2009; Castelli et al., 2009; Zhu et al., 2010; Manaster et al., 2012; Porto et al., 2015). A
expressao aberrante de miRNAs e de seus alvos génicos tem sido observada em CaP e
HPB, podendo alterar o crescimento celular, invasdo e o potencial metastatico de
células malignas. Estas anormalidades de expressdao tém sido consideradas como
importantes biomarcadores para diagndstico e prognodstico (Hassan et al., 2012;

Cannistraci et al., 2014).

Até o momento, ndo hd uma imunoterapia totalmente efetiva para os
diferentes tipos de cancer, apesar do grande numero de estudos nesta area. Ndo estd
claro se a falha na regressdao tumoral completa ocorre devido aos mecanismos de
escape tumoral ou ao desenvolvimento de imunoterapias inadequadas, ou a
combinac¢do destes dois elementos. Nesse sentido, a compreensao da resposta imune
regulada pelo HLA-G pode ser relevante para a elucidacdao de mecanismos moleculares
envolvidos no desenvolvimento do cancer e no estabelecimento de bases para futuras
abordagens terapéuticas (Sheu & Shih, 2010). Conforme mencionado anteriormente,
tem sido possivel correlacionar de forma significativa a progressdao tumoral e o
progndstico de diversos tipos de tumores malignos com o ganho de expressao proteica
do HLA-G (Yan, 2011). No entanto, quanto ao CaP, que representa uma das principais
causas de morte entre homens no mundo (Agarwal et al., 2012), ainda ndo se tem
informacdo suficiente a este respeito. Além disso, a aparente incapacidade dos
pacientes em desencadear uma resposta imune efetiva contra o CaP, ressalta a
importancia de um estudo sobre o HLA-G em CaP. O conhecimento quanto aos
aspectos relacionados a expressao génica do HLA-G e quanto a sua influéncia local e
sistémica em pacientes com tumores prostaticos, como CaP e HPB, além de contribuir
para o desenvolvimento de estratégias terapéuticas que ajudem a ultrapassar a
tolerancia imunolégica induzida pelo cancer, poderd contribuir futuramente para
novos métodos de diagndstico, progndstico, monitoramento da doenca, escolha do
tratamento mais adequado e, consequentemente, para melhorar a qualidade de vida

destes pacientes.
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OBJETIVOS

Objetivo Geral

Avaliar a influéncia do gene HLA-G no desenvolvimento do cancer de prostata e
no quadro clinico da doenga, buscando correlacionar parametros genéticos,
moleculares, clinicos e imunoldgicos, comparando estes dados com os de pacientes

com hiperplasia prostatica benigna e individuos/amostras controle.

Objetivos Especificos

» Avaliar oito variantes polimérficas da regido 3'UTR do gene HLA-G em
individuos com CaP, HPB e em individuos controle, descrevendo as frequéncias
alélicas, genotipicas e haplotipicas. As variantes incluem o polimorfismo de
insercdo/delecdo de 14 pb na posicdo +2960 (rs66554220), assim como 0s
polimorfismos de nucleotideo Unico (SNPs) localizados nas regides +3003C>T
(rs1707), +3010C>G (rs1710), +3027A>C (rs17179101), +3035C>T (rs17179108),
+3142C>G (rs1063320), +3187A>G (rs9380142) e +3196C>G (rs1610696) do
HLA-G.

» Mensurar e avaliar os niveis de expressdo da proteina HLA-G em amostras de
tecidos da prostata derivadas de pacientes com CaP e HPB e no tecido saudavel

ndo-tumoral proveniente da préstata destes mesmos pacientes.

» Verificar o padrdo qualitativo e quantitativo de citocinas Th1/Th2/Th17 no soro
dos pacientes e individuos controle, investigando o perfil imunolégico dos

pacientes.

» Coletar os dados clinico-patoldgicos dos pacientes e relaciona-los com os dados

laboratoriais obtidos.
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Immunogenetics of prostate cancer and benign
hyperplasia - the potential use of an HLA-G variant as a

tag SNP for prostate cancer risk
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Introduction

Abstract

Human leukocyte antigen G (HLA-G) is an immunomodulatory molecule with impor-
tant roles both physiologically as well as an escape mechanism of cancer cells. In
this study, we evaluated the impact of eight polymorphisms at the 3’ untranslated
region (3'UTR) of the HLA-G gene in the development of prostate cancer (PCa)
and benign prostatic hyperplasia (BPH). A total of 468 DNA samples of Brazil-
ian men predominantly Euro-descendant with PCa (N=187), BPH (N=152) and
healthy control individuals (VN =129) were evaluated. The HLA-G 3'UTR region
was amplified by polymerase chain reaction (PCR). sequenced and genotyped to
identify the 14 bp insertion/deletion (rs371194629), +3003T/C (rs1707), +3010C/G
(rs1710), +3027A/C (rs17179101), +3035C/T (rs17179108), +3142G/C (rs1063320),
+3187A/G (rs9380142) and +3196C/G (rs1610696) polymorphisms. Regression logis-
tic and chi-square tests were performed to verify the influence of single nucleotide
polymorphisms (SNPs) in PCa and/or BPH susceptibility, as well as in PCa pro-
gression (clinicopathological status). Our data showed the UTR-4 haplotype as a
risk factor to PCa in comparison with control [odds ratio (OR) 2.35, 95% confi-
dence interval (CI) 1.39-3.96, ijm:d=ﬂ.ﬂﬂ3) and BPH groups (OR 1.82, 95% CI
1.15-2.86, P04 =0.030). Further, the ‘non-14bp Ins_ + 3142G_+3187A" haplotype
(OR 1.56, 95% CI 1.10-2.20, P 4jcg = 0.036), the +3003CT genotype (OR 4.44, 95%
CI 1.33-4.50, P44 =0.032) and the +3003C allele (OR 2.33, 95% CI 1.38-3.92,
P gjunea =0.016) also conferred susceptibility to PCa. Our data suggest an important
influence of HLA-G 3'UTR polymorphisms in PCa susceptibility and support the use
of the 43003 variant as a tag SNP for PCa risk.

regulatory T-cells inside prostate tumors [reviewed by (3)]. As
most PCa patients are immunocompetent, it was suggested that

Prostate cancer (PCa) is the most prevalent nonskin malignancy
in western world men and is an important global health prob-
lem (1). Despite its vast prevalence, few risk factors are well
established and recognized, which make the discrimination of
individuals susceptible to the disease difficult. Predisposition to
PCa is a multifactorial trait, and age, ethnic ancestry and family
history are risk factors already well established, with the latter
indicating an important genetic contribution to PCa risk (2).
Studies have suggested an important role of tumor escape strate-
gies in PCa, including the induction of immunosuppressive
cytokines with a shift toward a Th2 type response, immuno-
suppression and induction of T-cell death, and presence of

® 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
HLA, 2016, 87, 79-88

the loss of capacity of the host immune system to combat the
cancer could represent a state of immunological tolerance (4).

The human leukocyte antigen G (HLA-G) is an immunomod-
ulatory molecule related to several mechanisms of tolerance.
Since the discovery of the HLA-G protein expression in cancer
(5), several pieces of evidence have supported a considerable
role of HLA-G in the escape of tumor cells from immuno-
surveillance and antitumor immune response (6). In healthy
conditions, the expression of HLA-G is limited to a few cell
types. However, a significant expression occurs in some patho-
logical situations, such as cancer, with distinct expression levels
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according to the affected tissue (7). The HLA-G proteins can
inhibit cytotoxicity of T and natural killer cells, induce T-cell
apoptosis, induce Th2-type cytokines and unresponsiveness of
immunocompetent cells against tumor antigens, contributing
to cancer development by allowing the tumor cells to escape
immune system-mediated destruction [reviewed by (8)].

Little is known about the influence of HLA-G in PCa devel-
opment, although there is important evidence that these tumors
promote immune tolerance early in the disease (9). So far, the
expression of HLA-G full-length mRNAs (associated with the
full-length membrane bound HLA-G molecule) and a short sol-
uble isoform named HLA-G5 (produced by alternative splic-
ing) was observed in cancer tissues and prostate secretions
(10). Nevertheless, the mechanisms that regulate HLA-G gene
expression and the role of HLA-G genetic variants on carcino-
genesis are still little studied and poorly understood [reviewed
by (11)]. The 3’ untranslated region (3'UTR) of the HLA-G
gene is a regulatory and polymorphic region, which encom-
passes genetic variants that may influence in the expression
profile of this gene through post-transcriptional control mech-
anisms (12, 13). Among these variants, we should highlight
the 14bp insertion/deletion (Ins/Del) polymorphism at posi-
tion +2960, the +3142G/C and 43 187A/G SNPs, whose alleles
14 bp insertion (14-19), +3142G (20-23) and +3187A (24)
were previously associated to low mRNA availability and low
HLA-G production. In addition, five other HLA-G 3'UTR vari-
able sites, not associated with differential HLA-G expression so
far, lay inside potential binding sites to several microRNAs and,
in consequence, may alter the levels of HLA-G production (21,
25). The variation sites positions refer to the adenine of the first
translated ATG as nucleotide +1 and do consider the presence
of the 14-bp fragment in the 3'UTR segment (8, 13).

The aim of this study is to evaluate the possible influence
of HLA-G variable sites and 3'UTR. haplotypes in the devel-
opment of PCa and benign prostatic hyperplasia (BPH) in 468
Brazilian men from Porto Alegre (capital of the southernmost
state of Brazil).

Materials and methods

Study population

In this case—control study, DNA samples were obtained from
468 individuals (187 PCa and 152 BPH patients and 129
healthy control subjects) diagnosed at the Hospital de Clinicas
de Porto Alegre (HCPA), located in South Brazil, between 2004
and 2009. The ethnicity [according to the classification system
of the national agency for geography and statistics, Instituto
Brasileiro de Geografia e Estatistica — IBGE (26), that corre-
sponds to White, Brown, Black and other] was self-categorized
by the individuals when data was collected. The ethnic dis-
tribution did not differ significantly between control, BPH
and PCa groups (P, =0.072), and included predominantly
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White/Euro-descendant individuals (Table 1). Inclusion crite-
ria for PCa, BPH and controls were previously described by
Zambra et al. (27). Factors such as ethnic origin, age, Gleason
score, tumor stage and total serum prostate-specific antigen
(PSA) levels at diagnosis were recorded. The study was
approved by the local ethics committee, and informed consent
was obtained from all subjects.

Genotyping
The amplification of 3'UTR of the HLA-G gene was per-

formed by PCR. In a previous study of our research group
(28), it was not possible genotyping, after sequencing, the SNP
at position +3196C/G (one end of the sequence). To analyze
this SNP, the method described by Castelli etal. (12) was
adapted using a distinct reverse primer to extend the ampli-
fied fragment. The genomic DNA (10-100ng) of each indi-
vidual was prepared in a final volume of 25 pL containing
10 pmol of each primer — HLA-G8F-5" TGTGAAACAGCT-
GCCCTGTGT 3’ (12) and GMIRNAR-5' CTGGTGGGA-
CAAGGTTCTACTG 3’ (29). 0.2mM of each dNTP, 2.0mM
of MgCl,, PCR buffer 1X and 1.0U of Platinum Tag DNA
polymerase (Invitrogen-Life Technologies, Sio Paulo, Brazil).
Samples were submitted to 94°C for Smin followed by 32
cycles of 94°C for 30s, 65.5°C for 30s and 72°C for 1 min,
and by a final extension step at 72°C for 5 min. The amplified
PCR products resulting in a 537-bp fragment when the 14 bp
insertion allele was present (or 523 bp to 14 bp deletion allele),
which were visualized under UV irradiation in a 1% agarose gel
electrophoresis stained with ethidium bromide. PCR products
were directly sequenced using the reverse primer GMIRNAR
(to avoid the overlaps of sequence in 14 bp heterozygous sam-
ples)in an ABI 3730 XL DNA Sequencer (Applied Biosystems,
Foster City, CA) according to the manufacturer’s manual. All
the variable sites detected were individually annotated.

Statistical analysis

The analysis of differences between means in the continu-
ous variables was performed by ANOVA one-way test. The
median differences of serum PSA and prostate volume val-
ues between groups were verified by the Kruskal-Wallis
non-parametric test, following by Dunn’s test. Allelic and geno-
typic frequencies were computed by direct counting method.
The Hardy—Weinberg equilibrium (HWE) for genotypic data
was tested for each locus through ARLEQUIN software version
3.0 (30), that uses a modified version of Markov chain random
walk algorithm (31). Pairwise linkage disequilibrium (LD) was
tested for SNPs for each group using the MLOCUS program
(32, 33). Given the LD between alleles from analyzed poly-
morphisms, but unknown gametic phase, the softwares PHASE
version 2.1 (34, 35) and MLOCUS (32, 33) were used to esti-
mate the most likely haplotypes pair for each sample and the
haplotypic frequencies. and the results were compared.

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Lid
HLA, 2016, 87, 79-88
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Table 1 Characteristics of the sample assessed in the HLA-G 3'UTR study

3'UTR HLA-G SNPs in hyperplasia and prostate cancer

Control (N=129) EPH (N=152) PCa (N=187)
Ethnicity (euro-descendant)®, ® 102 (84.5%) 129 (90.2%) 160 (82.0%)
Age [years)®
Mean+ SD 5756+ 776 62.59+8.92 63.55+6.81
Range 41-75 40-80 46-76
PSA [ng’mu", c 0.80 (0.57-1.14) 2.051(0.77-4.57) 737 (5.41-11.10)

Prostate volume (cm3J8, ©

Tumor stage®, ¢
M +T2)
T3 +T4)

Gleason score®
4(2+2)
5(3+2)
6(3+3)
7i3+4)
74+3)
8(3+5)
84+4)
9(4+5)
9(5+4)

20.05 (18.20-25.00)

34.20 (30.00-49.00) 35.00 (29.00-43.00)
71 (577%)
52 (42.3%)

1{0.6%)
1{0.6%)
89 (52.7%)
32 (18.9%)
26 (15.4%)
1{0.6%)
10 (5.9%)
7{4.1%)
2(1.2%)

BPH, benign prostatic hyperplasia; PCa, prostate cancer; PSA, prostate-specific antigen; SD, standard deviation; UTR, untranslated region.

#Number of cases and percentages.

bpyalue — ethnicity — PCa vs BPH vs control: Pm=0.0}'2. Age — BPH or PCa vs control: P < 0.001; PCa vs BPH: P=0.504. PSA - BPH or PCa vs
control, and PCa vs BPH: P <0.001. Prostate volume — BPH or PCa vs control: P<0.001; PCa vs BPH: P=0.468.

“Medians and 25(75 percentiles (median was used because of non-Gaussian distribution).

9There was no information available on pathologic tumor stage for 64 (34.2%) patients and on grade stage for 18 {9.6%) patients. Five (2.7 %) patients

were submitted to radiotherapy.

For association analysis, the PCa individuals were classified
in two subgroups based on biopsy Gleason score, <6(3 + 3) and
>7(3 + 4). as representative of less and more aggressive disease,
respectively. Based on tumor stage, the PCa patients were also
dicotomicaly divided, as having evidence of localized PCa (T1
and T2 stages) or extraprostatic/advanced disease (T3 and T4
stages). Logistic regression models (age-adjusted) or chi-square
tests were used to verify association of haplotypes. genotypes
and alleles of HLA-G 3'UTR polymorphisms with risk of PCa
or BPH., as well as PCa progression risk (through Gleason score
and tumor stage subgroups). Bonferroni correction for multiple
comparisons was applied multiplying the P-value resulting
from all association analyses by the number of comparisons
of each test, so resulting in the P,yju4q of Bonferroni that
have to be less than 0.05 to reach statistical significance. The
significance level was set at @=0.05 (two-tailed) for all our
tests. Statistical analyses were performed using the software
SPSS version 18.0 for windows (SPSS, Inc., Chicago, IL) and
winPEPI (36).

Results

Sample

In this case—control study, 468 samples divided into three
groups were analyzed: control (N=129 individuals), BPH
(N=152) and PCa (N=187). The characteristics of the

© 2016 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
HLA, 2016, 87, 79-88

studied population are presented in Table 1. Ethnicity infor-
mation was evaluated by self-assessment of skin color, as
aforementioned. A similar ethnic distribution was observed
between the studied groups (P, =0.072), which were com-
posed by participants predominantly White/Euro-descendants
(84.5% control, 90.2% BPH and 82.0% PCa). The average age
of the control group was lower than the other groups (both
P <0.001), but did not differ between BPH and PCa groups.
The median of serum PSA levels were significantly different
between groups (all P <0.001). The prostate volume median
was lower in the control group (20.0 cm?) in comparison with
BPH (34.2cm®) and PCa groups (35.0cm?), both P <0.001.
Between BPH and PCa groups, there was no significant dif-
ference in this characteristic (P=0.468). Among the PCa
patients, the biopsy Gleason score was <6(3+ 3)in 91 (53.8%)
individuals, and >7(3 +4) in 78 (46.2%) individuals. About
tumor stage, 71 (57.7%) PCa patients had organ-confined
disease (T1 or T2) at the time of surgery, while 52 (42.3%)
men had extraprostatic tumor (T3 or T4) — Table 1.

In the present series, we detected eight variable sites at
the HLA-G 3'UTR segment, that includes the presence or
absence of a 14b segment (14bp Ins/Del, rs371194629)
and single nucleotide variations at positions +3003 T/C
(rs1707), +3010C/G (rs1710), +3027A/C (rs17179101),
+3035C/T (rs17179108), +3142G/C (rs1063320), +3187A/G
(rs9380142) and +3196C/G (rs1610696). These variables sites

81

33



3"UTR HLA-G SNPs in hyperplasia and prostate cancer F M. B. Zambra et al.

Table 2 Distribution of the HLA-G 3'UTR haplotypes among cases and control groups

Polymorphisms at HLA-G 3'UTR haplotypes Haplotypic frequencies

Haplotype name  14bp  +3003 43010 +3027 43035 +3142 43187 +3196 Control: N*(%) BPH: N*(%)  PCa: N*(%)

UTR-1 Del T G C C [ G C 69 (26.7) 93 (30.6) 104 (28.0)
UTR-2 Ins Cc (o [of G A 78(30.2) 85 (27.9) 86(23.1)
UTR-3 Del T Cc C o G A C 42 (16.3) 45 (14.8) 55 (14.8)
UTR-4 Del c G C o C A C 23 (8.9) 33 (10.9) 69 (18.5)
UTR-5 Ins T Cc C T G A C 20 (78) 24 (79) 17 {4.6)
UTR-6 Del T G C o [ A C 14 (5.4) 13 14.3) 25(6.7)
UTR-7 Ins T C A T G A C 12 {4.7) 11 (3.8) 16 (4.3)

BPH, benign prostatic hyperplasia; PCa, prostate cancer; UTR, untranslated region.
BN pnra = 129, Ngpy = 152, Npe, = 186 individuals.

were already described for the HLA-G 3'UTR segment (12). In HLA-G 3'UTR polymorphisms in PCa and BPH

addition, all the variable sites detected did present frequencies  Tpe association between the inferred haplotypes and the

higher than 1% for the minor allele and they can be considered  ejght HLA-G 3'UTR genetic variants, including the 14.bp
true polymorphisms considering the population from Porto Ins/Del polymorphism and the SNPs +3003 T/C, +3010C/G,
Alegre (Brazil). +3027A/C, +3035C/T, +3142G/C, +3187A/G and +3196C/G

The distribution of allelic and genotypic frequencies of the with PCa or BPH risk was assessed by logistic regression
eight polymorphisms of 3'UTR of HLA-G gene among control, models. Age at diagnosis was included as a covariate in these
analyses because it is a well-known risk factor to PCa and
BPH, and also because of the age differences among control
and cases.

A residuals analysis was performed to verify discrepancies
regarding to haplotypes (without corrections for age or multi-

BPH and PCa groups is shown in Table S1, Supporting Infor-
mation. The heterozygosity observed did not differ from the
expected one for all genotypes in all sample group, indicating
that genotypic distribution of each polymorphism did fit HWE
expectations (data not shown). LD was detected between most ple comparisons) indicating a significantly higher frequency of
pairs of polymorphic sites in control, BPH and PCa groups  {he UTR-4 haplotype among PCa when compared with con-
(P <0.05) — Tables $2-S4. A perfect LD (D'=1; r»=1) trols (P=0.001) and BPH (P = 0.006). Moreover, a borderline
was observed between the SNP +3010C/G and +3142G/C P-value was observed for the UTR-2 haplotype (P=0.050)
(P<0.001) in control and BPH groups, and also between  comparing PCa and controls. Given that the residuals analysis
14 bp Ins/Del and +3027A/C (P <0.001) in PCa group (data indicated a possible influence of UTR-2 as a protective factor
not shown). LD was not observed among the SNP +3003 T/C for PCa, and UTR-4 as a risk factor, we performed association

and +3027A/C (in control and BPH groups) or +3035C/T (in tests between each one of these haplotypes vs all other haplo-
types (Table 3). Hence, through the results of logistic regres-

sion (age-adjusted) for UTR-2, no statistically significant dif-

in others studies (12, 37, 38). Altogether, our results suggest a ;m“ (dge acus E':D _) Urd . nﬁ staus 1(:‘.11-{ st c‘;;lTR—éi

] UTR oal o erences were observed among the groups. However,

strong LD bet'lween HLA-G3 Po ymo.rp qu sties. . was confirmed as a risk factor for PCa in comparison with con-
In order to infer the haplotypes of each individual, 10 inde- trols (OR 2.35, 95% CI 1.39-3.96, P e =0.003) and BPH

pendent runs with different seed values were performed using (OR 1.82,95% CI 1.15-2.86, P,jycq = 0.030).

control group), corroborating data for these polymorphic sites

the PHASE software (37). The results of all runs were con- To further explore the data from this study and considering
cordant and these results were also in agreement with those that the 14bp insertion, +3142G and +3187A alleles were
obtained with the MLOCUS software. A total of seven HLA-G previously associated with low HLA-G protein expression (15,
3'UTR haplotypes were identified through these analyses, pre- 16,19, 20,24), as well as that the haplotypes composed by these

viously named as UTR-1 to UTR-7 (12). The PHASE method alleles were associated with intermediary (UTR-2) and very
low (UTR-5 and -7) soluble HLA-G levels (39), we grouped

sulted in haplotypic infi s probabilities ranging fi
TESWHEE I ApIOLypIC THIETEnces probialiiiies Fngme from haplotypes encompassing all these three alleles (UTR-2, -5

0.991 to 1.0 for 467 out of the 468 subjects. The haplotypic

. ) » and -7), now named as Ins_G_A and compared vs all other
inference for one PCa patient was poor (probability of 0.549 by

haplotypes (UTR-1, -3, -4 and -6) (see Table 3) regarding
the subjects clinical conditions. The ‘non-Ins_G_A" haplotypes
from the haplotypic analyses. The inferred haplotypes were des-  were associated with risk to PCa development (OR 1.56, 95%
ignated according to Castelli et al. (12) and its frequencies are CI 1.10-2.20, Pogjusted =0.036) when PCa and control groups
presented in Table 2. were compared (Table 3).

PHASE). so because of uncertainty this sample was excluded

82 © 2016 John Wiley & Sons AJS. Published by John Wiley & Sons Ltd
HLA, 2018, 87, 79-88
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3'UTR HLA-G SNPs in hyperplasia and prostate cancer

Table 3 Odds ratio analysis for PCa and BPH development according to haplotypes of HLA-G gene 3'UTR®

PCa Control BPH Contrel PCa BPH
Haplotypes % Yo OR 95% CI Pe P % % OR  95% Cl PP % % OR 95%CI [ P
UTR-2 231 302 069 047-100 0052 — 280 302 0.85 058-125 0396 23.1 280 081 057-116 0.256 —
Others UTRs 769 698 720 698 769 72.0
UTR-4 185 B89 235 139-396 0001 0.003 109 89 130 0.73-2.31 0380 185 109 182 115-2.86 000 0.030
Others UTRs 815 911 89.1 911 815 891
Mor-ns_G_A“ 680 574 156 110-2.20 0.012 0.036 605 574 116 081-165 0412 68.0 60.5 1.34 097-185 0076 —
Ins_G_aAd 320 428 395 426 32.0 3985

BPH, benign prostatic hyperplasia; PCa, prostate cancer; UTR, untranslated region.

2Sample size is Negaya =129, Napy =152, Npe, = 186 individuals.

b Pvalues obtained by multinomial logistic regression between PCa or BPH vs control (reference category), and binary logistic regression between
PCa vs BPH (reference category); age-adjusted; without Bonferroni correction.

¢P-values adjusted by Bonferroni correction (Pyyueeg)- All reported P-values in b and ¢ are statistically significant when 0.05 or less.

9Ins_G_A haplotypes are composed by alleles (14bp ins, +3142G and +3187A) previously associated to low HLA-G expression levels. We compared
Ins_G_A group (= UTR-2, -5, =7) vs all other haplotypes (the non-Ins_G_A group = UTR-1, =3, —4, —6).

Then, in order to investigate if a given polymorphic variant
could explain the haplotypic association results. we assessed
the independent effect of each SNP in logistic regression
models age-adjusted. These tests comparing the genotypic
frequencies of PCa and control groups suggested the 14bp
DelDel (OR 2.55, 95% CI 1.23-5.30, P=0.012), +3003CT
(OR 4.44, 95% CI 1.33-4.50, P=0.004), +3010GG (OR
2.36, 95% CI 1.18-4.70, P=0.015), +3142CC (OR 2.28,
95% CI 1.15-4.54, P=0.018), +3196CC (OR 3.21, 95%
CI 1.27-8.11, P=0.014) and +3196CG (OR 3.04, 95% CI
1.17-7.92, P=0.023) as risk factors to PCa. However, after
correction for multiple comparisons, only the +3003CT geno-
type remained significant (P44 =0.032). No differences
were found in genotypic frequencies comparing PCa vs BPH
and BPH vs control groups (Table 4).

The 14bp Del, +3003C. +3010G and +3142C allelic
frequencies were higher in the PCa group when compared
with controls (P=0.017. P=0.002, P=0.012, P=0.016,
respectively). However, after Bonferroni correction, only the
+3003C allele remained as a risk factor to PCa (OR 2.33,
95% CI 1.38-3.92, P g,4,4=0.016). Only the frequency
of the +3003C allele was different comparing PCa vs BPH
(P=0.011), but the significance was lost after Bonferroni
correction (Pyg;,q.q =0.088). No differences were observed in
allelic frequencies between BPH and control groups (Table 5).

Polymorphisms of HLA-G 3'"UTR in PCa progression

Haplotypic, genotypic and allelic frequencies of HLA-G
3'UTR polymorphisms into subgroups of PCa, classified
according to clinicopathological status are presented in Tables
S5 and S6. The association of these genetic variants with
risk for progression to more aggressive or advanced stages of
PCa (clinicopathological status) was evaluated by chi-square
analysis or logistic regression models. No association was
observed to haplotypes, genotypes and allelic variants with
localized or advanced PCa (pathologic stages T1-T2 or
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T3-T4. respectively). Also, considering the Gleason score
of PCa patients [<6(3 +3) and >7(3 +4)]. no influence was
found for less or more aggressive PCa clinicopathological
status.

Discussion

HLA-G is an important molecule involved in the tumor
cells escape from antitumor immune response through its
immunomodulatory and tolerogenic functions. In this sense. its
expression in cancer patients can be harmful (6). As the 3'UTR
is a regulatory region encompassing genetic variants that
influence HLA-G mRNA availability and stability as well as
determine differential binding of specific microRNAs, it is very
important to evaluate such variants in patients with prostate
tumors (21, 25). In the Southern Brazilian population assessed
in this study, strong LD between HLA-G 3'"UTR polymorphic
sites was observed, corroborating previous data (12, 37, 38).
Seven haplotypes here identified (UTR-1 to -7) among the three
studied groups (control, BPH and PCa) correspond to frequent
haplotypes previously described to worldwide populations
(12, 37, 40—42). The haplotypic frequencies of our control
group were similar to those described for Brazilians healthy
from Southeastern (SE) of Brazil (12, 37, 39, 42), and for some
admixed and European populations (40). Further, the allelic and
genotypic frequencies of the HLA-G 3'UTR polymorphic sites
(14 bp Ins/Del, +3003 T/C, +3010C/G, +3027A/C, +3035C/T,
+3142G/C, 4+3187A/G and +3196C/G) of the current control
group were similar to those reported for a Brazilian healthy
population (39, 43, 44).

Among the seven haplotypes identified in this study, UTR-4
was the only associated as a susceptibility factor to PCa,
presenting a 2.35-fold risk to disease development (95%
Cl 1.39-3.96, P gjyqeq =0.003). The same association was
observed in PCa vs BPH comparison (OR 1.82, 95% CI
1.15-2.86, P gjuqeq =0.030). The UTR-4 frequency increased
from the control (8.9%). to BPH (10.9%), until PCa (18.5%),
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Table 4 Odds ratio analysis for PCa and BPH development according to genotypes of polymorphisms of HLA-G gene 3"UTR®

PCa Control BPH Control PCa BPH
Genotypes % %o OR  95% Cl Po Pe % % OR  95% Cl P PE % % OR 95%Cl PO
14 bp Ins/Del
Insins 10.1 201 100 132 201 100 10.1 13.2 1.00
InsDel 444 450 205 100-420 0050 — 526 450 196 095-4.01 0.068 — 444 526 104 050-2.12 0924
DelDel 455 349 255 123-530 0012 0.096 342 349 160 076-3.39 0219 — 455 342 158 0.76-3.30 0.220
+3003T/C
T 674 837 100 789 837 100 674 789 100
cT 283 147 444 133-450 0004 0.032 204 147 1556 081-297 018 — 283 204 158 094-265 0.085
cc 43 16 329 065-168 0152 — 07 16 046 040-531 0536 — 43 07 706 087-574 0.068
+3010C/G
cc 209 352 1.00 278 352 100 209 278 100
CG 519 477 173 099-305 0056 — 530 477 153 086-2.72 0144 — 519 53.0 111 065-192 0699
GG 273 172 236 118-470 0.5 0120 192 172 144 070-3.00 0325 — 273 19.2 162 085-3.11 0.144
+3027A/C
cc 915 907 100 928 907 100 91.5 92.8 1.00
AC 80 93 100 043-229 0992 — 72 93 091 038-2.19 0832 — B0 72 108 048-2.44 0850
AA 05 0.0 — — — — DO 0.0 — — — — 05 00 — — —
+3035C/T
T 1.1 0.8 100 0.7 08 100 11 07 100
cT 16.0 232 100 008-118 0999 — 217 232 189 012-338 0634 — 160 217 050 043-580 0578
cc 829 7.0 139 012-157 0790 — 776 760 1980 M2-312 0652 — 829 776 073 0.07-8.12 0.795
+3142G/C
GG 214 349 100 276 349 100 214 276 1.00
CG 513 481 162 093-284 0089 — 533 481 151 085-2.67 015 — 513 53.3 106 062-182 0839
cc 273 171 228 115-454 0.018 0.144 191 171 144 069-298 0331 — 273 191 158 0.83-3.02 0.167
+3187A/G
GG 70 78 100 9.9 78 1.00 70 9.9 100
AG 417 380 153 060-391 0373 — 414 380 112 045-282 0810 — 417 414 137 0.60-3.14 0458
AA 513 543 128 051-320 0599 — 487 543 081 033-2.00 0645 — 513 487 159 0.70-3.61 0268
+3196C/G
GG 48 124 100 59 124 100 48 59 100
CG 369 357 304 117-792 0023 0.184 441 357 352 128-964 0015 0120 369 441 086 030-246 0783
cc 58.3 519 321 127-811 0014 0112 500 519 272 101-731 0.047 0376 583 500 118 042-331 0.757

BPH, benign prostatic hyperplasia; PCa, prostate cancer; OR, odds ratio; Cl, confidence interval.

#Sample size is Npgoye = 129, Ngpy = 152, Npe, = 186 individuals. The analysis of +3027AA was not possible due the low frequencies of this genatype.
B P-values obtained by multinomial logistic regression between PCa or BPH vs control (reference categoryl, and binary logistic regression between

PCa vs BPH lreference category); age-adjusted; without Bonferroni correction.
P-values adjusted by Bonferrani correction (Pyy,qeq). All reported P-values in b and c are statistically significant when 0.05 or less.

with UTR-4 being more than twice more frequent in PCa indi-
viduals than in controls. High HLA-G expression was already
observed in situations of cancer development and progression
[reviewed by (6)]. The influence of the UTR-4 haplotype on
HLA-G expression is controversial, because this haplotype
was associated to intermediary production of soluble HLA-G
(sHLA-G) in healthy Brazilian and French populations (39),
while in 2 Malian population this association was not observed
(45).

In order to investigate if a given polymorphic variant could
explain the haplotypic association results, the independent
effect of each SNP was assessed. Among all the evaluated
SNPs, the +3003CT genotype was identified as a risk fac-
tor to PCa when compared with the control group, indicat-
ing a 4.44-fold risk to PCa development (95% CI 1.33-4.50,
P gjuiea =0.032). It is important to remember that UTR-4 is
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the only haplotype bearing the +3003C allele. Moreover, a
higher frequency of the +3003CC genotype was observed in
PCa individuals (4.3%) when compared with controls (1.6%),
although this difference did not reached statistical significance.
Strengthening the importance of our results, the +3003C allele
was a risk factor to PCa. A higher frequency of the +3003C
allele was observed in PCa patients (18.4%) than in controls
(8.9%), conferring a 2.33-fold risk to develop PCa (95% CI
1.38-3.92, P_40.a =0.016). So, these data corroborate our
haplotypic findings redundantly, because the UTR-4 frequency
seems a reflection of the +3003C frequency. The +3003 vari-
able site lies at a segment that may be target by several microR-
NAs with potential to regulate HLA-G expression and, thus, it
might strongly influence the strength of the binding depend-
ing on the allele at the +3003 position (21, 25). It is possible
that the presence of the +3003C allele and other polymorphic
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Table 5 Odds ratio analysis for PCa and BPH development according with alleles of polymorphisms of HLA-G gene 3'UTR?

PCa Control BPH Control PCa BPH
Alleles % % OR  95% CI Fe P % % OR  95% Cl P % % OR 95%Cl Pt P
14bp Ins/Del
Ins 324 426 100 395 426 1.00 324 395 100
Del 676 574 152 108-2.15 0.017 0.136 60.5 574 116 081-165 0425 676 605 132 095-182 00 —
+3003T/C
T 816 911 1.00 89.1 911 1.00 816 89.1 100
Cc 184 B9 233 138-392 0002 0.016 109 89 129 073-230 0384 184 109 180 1.15-2.83 0.011 0.088
+3010C/G
C 46.8 59.0 100 543 B30 1.00 46.8 543 100
G 532 410 154 110-2.16 0.012 0.096 457 410 123 086-174 0258 532 457 125 092-171 0156 —
+3027A/C
C 955 8953 100 96.4 953 1.00 955 964 100
A 45 47 110 0.50-2.42 0819 — 36 47 089 038-2.11 0792 45 36 122 056-264 0622 —
+3035C/T
T 9.1 124 1.00 115 124 100 91 M5 100
Cc 909 876 133 078-227 0296 — 885 876 101 059-172 09% 909 885 132 080-2.18 0282 —
+3142G/C
G 471 589 1.00 543 589 1.00 471 543 100
C 529 411 151 108-2.12 0016 0.128 457 411 122 086-173 0267 529 457 124 091-169 0180 —
+31874/G
A 722 733 100 69.4 733 100 722 694 100
G 278 267 101 070-147 0950 — 306 267 123 083-180 0301 278 306 083 059-116 0284 —
+3196C/G
G 233 302 100 280 302 1.00 233 280 100
C 767 698 144 099-2.10 0059 — 720 698 118 080-174 0402 767 720 122 085-17 0275 —

BPH, benign prostatic hyperplasia; Cl, confidence interval; OR, odds ratio; PCa, prostate cancer.

25ample size is Negnye =129, Napy =152, Npe, = 186 individuals.

bPvalues obtained by multinomial logistic regression between PCa ar BPH vs control (reference categoryl), and binary logistic regression between
PCa vs BPH (reference category); age-adjusted; without Bonferroni correction.
¢P-values adjusted by Bonferroni comrection (Pygjeeql- All reported P-values in b and c are statistically significant when 0.05 or less.

sites in LD with it decreases the HLA-G mRNA affinity or
specificity to a group of microRNAs, such as miR-148a-3p.,
miR-148b-3p, miR-4462, miR-4492, miR-193a-5p, miR-559
and miR-6515-5p (25), increasing the HLA-G mRNA availabil-
ity and its expression. Higher HLA-G expression would prone
the patients to a less effective tumor immunosurveillance. Nev-
ertheless, HLA-G and microRNA expression profiles in PCa
patients need to be investigated, as well as the functional role
of 43003 genetic variant in HLA-G expression. In addition,
the +3003C SNP is in LD with HLA-G promoter and coding
SNPs. For example, the +-3003C allele is in LD with the allele
-725G at the HLA-G promoter segment and the allele +99A
at the HLA-G first intron (40). The allele -725G was previ-
ously associated with miscarriage and high HLA-G expression
after interferon treatment (46). The influence of the +99A allele
remains unknown. Taking all this data into account, the 43003
variant could be suggested as a tag SNP for PCa risk.

As previously stated, our results considering frequencies of
the evaluated SNPs were quite similar to those obtained for
other Brazilian healthy populations [from SE and Northeastern
(NE) Brazil] (43, 44). The only exception, when comparing
these two SE and NE population, was for the +3003 locus.
The SE population presented almost twice the frequency of the
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+3003C allele compared with the NE population (13.27% vs
6.69%), the same being true to the +3003CT genotypic fre-
quency (26.53% vs 13.39%. P =0.020) (43, 44). It is important
to point out that these studies evaluated healthy individuals
from both sex and no +3003CC individuals were observed.
Interestingly, the estimates for PCa in Brazil by the National
Institute for Cancer José Alencar Gomes da Silva (INCA) show
that the PCa incidence in SE population is relatively higher than
in NE, with 85 and 58 cases to 100 thousand men, respectively
(47). Moreover, considering that the 4+-3003C frequency reflects
the UTR-4 frequency worldwide, we can expand our view
beyond Brazil. So, in a previous study, it was observed a higher
UTR-4 frequency among certain populations from Europe and
Africa when compared with Asia (where this haplotype is rela-
tively rare) (40). The PCa incidence once more coincides with
the UTR-4 frequency: higher in Europe and Southern Africa in
comparison with Asia (1). Thus, altogether, these data point out
to the importance of more studies targeting the +3003 locus in
PCa. It is necessary to investigate distinct human populations
to elucidate if the associations observed in the present work are
restricted to our studied group or can be observed in individuals
from different ethnic/geographic origins.

37



3"UTR HLA-G SNPs in hyperplasia and prostate cancer

The potential levels of HLA-G expression can be inferred
from the haplotypes. Martelli-Palomino et al. (39) reported
UTR-1 (the only haplotype with Del_C_G) as a higher expres-
sion haplotype; UTR-3, -4 and -6 with intermediate lev-
els of expression, and UTR-5 and -7 (Ins_G_A) with lower
sHLA-G expression. Controversially, UTR-2 (Ins_G_A) was
associated with low and intermediated sHLA-G levels in dif-
ferent studies (39, 45). Considering haplotypes classified as
low HLA-G expressers (‘Ins_G_A’, because of the simultane-
ous presence of the 14bp Ins, +3142G and +3187A alleles)
or intermediated/high HLA-G expressers (‘non-Ins_G_A", all
other possible configurations) it was possible to determine the
‘non-Ins_G_A" haplotype as conferring risk to PCa (OR 1.56,
95% CI 1.10-2.20, Pg3,4cq = 0.036). An association of haplo-
types potentially related to higher HLA-G expression and PCa
makes sense in a context where tumor cells will be more able to
escape immunosurveillance and antitumor immune response.

Benign tumors exhibit several characteristics of cancer, but
like the majority of them, BPH do not progress to malignancy.
It is quite important to identify the differences among cancer
and benign tumors (48). Overall, in this study, no statistically
significant differences were observed when comparing BPH
with the other two studied groups, excepted for the UTR-4
haplotype, identified as a risk factor to PCa in comparison
with BPH. Instead of normal health individuals, BPH samples
are commonly used as controls in PCa studies. Nevertheless,
comparisons between BPH and PCa should be taken carefully
because this approach can mask interesting results.

In conclusion, frequencies of eight different 3'UTR poly-
morphisms of the HLA-G gene were analyzed in PCa and
BPH. The UTR-4 haplotype, the +3003CT genotype and the
+3003C allele were identified as risk factors for PCa, as well
as the ‘non-Ins_G_A" haplotype. Altogether, our data suggest
an important influence of HLA-G in PCa susceptibility, encour-
aging more genetic and functional studies. Identification of
genetic factors relevant to PCa can clarify some molecular
mechanisms in cancer development and may be useful as new
biomarkers and diagnosis tools as well as more effective thera-
peutic strategies in the future.
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High HLA-G protein expression levels are a common
feature in prostate cancer but not in benign prostatic

hyperplasia
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ABSTRACT

BACKGROUND. Human leukocyte antigen G (HLA-G) is an immunoregulatory
molecule that can promote immunological tolerance. Its expression is frequently
observed in cancer tissues and it is recognized as an immune escape
mechanism that can favour tumor development. In prostate cancer (PCa), the
role of HLA-G has not yet been well defined, although there is evidence of a
significant influence of HLA-G 3'UTR polymorphisms in PCa susceptibility. In
the present study we investigated the HLA-G protein expression in tissue
samples from Brazilian predominantly Euro-descendant patients with prostate

cancer and benign prostatic hyperplasia (BPH).

METHODS. A total of 53 tumor (33 PCa and 20 BPH) and areas evaluated as
normal prostate tissues provenient from the same patients were evaluated.
HLA-G protein expression was assessed by immunohistochemical staining,
using the 4H84 monoclonal antibody. A semiquantitative system was used to
determine the level of expression (absence or presence and low or high). The
relationship  between  HLA-G expression and tissues groups or
clinicopathological parameters was assessed by the Generalized Estimating

Equation (GEE) models and Chi-square tests, as the case.

RESULTS. The cancerous, hyperplastic and normal prostate tissues presented
distinct HLA-G expression levels (P = 0.002). All PCa tissues expressed HLA-G,
and the great majority (30 out of 33) in high levels. In general, HLA-G was not
expressed in BPH tissues (12 out of 20) and in normal prostate tissues (50 out

of 53). When present in BPH, HLA-G was expressed in low level (8 out of 20).
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No association was found between HLA-G expression and stage of PCa

progression (Gleason score) or patients age.

CONCLUSIONS. This is the first study to extensively evaluate HLA-G
expression in prostate cancer and the results point to a considerable role of
HLA-G expression in PCa development. Thus, as a possible escape
mechanism of prostate tumor cells from antitumor immunity, HLA-G represents

a potential therapy target in PCa.

Key words: immunological escape, HLA-G expression, immunohistochemistry,

prostate, tumor, 4H84
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INTRODUCTION

Prostate cancer (PCa) is the most common noncutaneous malignancy in
men and the fourth most common cancer worldwide [1]. PCa is a multifocal and
heterogeneous cancer, and it is possible to observe benign, premalignant, and
malignant conditions in the same prostate [2]. PCa incidence is influenced by
multiple genetic and demographic factors, such as genetic susceptibility, family
history, ethnic origin, and age [3]. Another common, although nonmalignant
condition that affects aged men is benign prostatic hyperplasia (BPH) [2]. In this
disorder, the prostate undergoes abnormal enlargement due to a hyper-
proliferative process, although BPH is not considered a pre-prostate cancer

state [4].

Several immunological factors are important to the maintainance of an
equilibrium that will ultimately leads to tumor prevention [5]. The human
leukocyte antigen G (HLA-G), for instance, is a nonclassical class Ib
immunomodulatory molecule, involved in several aspects of immunological
tolerance. Nevertheless, this same molecule can favour tumor development [6].
HLA-G is expressed both as membrane bound (HLA-GL1 to -G4) and as soluble
isoforms (-G5 to -G7), produced by alternative splicing of the primary HLA-G
transcript [7]. These proteins can exert immunosuppressive functions through
binding to inhibitory receptors on immune cells, including T and B lymphocytes,
Natural Killer, dendritic cells or monocytes, blocking the activity of these
effectors cells, as well as inducing the generation of regulatory cells [8]. Under
healthy conditions, the HLA-G molecule is expressed only in a few adult organs
and in the materno-foetal interface. On the other hand, tissues may be induced

to express HLA-G in various pathologies, including cancers, multiple sclerosis,
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inflammatory diseases and viral infections [9]. HLA-G is aberrantly expressed in
several types of cancers, in distinct levels, according to the affected tissues.
Such expression has been recognized as an escape mechanism, allowing
tumour cells to bypass immunosurveillance and antitumor immune responses
[10].

Several studies of HLA-G expression in solid tumors, in tissues and in
biological fluids, such as plasma, have shown that HLA-G is a potential tool for
diagnosis, for distinguishion between benign and malignant tumors, and
prediction of clinical outcomes or prognosis [6,10-12]. In the context of PCa,
BPH and other prostate conditions, little is known about HLA-G [13-15]. In a
previous study, expression of HLA-G mRNA and protein was investigated in
PCa, BPH and normal prostate tissues. HLA-G1, -G2, -G5 and -G6 mRNA
expression was detected in prostate tissues, and amongst the respective
proteins investigated, HLA-G1 and -G2/-G6 were not detected, but HLA-G5 was
expressed in prostate tissues and in secretions at glandular lumen [13]. In
another work, assessing BPH tissues, a weak expression of HLA-G5/-G6 was
observed [14]. Finally, evidence of a significant influence of HLA-G 3'UTR
polymorphisms in PCa susceptibility was found in an association study [16].
Thus, these studies indicate a possible role of HLA-G in tumoral prostate
conditions.

The aim of the present study is to characterize HLA-G expression in
prostate tissues from PCa and BPH patients, comparing cancerous,
hyperplastic and non-tumor tissues. If HLA-G expression is employed by
prostate tumor cells as an escape mechanism from antitumor immunity, it will

be possible to suggest HLA-G as a potential therapy target in PCa.
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MATERIALS AND METHODS

Patients and tissues samples

A total of 53 tumor and normal prostate tissues provenient from the
same patients were evaluated. The samples were obtained from patients
submitted to surgery for prostate cancer (radical prostatectomy or
prostatovesiculectomy) or benign prostatic hyperplasia (transurethral resection
or open prostatectomy) in the Urology Service at the Hospital de Clinicas de
Porto Alegre (HCPA), in South Brazil, between 2012 and 2015. Inclusion
criteria for the sample were previously described by Zambra et al. [17].
Information such as total serum prostate-specific antigen (PSA) level, Gleason
score, tumor stage, age, and ethnic origin at diagnosis were recorded. Ethnicity
information was evaluated by self-assessment of skin color (as White, Brown,
Black and other) when data was collected, according to the classification
system of the national agency for geography and statistics, Instituto Brasileiro
de Geografia e Estatistica — IBGE [18]. Firstly, haematoxylin/eosin (H/E)
stained slides of the prostate tissues were retrieved from the Pathology Service
archives (HCPA) and representative tumor areas (with cancer or hyperplasia),
as well as non-tumor (control) areas were selected by an experienced
pathologist. Then, formalin-fixed paraffin embedded (FFPE) prostate tissues
with selected areas of PCa (n = 33), BPH (n = 20) and the respective non-
tumor area (n = 53) were provided by the same archives. The study was
approved by the local Ethics Committee (#1404-62) and informed consent was

obtained from all subjects.
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Immunohistochemistry (IHC)

FFPE prostate tissues were cut into 4 pm sections, placed on
organosilane-pretreated slides, de-paraffinized and antigen retrieval was
performed in a water bath at 95°C for 1 h with citrate buffer (pH 6.0).
Endogenous peroxidases were blocked with 3% hydrogen peroxide in
methanol for 30 min. The slides were incubated in a humidified chamber at 4°C
overnight with the HLA-G specific monoclonal antibody, 4H84 (BD Biosciences
Pharmingen), at 1:400 dilution. The 4H84 mADb reacts with the denatured HLA-
G heavy chain (amino acids 61 to 83 of HLA-G of human origin), recognizing all
HLA-G isoforms with high specificity. After incubation, goat anti-mouse 1gG-
HRP (sc-2005, Santa Cruz,) detection system was added and the reaction
visualization was obtained with Liquid Dab (Dako, K3468), according to the
manufacturer's protocol. Hematoxylin was used as the nuclear counterstain
and the slides were dehydrated with absolute alcohol, cleared in xylene and
mounted. Negative control of HLA-G staining was obtained omitting the primary
antibody. Cytotrophoblast from first-trimester human placenta tissue was used
as positive control of HLA-G staining. The brownish-color was considered to be

a positive expression of HLA-G in cells.

Evaluation of IHC Staining

A semiquantitative system was used to assess the HLA-G protein
expression level. Immunohistochemical staining was classified according to the
intensity and percentage of positively stained cells. The staining intensity was
scored from O to 3 to reflect negative (0), weak (1), moderate (2), or strong (3)

expression. The percentage of positively stained tumor cells was scored from O
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to 2 to reflect negative (5%, 0), focal (5-50%, 1) or diffuse (=250%, 2)
expression in the prostate tissues. For statistical analysis, the samples were
categorized into two categories of expression based on the sum of the scores,
as absent expression (total score = 0) or present (2-5); and also as low
expression (2-3) or high (4-5). One field, chosen in the area previously defined
through the analysis of the H/E stained slides, and magnified at 400x, was

screened as a representative tissue area on each histological section.

Statistical analysis

The analysis of differences between means in the continuous variables
was performed by T test. The median differences of serum PSA and prostate
volume values were verified by the Wilcoxon-Mann-Whitney U non-parametric
test. Differences among frequencies for categorical variables were calculated
by chi-square test. As aforementioned, to analyze the HLA-G expression levels,
we considered absence versus (vs.) presence of expression; and low vs. high
expression in prostate tissues. The HLA-G expression difference between
tissues groups (PCa, BPH and non-tumor) was assessed by the Generalized
Estimating Equation (GEE) models followed by Bonferroni post hoc test.
Comparisons of low and high HLA-G levels between the prostate tissues were
not included in statistics due the small number of cases. The PCa individuals
were classified into two subgroups based in Gleason score, <6(3+3) and
27(3+4), as representative of less and more aggressive disease, respectively.
Fisher's exact test was performed to verify a possible association of HLA-G
expression in PCa progression (through the Gleason score subgroups). A P-

value < 0.05 (two-tailed) was considered statistically significant. Statistical
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analyses were performed using the software SPSS version 20.0 for windows

(SPSS, Inc., Chicago, IL).

RESULTS
Sample

In this study, tissues with PCa (n = 33) and BPH (n = 20) and the
respective normal prostate tissues (n = 53) from the same patients were
evaluated. The characteristics of the studied population are presented in Table
I. Ethnicity information was evaluated by self-assessment of skin color. A similar
ethnic distribution was observed between the studied groups (P = 0.390), which
were composed by participants predominantly Euro-descendants (84.8% PCa
and 95.0% BPH). The average age and the median of serum PSA levels did not
differ between the groups. There was no significant difference in the prostate
volume median between PCa (38.60 cm® and BPH groups (46.80 cm®, P =
0.097). Among the PCa patients, the biopsy Gleason score was <6(3+3) in 11
(33.3%) individuals, and 27(3+4) in 22 (66.7%) individuals. About tumor stage, 6
(18.2%) PCa patients had organ-confined disease (T1 or T2) at the time of
surgery, while 1 (3.0%) man had extraprostatic tumor (T3 or T4). No information
was available on tumor stage for 26 (78.8%) patients, so this clinicopathological

characteristic was not included in analysis of PCa progression.

Distinct patterns of HLA-G expression in prostate tissues

In immunohistochemical staining, the HLA-G expression was visualized

as a brown stain in prostate tissues (Fig. 1). The HLA-G protein was observed
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in the cytoplasm of glandular epithelia in all tissues that presented some level of
expression. Moreover, the immunoreactivity was located in the apical region of
these specific cells, near to the cell nucleus (Fig. 1, arrow). Neither the cell
membrane nor the fibromuscular stroma was stained.

The HLA-G expression in prostate according to the level of intensity and
percentage of cells stained is presented in Table II. All 33 tissues with prostate
cancer presented HLA-G. The expression was intense in 16 of them and
moderate in 15. A weak staining was observed in 2 PCa tissues. The HLA-G
expression was majoritarily diffuse, being observed in 32 out of 33 tissues. A
focal expression was detected in only one case (see Table Il). In a previous
association study from our research group regarding HLA-G 3'UTR
polymorphisms in PCa, it was provided evidence of a significant influence of the
UTR-4 haplotype and +3003C (rs1707) genetic variant in PCa susceptibility
[16]. The UTR-4 is the only haplotype bearing the +3003C allele, so one reflects
the presence of the other. It was suggested that the +3003C allele could be
related to high HLA-G expression, that would favour the PCa development [16].
Thus, in the present analysis of HLA-G protein expression, we specifically
included a sample of one PCa patient genotyped as +3003CC homozygous to
be investigated as a possible control of high HLA-G expression [16]. For this
+3003CC PCa patient, the HLA-G expression was intense and diffuse in PCa
tissue, and absent in the respective normal prostate tissue.

Absence of HLA-G expression was predominant in tissues with benign
prostatic hyperplasia (12 out of 20). HLA-G was expressed in 8 BPH tissues,
with weak intensity. Among them, the expression was focal in 7 specimens, and

diffuse in only one (Table II). Finally, it was observed that 50 out of 53 normal
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non-tumor prostate tissues did not present HLA-G. The protein was detected
only in 3 specimens.

Considering the scores of intensity and percentage of cells stained
(Table II), we compared the three groups of prostate tissues by the absence
(total score = 0) or presence of expression (2 to 5), as well as having low (2 to
3) or high HLA-G expression (4 to 5) - Table Ill. The cancerous, hyperplastic
and normal prostate tissues were statistically different regarding absence or
presence of HLA-G, with this protein present in 33 out of 33, 8 out of 20 and 3
out of 53, respectively (P = 0002). A high HLA-G expression was observed in
30 out of 33 PCa, 0 out of 20 BPH, and 1 out of 53 normal prostate tissues. In
addition, comparing parameters of HLA-G expression with patients age no
significant correlation was detected (both P > 0.05) — Table I

Based on the previous knowledge that HLA-G is expressed in
extravillous trophoblastic cells [19-21], we used first-trimester human placenta
tissue as a positive control of immunostaining in the IHC experiments. As

expected, the HLA-G was highly expressed in the positive control (Fig. 1).

No influence of HLA-G expression in prostate cancer progression

The prostate cancer progression was evaluated by division of PCa
patients into subgroups of Gleason score, <6(3+3) and 27(3+4). Both Gleason
score subgroups had all PCa tissues with HLA-G expression, being not different
among them regarding presence or absence of HLA-G (P > 0.05). Low or high
HLA-G expression levels were also not associated with a less or more

aggressive PCa (P > 0.05) — Table IlI.
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DISCUSSION

The evasion of immune destruction was included recently, in 2011, as
one of the hallmarks of cancer, and is one of the characteristics recognized in
the prostate cancer case [22,23]. HLA-G is an immunomodulatory molecule with
iImmunosuppressive functions and its expression by tumor cells configures an
escape mechanism from immunosurveillance [9]. In the present study, we
evaluated the expression of HLA-G protein in cancerous/hyperplastic and
matched healthy prostate tissues from Brazilian men, predominantly Euro-
descendants, with prostate cancer (n = 33) and benign prostatic hyperplasia (n
= 20).

The protein expression was assessed by immunohistochemical staining,
using a mAb that recognizes all HLA-G isoforms (4H84). In general, when
present in prostate tissues (PCa, BPH and normal), the HLA-G was expressed
only in the cytoplasm of the glandular epithelium. This very specific expression
pattern (Fig. 1) was similar to those observed in prostate tissues in another
study [13].

All prostate cancer tissues expressed HLA-G, 30 out of 33 in high levels.
In another study, Langat et al. [13] investigated HLA-G mRNA and protein
expression in PCa, BPH and normal prostate tissues. Using a PCR semi-
quantitative analysis, they verified the presence of HLA-G1, -G2, -G5 and -G6
MRNA in all prostate tissues. After, using a set of antibodies particularly to
assess HLA-G1, -G2/-G6 or -G5 protein expression, only HLA-G5 protein was
detected in prostate tissues. In PCa, the HLA-G5 soluble isoform was mainly
expressed in prostatic secretions at glandular lumen of tissues and it was

almost absent in glandular epithelia [13]. It is important to highlight that the
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study above cited was conduced in a relatively small sample set (each group,
PCa, BPH or control being composed by a maximum of five samples).
Considering several studies, it is possible to observe a variation in frequency of
HLA-G expression among distinct cancers and even among studies assessing
the same cancer [8]. The methodology is a possible explanation for variations
[8,24].

The HLA-G expression profile can be influenced by polymorphisms
present in the 3'UTR of the HLA-G gene, a regulatory region, through post-
transcriptional control mechanisms [25,26]. One PCa patient here evaluated,
but previously genotyped in a work from our research group as homozygous
+3003CC (rs1707) [16], presented high HLA-G expression in PCa tissue, while
in respective normal prostate tissue no expression was detected. In the
mentioned previous study, the +3003C alelle was associated as a risk factor to
PCa. It was hypothesized that the +3003C allele could be associated with high
HLA-G expression level, that would favour the PCa cancer development [16].
Thus, this result motivates the study of the influence of the +3003 genetic
variant in HLA-G protein expression.

The majority of the samples concerning benign hyperplasia were
devoided of HLA-G expression (12/20). Amongst the BPH tissues that
expressed HLA-G (8/20), the expression was low (weak and primarily focal).
Our study corroborates data from another two works [13,14], although in one of
them, intense HLA-G5 expression was observed in some BPH samples [13]. In
the study from Larsen et al. [14], seven BPH tissues were analyzed by
immunohistochemistry using four mAb (two of them able to recognize all HLA-G

isoforms, and two others that recognize both HLA-G5 and -G6 isoforms). It was
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reported that only a rather weak expression was observed using a mAb for
HLA-G5/-G6, while no HLA-G expression was detected using the three other
mADs [14]. Even using distinct antibodies in the three studies about BPH, the
results were consistent in indicate absence or low expression of HLA-G in BPH
tissues.

Here, the majority of normal non-tumor prostate tissues did not express
HLA-G (50 out of 53). A previous work of Langat et al. [13] show the absence of
HLA-G1, -G2 and G6 expression in normal prostate tissues, although also
indicated a strong HLA-G5 expression [13]. It is important to point out that this
work was performed with only five specimens and that HLA-G5 is a soluble
form. HLA-G expression is often observed in cancer tissues, but rarely in the
healthy sourrounding tissues [6]. It is important to remember that a common
finding in benign, hyperplastic and malignant prostate is a histological signature
of chronic inflammation [27-29]. Prostate inflammation can be a consequence of
urinary reflux, bacterial infections, hormonal and dietary factors, as well as
specific immune responses [29], and an inflammatory microenvironment can
induce HLA-G expression. The IL-10 cytokine, for example, represents an
inflammatory stimulus capable to induce and upregulate HLA-G expression
[10,30-32]. Thus, the distinct findings described at the literature, concerning
HLA-G expression in normal prostate could be a consequence of the sample
characteristics in each study.

The PCa, BPH and normal tissues were different regarding HLA-G
expression, that occurred in 33/33, 8/20 and 3/53 tissues, respectively (P =
0.002). While all PCa tissues expressed HLA-G (in high levels in 30/33 of

them), the majority of non-tumor (50/53) and BPH (12/20) tissues did not
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express. High HLA-G expression was already observed in other situations of
cancer development and progression and such expression would prone the
patients to a less effective tumor immunosurveillance [9]. A possible strategie
for development of more effective cancer therapies is the manipulation of the
tumor microenvironment, blocking the immunosuppressive pathways or
enhancing the antitumor activity [5]. Our study evaluated a significant number of
prostate samples, but further molecular and functional studies with samples
from distinct populations are necessary in order to investigate the potential use
of this molecule in diagnostic and new therapeutic approaches for prostate

cancer and benign hyperplasia.

CONCLUSIONS

Our data suggest that PCa, BPH and normal prostate tissues are
different regarding HLA-G expression. Our study reveals high HLA-G
expression in prostate cancer, providing evidence that PCa cells may avoid
antitumor immunity by expressing HLA-G. In general, the normal and benign
hyperplasia prostate tissues do not express HLA-G, but BPH also can present

low expression level of this molecule.
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Figure 1. Immunohistochemical staining for HLA-G in prostate tissues with cancer and benign
hyperplasia, and in normal prostate tissues. A: Intense and diffuse HLA-G staining in PCa
tissue — sample from PCa patient +3003CC homozygous (rs1707). B: PCa tissue stained
without the primary antibody — negative control. C: HLA-G staining negative in BPH tissue. D:
HLA-G staining negative in normal prostate tissues. E: Intense and diffuse HLA-G staining in
human placenta tissue from first pregnancy trimester — positive control of HLA-G staining. F:
Human placenta tissue from 1st pregnancy trimester stained without primary antibody —
negative control. HLA-G mAb 4H84 (1:400) is the primary antibody used to detect the HLA-G

expression. 400x magnification for all sections.
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Table I. Characteristics of the sample assessed in the study of HLA-G expression profile in

patients with prostate cancer and benign hyperplasia.

PCa (n = 33) BPH (n = 20) P-value’
Ethnicity (euro-descendant)? 28 (84.8%) 19 (95.0%) 0.390
Age (years)
Mean + SD 64.94 + 5.97 66.75+ 7.45 0.335
Range 54 -74 53-80
PSA (ng/mL)" 6.61 (5.70 — 10.25) 5.05 (4.09 — 12.30) 0.330
Prostate volume (cm®)° 38.60 (29.00 — 43.50)  46.80 (35.00 — 56.00) 0.097

Tumor stage®®
(T1+T2)
(T3+T4)

Gleason score®
6 (3+3)

7 (3+4)
7 (4+3)
8 (4+4)
9 (4+5)

9 (5+4)

6 (18.2%)

1 (3.0%)

11 (33.3%)
9 (27.3%)
7 (21.2%)
3 (9.1%)
1 (3.0%)

2 (6.1%)

BPH, benign prostatic hyperplasia; n, number of cases, PCa, prostate cancer; PSA, Prostate-Specific

Antigen; SD, standard deviation.
# Number of cases and percentages.

® Medians and 25/75 percentiles.

“There was no information available on pathologic tumor stage for 26 (78.8%) patients.

4 p-values are statistically significant when 0.05 or less.
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Table Il. HLA-G expression in prostate tissues from PCa and BPH patients.

Prostate tissues

Scores for HLA-G Normal
) PCa BPH
expression non-tumor
(n=33) (n =20)
(n =53)

Staining intensity
0 = Negative 0 12 50
1 =Weak 2 8 2
2 = Moderate 15
3 = Intense 16 0 0
Percentage of cells
stained
0 = Negative (< 5%) 0 12 50
1 =Focal (5 — 50%) 1 7 2
2 = Diffuse (= 50%) 32 1 1

BPH, benign prostatic hyperplasia; n, number of cases, PCa, prostate cancer.
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Table Ill. Patterns of HLA-G expression in prostate tissues and according to clinical parameters from PCa

and BPH patients.

HLA-G expression® HLA-G presence®
P-
Absence Presence 95% ClI g Low High
value
Tissues [n] °
PCa [33] 0 334 1.00-1.00 0.002 3 30
BPH [20] 12 g8 0.19 — 0.61 8 0
Normal non-tumor [53] 50 3¢ 0.00 -0.12
PCa Gleason score [n] ©
<6 (3+3) [11] 0 11 - - 1 104
> 7 (3+4) [22] 0 22 2 20%
Age [n] ©
< 65 years (mean age) [22] 5 17 0.27-3.72  1.000 3 144
> 65 [31] 7 24" 8 16"

BPH, benign prostatic hyperplasia; n, number of cases, Cl, confidence interval; PCa, prostate cancer.

The different capital letters following the number of cases represent statistically significant difference (P < 0.05) between
the proportions.

& Categories based on the sum of scores of HLA-G intensity and percentage of stained cells, as absent expression (total
score = 0) or present (2-5); and also as low expression (2—3) or high (4-5).

® Generalized estimating equation test followed by Bonferroni post hoc test.

¢ Chi-square test.

9 p.values are statistically significant when 0.05 or less.
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Capitulo IV

Cytokine profile in prostate cancer and benign

hyperplasia
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ABSTRACT

BACKGROUND. Prostate cancer (PCa) and benign prostatic hyperplasia
(BPH) are highly prevalent conditions affecting aged men. Cytokines are
molecules that play a determinant role in immune responses. In cancer,
cytokines can inhibit or promote antitumor immunity, with beneficial or
detrimental effects. Recently, the influence of the human leukocyte antigen G
(HLA-G) in PCa and BPH development was evaluated through the analyses of
genetic polymorphisms. It is known that HLA-G promotes a T helper (Th) 2
cytokine profile polarizaton and that tumor cells can escape
immunosurveillance and antitumor response through HLA-G expression. The
aim of the present study was to characterize the Th1/Th2/Th17 cytokine profile
in prostate cancer and benign hyperplasia in Brazilian men predominantly Euro-

descendant.

METHODS. The serum concentrations of interleukin (IL)-2, IL-4, IL-6, IL-10,
tumor necrosis factor alpha (TNF-a), interferon gamma (IFN-y), and IL-17A
cytokines were measured in 23 PCa and 44 BPH patients, and in 22 healthy
men (controls) by cytometric bead array (CBA). Differences of cytokine levels
(in pg/mL) between PCa, BPH, and control groups were verified by the Kruskal-
Wallis test, following by Dunn’s test when necessary. To verify such differences
between stages of PCa progression (based on Gleason score), the Wilcoxon-

Mann-Whitney U test was performed.

RESULTS. PCa patients presented serum levels of IL-10 and TNF-a
significantly higher than controls (P = 0.008 and 0.041, respectively). No

differences were detected in the cytokine levels in patients classified according
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to stages of PCa progression. BPH patients presented higher serum levels of
IFN-y and of IL-17A than PCa patiens (P = 0.023 and 0.011, respectively) and

higher IL-17A serum levels as compared to controls (P = 0.004).

CONCLUSIONS. Our data revealed the occurrence of distinct cytokine profiles
in PCa, BPH and healthy individuals and suggest an influence of cytokine

profile in prostate cancer and benign hyperplasia development.

Key words: cancer, cytokine, IFN-y, IL-10, IL-17, TNF-a, prostate.
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INTRODUCTION

Prostate cancer (PCa) and benign prostatic hyperplasia (BPH) are highly
prevalent conditions affecting men. Both are hormone-dependent (androgen)
diseases, their incidence increases with age, and are considered unrelated
prostate conditions. Despite intense research on PCa and BPH, their etiologies
are not yet well understood [1]. It is well recognized that the immunological
competence of a given individual is determinant in tumor development and
progression [2]. The complex interactions among molecules and the different
cell populations in the organism, including tumor cells, T lymphocytes,
endothelial and dendritic cells (DC) [3-6], can determine whether a pro- or an
antitumoral immune response will predominate [2,7,8], leading to survival and
progression or to the clearance of tumor cells [3,6,9]. In PCa, the induction of
immunosuppressive cytokines with a shift towards a T-helper 2 (Th2) type
response inside prostate tumors have been suggested as an important tumor
escape strategie that impare the ability of the immune system to recognize and

eliminate tumor cells [10].

Cytokines are signaling proteins produced by immune and non-immune
cells. These molecules play key roles in the innate and adaptive immune
responses, and affect also antitumoral responses [11-13]. Most cytokines act
locally, but a systemic profile can be evaluated in the peripheral blood [14]. It is
known that cytokines can alter the prostatic microenvironment in both PCa and
BPH [15]. The set of cytokines produced by tumor cells can impair the
responses of immune effector cells, inhibit host immunity, and consequently
contribute to tumor development [16]. The inhibition of effector cells can

configure an escape mechanism associated to a preponderant Th2 immune
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response pattern. Th2 cytokines, such as IL-4, IL-6, and IL-10 were already
associated to suppression of anticancer immunity, favoring tumor growth
[14,16-18]. In contrast, Thl cytokines, including IL-2 and IFN-y, can potentiate
antitumor immune responses and were associated with good prognosis in
several types of cancers, such as PCa, melanoma, breast, ovarian, colorectal
cancer [19-22]. In such a complex cytokine network, pro-inflammatory
cytokines, such as TNF-a, may interact with both Thl and Th2 cytokines [23].
Moreover, a crucial role of Th1l7 cytokines, such as IL-17A, was suggested in

cancer initiation, growth, and metastasis [24,25].

It has been reported that cytokines can be modulated by the human
leukocyte antigen G (HLA-G) molecule. HLA-G is often abnormally expressed in
cancer conditions, and among other immunosuppressive mechanisms, can
promote a Th2 cytokine environment [26-28]. Recently, our research group
observed an elevated HLA-G protein expression in prostate tissues with PCa,
and a nearly absence or low HLA-G expression in BPH tissues.
Simultaneously, HLA-G expression was absent in non-tumoral prostate tissues
[29]. Of note, cytokines such as IL-10 and IFN-y, secreted in tumor
microenvironment, can modulate HLA-G protein expression [30,31]. The
comprehension of cytokine profile in PCa and BPH can be useful to the

development of more effective immunotherapies.

Based on this scenario and in order to characterize the systemic immune
response in prostate tumor conditions, we investigated serum cytokine levels in
PCa and BPH patients, and in healthy controls from South Brazil. Data will also

be presented considering the cytokine profile in the context of PCa progression.
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MATERIALS AND METHODS
Sample and study population

In this study, serum samples were obtained from 89 individuals, including
23 PCa and 44 BPH patients, and 22 healthy control subjects, diagnosed at the
Hospital de Clinicas de Porto Alegre (HCPA), in South Brazil, between 2004
and 2009. Serum was obtained from peripheral blood collected from
participants by venipuncture into an anticoagulant-free tube, and stored at -
80°C. All patients included in this study underwent by surgery due PCa or BPH
and the blood was collected before the surgery (not hemodiluted). Inclusion
criteria were previously described by Zambra et al. [32]. For the PCa group,
inclusion criteria were age between 45 and 80 years, no current hormone-
ablative therapy and no other concomitant neoplasia. For BPH, age between 40
and 80 years, prostate volume larger than 30 cm® (evaluated by abdominal
ultrasound), no past or current hormone-ablation therapy or 5a-reductase
inhibitor therapy, and absence of any neoplasia. The diagnosis of BPH was
confirmed by pathological examination after patient surgery. Inclusion criteria for
controls were age between 40 and 80 years, prostate volume smaller than 30
cm?®, prostate-specific antigen (PSA) value less than 2.0 ng/mL, digital rectal
examination with normal result and absence of any neoplasia. Information about
ethnic origin, age, Gleason score, tumor stage and total serum PSA level at
diagnosis was recorded. Ethnicity information was evaluated by self-
assessment of skin color (as White, Brown, Black and other) when data was
collected, according to the classification system of the national agency for

geography and statistics, Instituto Brasileiro de Geografia e Estatistica — IBGE
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[33]. The study was approved by the local ethics committee, and informed

consent was obtained from all subjects.

Th1/Th2/Th17 cytokine profile

To investigate the cytokine profile, we measured the serum
concentrations of IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y and IL-17A cytokines by
flow cytometry. These cytokines were simultaneously detected using the
Human Th1/Th2/Thl17 Cytometric Bead Array (CBA) kit (BD Biosciences,
California; Catalog N0.560484). Serum aliquots were diluted with assay diluent
(2:2 viv) and CBA analyses were performed according to manufacturer's
instructions. Two hundred microliters of each sample were plated on PRO-
BIND™ assay plates and analyzed on a FACSAria™ Il flow cytometer using
FCAP FCS Filter and FCAP Array Software (BD Biosciences, San Jose, CA,
USA). Through these software packages, debris were filtered from the data and
the bead populations, as well as their mean fluorescence intensities (MFIs),
were assessed. Each cytokine bead was measured 200 times before the MFI
was averaged. The same procedure was followed to obtain a standard curve.
The concentration in pg/ml of each cytokine was calculated to all samples by

log-transformation of MFI values.

Statistical analysis

The analysis of differences between means in the continuous variables
was performed by ANOVA one-way test. The median differences of prostate

volume, serum PSA and cytokines values (adjusted for log-transformation)
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between PCa, BPH, and control groups were verified by the Kruskal-Wallis
non-parametric test, following by Dunn’s test when necessary. For analysis, the
PCa individuals were classified into two subgroups based on biopsy Gleason
score, <6(3+3) and 27(3+4), as representative of less and more aggressive
disease, respectively. The Wilcoxon-Mann-Whitney U non-parametric test was
performed to verify differences of serum cytokine levels between Gleason score
subgroups. P < 0.05 was considered statistically significant. Statistical analyses
were performed using the Statistical Package for Social Sciences (SPSS)
version 20.0 for Windows (SPSS, Inc., Chicago, IL). The graphics were
generated through the GraphPad Prism 5.0 software (GraphPad Software,

California - USA).

RESULTS
Clinical and pathologic characteristics

The assessed sample groups were characterized in Table I. The ethnic
distribution was similar between PCa, BPH, and control groups (Pgiobai = 0.425),
with individuals predominantly Euro-descendant (82.6%, 93.2%, and 90.9%,
respectively). The average age did not differ between PCa and BPH groups, but
was lower in the control group than the other groups (both P < 0.05), reflecting
the high incidence of BPH according to aging. The median of serum PSA levels
was significantly different between PCa and control or BPH groups (both P <
0.001), but did not differ between BPH and controls. The prostate volume
median was higher in PCa (31.8 cm® and BPH groups (30.0 cm®) in

comparison with the control group (20.0 cm?), both P < 0.001, although similar
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comparing PCa and BPH groups. Among the PCa patients, the biopsy Gleason
score was <6(3+3) in 11 (47.8%) individuals, and 27(3+4) in 6 (26.2%)
individuals. Considering the tumor stage, 7 (30.4%) PCa patients had organ-
confined disease (T1 or T2) at the time of surgery, while 1 (4.4%) had

extraprostatic tumor (T3 or T4) - Table I.

Cytokine profile in PCa and BPH

The circulating IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y and IL-17A levels
were evaluated in PCa, BPH and healthy control individuals. The median
differences of serum cytokines values between the studied groups were
assessed by the Kruskal Wallis test, following by Dunn’s test when necessary.
The median serum levels of the different cytokines are presented in the Fig. 1,
while statistical data are presented in the Table Il. No statistically significant
difference was observed for IL-2, IL-4 and IL-6 levels between groups. IL-10
and TNF-a levels were higher in PCa as compared to controls (P = 0.008 and
0.041, respectively), but did not differ between BPH and PCa patients. The IFN-
y level was significantly higher in BPH individuals in comparison with PCa (P =
0.023). In addition, the IL-17A level was higher in BPH as compared to PCa and
control individuals (P = 0.011 and 0.004, respectively), while no statistically

significant difference was detected between PCa and control individuals.

Cytokines in PCa progression

Serum cytokine levels were evaluated in prostate cancer individuals

classified according to the clinicopathological status and are presented in the
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Table Ill. The Wilcoxon-Mann-Whitney U test was performed to assess potential
differences of cytokine levels and association to progression to a more
aggressive stage of PCa. For all cytokines evaluated, no statistically significant
association was detected with the clinicopathological PCa status [considering

the Gleason score subgroups <6(3+3) and =7(3+4), respectively].

DISCUSSION

The host response to cancer is the resulting of a complex interaction
among tumor and immune cells, and it is dependent of both the tumor
microenvironment and genetic factors [34]. Systemic cytokines can exert
important effects in such context, including induction/inhibition of immune
responses, cell differentiation, proliferation, and/or cancer development. The
analyses of cytokine levels and the identification of specific cytokine profiles are
crucial to better understand the susceptibility, the development and the clinical
course of prostate cancer and benign hyperplasia diseases [35,36]. Here, we
characterized the Th1/Th2/Th17 profile of serum cytokines in PCa and BPH

patients as well as in healthy Brazilian men (controled for both diseases).

In the present study, prostate cancer patients presented serum levels of
IL-10 significantly higher than those observed in control individuals. IL-10 is a
key anti-inflammatory cytokine, with a dual role in cancer development. Among
its effects, IL-10 may suppress Thl immune responses and protect the tumor
cells from lysis mediated by cytotoxic T lymphocytes [7], favouring tumor
development and metastasis [8,36-38]. In contrast, high levels of IL-10 have

been associated with reduced angiogenesis, throught reduction of vascular
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epithelial growth factor expression. In this context, tumor progression may be
affected by a limitation on blood supply [38,39]. Not different from other
cancers, in PCa the role of IL-10 is still contoversal [10,13,14,40-45]. In line with
our findings, IL-10 overexpression was reported on different tumors, and was
associated with cancer development, including in PCa [7,8,10,36,37,46,47].
High IL-10 serum levels were already observed in PCa individuals attained by
cachexia, as compared to healthy controls, and a contribution of IL-10 to PCa
development was suggested [36]. A fact that deserves attention is that IL-10
expression in tumoral conditions has been associated with increased HLA-G
protein expression in humans [8]. This is even more remarkable when taking
together with our previous study where we reported a high HLA-G protein
expression in PCa tissues contrasting to a virtual absence of HLA-G expression
on non-tumoral prostate tissues [29]. IL-10 is often expressed by tumors and
tumor-infiltrating cells [48] and is frequently observed near HLA-G expressing
cells [8]. IL-10 is a major factor in the up-regulation of HLA-G expression in
human cancer cells, potentially providing to such cells a mechanism of immune
escape [8,28]. In the same direction, and potencializing its effect, HLA-G can
increases IL-10 secretion [31,49]. Particularly, soluble HLA-G may increase IL-
10 production even in the absence of HLA-G expressing cells [50]. So, it is
possible that high levels of soluble HLA-G molecules, as well as of IL-10,
present in the peripheral blood of cancer patients, would reflect a systemic state
of immunological tolerance in the organism [50]. So far, there are no studies in
PCa and BPH, or other proliferative prostatic condition, approaching a

correlation between IL-10 and HLA-G expression. Altogether, our data highlight
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the importance of more studies in this area and suggest a possible influence of

IL-10 in PCa cancer development.

The PCa individuals here studied also presented higher serum levels of
TNF-a as compared to healthy men. TNF-a expression has been reported in
several human tumors, including PCa [35,36,51]. This pro-inflammatory
cytokine may contribute to effective antitumor immune responses through
essential inflammatory reactions or, in another hand, may favour cancer
development and progression due to its role as a critical mediator of chronic
inflammation associated to cancer [52,53]. In previous studies, higher TNF-a
serum levels were observed in patients with advanced PCa in comparison with
healthy men, and those levels were associated with PCa progression
[35,36,54]. In adittion, increased levels of TNF-a and IL-6 were associated with
advanced disease and cachexia in patients with PCa [12,35,54]. However, this
is not a general finding since Bhavsar et al. reported low TNF-a plasma levels
in PCa patients as compared to controls and, in this same work, an increase of
TNF-a levels correlated with decreased PCa risk [14]. Since the role of TNF-a is
complex and still controversal in prostate cancer, more studies are necessary to
clarify this question. Together, the data of TNF-a and IL-10 in PCa creates a

scenario with a cytokine profile favouring PCa development.

In the present study, BPH patients presented higher serum levels of IFN-
y than PCa individuals. This pro-inflammatory cytokine is commonly reported as
an antitumoral molecule [36]. These results make sense in this
hyperproliferative prostate condition, since it is known that IFN-y can stimulate
proliferation of BPH stromal cell (but not of the normal prostate stromal cell)

[55], and proliferation of BPH epithelial cells in vitro [56]. Such proliferative
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process could occur in vivo. Importantly, it was already reported that human
BPH-derived cells in vitro can induce secretion of IFN-y and IL-17 through
activation of alloreactive CD4+ T cells. IFN-y and IL-17 can up-regulate IL-8
production by BPH cells. This IL-8 can act as a growth factor for BPH cells and
could lead to prostatic cell growth in BPH [57,58]. In addition, we also observed
higher serum levels of IL-17A in BPH patients in comparison with PCa and
control individuals. It was reported that IL-17 can be expressed by BPH
epithelial cells, and it is abundantly expressed by activated T cells from BPH
prostate [59]. Steiner et al. [59] suggested that beyond of a local influence in
prostate, a systemic influence of IL-17 in prostatic diseases would be possible.
As mentioned, in a previous work HLA-G expression was absent or very low in
BPH although quite high among PCa patients (Zambra et al, personal
communication). Also, increased levels of IFN-y correlated with decresed levels
of soluble HLA-G in serum from patients with allergic rhinitis after a treatment
with a sublingual immunotherapy that induces a shift toward Thl responses
[60]. The IFN-y and IL-17A serum levels observed among BPH patients suggest
that this disease differ from PCa by a pro-inflammatory cytokine profile that
seems to favour the benign hyperproliferative process that occurs in BPH. Our
data stimulate new studies to investigate the possible relation among IFN-y and

HLA-G in prostate cancer and benign hyperplasia.

CONCLUSIONS

In the present work, it was possible to determine that the cytokine profile
of prostate cancer patients differs from healthy individuals by higher IL-10 and

TNF-a serum levels, as well as from individuals with benign prostatic

80



hyperplasia by lower IFN-y e IL-17A levels. Morever, BPH differs from healthy
individuals by higher IL-17A serum levels. Altogether, our data suggest that a
specific cytokine profile may favour prostate cancer and benign hyperplasia
development, and can be useful for the development of more effective

therapeutic strategies in the future.
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Figure 1. Analysis of the serum cytokine levels IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y and IL-17A
between PCa, BPH and control individuals. Vertical columns represent median concentration of
cytokines (in pg/mL) in each group and error bars represent interquartile range for all graphics.
Comparisons between groups were performed by the Kruskal-Wallis test, following by Dunn’s

test when necessary. *P < 0.05. BPH, benign prostatic hyperplasia; PCa, prostate cancer.

90



Table I. Characteristics of the sample assessed in the study of cytokine profile.

PCa (n = 23) BPH (n = 44) Control (n = 22)

Ethnicity (euro-descendant)®® 19 (82.6%) 41 (93.2%) 20 (90.9%)
Age (years)*

Mean + SD 62.55+8.55 58.76 £ 9.38 53.23+7.62

Range 47 - 73 42 - 77 41 - 65
PSA (ng/mL)"* 5.88 (4.40 — 10.23) 1.18 (0.64 — 2.77) 0.89 (0.62 — 1.39)
Prostate volume (cm®)*® 31.80 (28.90 — 50.05) 30.00 (30.00 — 40.00) 20.00 (20.00 — 25.00)
Tumor stage™©

(T1+T2) 7 (30.4%)

(T3+T4) 1 (4.4%)
Gleason score®

6 (3+3) 11 (47.8%)

7 (3+4) 4 (17.4%)

7 (4+3) 1 (4.4%)

8 (4+4) 1 (4.4%)

BPH, benign prostatic hyperplasia; n, number of cases; PCa, prostate cancer; PSA, Prostate-Specific Antigen; SD, standard deviation.
# Number of cases and percentages.

® Medians and 25/75 percentiles.

° There was no information available on pathologic tumor stage for 15 (65.2%) patients and on grade stage for 6 (26.0%) patients. One
(4.3%) patient was submitted to radiotherapy.

4 p-value - Ethnicity - PCa vs. BPH vs. control: Pgoba=0.425. Age - PCa vs. BPH: P=0.234; PCa vs. control: P=0.002; BPH vs.
control: P=0.048. PSA - PCa vs. BPH or control: P<0.001 and BPH vs. control: P>0.05. Prostate volume - PCa or BPH vs. control:

P<0.001; PCa vs. BPH: P>0.05.
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Table Il. Median concentration (pg/mL) of serum cytokines in PCa, BPH and control group.

Cytokine PCa BPH Control P-value”®
(n =23) (n =44) (n=22)
IL-2 2.40 (2.17 - 2.53) 237 (2.22-251)  2.28 (2.16 - 2.40) 0.122
IL-4 2.10 (2.00 - 2.24) 212 (2.04-2.20)  2.08 (1.98 - 2.15) 0.155
IL-6 3.09 (2.56 - 4.32) 247 (2.17-329)  2.14 (2.02 - 4.19) 0.058
IL-10 1.86 (1.77 - 2.14) 1.80 (1.59-1.93)  1.65(1.54 - 1.79) 0.011
TNF-a 1.85(1.71 - 2.02) 1.86 (1.65 - 2.01) 1.70 (1.54 - 1.81) 0.025
IFN-y 1.53 (1.41 - 1.63) 1.64 (1.53-1.79)  1.58 (1.37 - 1.72) 0.013
IL-17A 4.38 (4.00 - 4.93) 4.85(4.40-5.36)  4.46 (4.13-4.71) 0.001

BPH, benign prostatic hyperplasia; n, number of cases; PCa, prostate cancer.

#Medians and 25/75 percentiles of cytokine levels (in pg/mL).

® Kruskal-Wallis test, following by Dunn’s test as the case (IL-10: Ppcaxepn=0.331, Ppcaxcontro=0.008,

PerHxcontro=0.190. TNF-a: Ppcaxepn=1.000, Ppcaxcontro=0.041, PgpHxcontro=0.053. IFN-y: Ppcaxgpn=0.023,

Ppcaxcontroi=1.000, PepHxcontroi=0.111. IL-17A: PpcaxepH=0.011, Ppcaxcontro=1.000, PepHxcontro=0.004).

¢ P-values are statistically significant when 0.05 or less.
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Table Ill. Median concentration (pg/mL) of serum cytokines in Gleason

score prostate cancer subgroups.

Cytokines

Gleason score of PCa®

<6(3+3)

27(3+4)

P-value®®

IL-2
IL-4
IL-6
IL-10
TNF-a
IFN-y
IL-17A

2.27 (2.18 - 2.36)
2.12 (2.03 - 2.24)
3.09 (2.60 - 4.51)
2.00 (1.81 - 2.33)
1.81 (1.71 - 1.95)
1.53 (1.46 - 1.66)
4.38 (4.04 - 4.89)

2.42 (2.09 - 2.55)
2.03 (1.97- 2.10)
3.32 (2.08 - 4.29)
1.77 (1.50 - 1.91)
1.76 (1.58 - 1.85)
1.61 (1.41 - 1.72)
4.08 (3.85 - 4.31)

0.391
0.365
0.688
0.175
0.479
0.578
0.208

PCa, prostate cancer.

? Sample size is Nsg(3+3)= 11, Nx7(3+4) = 6 individuals. Values are the medians and

25/75 percentiles of cytokine levels (in pg/mL).

® Mann-Whitney U test.

¢ P-values are statistically significant when 0.05 or less.
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DISCUSSAO GERAL

O papel do HLA-G em condi¢Oes patoldgicas e fisioldgicas da prdstata é
pouquissimo estudado e, consequentemente, pouco compreendido (Langat et al.,
2006; Larsen et al., 2011; Hviid, 2015). O cancer de préstata e a hiperplasia prostatica
benigna apresentam grande impacto socioeconémico no mundo e ainda ha a
necessidade de métodos diagndsticos mais eficientes, bem como abordagens
terapéuticas mais eficazes. Frente a inegdvel importancia da molécula HLA-G no cancer
como uma estratégia de escape da resposta imune antitumoral e ao potencial do HLA-
G para uso clinico, é de grande relevancia o presente estudo. Aqui, avaliamos a
influéncia do HLA-G em pacientes com cancer de prostata, hiperplasia prostatica
benigna e em homens sauddveis (controlados para CaP e HPB). Para tanto, realizamos
uma analise de polimorfismos da regiao 3’ ndo traduzida (UTR) do gene HLA-G no DNA
dos individuos estudados, bem como avaliamos a expressao protéica de HLA-G em
tecidos de prostata humana (com CaP ou HPB). Por fim, investigamos o perfil
imunolégico sistémico apresentado em cada condicdo, através da caracterizagcdo dos

individuos quanto ao perfil de citocinas séricas Th1/Th2/Th17.

A maioria dos estudos sobre HLA-G no cancer envolve a analise de expressao
proteica, do HLA-G de membrana ou soltvel, em células tumorais ou fluidos biolégicos,
e poucos estudos genéticos foram realizados. A 3’UTR do gene HLA-G apresenta sitios
polimdrficos que podem influenciar a estabilidade, disponibilidade, mobilidade e
padrdo de processamento do mRNA, e consequentemente o padrao de expressdo
proteica (Donadi et al., 2011). Assim, iniciamos o presente trabalho investigando o
impacto de hapldtipos e variantes genéticas da 3'UTR do gene HLA-G no
desenvolvimento de CaP e HPB. Um total de 468 homens brasileiros (com CaP, HPB e
controles saudaveis) foi avaliado quanto a oito variantes genéticas frequentes na
populagdo brasileira (Castelli et al., 2010). As variantes estudadas foram o
polimorfismo de inser¢cdo/delecdo de um fragmento de 14 pb (rs371194629), e os
SNPs na posicdo +3003T/C (rs1707), +3010C/G (rs1710), +3027A/C (rs17179101),
+3035C/T (rs17179108), +3142G/C (rs1063320), +3187A/G (rs9380142) e +3196C/G
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(rs1610696) do gene HLA-G. As posicdes dos sitios polimdrficos sao determinadas
considerando como nucleotideo +1 a adenina do primeiro cédon ATG traduzido e a
presenca do fragmento de 14 pares de base na regido 3’ ndo traduzida do gene
(Donadi et al., 2011, Castelli et al., 2014). Na populagao estudada, identificamos sete
haplétipos (UTR-1 a -7) que se encontram entre os mais frequentes em diversas
popula¢cdes do mundo (Castelli et al., 2010, 2011, 2014b, Sabbagh et al., 2014, Santos
et al., 2013). Destacamos neste estudo caso-controle a associa¢do do haplétipo UTR-4
(Del_+3003C_+3010G_+3027C_+3035C_+3142C_+3187A_+3196C) como um fator de
suscetibilidade ao cancer de préstata, tanto na comparacao do grupo CaP com o grupo
controle, quanto com o grupo HPB. O haplétipo UTR-4 apresentou frequéncias que
aumentavam dos controles (8,9%), para HPB (10,9%), até CaP (18,5%). Cabe salientar
gue uma alta expressdo da proteina HLA-G é caracteristica frequentemente observada
em situacGes de desenvolvimento e progressdao do cancer (Amiot et al., 2011). No
entanto, a influéncia do hapldétipo UTR-4 sobre a expressdo dessa proteina ainda é
controversa, pois o UTR-4 ja foi associado a um nivel intermediario de expressdo de
HLA-G soltuvel em populacdes brasileiras e francesas saudaveis (Martelli-Palomino et
al., 2013), enquanto em uma populacdio de Mali ndo foi observada qualquer
associacao (Carlini et al., 2013). Encontramos ainda o gendtipo +3003CT e o alelo
+3003C como fatores de risco para cancer de prdstata. E importante perceber que o
UTR-4 é o unico haplétipo de alta frequéncia que contém o alelo +3003C. Assim, a
frequéncia deste alelo acaba refletindo a frequéncia do haplétipo UTR-4 per se,
permitindo-nos reconhecer a variante +3003 como um possivel tag SNP para o risco de
CaP. Certamente, este representa o maior achado desse estudo caso-controle. O sitio
+3003 localiza-se em um segmento que pode ser alvo de varios microRNAs que
potencialmente podem regular a expressdao do HLA-G. A presenca de determinado
alelo nesta posicao poderia exercer grande influéncia sobre a ligacdo de miRNAs
(Castelli et al., 2009, Porto et al., 2015). Os miRNAs, ao ligarem-se aos mRNAs alvo,
podem induzir a degradacdo destes mRNAs ou reprimir sua traducdo (Bartel, 2009). E
possivel que a presenca do alelo +3003C, e de outros polimorfismos em desequilibrio
de ligacdo com ele, diminua a afinidade ou a especificidade do mRNA do HLA-G a
certos miRNAs, como o miR-148a-3p, -148b-3p, -4462, -4492, -193a-5p, -559 and -

6515-5p (Porto et al., 2015), aumentando a disponibilidade de mRNA e sua expressao
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em proteina. Uma elevada expressio de HLA-G poderia determinar uma
imunovigilancia menos efetiva em pacientes com CaP, favorecendo o desenvolvimento
da doenca. Porém, os perfis de expressdao do HLA-G e de miRNAs em pacientes com
CaP precisam ser investigados, bem como o impacto funcional da variante genética

+3003 na expressao da proteina HLA-G.

Estudos de diferentes grupos apontam para a associacdo de haplétipos “ndo
Ins_G_A”" (incluindo UTR-1, -3, -4 e -6, sendo que “Ins” refere-se ao alelo de insergao
de 14 pb, “G” ao alelo +3142G, e “A” ao +3187A) com nivel intermediario/alto de
expressao proteica de HLA-G (Martelli-Palomino et al., 2013, Carlini et al., 2013), o que
permite inferir o nivel de expressao dessa proteina. Em nosso estudo, encontramos o
grupo de haplétipos “ndo Ins_G_A” conferindo risco para CaP. Mais uma vez, a
associacdo de haplétipos potencialmente relacionados a um nivel elevado de HLA-G
faz sentido, pois permitiria o escape tumoral do sistema imune, contribuindo para o
desenvolvimento do CaP. Avaliando os polimorfismos quanto a progressao do CaP, nao
observamos influéncia dos mesmos no desenvolvimento de um CaP localizado ou
avancado, nem menos ou mais agressivo. Em relacdo a HPB, além da associacao ja
mencionada do haplétipo UTR-4 como fator de risco para CaP, ndo foi detectada outra
associacao significativa. Em conjunto, os dados desse trabalho apontam para a
importancia de mais estudos sobre o loco +3003 no cancer de préstata. Também é
necessario avaliar distintas popula¢des humanas para esclarecer se as associacoes
observadas no presente estudo aplicam-se a populac¢des de diferentes origens étnicas

ou geograficas.

Uma vez que nosso estudo de polimorfismos da 3’UTR do gene HLA-G forneceu
indicios da influéncia do HLA-G na suscetibilidade ao cancer de prostata, partimos para
uma abordagem funcional. Caracterizamos o padrao de expressdo da proteina HLA-G
em tecidos de prdstata de homens brasileiros com cancer de prdstata e hiperplasia
prostatica benigna. Foram avaliadas areas de tecido com CaP, com HPB e areas nao
tumorais das prostatas dos pacientes. Os tecidos ndo tumorais (saudaveis/normais)
foram considerados como controle nas analises. Para cada individuo estudado, uma
area de tecido canceroso/hiperplasico (com CaP ou HPB) e uma de tecido saudavel

foram avaliadas. Devido a limitagdes de disponibilidade amostral, os pacientes
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investigados quanto a expressdo proteica de HLA-G ndo correspondem aos da andlise

de polimorfismos do gene HLA-G, com excecao de 1 individuo com CaP.

Através da técnica de imunohistoquimica e do uso de um anticorpo monoclonal
(4H84) capaz de reconhecer todas as isoformas de HLA-G em humanos, caracterizamos
de modo semi-quantitativo o perfil de expressdao da proteina HLA-G nas amostras
avaliadas. Nos tecidos prostdticos, vimos que as moléculas HLA-G localizam-se no
citoplasma das células do epitélio glandular de maneira bem especifica, na regido
apical da célula, préxima ao nucleo. Estes resultados corroboram dados prévios de
Langat e colaboradores (2006), onde tecidos com CaP (n = 5), HPB (n = 5) e tecidos
normais da préstata (n = 5) foram avaliados quanto a expressao de quatro isoformas
de HLA-G (Langat et al.,, 2006). Utilizando um conjunto de trés anticorpos, eles
avaliaram isoladamente a expressdo das isoformas HLA-G1, HLA-G2/-G6 e HLA-G5.
Dentre estas, apenas a expressao de HLA-G5 foi detectada nos tecidos de prdstata. Até
0 momento, esse é o Unico estudo publicado em que a proteina HLA-G é avaliada em
tecido de préstata com cancer e normal. Quanto a expressdao da molécula HLA-G em
HPB, além do trabalho recém mencionado, hd o estudo de Larsen e colaboradores
(2011) em que foram avaliados sete tecidos com HPB, dentre diferentes tecidos do
sistema reprodutivo masculino e de amostras de liquido seminal. Estes sdao os Unicos
dados disponiveis na literatura cientifica sobre expressdao proteica de HLA-G no

contexto das condicOes prostaticas.

Em nosso trabalho, destacamos a observacdo de um perfil distinto de
expressao de HLA-G entre as dreas teciduais da préstata com CaP, HPB e nao tumorais.
Nas areas teciduais com cancer de prdstata, a proteina HLA-G ndo sé mostrou-se
presente em todos os casos, como foi altamente expressa na maioria deles (em 30 de
33). Encontramos indicios de que as células cancerosas da prdstata podem apresentar
um mecanismo de escape da vigilancia imunoldgica e da resposta imune antitumoral
pela expressao de HLA-G. Dentre as isoformas separadamente avaliadas por Langat e
colaboradores (2006) em tecidos da préstata (HLA-G1, -G2/-G6 e -G5), a Unica proteina
detectada foi HLA-G5, embora o mRNA de todas elas estivesse presente nos tecidos.
Eles reportam que em tecidos com CaP, a isoforma soluvel HLA-G5 é expressa

principalmente nas secre¢des prostaticas contidas no limen glandular e sua expressao
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€ quase ausente no epitélio glandular (Langat et al., 2006). Levando em conta diversos
tipos de canceres, é comum haver variagdes na frequéncia de expressao do HLA-G, e
mesmo quando um determinado tipo de cancer é avaliado em diferentes trabalhos
(Curigliano et al., 2013). Questdes metodoldgicas poderiam explicar tais varia¢des
(Curigliano et al., 2013, Singer et al., 2013, Miranda et al., 2015). No presente trabalho,
também observamos alta expressao de HLA-G (intensa e difusa) no tecido com CaP de
um paciente com genodtipo +3003CC (rs1707). Este resultado é interessante, visto que
em um trabalho anterior de nosso grupo houve associacao da variante genética +3003
do HLA-G e suscetibilidade ao CaP (Zambra et al., 2016). Conforme ja discutido, a
possivel relagdo do alelo +3003C com alto nivel de expressio do HLA-G poderia
favorecer o desenvolvimento do cancer. Até o momento, temos apenas uma

observacdo nesse sentido, de forma que esta questdo precisa ser investigada.

Quanto a préstata com hiperplasia benigna, vimos que o HLA-G ndo foi
expresso na maioria dos casos (em 12 de 20) ou apresentou baixo nivel de expressao
(nos 8 casos restantes). Estes resultados corroboram dados dos unicos dois estudos
que avaliam HLA-G em HPB (Langat et al., 2006, Larsen et al., 2011). J4 nas areas
teciduais ndo tumorais da prostata, verificamos majoritdria auséncia de expressao
proteica de HLA-G (em 50 de 53 casos). No estudo previamente mencionado de Langat
e colaboradores (2006), a expressao das isoformas HLA-G1 e -G2/-G6 foi ausente em
todos os tipos teciduais da préstata avaliados. Contudo, foi reportada forte expressao
de HLA-G5 no epitélio glandular dos tecidos normais da prostata e em algumas
secrecdes prostaticas destes mesmos tecidos (Langat et al., 2006). E importante
ressaltar que o tamanho amostral avaliado por estes pesquisadores foi bastante
reduzido, apenas 5 amostras de cada tipo tecidual, enquanto no presente trabalho
foram avaliadas areas de tecidos ndo tumorais da prdstata de 53 individuos. A
expressao proteica de HLA-G ja foi avaliada em inimeros tipos de lesdes malignas e
detectada na maioria dos tecidos com cancer, mas raramente nos tecidos saudaveis
adjacentes ao tumor (Moreau et al., 2009, Rouas-Freiss et al., 2014). Na prostata, um
achado muito comum em tecido benigno, hiperpldsico e maligno é o indicio histoldgico
de inflamacdo crénica (De Marzo et al., 2007, Alcaraz et al., 2009, De Nunzio et al.,

2011, Zambra et al., 2013). Inflamagdo na prostata pode ocorrer, por exemplo, em
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fungdo de refluxo urinario, infec¢des bacterianas ou fungicas, fatores hormonais e
dieta (De Nunzio et al., 2011). Esta questdo torna-se relevante visto que um ambiente
inflamatdrio pode levar a expressdao de HLA-G. A interleucina (IL)-10, por exemplo, é
uma citocina que representa um estimulo anti-inflamatério capaz de induzir e
aumentar a expressdo de HLA-G (Moreau et al., 1999, Ongaro et al., 2010, Fainardi et
al.,, 2011, Amiot et al., 2011, Rouas-Freiss et al., 2014). Assim, dados controversos
qguanto a expressdo de HLA-G na prdstata podem ser uma consequéncia de
caracteristicas intrinsecas da amostra avaliada em cada estudo ou mesmo da

metodologia empregada, como a utilizacdo de anticorpos distintos.

Conforme discutido, a expressao de HLA-G é conhecida por gerar um estado de
tolerancia imunoldgica. Uma das consequéncias de tal expressdo é a mudang¢a no
balancgo das citocinas, com polariza¢do para um perfil Th2 (Kapasi et al., 2000, Kanai et
al., 2001, Fainardi et al.,, 2011). Citocinas sdo proteinas sollveis produzidas por
diversos tipos de células, do sistema imune ou ndo, capazes de mediar interagdes
entre os diversos tipos celulares no organismo (Dranoff, 2004, Perambakam et al.,
2005, Wang et al., 2009, Abbas et al., 2011). Citocinas sdao importantes reguladoras e
mediadoras do sistema imunonoldgico. A sintese de determinada citocina ocorre a
partir da ativacdo celular, que entdo leva a transcricdo génica (Abbas et al., 2011). Por
contribuirem para a determinagdo da resposta imune através de seus efeitos, a
modulacdo do perfil de citocinas representa um impacto considerdvel sobre condicoes
fisiolégicas e patoldgicas (Fainardi et al., 2011). Muitos estudos vém demonstrando
gue um perfil de citocinas Th2, marcado pela presenca de citocinas
imunossupressoras, como a IL-4, IL-6 e IL-10, pode favorecer o desenvolvimento do
cancer (Kidd, 2003, Miller & Pisa, 2007). J& um perfil de citocinas Th1, incluindo IL-2 e
IFN-y, pode potencializar a resposta imune antitumoral, e este tem sido associado com
bom progndstico para varios tipos de canceres, como o de prdstata, mama, ovario e
melanoma (Dunn et al., 2006, Haabeth et al., 2011, Galon et al., 2013, Smyth et al.,
2016). Além disso, citocinas Th17, como a IL-17A, parecem ser relevantes para o
desenvolvimento inicial do cancer, crescimento e metastase (Martin-Orozco & Dong,
2009, Sakurai et al., 2016). Ja foi observado em varias linhagens celulares e em células

sanguineas mononucleares que fatores secretados no microambiente tumoral podem
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modular a transcri¢cao e a expressao proteica de HLA-G. Tais fatores incluem citocinas,
anti- e proé-inflamatdrias, como IL-10, interferon (IFN)-a,-B,-y e IL-1B (Moreau et al.,

2009, Carosella et al., 2015).

Nesse contexto, caracterizamos o perfil de citocinas Th1/Th2/Th17 no soro de
pacientes com cancer de préstata, hiperplasia prostatica benigna e em individuos
controle (sauddveis). A concentracdo das citocinas IL-2, IL-4, IL-6, IL-10, TNF-a, IFN-y e
IL-17A foi dosada para cada individuo. Pacientes com cancer de prostata
diferenciaram-se dos homens sauddveis por apresentarem distinto perfil de citocinas.
Os niveis de IL-10 e TNF-a foram significativamente maiores nesses pacientes. Com
relacdo a IL-10, nossos resultados corroboram dados de inimeros estudos que
mostram niveis elevados desta citocina em diferentes tipos de canceres, incluindo o de
prostata. Tal expressdao frequentemente estda associada com o desenvolvimento e
progressao do cancer (Miller & Pisa, 2007, Tazaki et al., 2011, Sato et al., 2011). Porém,
sabe-se que esta citocina anti-inflamatéria pode apresentar um papel duplo no
desenvolvimento tumoral. A expressao elevada de IL-10 pode, dentre outros efeitos,
levar a supressao da resposta imune Thl, promover o escape das células tumorais da
vigilancia imunoldgica e assim favorecer o desenvolvimento do cancer (Khong &
Restifo, 2002, Mocellin et al., 2005, Zabaleta et al., 2008, Tazaki et al., 2011). Por outro
lado, a expressdao desta mesma interleucina também pode estar associada com melhor
progndstico dos pacientes e com uma reducdo da angiogénese, podendo limitar o
desenvolvimento e a progressao do cancer (Huang et al., 1999, Zabaleta et al., 2008).
No cancer de préstata, o papel da IL-10 ainda é controverso (Stearns et al., 1999, Filella
et al., 2000, McCarron et al., 2002, Michaud et al., 2006, Miller & Pisa, 2007, Faupel-
Badger et al., 2008, Wang et al., 2009, Salman et al., 2012, Bhavsar et al.,2014). Niveis
elevados de IL-10 ja foram observados no soro de pacientes com CaP avancado (com
caquexia) em comparacdo com individuos saudaveis, sendo sugerida uma possivel
contribuicdo da IL-10 para o desenvolvimento do CaP (Tazaki et al., 2011). Vale
destacar que a IL-10 é um dos principais fatores capazes de induzir e elevar a
expressao proteica de HLA-G nas células cancerosas humanas (Urosevic & Dummer,
2003, Fainardi et al., 2011). Ao mesmo tempo, a expressdao de HLA-G também pode

levar ao aumento da secrecdo de IL-10 (Carosella et al., 2015, Huang et al., 2009).
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Conforme previamente descrito, numa populagdo distinta da avaliada para citocinas,
detectamos elevada expressdao de HLA-G na maioria dos tecidos com CaP. Ja na
maioria das areas ndo tumorais de tecidos de prdstata, a expressdao de HLA-G foi
ausente. Até o momento, nao ha estudos sobre CaP e HPB em que seja investigada a
possivel correlacdo entre IL-10 ou outras citocinas e HLA-G. Contudo, nosso conjunto
de dados fornece indicios da influéncia da IL-10 no desenvolvimento do cancer de
préostata, com possivel efeito na tolerancia imunoldgica. Quanto ao TNF-a, os
individuos com CaP também apresentaram maiores niveis séricos que os homens
saudaveis. A expressao elevada desta citocina pré-inflamatdria tem sido reportada em
varios canceres humanos, incluindo o de préstata (de Miguel et al., 2000, Michalaki et
al., 2004, Tazaki et al.,, 2011). Assim como a IL-10, o TNF-a também pode apresentar
um duplo papel no desenvolvimento do cancer (Chu, 2013, Stark et al., 2015). Em
varios estudos tem sido observado elevado nivel sérico de TNF-a em pacientes com
CaP avancado em comparacdo com controles, sendo este associado com a progressao
da doenca (Pfitzenmaier et al., 2003, Perambakam et al., 2005, Michalaki et al., 2004,
Tazaki et al., 2011). Porém, em um estudo foi observado menor nivel de TNF-a no
plasma de pacientes com CaP em comparagdo com controles, com o aumento de TNF-
a sendo correlacionado com menor risco de CaP (Bhavsar et al., 2014). Como o papel
do TNF-a é complexo e ainda controverso no CaP, mais estudos sdao necessarios para
esclarecer este cenario. Nossos dados sobre TNF-a e IL-10 indicam que tal perfil de
citocinas possivelmente favorece o desenvolvimento do CaP, podendo ser util na

diferenciacdo entre estes pacientes e individuos saudaveis.

Os pacientes com HPB aqui estudados apresentaram maiores niveis séricos de
IFN-y que individuos com CaP. Esta é uma citocina pro-inflamatdria reconhecida por
ter efeito antitumoral (Tazaki et al., 2011). Este resultado faz sentido nessa condicdo
prostatica hiperproliferativa, pois sabe-se que o IFN-y pode estimular a proliferacdo de
células estromais (Kramer et al., 2002) e epiteliais de HPB in vitro (Deshpande et al.,
1989). A proliferagdo de células da prostata hiperplasica in vitro também pode ocorrer
sob a influéncia das citocinas IFN-y e IL-17 secretadas por células T (Penna et al., 2009;
Bardan et al., 2015). Assim, é possivel que estas duas citocinas influenciem na

proliferacdo celular que ocorre na HPB in vivo. Em nosso estudo, também observamos
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maiores niveis séricos de IL-17A em pacientes com HPB em comparagdo com
individuos com CaP e com homens sauddveis. Foi reportado que IL-17 pode ser
expressa por células epiteliais de HPB e abundantemente expressa por células T
ativadas de proéstata hiperplasica in vitro. Além da influéncia local da IL-17 na HPB,
também é sugerida uma influéncia sistémica (Steiner et al., 2003), o que é sustentado
por nossos resultados. Como anteriormente mencionado, avaliando individuos
distintos, encontramos em tecidos de HPB a auséncia ou baixa expressao da proteina
HLA-G, enquanto na maioria dos tecidos com CaP foi observada alta expressdo de HLA-
G. O aumento do nivel de IFN-y ja foi correlacionado com a diminuicdo do nivel de
HLA-G solivel em pacientes com rinite alérgica apds tratamento com uma
imunoterapia que induz a polarizacdo para uma resposta imune Th1 (Ciprandi et al.,
2008). O perfil de citocinas marcado por IFN-y e IL-17A indica que pacientes com HPB
diferem dos pacientes com CaP por apresentarem um perfil pré-inflamatério que
parece estar relacionado ao processo hiperproliferativo benigno que ocorre na
préstata hiperpldsica. E interesssante que novos estudos sejam realizados para revelar

a potencial relacdo entre IFN-y e HLA-G no CaP e HPB.

O entendimento atual sobre a carcinogénese é em grande parte baseado no
estudo de tumores malignos, enquanto os tumores benignos recebem pouca atencao.
Os tumores benignos possuem vdrias caracteristicas em comum com o cancer, mas a
maioria deles ndo progride para a malignidade, como é o caso da HPB. Assim, torna-se
relevante identificar diferencas entre cancer e tumores benignos (Marino-Enriquez &
Fletcher, 2014). No presente trabalho, merece destaque a avaliacdo de trés condi¢Oes
prostaticas distintas: cancer, hiperplasia benigna e prdstata saudavel. Nossa principal
limitacdo foi o uso de diferentes grupos amostrais entre as abordagens realizadas, o que
impediu o estabelecimento de uma correlacdo direta entre dados genéticos e de
expressao. No entanto, é valido ressaltar que os grupos amostrais (nas 3 abordagens)
passaram pelo mesmo critério de selecdo e que todos os homens sauddveis (controles)
eram controlados especificamente para CaP e HPB através de avaliagao clinica. Os
resultados obtidos até o momento sdo relevantes e nos motivam a dar continuidade ao
estudo. Como préximos passos, pretendemos investigar a possivel relagdao do SNP +3003

com niveis diferenciais de expressdo proteica de HLA-G. Dentre os individuos estudados
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quanto ao perfil de citocinas, a maioria deles (17 CaP, 39 HPB e todos os 22 controles),
tiveram seu DNA genotipado no estudo de polimorfismos da 3’"UTR do gene HLA-G. Com
isso, pretendemos avaliar no soro destes individuos o nivel da proteina HLA-G soluvel e
correlacionar estes dados com a informagdao genética disponivel. Além disso, também
poderiamos correlacionar o perfil de expressao de HLA-G soluvel com o perfil de
citocinas ja avaliado, verificando uma possivel influéncia sistémica do HLA-G no perfil
imunoldgico dos pacientes. A diferenca quanto ao perfil de HLA-G soluvel entre CaP, HPB
e condicdo sauddvel teria uma potencial aplicagdo como método diagndstico. Outra
perspectiva é, a partir das amostras de tecido de préstata ja avaliadas quanto a
expressao proteica de HLA-G, avaliar a expressdo génica do HLA-G (pela analise do RNA
mensageiro), bem como a expressao de microRNAs que potencialmente possam regular
a expressao deste gene. A correlacdo entre estes dados (expressdo proteica e de mRNA
de HLA-G e miRNAs) pode revelar mecanismos de regulacdo da expressdo génica do

HLA-G nas condicOes prostaticas.

De modo geral, os dados sobre polimorfismos da 3'UTR do gene HLA-G e sobre a
expressao proteica do HLA-G em tecidos da prdstata sdao concordantes e fornecem
indicios da influéncia do HLA-G no desenvolvimento do cancer de prdstata. Aliando o
conhecimento sobre o perfil de expressdo proteica do HLA-G ao de citocinas em
pacientes com CaP, temos indicios de um perfil local e sistémico potencialmente
relacionado a tolerancia imunolégica, capaz de favorecer o desenvolvimento deste tipo
de cancer. Ja em HPB, ambos os perfis parecem apontar para maior responsividade do
sistema imune nessa condicdao que, apesar de tumoral, é benigna. O melhor
entendimento dos fatores que moldam a resposta imune para um perfil pré ou
antitumoral é critico para o melhor gerenciamento da doenca e para o desenvolvimento

de estratégias terapéuticas mais efetivas.
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ANEXO |

Termo de Consentimento Livre e Esclarecido (TCLE) — Controles

Analise imunogenética e de expressao do HLA-G em cancer de prdstata

Prezado Senhor

Estamos conduzindo um estudo para identificar caracteristicas genéticas
(polimorfismos e genes) que podem se associar a um risco aumentado de desenvolver
cancer de préstata.

Os polimorfismos sdo alteragdes que acontecem em um gene e modificam
alguma caracteristica da pessoa. Para sabermos quais polimorfismos estdo associados
a esta doenca, precisamos conhecer sua frequéncia em pessoas sauddveis para
podermos comparar com os pacientes. Através das perguntas que lhe fizemos, do
exame de PSA e de toque retal, consideramos que vocé tem baixa probabilidade de ter
hiperplasia ou cancer de préstata, podendo fazer parte do estudo para a comparacgao.
Caso aceite, realizaremos o registro de suas informacdes médicas e uma coleta de
sangue venoso - 10 mL de sangue. Este procedimento ndo apresenta risco conhecido
para sua saude, limitando-se apenas aos desconfortos da coleta de sangue. Com a
amostra de sangue, faremos a identificacdo de 8 polimorfismos em um gene
importante na regulacdo do sistema imunolégico e resposta imune antitumoral, que
podem estar associados ao desenvolvimento da hiperplasia ou do cancer de prdstata e
a forma como cada condicdo se apresenta. Também analisaremos a proteina soltvel
deste gene e o perfil de citocinas no plasma. Se o Sr. concordar, armazenaremos as
amostras para que outras caracteristicas possam ser analisadas no futuro, em outros
trabalhos de nosso grupo (neste caso, a cada nova pesquisa realizada o Sr. serd
contatado para que assine um novo Termo de Consentimento caso deseje participar, e
estes trabalhos serdo também apresentados ao Comité de Etica em Pesquisa). No
futuro, essas caracteristicas poderdo auxiliar na identificagao precoce de pacientes sob
risco de desenvolver cancer de prdstata. No entanto, os resultados deste estudo ndo

trardo beneficios diretos para o Sr.
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() Aceito que minhas amostras restantes sejam armazenadas para investigacbes
futuras.
() Ndo aceito que minhas amostras restantes sejam armazenadas para investigacdes
futuras.

O Sr. é livre para decidir por participar ou ndo do estudo, e a sua recusa nao
implicard em prejuizo em seu atendimento neste Hospital. Todas as informagdes
obtidas estardo a sua disposicdo se assim desejar. Todos os resultados referentes a
pesquisa serdo utilizados para fins exclusivos de pesquisa, sendo resguardada sua total
confidencialidade.

Eu, , fui

informado(a) dos objetivos e da justificativa da pesquisa de forma clara e detalhada,
bem como do procedimento de coleta de sangue a que serei submetido e das
determinagdes de caracteristicas genéticas e imunoldgicas que serdo feitas. Recebi
também a garantia de resposta a duvidas ou esclarecimentos relacionados a pesquisa
e da seguranca da confidencialidade dos dados obtidos.

A pesquisadora responsavel por este projeto é a Prof2. Dra. Ilma Simoni Brum
da Silva (laboratério LAGOM, n2 12106, Centro de Pesquisa Experimental, HCPA,
telefone 51 33597625 ou Laboratério de Biologia Molecular Enddcrina e Tumoral,
UFRGS, 51 33083559). Caso o senhor tenha qualquer duvida sobre o projeto poderd
nos contatar nos telefones indicados acima. Outras duvidas podem também ser
esclarecidas junto ao Comité de Etica em Pesquisa (CEP), de segunda a sexta-feira, das

8h as 17h no HCPA, telefone 51 33598304.

Local e data

Paciente ou responsdavel (nome legivel):

Assinatura:

Nome do pesquisador:

Assinatura do pesquisador:
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ANEXO Il

Termo de Consentimento Livre e Esclarecido (TCLE) — Controles (Biorrepositorio)

Prezado Sr.

Estamos conduzindo um estudo para identificar caracteristicas genéticas

(polimorfismos) que podem se associar a um risco aumentado de desenvolver
hiperplasia benigna da prostata. Os polimorfismos sdo altera¢cdes que acontecem em
um gene e modificam alguma caracteristica da pessoa. Para sabermos quais
polimorfismos estdo associados a esta doenca, precisamos conhecer sua frequéncia
em pessoas sauddveis para podermos comparar com o0s pacientes. Através das
perguntas que lhe fizemos, do exame de PSA e de toque retal, consideramos que vocé
tem baixa probabilidade de ter hiperplasia ou cancer de prdstata, podendo fazer parte
do estudo para a comparag¢ao. Caso aceite, realizaremos o registro de suas
informagdes médicas, e uma coleta de sangue venoso - 10 mL de sangue. Com a
amostra de sangue, faremos a identificacao de 2 polimorfismos em genes responsaveis
pela regulacdo da acdo dos hormoénios masculinos na préstata, que podem estar
associados ao desenvolvimento da hiperplasia ou do cancer e a forma como ele se
apresenta. Se o Sr. concordar, armazenaremos as amostras para que outras
caracteristicas possam ser analisadas no futuro, em outros trabalhos de nosso grupo
(nesse caso, estes trabalhos também serdo apresentados ao Comité de Etica em
Pesquisa e, se possivel, sera solicitado novo Termo de Consentimento como este). No
futuro, essas caracteristicas poderdo auxiliar na identificagcdo precoce de pacientes sob
risco de desenvolver cancer de prdstata. No entanto, os resultados deste estudo ndo
trardo beneficios diretos para o Sr.
O Sr. é livre para decidir por participar ou ndo do estudo, e a sua recusa ndo implicara
em nenhum prejuizo em seu atendimento neste Hospital. Todas as informacgdes
obtidas estardo a sua disposicdo se assim desejar. Todos os resultados referentes a
pesquisa serdo utilizados para fins exclusivos de pesquisa, sendo resguardada sua total
confidencialidade.

Eu, , fui informado(a) dos objetivos e da

justificativa da pesquisa de forma clara e detalhada, bem como do procedimento de
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coleta de sangue a que serei submetido e das determinagdes de caracteristicas
genéticas que serdo feitas. Recebi também a garantia de resposta a duvidas ou
esclarecimentos relacionados a pesquisa e da seguranca da confidencialidade dos
dados obtidos.

Os pesquisadores responsaveis por este Projeto sdo Prof2. Dra. llma Simoni Brum da
Silva, o Dr. Brasil Silva Neto, e o Prof. Dr. Walter José Koff (fone para contato com os
pesquisadores 33168286, 99161005, 99969044, 33163671), tendo este projeto sido

revisado e aprovado pelo Comité de Etica em Pesquisa desta Instituicdo.

Local e data

Paciente ou responsdvel (nome):

Assinatura:
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ANEXO Il

Termo de Consentimento Livre e Esclarecido (TCLE) — Pacientes HPB/CaP

Anadlise imunogenética e de expressao do HLA-G em cancer de prdstata

Prezado Senhor

Estamos conduzindo um estudo para identificar caracteristicas genéticas que
possam estar associadas ao surgimento e crescimento de tumores prostaticos. Dentre
as doencas prostaticas, a hiperplasia prostatica benigna (aumento da préstata) e o
cancer de préstata apresentam alta incidéncia na populacdo. A expressao modificada
de alguns genes pode alterar o tecido normal da préstata e levar a formacdo destes
tumores.

Como o senhor tem o diagndstico de

(hiperplasia prostatica benigna ou cancer de préstata) e lhe foi recomendada cirurgia
para a retirada da glandula, gostariamos de convida-lo para participar do estudo. Caso
aceite, sua participacao no estudo consistira em uma coleta de amostra de sangue e a
permitir que ap6s a retirada da peca cirurgica trés pequenos fragmentos da mesma (10
mm x 5 mm) sejam encaminhados para estudo genético (andlise da expressdo de
genes e proteinas). O restante da peca cirdrgica sera destinado ao exame
histopatolégico normal. Portanto, ndo havera modificagdo da técnica cirdrgica. O
material serd coletado apds o término da cirurgia, e este procedimento ndo apresenta
risco adicional conhecido para sua saude, limitando-se aos procedimentos que ja serdo
usados em sua cirurgia.

Quanto a coleta sanguinea, o Sr. serd submetido a coleta de 10 mL de sangue
venoso, hoje, apds lhe explicarmos este termo de compromisso e o senhor assina-lo ou
entdo no dia da cirurgia, com o objetivo de realizar dosagens de fatores imunoldgicos.
Os riscos envolvidos com essa coleta sao os inerentes ao procedimento, sendo a
ocorréncia de pequenos hematomas (manchas roxas) a alteragcdo mais comum.

Se o Sr. concordar, armazenaremos as amostras de sangue e de tecido para que
outras caracteristicas possam ser analisadas no futuro, em outros trabalhos de nosso

grupo (neste caso, a cada nova pesquisa realizada o Sr. sera contatado para que assine
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um novo Termo de Consentimento caso deseje participar e estes trabalhos serao
também apresentados ao Comité de Etica em Pesquisa). No futuro, essas
caracteristicas poderdo auxiliar na identificacdo de caracteristicas genéticas especificas
de pacientes sob risco de desenvolver tumores de préstata. No entanto, os resultados

deste estudo nao trardo beneficios diretos para o senhor.

() Aceito que minhas amostras restantes sejam armazenadas para investigacoes
futuras.
() Ndo aceito que minhas amostras restantes sejam armazenadas para investigacdes

futuras.

O Sr. é livre para decidir por participar ou ndo do estudo, e sua recusa nao
implicard em prejuizo a seu atendimento neste Hospital. Ndo haverd despesa para sua
participacdo neste projeto. O senhor receberd uma via deste termo de consentimento,
sendo que a qualqguer momento o seu consentimento em participar deste estudo
poderd ser retirado. Todas as informacGes obtidas estardo a sua disposicdo se assim
desejar. Todos os resultados referentes a pesquisa serdo utilizados para fins exclusivos
de pesquisa, sendo resguardada sua total confidencialidade.

A pesquisadora responsavel por este projeto é a Prof2. Dra. Ilma Simoni Brum
da Silva (laboratério LAGOM, n2 12106, Centro de Pesquisa Experimental, HCPA,
telefone 51 33597625 ou Laboratdrio de Biologia Molecular Enddcrina e Tumoral,
UFRGS, 51 33083559). Caso o senhor tenha qualquer duvida sobre o projeto poderd
nos contatar nos telefones indicados acima. Outras duvidas podem também ser
esclarecidas junto ao Comité de Etica em Pesquisa (CEP), de segunda a sexta-feira, das

8h as 17h no HCPA, telefone 51 33598304.

Eu, , fui

informado dos objetivos e da justificativa da pesquisa de forma clara e detalhada, bem
como do procedimento de coleta de sangue a que serei submetido e das
determinacgOes de caracteristicas genéticas e imunoldgicas que serdo feitas. Recebi
uma via deste termo de consentimento e também a garantia de resposta a duvidas ou
esclarecimentos relacionados a pesquisa e da seguranca da confidencialidade dos

dados obtidos.
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Local e data:

Paciente ou responsdavel (nome legivel):

Assinatura:

Pesquisador:

Assinatura:
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ANEXO IV

Termo de Consentimento Livre e Esclarecido — HPB

(Biorrepositorio)
Prezado Sr.:

Estamos conduzindo um estudo para identificar caracteristicas genéticas

(polimorfismos) e expressdo de genes que podem se associar a um risco aumentado de
desenvolver hiperplasia benigna da préstata. Os polimorfismos sdo alteragdes que
acontecem em um gene e modificam alguma caracteristica da pessoa. Como o Sr.
tem/teve hiperplasia prostatica, gostariamos de convida-lo para participar do estudo.
Caso aceite, realizaremos o registro de suas informacdes médicas, e uma coleta de
sangue venoso - 10 mL de sangue - na ocasido de sua entrada no estudo. Com a
amostra de sangue, faremos a identificacdo de 2 polimorfismos em um gene
responsavel pela regulacdo da acdo dos hormonios masculinos na prdstata. Caso o Sr.
venha a ser encaminhado a cirurgia por hiperplasia prostatica, por indicagdo médica,
independente deste trabalho, coletaremos também um fragmento do tecido
prostatico que sera retirado para a andlise de outros dois genes que podem estar
associados ao desenvolvimento de hiperplasia de prostata e a forma com que ela se
apresenta. Se o Sr. concordar, armazenaremos as amostras para que outras
caracteristicas possam ser analisadas no futuro, em outros trabalhos de nosso grupo
(nesse caso, estes trabalhos serdo também apresentados ao Comité de Etica em
Pesquisa e, se possivel, sera solicitado novo Termo de Consentimento como este). No
futuro, essas caracteristicas poderao auxiliar na identificacdo precoce de pacientes sob
risco de desenvolver hiperplasia benigna de préstata. No entanto, os resultados deste
estudo ndo trardo beneficios diretos para o senhor.
O Sr. é livre para decidir por participar ou ndo do estudo, e sua recusa nao implicara
em nenhum prejuizo em seu atendimento neste Hospital. Todas as informacoes
obtidas estardo a sua disposicdo se assim desejar. Todos os resultados referentes a
pesquisa serdo utilizados para fins exclusivos de pesquisa, sendo resguardada sua total
confidencialidade.

Eu, , fui informado dos objetivos

e da justificativa da pesquisa de forma clara e detalhada, bem como do procedimento
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de coleta de sangue a que serei submetido e das determina¢des de caracteristicas
genéticas que serdao feitas. Recebi também a garantia de resposta a duvidas ou
esclarecimentos relacionados a pesquisa e da seguranca da confidencialidade dos
dados obtidos.

Os pesquisadores responsaveis por este Projeto sdo a Profa. Dra. llma Simoni Brum da
Silva, o Dr. Brasil Silva Neto e o Prof. Dr. Walter José Koff (fone para contato com os
pesquisadores 33168286, 99161005, 99969044, 33163671), tendo este projeto sido

revisado e aprovado pelo Comité de Etica em Pesquisa desta Instituicdo.

Local e data

Paciente ou responsavel (nome)

Assinatura

Termo de Consentimento Livre e Esclarecido — CaP

(Biorrepositorio)
Prezado Sr.:

Estamos conduzindo um estudo para identificar caracteristicas genéticas
(polimorfismos) e expressao de genes que podem se associar a um risco aumentado de
desenvolver cancer de prdstata. Os polimorfismos sdo alteracGes que acontecem em
um gene e modificam alguma caracteristica da pessoa. Como o Sr. tem/teve cancer de
prostata, gostariamos de convida-lo para participar do estudo. Caso aceite,
realizaremos o registro de suas informacdes médicas, e uma coleta de sangue venoso -
10 mL de sangue - na ocasido de sua entrada no estudo. Com a amostra de sangue,
faremos a identificacdo de 2 polimorfismos em um gene responsavel pela regulacdo da
acao dos hormonios masculinos na prdéstata. Caso o Sr. venha a ser encaminhado a
cirurgia por cancer de prdstata, por indicacdo médica, independente deste trabalho,
coletaremos também um fragmento do tecido prostatico que sera retirado para a
analise de outros dois genes que podem estar associados ao desenvolvimento de
cancer de préstata e a forma com que ele se apresenta. Se o Sr. concordar,
armazenaremos as amostras para que outras caracteristicas possam ser analisadas no

futuro, em outros trabalhos de nosso grupo (nesse caso, estes trabalhos serdo também
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apresentados ao Comité de Etica em Pesquisa e, se possivel, serd solicitado novo
Termo de Consentimento como este). No futuro, essas caracteristicas poderao auxiliar
na identificacdo precoce de pacientes sob risco de desenvolver cancer de prdstata. No
entanto, os resultados deste estudo ndo trarao beneficios diretos para o senhor.

O Sr. é livre para decidir por participar ou ndo do estudo, e sua recusa nao implicara
em nenhum prejuizo em seu atendimento neste Hospital. Todas as informagdes
obtidas estardo a sua disposicdo se assim desejar. Todos os resultados referentes a
pesquisa serdo utilizados para fins exclusivos de pesquisa, sendo resguardada sua total
confidencialidade.

Eu, , fui informado dos objetivos

e da justificativa da pesquisa de forma clara e detalhada, bem como do procedimento
de coleta de sangue a que serei submetido e das determinacdes de caracteristicas
genéticas que serdo feitas. Recebi também a garantia de resposta a duvidas ou
esclarecimentos relacionados a pesquisa e da seguranca da confidencialidade dos
dados obtidos.

Os pesquisadores responsaveis por este Projeto sdo a Profa. Dra. llma Simoni Brum da
Silva, o Dr. Brasil Silva Neto e o Prof. Dr. Walter José Koff (fone para contato com os
pesquisadores 33168286, 99161005, 99969044, 33163671), tendo este projeto sido

revisado e aprovado pelo Comité de Etica em Pesquisa desta Instituic3o.

Local e data

Paciente ou responsavel (home)

Assinatura

Termo de Consentimento Livre e Esclarecido — HPB/CaP

(Biorrepositorio)

Prezado Sr.: Estamos conduzindo um estudo para identificar caracteristicas genéticas

gue possam estar associadas ao surgimento e crescimento de tumores prostaticos.
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Dentre as doencgas prostaticas, a hiperplasia prostatica benigna e o cancer de préstata
apresentam alta incidéncia na populagdo. A expressdao modificada de alguns genes
pode alterar o tecido normal da prdéstata e levar a formagao desses tumores. Como o

Sr. tem o diagndstico de (hiperplasia

prostdtica benigna ou cancer de préstata) e lhe foi recomendado cirurgia, gostariamos
de convida-lo para participar do estudo. Caso aceite, sua participacdo no estudo
consistira em uma coleta de amostra de sangue no dia da sua cirurgia e a permitir que
apos retirada da peca cirurgica dois pequenos fragmentos da mesma (10 mm x 5 mm)
sejam encaminhados para estudo genético. O restante da peca cirdrgica sera
destinado ao exame histopatolégico normal. Portanto, ndo havera modificacdo da
técnica cirurgica. O material serd coletado apds o término da cirurgia.

Quanto a coleta sanguinea, o Sr. serd submetido a coleta de 10 mL de sangue
venoso, no dia da cirurgia, com o objetivo de realizar dosagens hormonais e a
identificacdo de 2 polimorfismos em um gene responsavel pela regulacdo da acdo dos
hormonios masculinos na préstata, que podem estar associados ao desenvolvimento
de tumores prostaticos. Os riscos envolvidos com essa coleta sdo minimos, sendo a
ocorréncia de pequenos hematomas/equimoses a alteragcdo mais comum.

Se o Sr. concordar, armazenaremos as amostras por até 5 anos para que outras
caracteristicas possam ser analisadas no futuro, em outros trabalhos de nosso grupo
(nesse caso, estes trabalhos serdo também apresentados ao Comité de Etica em
Pesquisa e, se possivel, sera solicitado novo Termo de Consentimento como este). No
futuro, essas caracteristicas poderdo auxiliar na identificacdo precoce de pacientes sob
risco de desenvolver tumores de prdstata. No entanto, os resultados deste estudo ndo
trardao beneficios diretos para o senhor.

O Sr. é livre para decidir por participar ou ndo do estudo, e sua recusa nao
implicard em nenhum prejuizo em seu atendimento neste Hospital. Todas as
informacgdes obtidas estardo a sua disposicdo se assim desejar. Todos os resultados
referentes a pesquisa serdo utilizados para fins exclusivos de pesquisa, sendo
resguardada sua total confidencialidade.

Os pesquisadores responsaveis por este Projeto sdo a Profa. Dra. llma Simoni
Brum da Silva (fone 99969044), o Prof. Dr. Milton Berger (21018286), o Prof. Dr.
Walter José Koff e o MsC. Vanderlei Biolchi (fone: 84024050). Caso o Sr. tenha
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qualquer duvida sobre o projeto podera nos contatar nos telefones indicados acima.
Tendo este projeto sido revisado e aprovado pelo Comité de Etica em Pesquisa desta

Institui¢do (fone: 21018290).

Eu, , fui informado

dos objetivos e da justificativa da pesquisa de forma clara e detalhada, bem como do
procedimento de coleta de sangue a que serei submetido e das determinacdes de
caracteristicas genéticas que serdo feitas. Recebi também a garantia de resposta a
duvidas ou esclarecimentos relacionados a pesquisa e da seguranca da

confidencialidade dos dados obtidos.

Local e data

Paciente ou responsavel

Pesquisador
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MCPA - HOSPITAL DE CLINICAS DE PORTO ALEGRE
% GRUPO DE PESQUISA E POS-GRADUAGAO

COMISSAO CIENTIFICA

A Comissdo Clentifica do Hospital de Clnicas de Porlo Alegre analiady 0 projens

Projeto: 140462
Data da VeraBo do Projeto:  18/08/2014

Pesquisadores.

LNA SN0N BRUM DA SILVA
PRANGS MARIA BAD ZAMERA
JOSE ARTUR B0OG0 CHES
VANDERLE] BOLCHI

DRASL SILVANETO

MLTON DERGER

Tieule:  Andlise Imuncgendica @ de Expressio do HLA-G em Cancar de Prastata

Esto projeto for APROVADO om ssus sspecios dfcos, metodadgicos, logistioos & Mancairnes par

ser realzado no Hospisl de Clinicas de Porto Alegre.

Esta aprovagdo estd basoada nos parecores dos respectivos Comitds de E9ca » do Servigo ce Gestio

em Posqusa,

- Os pesquisadores vinoulados 20 projeto ndo participaram de qualguer elapa do procasso de avaicdo

o tous projencs

« O pesquisador deverd apresamiar relathnos semestras de acompachamemo # reaiédo inal a0 Grupo

de Pesquiss 8 Pis-Gesdusciio (GPPG)

A, 2T ce sstemitro de 2014,

Prof. Josa Gokaim
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