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RESUMO

Os tumores renais compreendem 6% de todas as neoplasias pediatricas e, destes, 95% sdo do
tipo embrionario, denominado de Tumor de Wilms (TW). O microambiente ¢ critico na
patogénese do cancer através da interacdo entre as células neoplasicas, estroma e sistema
imune. O Fator de Crescimento Transformador B1 (TGFB1) ¢ uma citocina pleiotropica que,
através da ligagdo com um complexo de receptores transmembranares serina/treonina quinase
(TGFBRI e TGFBRII), atua de maneira dual no contexto neopldsico como inibidor do
crescimento tumoral em estagios iniciais € promotor do crescimento em estagios avancados
da carcinogénese. Muitos polimorfismos genéticos de TGFBI1 e de seu receptor TGFBR2 tém
sido relatados em associagao com o desenvolvimento de doengas, inclusive o cancer. Nesse
contexto, o presente estudo objetivou avaliar a influéncia dos polimorfismos rs1800468,
rs1800469, rs1800470 e rs1800471 de TGFBI e suas estruturas haplotipicas e do
polimorfismo rs3087465 de TGFBR2 na susceptibilidade e prognostico da doenca.
Inicialmente, investigou-se os 4 polimorfismos de TGFBI em relacdo a susceptibilidade e
prognodstico de TW. Foram genotipadas 35 amostras de tecido tumoral de pacientes com TW e
170 amostras de sangue periférico ou mucosa bucal de criangas livres de neoplasia, por PCR-
RFLP seguido de analise em gel de poliacrilamida corado em nitrato de prata. Foi encontrada
associacao do alelo T do polimorfismo rs1800469 (OR= 8,417; 95% IC= 3,177 a 22,297,
p<0,001) e do alelo C do polimorfismo rs1800470 (OR= 3,000; 95% IC= 1,296 a 6,944;
p<0,01) de TGFBI, ambos no modelo recessivo, com risco de desenvolvimento ao tumor.
Nenhuma correlagdo foi observada entre os polimorfismos e os pardmetros clinicos dos
pacientes (tamanho tumoral, invasdo capsular, acometimento de linfonodos e metéstase).
Além disso foi encontrada associagdo significativa da estrutura haplotipica GCTG com a
diminui¢do do risco de desenvolvimento de TW (OR= 0,2361, IC 95%= 0,105 a 0,534; p<
0,001) e GTTG, que foi associado com risco (OR= 12,00; IC 95%= 4,202 a 34,270; p<0,001).
Posteriormente, foi investigado o polimorfismo rs3087465 de TGFBRZ2. Esse estudo foi
constituido de 35 amostras de tecido tumoral de pacientes TW e 123 amostras de sangue
periférico de individuos controles. Nenhuma associacdo foi observada quanto ao
polimorfismo e susceptibilidade ao TW, no entanto, em relagcdo as caracteristicas clinico-
patologicas dos pacientes foi observada uma correlacdo negativa do polimorfismo para
invasdo capsular (1=-0,430; p=0,029) e acometimento de linfonodos (1=-0,449; p= 0,022).
Assim, embora estudos adicionais sejam necessarios para esclarecer o papel de TGFBI e
TGFBRII no TW, o presente trabalho ¢ o primeiro a demonstrar que variantes alélicas destes
genes, podem representar um marcador de suscetibilidade e prognostico ao TW.

Palavras-chave: Tumor de Wilms. Polimorfismos genéticos. TGFBI. TGFBR2. Haplotipos.
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ABSTRACT

Renal tumors comprise 6% of all pediatric neoplasms, and of these, 95% are embryonic type,
called Wilms' Tumor (WT). The microenvironment is critical in cancer pathogenesis through
the interaction between neoplastic cells, stroma and the immune system. Transforming
Growth Factor Bl (TGFB1) is a pleiotropic cytokine which, through binding to a
transmembrane serine / threonine kinase receptor complex (TGFBRI and TGFBRII) acts in a
dual role in the neoplastic context as a tumor growth inhibitor in early stages and promoter of
growth in advanced stages of carcinogenesis. Many genetic polymorphisms of TGFBI and its
TGFBR?2 receptor have been reported in association with diseases development, including
cancer. In this context, the present study aimed to evaluate the influence of TGFBI
rs1800468, rs1800469, rs1800470 and rs1800471 polymorphisms and their haplotype
structures and TGFBR2 rs3087465 polymorphism on the susceptibility and prognosis of the
disease. Initially, four TGFBI polymorphisms were investigated in relation susceptibility and
prognosis of TW. The study included 35 tumor tissue samples from WT patients and 170
samples of peripheral blood or oral cell from neoplasia-free children that were genotyped by
PCR-RFLP followed by analysis on polyacrylamide gel electrophoresis stained with silver.
Were found association of the T allele of rs1800469 polymorphism (OR= 8.417; 95% IC=
3.177 to 22.297; p<0.001) and of the C allele of rs1800470 polymorphism (OR= 3.000; 95%
IC=1.296 to 6.944; p<0.01) of TGFBI, both in the recessive model, for tumor development
risk. No correlation was observed regarding the polymorphisms and clinical parameters of the
patients (tumor size, capsular invasion, lymph node involvement and metastasis). In addition,
a significant association of the GCTG haplotype structure was observed with a risk reduction
of developing WT (OR = 0.2361, 95% CI = 0.105 to 0.534, p <0.001) and GTTG, which was
associated with risk (OR = 12.00, 95% CI = 4.202 to 34.270, p <0.001). Subsequently, the
TGFBR?2 13087465 polymorphism was investigated. This study consisted of 35 tumor tissue
samples from WT patients and 123 peripheral blood samples from control subjects. No
association was observed between polymorphism and WT susceptibility, however, in relation
to the clinical-pathological characteristics of patients a negative correlation of the
polymorphism for capsular invasion (t =-0.430; p = 0.029) and lymph node involvement (t
= -0.449, p = 0.022). Thus, although additional studies are needed to clarify the role of
TGFB1 and TGFBRII in WT, the present work is the first to demonstrate that allelic variants
of these genes may represent a marker of susceptibility and prognosis to WT.

Key words: Wilms tumor. Polymorphisms. TGFB1. TGFBR2. Haplotype.
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1 INTRODUCAO

O cancer ¢ uma doenca heterogénea caracterizada pela proliferacao
descontrolada de células que, devido a uma série de eventos, perdem caracteristicas de
regulacao tornando-se malignas (DAVIDOFF, 2010). Sua participagdo como grave problema
de saude publica ¢ inegavel: dados do International Agency for Research on Cancer (IARC) e
da Organizacdo Mundial de Satide (OMS) apontam que, no ano de 2012, o cancer foi
responsavel por cerca de 8 milhdes de 6bitos no mundo, sendo que, no Brasil, a estimativa
para o biénio 2016-2017 prevé a ocorréncia de 600 mil novos casos da doenca (INCA, 2015).

O cancer infantojuvenil € caracterizado por acometer individuos até 19 anos.
Considerado raro, representa apenas 1% a 3% de todos os tumores malignos, contudo, ¢ a
principal causa de mortes em decorréncia de doencas nessa faixa etdria. De acordo com o
Sistema de Informagdo sobre Mortalidade (SIM) foram registrados 2.835 dbitos no Brasil em
2013, sendo que ainda sao estimados cerca de 12.600 novos casos da doenga para os anos de
2016-2017 (INCA, 2015).

A etiologia do cancer ¢ complexa e envolve o acumulo de alteragdes
genéticas e epigenéticas em uma célula normal, que adquire fendtipo maligno comportando-se
de maneira patoldgica, proliferando-se indefinidamente. Apesar dos fatores de risco
envolvidos na transformagdo da célula incluir tanto fatores intrinsecos como extrinsecos,
quando se fala em cancer infantil consideram-se as alteragdes genéticas inatas os principais
fatores de risco dada a baixa idade ao diagndstico e consequente baixa exposicao a fatores
ambientais (DAVIDOFF, 2012).

Os tipos de cancer que se desenvolvem em criancas e adolescentes diferem
daqueles que se desenvolvem em adultos, sendo que alguns deles sdo raros em individuos
mais velhos. Algumas dessas neoplasias originam-se de células embrionarias e estdo
associadas as alteragdes durante o desenvolvimento embrionario normal do 6rgao acometido,
sendo denominados tumores embrionarios (AMERICAN CANCER SOCIETY, 2015). Esses
tumores sdo mais comuns em criangas até 5 anos e considera-se que os principais fatores
envolvidos no seu desenvolvimento s3o a exposicdo neonatal, fatores pré-natais e fatores
genéticos inatos, dentro dos quais se enquadram a participacdo de variantes polimorficas em
genes importantes para a embriogénese (MONTALVAO-DE-AZEVEDO et al., 2015).

Além da etiologia, os tumores pediatricos apresentam particularidades em

relagdo aos tipos de cancer que acometem individuos adultos, se diferenciando quanto aos
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locais primarios, a origem histologica e ao desenvolvimento clinico, tendendo a ser mais
agressivos, com curtos periodos de laténcia e alta taxa de proliferagdo e invasao (MALKIN,
1997).

Apesar de considerados mais agressivos, os tumores pedidtricos sio
geralmente mais sensiveis as modalidades convencionais de tratamento (MALKIN,1997). No
entanto, uma vez que este visa cé¢lulas com alta taxa de proliferacao e os tumores em questao
afetam tecidos ainda em desenvolvimento, existe uma grande preocupagdo com o prejuizo no
desenvolvimento do 6rgdo imaturo (DUFFNER, COHEN e¢ PARKER, 1988). Além disso,
estudos ja relataram a associagdo da exposi¢do ao tratamento de radioterapia em criangas € o
risco de desenvolvimento de novas neoplasias e doengas cardiacas na idade adulta (WONG et
al., 2016).

Tendo em vista as diferengas apresentadas e levando em consideragdo o
risco ao qual a crianga esta exposta, faz-se necessario o estudo diferenciado desse conjunto de
neoplasias visando o melhor entendimento dos mecanismos que o medeiam, possibilitando
assim, o desenvolvimento de novas terapias direcionadas a diminuicdo do impacto do

tratamento a crianga.

1.2 TUMOR DE WILMS

Tumores renais na infincia sdo raros, correspondendo a cerca de 6% de
todas as neoplasias nessa faixa etaria. Destes, 95% possuem origem embriondria denominados
de Nefroblastomas ou Tumor de Wilms (TW) e acometem 1:10.000 criangas (ROYER-
POKORA, 2013), sendo igualmente distribuido entre os sexos (DAVIDOFF, 2012;
PROVENZI et al., 2014). No Brasil, o TW tem incidéncia de 10 casos por milhdo em
criangas com idade inferior a 14 anos, com alta prevaléncia na faixa dos 1 aos 4 anos (DE
CAMARGO et al., 2011).

Tipicamente o tumor apresenta-se como uma massa abdominal de tamanho
variavel na regido dos rins, palpavel ao exame fisico e observado através de exames de
imagem. Apesar de assintomatico na maioria dos casos, cerca de um ter¢o dos pacientes
apresentam dor abdominal, anorexia, vOmito ou mal-estar. A presenca de metastase ao
diagnodstico € rara e acontece em 12% dos casos, nos quais os pulmdes e o figado sdo os

principais sitios metastaticos (DAVIDOFF, 2012). Além disso, a forma unilateral e
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esporddica da doenca ¢ a mais frequente, sendo que apenas 5-10% dos casos possuem
envolvimento bilateral e 1% ¢ considerado hereditario (BRESLOW et al., 2006).

O envolvimento de fatores genéticos inatos em associacdo com o TW tem
sido amplamente investigado. O primeiro relato de anormalidades citogenéticas foi em
pacientes com anomalias genitourinarias, TW, aniridia e retardo mental (sindrome de
WARG), os quais apresentavam alteragdes no cromossomo 11, no gene Wilms tumor 1 (WTI)
(CALL et al., 1990). Esse gene codifica um fator de transcricdo que pode agir como supressor
tumoral, no entanto, apenas cerca de 5% dos pacientes com TW esporadico apresentam tal
alteragdo (SUGIYAMA, 2010). Além da sindrome de WARG, outras sindromes foram
relacionadas com alteragdes em WTI, dentre elas as sindromes de Denys-Drash e Fraser,
ambas com alteragdes genitourinarias (DOME e COPPES, 2002). Outras alteracdes génicas
encontradas ainda incluem os genes Wilms tumor 2 (WT2), no brago longo do cromossomo 16
(16q), Tumor protein P53 (TP53) (DAVIDOFF, 2012), Wilms tumor gene on the X
chromosome (WTX) e Catenin (Cadherin-Associated Protein) Beta 1 (CTNNBI)
(RUTESHOUSER, ROBINSON e HUFF, 2008).

Os critérios de estadiamento para o TW sdo baseados na extensdo anatdmica
do tumor, enquanto a terapia ¢ baseada no estdgio da doenca e no grau histologico
(KALAPURAKAL et al., 2004). Atualmente, dois sistemas de estadiamento sdao utilizados:
um quando ndo usada quimioterapia pré-operatdria desenvolvido pelo National Wilms's
Tumor Study Group (NWTSG)/ Children’s Oncology Group (COG) e um pds-quimioterapico
desenvolvido pelo International Society of Pediatric Oncology (SIOP) (Tabela 1).
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Tabela 1- Sistemas de Estadiamento para Tumores renais

Estagio NWTSG (pré-quimioterapico) SIOP (Pos-quimioterapico)
(@) Tumor confinado ao rim e (a) Tumor limitado ao rim ou revestido com
completamente ressecado pseudocépsula fibrosa se for a dos contornos
(b) Auséncia de ruptura anterior ou durante normais do rim, esta pode estar infiltrada com
o procedimento cirurgico o tumor contanto que ndo atinja a superficie
I (c) Vasos do seio renal envolvidos além de (b) Tumor pode ter protrusdo para o sistema
2 mm pélvico e ‘imersdo’ no ureter (sem infiltracao
(d) Sem tumor residual aparente além das em suas paredes)
margens de excisao (c) Veias do seio renal ndo envolvidas
(d) Envolvimento do vaso intrarrenal pode
estar presente
(a) Tumor se estende além do rim, mas (a) Tumor se estende além do rim ou penetra a
completamente ressecado capsula renal e/ou pseudocéapsula na gordura
(b) Sem tumor residual aparente nas peri-renal, mas é completamente ressecado
margens da excisao (b) Tumor infiltra seio renal e/ou invade o
(c) Trombo tumoral em vasos fora do rim é sangue e vasos linfaticos fora do parénquima
o estagio II se o trombo ¢ removido com o renal, mas é completamente ressecado
tumor (¢) Tumor infiltra 6rgdos adjacentes ou veia
Embora a biopsia tumoral ou o derrame cava, mas ¢ completamente ressecado.
I local  confinado ao flanco  fossem
considerados no estagio Il pelo NWTSG no
passado, tais eventos serdo considerados a
fase Il nos proximos estudos COG.
Tumor residual confinado ao abdome: (a) Excisao incompleta do tumor, que se
(a) Linfonodos no hilo renal, cadeias estende para além das margens de ressecgdo
periadrticas, ou além, apresentam tumor (b) Envolvimento de linfonodos abdominais
(b) Contaminagdo peritoneal difusa pelo (c¢) Ruptura do tumor antes ou durante a
tumor cirurgia (independente de outros critérios de
(c) Tumor encontrado nas superficies estadiamento)
peritoneais (d) Tumor penetrou através da superficie
11 (d) Tumor estende-se além das margens peritoneal
cirargicas quer microscopicamente ou (e) Trombos tumorais presentes nas margens
grosseiramente de ressec¢do de vasos ou ureter, transpostos ou
(e) Tumor nao completamente ressecado removidos fragmentadamente pelo cirurgidao
devido infiltra¢do local em estruturas vitais  (f) Realizagdo de bidpsia pré-
quimioterapica/pré-cirargica
Envolvimento de linfonodos regionais foi
considerado estagio Il no sistema de
estadiamento SIOP anterior.
Presenca de metastase hematogénica ou Presenca de metastase hematogénica (pulmao,
v para linfonodos distantes figado, o0sso, cérebro, etc.) ou metastases
linfonodais fora da regido abdomino-pélvica
v Envolvimento renal bilateral ao diagnostico  Tumor renal bilateral ao diagndstico

Adaptado de METZGER ¢ DOME (2005)

As caracteristicas histologicas sdo os principais indicadores levados em

consideracdo para a determinagdo do prognostico do paciente, a partir das quais os tumores
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sao divididos em histologicamente favoravel ou desfavoravel (BECKWITH ¢ PALMER,
1978). Os tumores com histologia favoravel sao os mais frequentes e compreendem aqueles
sem a presenca de anaplasia ou com anaplasia focal, caracterizada pela presenga de células
anapldsicas em menos de 10% dos campos analisados. Ja os tumores de histologia
desfavordvel apresentam anaplasia do tipo difusa (GREEN et al, 1994) e acometem
principalmente criancas com idade superior a 4 anos, apresentando um menor indice de cura e
maior risco de recaidas, assim como os tumores blastemais quando em tratamento com
quimioterapia pré-operatoria (MATURU, 2016).

O tumor costuma responder bem a quimioterapia e a maioria dos casos ¢
tratada com a combinagao de cirurgia e quimioterapia, sendo a radioterapia utilizada para os
casos de doengas em estagios mais avangados. Com os protocolos atuais de tratamento, o
indice de sobrevivéncia para os pacientes com TW tornou-se superior a 85%, no entanto,
cerca de 25% responde mal ao tratamento ou apresenta recaidas e metade destes vem a Obito
apesar do tratamento intensivo (KALAPURAKAL et al., 2004; METZGER ¢ DOME, 2005;
DOME et al., 2006). Dessa forma, o aumento do conhecimento quanto a biologia do tumor
assim como a busca por marcadores que auxiliem uma melhor estratificagio e
desenvolvimento de terapias mais refinadas e especificas sdo fundamentais (CONE et al.,
2016; MATURU, 2016).

Classicamente, o TW ¢ caracterizado pela consisténcia trifasica, o qual
inclui elementos blastemais, epiteliais e estromais em diferentes graus de diferenciagdo e
distribuicao, ndo sendo necessaria a presenga dos trés componentes para o diagndstico
(RIVERA e HABER, 2005). A presen¢a de células musculares lisas ou esqueléticas, tecido
adiposo e outras diferenciagdes providas do estroma neopldsico também podem ocorrer,
principalmente em tumores submetidos a quimioterapia pré-operatdria (POPOV, SEBIRE e
VUJANIC, 2016).

Sabe-se que os tumores embrionarios estao associados a alteragdes durante
o desenvolvimento embrionario normal do 6rgdo. O rim metanéfrico desenvolve-se a partir do
mesoderma intermediario, que da origem a células epiteliais, mesenquimais e do estroma, as
quais dao origem ao rim. A embriogénese renal ¢ um processo complexo € minucioso que
consiste na interagao reciproca de dois tecidos embrionarios precursores, o epitelial do botao
uretérico e o mesénquima metanéfrico (SAXEN e SARIOLA, 1987). Defeitos em etapas da
nefrogénese, como alteragdes na indug¢do da transi¢do mesenquima-epitelial durante a
formacao dos néfrons podem levar a restos nefrogénicos (SCHEDL, 2007), os quais

consistem em células indiferenciadas, blastemais, com diferentes graus de diferenciacdo no
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rim maduro. Apesar de raramente serem encontrados em rins normais, os restos nefrogénicos
sao considerados precursores do TW (RIVERA e HABER, 2005).

Todo o processo de nefrogénese ¢ finamente coordenado por diversos
fatores de transcricdo, proto-oncogenes € supressores tumorais, fatores de crescimento,
citocinas e seus respectivos receptores (HORSTE, BRAUN e HUBER, 1999; GRONE et al.,
2002; QUAGGIN e KREIDBERG, 2008) como os fatores da familia dos fatores de
crescimento transformadores beta (TGFB) (BUSH et al., 2004; SIMS-LUCAS et al., 2010),
0s quais também apresentam papel crucial no contexto do cancer (BIERIE e MOSES, 2006;

KUBICZKOVA et al., 2012).

1.3 FATORES DE CRESCIMENTO TRANSFORMADORES B (TGFB)

O TGFB desempenha papéis cruciais no desenvolvimento embriondrio,
diferencia¢do de células e tecidos, homeostasia e também em muitos estados patoldgicos.
Fazem parte dessa superfamilia as proteinas da familia activina/inibina, as proteinas
morfogenéticas Osseas (BMPs), fatores de diferenciacdo de crescimento (GDF), o fator
neurotrdfico derivado da glia (GDNF) e a subfamilia TGFB (KUBICZKOVA et al, 2012).

Os fatores da subfamilia TGFB sdo proteinas diméricas estruturalmente e
evolutivamente conservadas (ZHANG et al., 2006). Em mamiferos, sdo conhecidas trés
isoformas de TGFB (TGFB1, TGFB2 e TGFB3), codificadas por 3 genes distintos (MOSES,
ROBERTS e DERYNCK et al., 2016), e cuja funcdes sdo dadas a partir da ligagdo com os
mesmos receptores € via de sinalizagdo (CHEIFETZ et al., 1987, CHANG, BROWN e
MATZUK, 2002). Apesar da homologia entre as sequéncias, analises da fun¢do in vivo das
trés isoformas revelaram diferentes padrdes de expressao tempo-espacial, mostrando a nao
redundancia funcional (CHANG, BROWN e MATZUK, 2002; VAIDYA e KALE, 2015). No
humano adulto, o TGFB1 ¢ a forma mais abundante, sendo sintetizada por praticamente todas
as c¢lulas do organismo em diferentes concentragdes (KAJDANIUK et al., 2013).

Inicialmente o TGFB ¢ sintetizado na forma de um monomero pré-pro-TGF,
um precursor imaturo composto por uma regido de N-terminal de 29 aminoacidos (aa)
correspondente a sequéncia do peptideo sinal, uma pro-regido de 249 aa denominada Latency-
associated peptide (LAP) e uma sequéncia C-terminal de 112 aa correspondente ao TGF
ativo. Ap6s uma série de processamentos com proteases, mudangas de conformagdo e

dimerizagdo, o TGF ¢ transportado em sua forma latente para a matriz extracelular, onde
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interage com as proteinas que a compoe (KUBICZKOVA et al., 2012; PONIATOWSKI et
al., 2015). A ativagdo do TGFB se da por meio da interacdo com enzimas especificas, como a
plasmina (PIEK, HELDIN e TEN DIJKE, 1999), com a alteragdo do pH para niveis mais
baixos (LYONS, KESKI-OJA e MOSES, 1988) ou mesmo pela producao de espécies reativas
de oxigénio (EROS) (BARCELLOS-HOFF et al., 1994).

Para exercer suas fungdes, o TGFB ativo deve se ligar em um complexo de
receptores transmembrana com atividade serina/treonina quinase: o receptor de TGFB do tipo
I (TGFBRI) e o receptor de TGFB do tipo II (TGFBRII). Ha além desses um terceiro receptor
sem atividade enzimdtica, o TGFBRIII ou betaglicana, cuja funciao ¢ realizar a captura do
TGFB, mantendo-o préximo a membrana plasmatica e, assim, facilitar a ligacdo ao TGFBRII
(TEN DIJKE e HILL, 2004).

Os dimeros ativos de TGFB ligam-se aos dominios extracelulares de
TGFBRII levando ao recrutamento de TGFBRI e fosforilagdo de seu sitio de regulagdo
Glicina/Serina (dominio GS) pelo receptor II, gerando propagagao da sinalizagdo intracelular
por via candnica, dependente de SMAD, ou ndo-candnica, independente de SMAD (BLOBE,
SCHIEMANN e LODISH, 2000; MASSAGUE e GOMIS, 2006).

Na via candnica, a fosforilacdo de TGFBRI leva a ativacdo de sua
propriedade serina/treonina quinase e fosforilagdo das proteinas sinalizadoras SMAD
dependentes de receptor (R-SMADS), SMAD2 e/ou SMAD?3, as quais formam um complexo
com SMAD4 e s3o transportadas para o nucleo, onde ligam-se a regides especificas do
genoma através do dominio Mad Homology Domain I (MHI1) e com fatores de transcri¢do
através do dominio Mad Homology Domain 2 (MH2), induzindo ou reprimindo a transcri¢do
de genes dependentes de TGFB (KUBICZKOVA et al, 2012). Diversos genes sdo regulados
em diferentes células pela associagdo das SMADs com diferentes proteinas (MASSAGUE,
2000). Tal via esta ligada a efeitos antiproliferativos e pro-apoptoticos em células epiteliais e
hematopoiéticas, ou seja, efeitos antitumorais como a diminui¢do da expressdo de ciclinas e
aumento da expressdo de inibidores dos complexos ciclinas/ quinases dependentes de ciclina
(CDK), importantes proteinas reguladoras do ciclo celular (SIEGEL e MASSAGUE, 2003;
SCHMIERER ¢ HILL, 2007; PARVANI, TAYLOR e SCHIEMANN, 2011).

J& a via ndo-candnica, independente de SMADs, emprega outros
transdutores de sinal que induzem vias como a da extracellular signal-regulated MAP kinase
(Erks), c-jun amino terminal kinase (JNK), p38 mitogen-activated protein kinase (MAPK),
ikB kinase (IKK), phosphatidylinositol-3 kinase (PI3K), “Ak” thymoma protein (AKT) e a

familia das Rho GTPases (ZHANG, 2009). Ao contrario da via canoOnica, a via ndo-candnica
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parece ter como principais fungdes a inducao da proliferacdo e transi¢ao epitélio-mesenquimal
(EMT), (MU, GUDEY e LONDSTROM, 2012; ZHANG, 2016), agindo de maneira pro-
tumoral.

A regulacdo da sinalizagdo de TGFB ¢ bastante fina e ¢ realizada por 2
grupos de proteinas principais: as proteinas SMADs inibitorias (I-SMADs), as quais incluem
os SMADS 6 e 7; e as ubiquitina-ligases da familia ubiquination-related fator (SMURF35),
que podem atuar em conjunto com SMAD 7. Além disso, a ativagdo da via ndo-candnica
tende a bloquear a via canonica pela fosforilagdo de proteinas SMADs por proteinas da via da
MAPK, CDK e outras proteinas quinases (MASSAGUE, SEOANE ¢ WOTTON, 2005).
Alteragcdes em qualquer componente da via de sinalizagdo de TGFB pode levar a
desequilibrios na dindmica dessa citocina e consequente desenvolvimento de doengas, como o

cancer (LEVY e HILL, 2006).

1.3.1 TGFB e Cancer

O entendimento da patogénese do cancer ndo depende apenas do
conhecimento das caracteristicas das células neopldsicas, mas da compreensdao da relagdo
destas com o estroma que o circunda, incluindo células do sistema imune inato e adaptativo
assim como moléculas que fazem parte desse microambiente, que podem promover ou
dificultar a progressao tumoral (CHEN et al., 2015).

Uma das caracteristicas apresentadas pela célula neopldsica ¢ sua alta
capacidade de evasdo do sistema imunoldgico, sendo um desses mecanismos a ndo expressao
de proteinas mutadas. No entanto, o sistema imunoldgico apresenta uma resposta anti-
tumoral, principalmente apds a producao de alguns fatores e antigenos tumorais pelas células
neoplasicas, como formas anormais da proteina p53 ou superexpressao de proteinas
especificas como o Fator de Crescimento Epidermdéide Humano Receptor 2 (HER2) em
alguns subtipos de cancer de mama (DUNN, OLD e SCHREIBER, 2004) os quais atuam
como sinais de alarme para o sistema imune, estimulando as células a conterem o
desenvolvimento tumoral (SELLERI et al., 2007).

A resposta inflamatoria gerada segue com o recrutamento de células
imunitarias e indu¢do da producdo de mediadores inflamatorios como quimiocinas ¢ citocinas,
espécies reativas de oxigénio e nitrogénio, e varias outras moléculas que atuam de maneira
autdcrina ou pardcrina (GRIVENNIKOV, GRETEN e KARIN, 2010). Existe, no entanto, um

delicado equilibrio entre a atividade antitumoral e a atividade imunitaria promotora do tumor,
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uma vez que em muitos casos 0 microambiente gerado torna propicia a sobrevivéncia das
células malignas.

Dentre as moléculas presentes no microambiente tumoral, o TGFBI1
destaca-se devido seu papel dual no cancer. Em células normais e pré-malignas, o TGFBI age
como um supressor tumoral por meio de seu efeito anti-proliferativo e préd-apoptotico,
atuando em mecanismos tais como na regulagdo do ciclo celular através da diminuicdo de
ciclinas e dos complexos ciclina/CDKs. No entanto, em células malignas atua aumentando o
potencial pro-metastatico (SIEGEL e MASSAGUE, 2003).

No microambiente tumoral o TGFB1 pode ser secretado tanto pelas
proprias células neoplasicas de origem epitelial quanto pelas células do infiltrado
inflamatorio, como macrdéfagos do fendtipo tipo II (M2), células T regulatérias (Tregs) e
células supressoras derivadas da linhagem mieléide (MAO et al., 2013).

Nas células do sistema imunoldgico o TGFBI1 atua como importante
supressor da resposta imunoldgica. Ele diminui a producao de interferon gama (IFN-y) e
receptores nas células natural killer (NK), reduzindo a efetividade de sua resposta; diminui a
migra¢do, maturacgdo e secrecao de moléculas efetoras, diminui a fun¢ao citolitica de células T
CD8+ através da supressao de genes que codificam granzima A, granzima B, FasL. e INF-y,
além de induzir sua apoptose e de células dendriticas, e também estimula a diferenciagdo e
manuten¢do de células Treg, dessa forma, induzindo ainda mais a tolerancia imunolégica e
impedindo a ativa¢ao da imunidade antitumoral (FLAVELL et al., 2010).

Além disso, a sinalizacdo do TGFB1 em macréfagos induz a polarizagao
para o fenotipo do tipo II, o qual possui acdo anti-inflamatoria ou pro-regenerativa,
diminuindo a resposta imune através da secre¢cdo de TGFBI1 e interleucina 10 (IL-10),
promovendo a remodelagdo da matriz extracelular (SICA et al., 2008). Tal efeito é ainda
reforgado pela atuacdo do TGFB1 em fibroblastos (RONNOV-JESSEN e PETERSEN, 1993)
e sua capacidade de induzir EMT, processo pelo qual a célula altera seu fendtipo epitelial para
mesenquimal (PARDALI e MOUSTAKAS, 2007). Dessa forma, gera-se um comportamento
semelhante a cicatrizagdo tecidual, com inducdo da remodelagdo da matriz extracelular,
aumento da motilidade celular e indugcdo de angiogénese, os quais, em associagdo com a
inibi¢do da resposta imunolodgica, criam um ambiente propicio para o aumento do potencial
invasivo e metastatico das células neopléasicas (CHANG et al., 2005).

O aumento dos niveis de TGFB1 ja foi relatado em diversas neoplasias
(DUNNING et al., 2003; JAVLE et al., 2014; CHOI et al., 2015), mas sua relagdo com

fatores prognosticos em TW foi demostrado apenas por Zhang et al. (2014), os quais
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observaram através de ensaios de imunohistoquimica em 78 amostras tumorais de pacientes
com TW ¢ ensaio de transfec¢do transiente a associagdo do TGFBI1 com invasao ¢ metastase
de TW. No entanto, tendo em vista que o TW ¢ um tumor renal de origem embrionaria, a
participagdo do TGFBI na nefrogénese e na fung¢do normal dos rins também deve ser
considerada.

Sabe-se que o TGFB1 possui importante participagao no desenvolvimento
renal como um fator negativo do crescimento e ramificagdo de néfrons (BUSH, 2004), além
de reprimir a expressao do gene WTI, o qual é essencial em todas as etapas da nefrogénese e,
no rim maduro, na fun¢do normal dos poddcitos. De forma similar, verificou-se que citocinas
da familia TGFB, como BMP-4 ¢ TGFBI1, sao importantes na diferenciacao de podocitos e na
formacdo de capilares glomerulares através da inducdo do Transforming growth factor b-
activated kinase 1 (TAK1), um importante mediador de vias de sinalizacdo independentes de
SMAD, que atua como fator regulador negativo do fator de crescimento endotelial vascular
(VEGF), controlando assim a vascularizagdao glomerular (YAMAGUCHI et al., 1995; KIM,
2014).

Além disso, uma pesquisa com pacientes TW com histologia anapléasica
demonstrou que os genes envolvidos nas vias de sinalizagdo de 7P53 e TGFB eram os mais
afetados nessa histologia (LU et al., 2015). Nesse contexto, a expressao anormal de TGFB em
decorréncia de alteragdes em qualquer componente da via de sinalizacdo pode estar
relacionado ao desenvolvimento ou progndstico em tumores humanos.

Polimorfismos genéticos em determinados genes tem sido relatados e, como
no TGFBI1, dependendo da localizagao tais polimorfismos tém o potencial de alterar a
dindmica de expressdo ou secre¢cdo da proteina (CAMBIEN, et al., 1996). Assim, ¢ razoavel
supor que estas alteragdes no DNA podem representar marcadores de susceptibilidade e / ou

progndstico para diversas neoplasias, incluindo o Tumor de Wilms.

1.3.2 Polimorfismos na Regiio Promotora de TGFBR2 e na Regido Promotora e do

Peptideo Sinal de TGFB1

O gene do TGFBRII, TGFBR2, localiza-se no locus génico 3p24.1 e
apresenta diversos polimorfismos genéticos descritos, dentre eles, o polimorfismo rs3087465
(G-875A, ¢.-1216A>G, g.4167A>G) o qual vem sendo amplamente estudado na patogénese
de diversas neoplasias (HUANG, et al., 2014).



24

Esse polimorfismo consiste na troca de uma guanina (G) por uma adenina
(A) na posicao -875 da regido promotora de TGFBR?2 e foi primeiramente descrito por Seijo et
al. (2001), o qual demonstrou através de ensaios de Luciferase uma maior atividade
transcricional de TGFBR2 em células epiteliais normais com o alelo A sem, no entanto,
associar esse polimorfismo ao cancer. Em contrapartida, o mesmo alelo do polimorfismo em
questdo foi associado a redugdo do risco de cancer gastrico (XU et al., 2011; GUO et al.,
2012) e esofagico (JIN et al., 2008).

Ja o gene de TGFB1, TGFBI, encontra-se localizado no /locus 19ql13.1 e
apresenta diversos polimorfismos, muitos dos quais vem sendo relatados em associacdo com
o cancer, dentre eles, dois polimorfismos na regido promotora (rs1800468, G-800A, c.-
1638G>A e rs1800469, C-509T e c.-1347T>C) e dois na regido do peptideo sinal (rs1800470,
¢.29C>T, LeulOPro, T869C e rs1800471, c.74G>C, Arg25Pro).

O polimorfismo rs1800468 localiza-se em um provavel sitio de liga¢do a
familia de fatores de transcricdo CREB, e a troca de uma guanina (G) por uma adenina (A) no
nucleotideo 800 antes do sitio de inicio de transcri¢ao parece reduzir a afinidade de ligacdo a
esses fatores (GRAINGER, 1999). De forma contréria, o polimorfismo rs1800469 localiza-se
em um sitio de ligacdo consenso do fator de transcricao Yin Yang 1 (YY), sendo que estudos
de transfeccado demonstraram que a troca de uma citosina (C) por uma timina (T) no
nucleotideo 509 anterior ao sitio de inicio de transcri¢do de 7GFBI leva a um aumento da
afinidade para YY1 (SILVERMAN et al., 2004). Tal resultado pode ser um dos mecanismos
pelo qual a presenca do polimorfismo rs1800469 leva ao aumento da concentragdo da citocina
no plasma de maneira aditiva, demonstrado por Grainger et al. (1999).

Os estudos desses polimorfismos em cancer mostram-se contraditorios. Para
o polimorfismo rs1800468, poucos estudos demonstraram relagdo do alelo A com o
desenvolvimento de neoplasias, sendo que Parvizi et al (2016) e Ramos-Flores et al. (2013)
encontraram associacao desse alelo com o risco a cancer de mama e cancer de colo de utero,
respectivamente. Ja para o polimorfismo rs1800469, apesar da maioria das pesquisas
relatarem associagdo do alelo T com o risco de cancer (GUO et al., 2011; PARVIZI et al.,
2016), Jin et al. (2008) encontraram associacdo deste alelo com protecdo ao carcinoma
epidermoide esofagico.

O polimorfismo rs1800470 ocorre com a troca de uma timina (T) por uma
citosina (C) na posi¢do 869 de TGFBI, o qual leva a substituicdo de um aminoacido leucina
por uma prolina no aminoacido correspondente ao cédon 10 do peptideo sinal de TGFB1

(LeulOPro). J&4 o polimorfismo rs1800471 consiste na substituicdo de uma guanina (G) por
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uma citosina (C) na posi¢ao 74 do mRNA, correspondente ao cédon 25, levando a alteragdo
de um aminoacido arginina por uma prolina também na regiao do peptideo sinal (BERNDT et
al., 2007).

A regido do peptideo sinal ¢ uma sequéncia de aminoacidos cuja fungdo € o
enderecamento da proteina sintetizada ao reticulo endoplasmatico ainda durante a tradugao,
onde este serd removido por enzimas peptidases para que entdo a proteina madura seja
secretada (EGEA, STROUD e WALTER, 2005). Alteragdes na sequéncia do peptideo sinal
podem resultar em mudangas no potencial de reconhecimento, enderecamento e clivagem,
consequentemente alterando a dinamica de secre¢do da proteina.

Susianti ef al. (2014) demonstraram que a troca do aminoacido leucina por
prolina altera a regido do ntcleo hidrofébico do peptideo sinal de TGFBI, rompendo a
estrutura em alfa-hélice proporcionada pela leucina e alterando dessa forma a estabilidade da
interagdo do peptideo sinal com o complexo de reconhecimento no reticulo. Como
consequéncia, ha alteracao na hidrofobicidade do peptideo sinal, o qual se liga com maior
estabilidade ao complexo. Esse estudo fornece uma explicagdo para o resultado obtido por
Dunning et al. (2003), os quais demonstraram através de um ensaio de transfec¢do em células
HeLa que a variante polimorfica C (prolina) levava a um aumento de 2,8 vezes da secrecao de
TGFBI1. Nesse mesmo estudo, os autores observaram uma associa¢ao do alelo C com a
susceptibilidade ao cancer de mama.

Poucos estudos demonstraram a associacdo do polimorfismo rs1800471
com cancer, sendo que Pooja et al. (2013) verificou associacdo da variante alélica de
rs1800470 e rs1800471 com susceptibilidade ao cancer de mama.

Estudos de hapldtipos investigando em conjunto os 4 polimorfismos de
TGFBI apresentados s3o ainda mais escassos e apenas Jin ef al. (2004) realizou essa analise,
nao observando diferencas significativas entre pacientes com cancer de mama e controles.

Até o presente momento, apesar da importancia de TGFB1 no contexto do
cancer e do desenvolvimento renal embrionario, pouco se sabe sobre a influéncia dessa
citocina no TW, n3o havendo qualquer relato sobre o impacto dos polimorfismos

apresentados na patogénese da doenga.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a frequéncia e associagdo de polimorfismos genéticos de TGFBI,
assim como suas estruturas haplotipicas, € um polimorfismo de TGFBR2 na susceptibilidade e

prognoéstico de Tumor de Wilms em pacientes pediatricos.

2.2 OBJETIVOS ESPECIFICOS

ARTIGO 1
e Investigar a associagdo dos polimorfismos genéticos rs1800468, 151800469,
rs1800470 e rs1800471 de TGFBI com a susceptibilidade ao TW em um estudo do
tipo caso-controle;
e Analisar a possivel correlacdo desses polimorfismos com dados clinico-patolégicos de
pacientes com TW;

e Investigar a associagdo entre as estruturas haplotipicas compostas por esses
polimorfismos de TGFBI (rs1800468, rs1800469, rs1800470 e rs1800471) na
susceptibilidade ao TW.

ARTIGO 2
e Investigar a associacdo do polimorfismo genético rs3087465 de TGFBR2 com a
susceptibilidade ao TW em um estudo do tipo caso-controle;
e Avaliar a possivel correlagao do polimorfismo genético rs3087465 com dados clinico-

patologicos de pacientes com TW.
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3 MATERIAIS E METODOS

3.1 COLETA DAS AMOSTRAS

O presente projeto foi submetido e aprovado pelo Comité de Etica em
Pesquisa Envolvendo Seres Humanos da Universidade Estadual de Londrina, Parana, Brasil
(CEP/UEL 189/2013 — CAAE 17123113400005231) (ANEXO A). Um termo de
consentimento livre e esclarecido foi assinado pelos responsaveis das criangas doadoras para a
participagdo no estudo e coleta do material bioldogico (ANEXO B). Com relacdo as amostras
em blocos de parafina, foi concedida autorizagdo do chefe do Departamento de Patologia
Clinica, Hospital Universitario da Universidade Estadual de Londrina.

Amostras de tecido tumoral incluidas em parafina, de 35 pacientes, foram
selecionadas do Setor de Patologia do Hospital Universitario da Universidade Estadual de
Londrina e do Laboratério de Anatomia Patologica e Citologia do Norte do Parana
(Micropar). O grupo controle foi constituido de amostras de sangue periférico ou células de
mucosa bucal de 170 criangas livres de neoplasia, obtidas da Universidade Estadual de
Londrina. A analise dos prontudrios dos pacientes com TW também foi realizada quando
possivel.

Todas as analises foram realizadas no Laboratorio de Estudos e Aplicagdes

de Polimorfismos de DNA (LEAP-DNA), Universidade Estadual de Londrina.

3.2 EXTRACAO DE DNA

O DNA das amostras fixadas em formalina e incluidas em parafina foi
extraido utilizando-se o InnuPREP DNA Mini Kit (Analytik Jena AG, Jena, Alemanha), de
acordo com as recomendag¢oes do fabricante.

J& para o grupo controle livre de neoplasia, o DNA das amostras de sangue
periférico foi obtido por meio do Kit de Extragdo Mini Spin DNA (Biometrix, Curitiba, PR,
Brasil), segundo recomendagdes dos fabricantes e 0o DNA das amostras de células de mucosa
bucal foi extraido utilizando-se um protocolo baseado no uso de acetato de amonio para
eliminagdo de proteinas (AIDAR e LINE, 2007).

Todas as amostras de DNA foram quantificadas por espectrofotometria no

aparelho espectrofotdometro NanoDrop 2000® (NanoDrop Technologies, Wilmington, DE,
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EUA). A absorbancia no comprimento de onda de 260 nm foi utilizada para determinar a
concentragdo de acidos nucleicos e o grau de pureza em relagdo a contaminagdo por proteinas

foi avaliado pela razdo entre as absorbancias nos comprimentos de 260 nm e 280 nm.

3.3 GENOTIPAGEM POR PCR-RFLP

Aproximadamente 100 ng de DNA foram amplificados com primers
especificos para os polimorfismos propostos, sintetizados de acordo com as sequéncias
depositadas no GenBank. Os produtos da Reacdo em Cadeia da Polimerase (PCR) foram
entdo clivados por enzimas especificas para cada polimorfismo. Para todas as reagdes
efetuadas foi utilizado um controle positivo e um controle negativo (auséncia de DNA) a fim
de assegurar a nao contaminagao dos produtos de PCR.

Para a analise dos genotipos, os produtos das amplificagdes e produtos de
clivagem foram submetidos a técnica de eletroforese em gel de poliacrilamida 10% corados
com nitrato de prata (AgNO3).

Para garantir a especificidade da técnica, duas amostras de produtos de

amplificacao dos polimorfismos da regidao promotora e do peptideo sinal foram sequenciadas.

3.3.1 PCR-RFLP para o polimorfismo rs3087465 de TGFBR2

Para a andlise do polimorfismo rs3087465 de TGFBR2 foram utilizados os
seguintes  primers: 5’-GGAATGTCTTGGGCAAATCT-3’ (Forward) e 5’-
ACCTGAATGCTTGTGCTTTTATT-3" (Reverse). Todos os reagentes utilizados na PCR
(buffer, MgSQy4, ANTP, iniciadores ¢ Tag DNA polimerase High Fidelity) foram adquiridos
da Invitrogen® (Carlsbad, CA, EUA). As concentragdes de reagentes utilizadas e as

condi¢des de ciclagem da PCR encontram-se nas Tabelas 2 e 3, respectivamente.
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Tabela 2- Concentracoes de reagentes utilizados na PCR para o polimorfismo genético
rs3087465 de TGFBR?2

Reagentes (concentracio) Concentracao final Volume (nL)
Buffer High Fidelity (10X) 1X 2,50
MgS0O4 (50 mM) 1,5 mM 0,75
dNTP (1,25 mM) 0,1 mM 2,00
Primer Fwd (2,5 uM) 0,15 uM 1,50
Primer Rev (2,5 uM) 0,15 uM 1,50
Taq Platinum DNA polimerase 1U 0,20
High Fidelity (5U/uL)

Agua ultrapura - 15,55
Amostra ~100 ng ~1,00
Total - 25,0

Tabela 3- Condicoes de ciclagem para a amplificacido da regiio promotora de 7TGFBR2

Etapas Temperatura Tempo Numero de ciclos
Etapa 1 95°C 5 min 1
94°C 45 s
Etapa 2 59°C 45s 34
72°C 45s
Etapa 3 72°C 10 min 1

A PCR resultou em um produto de 152 pares de base (pb) que foi entdo
clivado pela enzima de restricio HpyCH4III (New Engand Biolabs, Beverly, Massachusetts,
EUA). Para tal, utilizou-se 1U da enzima para clivar 7 pLL do produto de PCR em no minimo
2 horas de incubacao a 37°C, seguindo as recomendacdes do fabricante.

A regido promotora de TGFBR2 em questdao possui um sitio de restrigao
reconhecido pela enzima HpyCH4III, que cliva o produto em 2 fragmentos de 93 pb e 59 pb
quando na presenca do alelo A. Quando ndo héd a troca de uma G por uma A o sitio de
restricao deixa de existir € a enzima nao € capaz de reconhecer e clivar, mantendo o tamanho

original de 152 pb.
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A sequéncia do fragmento amplificado assim como os sitios de restricao da
enzima e os perfis de bandas apresentadas para cada genotipo apos restricdo enzimatica sao

apresentados na Figura 1.

A B
GGAATGTCTTGGGCAAATCTGGTTGCCCTAGCAAGAAA
GGAAATTTGAAAGT TTATACT/GTTCTGCTCCCATGTTA 400
CCCCGTTTGCACATGAGAGGGTAAGTATTCTCTTTCTTC
ACCTGCATTAAGGGAATAAAAGCACAAGCATTCAGGT 300

. Sequéncia dos primers - Sitio de restrigéo da

enzima HpyCH4IIT 200

152 bp

100 93 bp

59 bp

Figura 1 —Polimorfismo rs3087465 da regiao promotora de TGFBR2. A) Sequéncia do
fragmento amplificado demonstrando em vermelho a sequéncia dos primers utilizados e em
azul a regido de clivagem para a enzima HpyCH4III. B) Perfil eletroforético do polimorfismo
rs3087465. L: ladder 100 pb; C-: controle negativo

3.3.2 PCR-RFLP para os polimorfismos rs1800468, rs1800469, rs1800470 e rs1800471
de TGFBI

Para amplificagdo da regido dos polimorfismos da regido promotora
(rs1800468 e 1s1800469) utilizou-se as seguintes sequéncias de primers: 5°-
GCAGTTGGCGAGAACAGTTG-3’ (Forward) e 5’>-CCAGAACGGAAGGAGAGTCAG-3’
(Reverse). Ja para a analise dos polimorfismos da regido do peptideo sinal os primers
utilizados foram: 5’-TTCCCTCGAGGCCCTCCTA-3’ (Forward) e 5’-
GCCGCAGCTTGGACAGGATC-3" (Reverse). As mesmas concentracdes de reagentes
foram utilizadas para ambas as regides amplificadas, as quais sdo apresentadas na Tabela 4. Ja
as condicdes de ciclagem para a regido do promotor e a regido do peptideo sinal sdo

apresentadas na Tabela 5.
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Tabela 4- Concentracdes de reagentes utilizados na PCR para os polimorfismos
genéticos da regiio promotora e do peptideo sinal de TGFB1

Reagentes (concentraciio) Concentracio final Volume (nL)
Buffer High Fidelity (10X) 1X 2,50
MgSO4 (50 mM) 1 mM 0,50
dNTP (1,25 mM) 0,1 mM 2,00
Primer Fwd (2,5 uM) 0,2 uM 2,00
Primer Rev (2,5 uM) 0,2 uM 2,00
Taq Platinum DNA polimerase 1U 0,20
High Fidelity (5U/uL)

Agua ultrapura - 14,80
Amostra ~100 ng ~1,00
Total - 25,0

Tabela 5- Condic¢oes de ciclagem para a amplificacdo da regiio promotora e do peptideo
sinal de TGFBI1

Regifio promotora Peptideo sinal Nimero
Etapas Temperatura Tempo Temperatura Tempo de ciclos
Etapa 1 94° C 10 min 96°C 10 min 1
94° C 45 s 96°C 75s
59°C 1 min 62°C 75s
Etapa 2 35
72°C ]l min 15s 73°C 75s
Etapa 3 72°C 10 min 73°C 5 min 1

A reacdo de PCR para a regido promotora gerou um produto de 597 pb, o
qual foi submetido a restricdo enzimatica. Para o polimorfismo rs1800468 foi utilizado a
enzima HpyCH4IV (New England Biolabs®) que possui um sitio de restricdo que ¢ perdido
no alelo A. Assim, o genotipo GG gera dois fragmentos de 402 pb e 195 pb, enquanto o
genotipo AA mantém o fragmento original de 597 pb. Ja para o polimorfismo rs1800469 foi
utilizado a enzima Bsu36/ (New England Biolabs®) que reconhece o alelo C, clivando-o em
dois fragmentos de 488 pb e 109 pb. Na presen¢a da mutagdo o sitio de restricao ¢ perdido e,

assim, o fragmento se mantem conservado (597 pb).
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As condigdes de clivagem para os polimorfismos da regido promotora e
peptideo sinal foram as mesmas, utilizando 1U das enzimas apropriadas para clivar cerca de
4 uL do produto de PCR, o qual foi incubado a 37°C por no minimo 2 horas.

Na Figura 2 ¢ apresentado o fragmento amplificado da regido promotora de
TGFBI juntamente com os sitios de restricdo das enzimas e os genotipos apoOs restricao

enzimatica.

A

GCAGTTGGCGAGAACAGTTGGCACGGGCTTTCGTGGGTGGT
GGGCCGCAGCTGCTGCATGGGGACACCATCTACAGTGGGGC
CGACCGCTATCGCCTGCACACAGCTGCTGGTGGCACCGTGCA B 3
CCTGGAGATCGGCCTGCTGCTCCGCAACTTCGACCGCTACGG i
CGTGGAGTGCTGAGGGACTCTGOCTCCAAC/GTCACCACCAT

rs1800468 C . rs1800469

L cC cT 1T

CCACACCCCGGACACCCAGTGATGGGGGAGGATGGCACAGT ‘ ; 597 pb
GGTCAAGAGCACAGACTCTAGAGACTGTCAGAGCTGACCCC ? 597 pb - 488 pb
AGCTAAGGCATGGCACCGCTTCTGTCCTTTCTAGGACCTCGG H : !
GGTCCCTCTGGGCCCAGTTTCCCTATCTGTAAATTGGGGACA 402 pb

GTAAATGTATGGGGTCGCAGGGTGTTGAGTGACAGGAGGCT
GCTTAGCCACATGGGAGGTGCTCAGTAAAGGAGAGCAATTC
TTACAGGTGTCTGCCTCCTGACCCTTCCATCCC/TCAGGTGTC
CTGTTGCCCCCTCCTCCCACTGACACCCTCCGGAGGCCCCCA
TGTTGACAGACCCTCTTCTCCTACCTTGTTTCCCAGCCTGACT 195 pb
CTCCTTCCGTTCTGG
. Sequéncia dos . Sitio de restri¢dio . Sitio de restrigiio
primers da enzima da enzima
HpyCH4IV Bsu36l
(rs1800468) (rs1800469)

Figura 2 —Polimorfismos rs1800468 e rs18004689 da regiio promotora de TGFBI. A)
Sequéncia do fragmento amplificado demonstrando em vermelho a sequéncia dos primers
utilizados, em verde a regido de clivagem para a enzima HpyCH4IV e em azul a regido de
clivagem para a enzima Bsu361. B) Perfil eletroforético do polimorfismo rs1800468. C) Perfil
eletroforético do polimorfismo rs1800469. L: ladder 100 pb; C-: controle negativo.

A PCR para a regido do peptideo sinal resultou em um produto de 294 pb.
Para o polimorfismo rs1800470 utilizou-se a enzima MspAI-I (New England Biolabs®), a
qual possui 4 sitios de restricdo no fragmento amplificado quando na presenca do alelo C,
sendo 1 sitio eliminado no alelo T. Assim, o gen6tipo CC apresenta 5 fragmentos de 149 pb,
67 pb, 40 pb, 26 pb e 12 pb, enquanto o genotipo TT apresenta 4 fragmentos de 161 pb, 67
pb, 40 pb e 26 pb. Ja para o polimorfismo rs1800471 utilizou-se a enzima Bgl// (New England
Biolabs®) que possui 2 sitios de restricdo no produto amplificado, sendo que na troca de G
para C um dos sitios ¢ perdido. Dessa forma, para o alelo G observa-se 3 fragmentos de 131
pb, 103 pb e 60 pb, enquanto que para o alelo C observa-se 2 fragmentos de 163 pb e 131 pb.
Devido ao pequeno tamanho dos fragmentos, aqueles de tamanho inferior a 67 pb nao
puderam ser observados nos géis.

O fragmento amplificado da regido do peptideo sinal de 7TGFBI com os
sitios de restricdo de ambas as enzimas e os gen6tipos observados sdo apresentados na figura

3.
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A B rs1800470 C rs1800471

TTCCCTCGAGGCCCTCCTACCTTTGCCGGGAG
ACCCCCAGCCCCTGCAGGGGCGGGGCTCCCC
ACCACACCAGCCCTGTTCGCGCTCTGGCAGT

GCCGGGGGGCGCCGCCTCCCCATGCCGCCCT

CC/GGGCTGCGGCTGCTGCCG/CTCCTGCTACC
G/CTGCTGTGGCTATGGTGCTGACGCCTGGC/C
GGCCGGCCG/CTGGACTATCCACCTGCAAGAC
TATCGACTGGAGCTGGTGAAGCGGAAGCGCA

L GG GC cC (-

600
500

400

300

200

TCGAGGCCATCCG/CGGCCAGATCCTGTCCAA 161 pb 163 pb
GGTGCGGC
131 pb
. Sequéncia . Sitio de resirigio . Sitio d_e: restrigdo 149 pb 100 103 pb
dos primers da enzima da enzima Bgl-1
MpAl-T (rs1800471)
(rs1800470)

Figura 3 — Polimorfismos rs1800470 e rs1800471 da regiao do peptideo sinal de TGFBI.
A) Sequéncia do fragmento amplificado demonstrando em vermelho a sequéncia dos primers
utilizados, em verde a regido de clivagem para a enzima MspAIl-1 e em azul a regido de
clivagem para a enzima Bgl-1. B) Perfil eletroforético do polimorfismo rs1800470. C) Perfil
eletroforético do polimorfismo rs1800471. L: ladder 100 pb; C-: controle negativo.

3.4 SEQUENCIAMENTO

A especificidade da deteccdo do produto de PCR em relacao aos alelos foi
demonstrada por sequenciamento direto do produto de PCR pelo Analisador Genético 3500
de 8 capilares (Applied Biosystems).

Para tal, alguns produtos de PCR para TGFBI (peptideo sinal e promotor) e
TGFBR2 foram purificados utilizando PureLink ™ PCR Purification Kit (Invitrogen),
seguindo as instru¢des do fabricante. A reagdo de sequenciamento foi realizada utilizando o
kit BigDye® Terminator v3.1 (Applied Biosystems®, Foster City, CA, EUA), 50 ng de
produto de PCR e 5 pM de iniciadores (forward ou reverse) em um volume final de 10 pl. As
condigdes de PCR foram as seguintes: 10 s a 95°C, 30 ciclos de 20 s a 95°C, 20 s a 50°C e 1
min a 60°C.

3.5 INFERENCIA DE HAPLOTIPOS

Para a inferéncia de haplétipos de TGFBI foi utilizado o softiware PHASE
(versao 2.1.1) (STEPHENS, SMITH e DONNELLY, 2001) considerando toda a amostra
como base de célculo. Através do software foram realizados os testes de permutacdo para
analisar a presenca de diferencas entre a distribui¢do de haploétipos entre controle e individuos

TW.
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3.6 ANALISE ESTATISTICA

As analises de associagdo para o estudo caso-controle foram realizadas
através do calculo de Odds ratio (OR), adotando intervalo de confianca (IC) de 95% e teste
exato de Fisher, utilizando o programa estatistico IBM® SPSS® Statistics 22.0 software
(IBM®, Armonk, New York, USA). Para os polimorfismos individuais foram testados os
modelos genotipicos, dominante e recessivo.

As analises de haplotipos também foram realizadas através do célculo da
OR levando em consideragdo suas contagens totais nos grupos.

A andlise de correlagdo entre os polimorfismos em relagdo as caracteristicas
clinico-patologicas de TW foi realizada através do célculo do coeficiente de correlagdo Tau-b
de Kendall utilizando o programa estatistico SPSS Statistics 22.0.

O valor de p para todas as analises foi considerado estatisticamente

significativo quando menor que 0,05.
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4 PRODUCAO BIBLIOGRAFICA

4.1 ARTIGO 1

TGFBI signal peptide and promoter region genetic polymorphisms and haplotype
structures: possible role as a susceptibility marker for Wilms Tumor

ABSTRACT

Renal tumors comprise 6% of all pediatric cancers, and of these 95% present embryonic
origin, called nephroblastoma or Wilms' tumor (WT). It is known that the microenvironment
is important in cancer pathogenesis through interaction between neoplastic and stromal cells
and the immune system. The molecules present in the microenvironment include the
transforming growth factor beta 1 (TGFB1), a pleiotropic cytokine presenting dual role as
tumor development, inhibitor in the initial stages and promoter in carcinogenesis advanced
stages. Many genetic polymorphisms in this gene have been reported in association with
cancer development. The objective of the present study was to analyze the association
between TGFBI rs1800468, rs1800469, rs1800470 and rs1800471 polymorphisms, as well as
their haplotypes structures and WT, and also analyze the correlation of polymorphisms with
prognostic factors in WT patients. No significant association of the rs1800468 and 1800471
polymorphisms was verified in this study. However, for the rs1800469 polymorphism a
positive association with T allele was observed in the recessive model (OR: 8.417; 95% CI:
3.177 to 22.297; p<0.001). Similarly, a significant association was found considering
rs1800470 polymorphism in the recessive model for WT risk (OR: 3.000; 95% CI: 1.296 to
6.944; p= 0.01). Furthermore, no correlation was found between clinicopathological features
and individual polymorphisms. In the case-control association study according to haplotype
structures, a significant association was verified, where the haplotype GCTG conferred
protection against tumor development (OR: 0.236, 95% CI: 0.105 to 0.534; p= 0.0002) and
GTTG was associated with risk (OR: 12.0; 95% CI: 4.202 to 34.270; p<0.001). Although
more studies are needed to clarify the role of TGFB1 in Wilms Tumor, our results suggest
that the TGFB1 promoter and signal peptide polymorphism may be associated with WT.

keywords: Wilms Tumor, TGFB1, genetic polymorphism, genetic markers, haplotype

INTRODUCTION

Wilms tumor (WT), or nephroblastoma, is a childhood kidney cancer
derived from the pluripotent embryonic kidney precursor (Rivera and Haber 2005) and
consists histologically of smooth stromal, epithelial and undifferentiated mesenchymal cells
(Akpa, Iglesias et al. 2016). It is the most common pediatric kidney tumor, affecting 1:10,000
children (Royer-Pokora 2013).
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The survival rate in patients has increased considerably in recent decades,
more than about 90% in localized disease and over 70% for metastatic disease (Pritchard-
Jones 2002). However, despite good therapy response and high success rates, there are
concerns due to the risk of irreparable side effects (Maturu 2016), since it targets cells with a
high proliferative rate and the tumor affects tissues still in development (Duffner, Cohen et al.
1988). Furthermore, the prognostic indicators of recurrence and mortality are staging and
tumor histology and the most significant unfavorable factors are high stage and the presence
of anaplasia, especially in the diffuse form, which is highly resistant to chemotherapy (Dome,
Cotton et al. 2006). Thus, improving knowledge of tumor biology and biomarker
identification can help to improve risk stratification and to introduce new target therapies that
minimize toxicity and improves outcomes for WT patients with unfavorable histology and
recurrent disease (Cone, Dalton et al. 2016, Maturu 2016).

The tumor microenvironment is dynamic and its interaction with tumor cells
1s essential for cancer development, influencing growth, invasiveness and metastatic process
(Yaqub and Aandahl 2009). Transforming Growth Factor beta 1 (TGFB1) is a pleiotropic
cytokine that plays an important role in embryogenesis (Bush, Sakurai et al. 2004) and in the
physiological and pathological context by interfering in the cell cycle, apoptosis and
differentiation (Blobe, Schiemann et al. 2000).

In normal and pre-neoplasms cells, TGFB1 acts as a tumor suppressor
associated with anti-proliferative activity and apoptosis, but in late cancer stages it acts as a
tumor progression mediator (Bierie and Moses 2006, Wrzesinski, Wan et al. 2007,
Kubiczkova, Sedlarikova et al. 2012). In malignant cells and at advanced stages of
carcinogenesis, the TGFB1 cytokine promotes cell growth and epithelial-mesenchymal
transition (EMT), which increases the invasiveness of these cells. In addition, it acts in the
extracellular matrix and immune system cells, inducing immunosuppression by the generation
of regulatory T cells, anergy and senescence of T effector cells and in endothelial cells and
smooth muscle leading to angiogenesis, which favors the metastasis process (Blobe,
Schiemann et al. 2000).

The TGFBI gene is located on chromosome 19q13 (Fujii, Brissenden et al.
1986). Many polymorphisms have been reported in this gene (Cambien, Ricard et al. 1996),
including the rs1800468 (G-800A, c.-1638G>A) and rs1800469 (C-509T, c.-1347T>C) in the
promoter region and rs1800470 (c.29C>T, LeulOPro, T869C) and rs1800471 (c.74G>C,
Arg25Pro) in the signal peptide region which have been associated with gastric cancer (Guo,

Dong et al. 2011, Choi, Kim et al. 2015), esophageal squamous cell carcinoma (Jin, Deng et
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al. 2008) and breast cancer (Dunning, Ellis et al. 2003). Due to their location, these
polymorphisms have the potential to alter the dynamics of TGFB1 expression or secretion.
Therefore, the aim of this study was to verify the genotype frequencies of
TGFBI rs1800468, 1800469, 1800470 and 1800471 in WT patients and neoplasia-free
controls in a search for susceptibility and/or prognosis markers for this pediatric neoplasia, as

well verify the association of their haplotype structures in susceptibility to WT.

MATERIALS AND METHODS

Human Subjects

The present study was approved by the Institutional Human Research Ethics
Committee of the State University of Londrina, Parana, Brazil (CEP/UEL 189/2013 — CAAE
17123113400005231) and a term of free and informed consent was signed by children donor
parents prior to biological material collection. The child samples consisted of 35 paraffin
embedded tumor tissue slides from child patients from the North of Parana Laboratory of
Pathology Anatomy and Cytology (Micropar) and Laboratory of Pathology of the University
Hospital of the State University of Londrina. The control group consisted of 170 samples
from neoplasia-free children, which included 134 blood samples and 36 buccal cells samples

from the State University of Londrina, Parand, Brazil.

DNA Extraction

DNA from the control group was obtained from peripheral white blood cells
using a Mini Spin extraction kit (Biometrix, Curitiba, PR, Brazil), following the
manufacturer’s instructions and in some cases the DNA was obtained from buccal cells using
a protocol based on the use of ammonium acetate (Aidar and Line 2007).

In the tumor sample group, genomic DNA was isolated from formalin-fixed
paraffin embedded samples and extracted using a innuPREP DNA Mini Kit (Analytik Jena
AG, Jena, Germany), following the manufacturer's instructions.

All DNA samples were quantified by NanoDrop 2000® Spectrophotometer
(NanoDrop Technologies, Wilmington, DE, USA) at 260/280 nm wavelength.
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Genetic Polymorphisms

Genetic polymorphisms were analyzed by polymerase chain reaction (PCR)
followed by Restriction Fragment Length Polymorphism (RFLP) analysis, as described by Jin
et al., 2004, with modifications. All samples were analyzed by electrophoresis in acrylamide
gel (10%), detected by the silver staining method.

The TGFBI polymorphisms (promoter and signal peptide regions) were
amplified using the same reaction condition, 100 ng of DNA, 1 X high fidelity PCR buffer,
1 mM MgSOs, 0.2 uM primers, 0.13 mM dNTP and 1 U Taq Platinum High Fidelity DNA
polymerase. Both primer pairs were designed based on the TGFBI gene reference sequence
(NCBI gene bank accession number NG _013364.1).

For the promoter region, polymorphism (rs1800468 and rs1800469) primer
sequences were forward 5’ -GCAGTTGGCGAGAACAGTTG-3> and reverse 5’-
CCAGAACGGAAGGAGAGTCAG-3’. The PCR conditions were 10 min at 94°C, 35 cycles
of 45 s at 94°C, 1 min at 59°C and 1 min and 15 s at 72°C, and 10 min at 72°C. For
rs1800468 genotype analysis, PCR products (597 bp) were subjected to enzymatic digestion
by HpyCH41V (New England Biolabs®, Ipswich, USA). The genotype profiles were GG
(402 bp and 195 bp), GA (597 bp, 402 bp and 195 bp), AA (597 bp). For rs1800469 genotype
analysis, PCR products (597 bp) were subjected to digestion by Bsu36/ (New England
Biolabs®). The genotype profiles were CC (488 bp and 109 bp), CT (597 bp, 488 bp and
109 bp) and TT (597 bp).

Primer sequences for the signal peptide region (rs1800470 and rs1800471)
were: forward 5’-TTCCCTCGAGGCCCTCCTA-3’ and reverse 5’-
GCCGCAGCTTGGACAGGATC-3’ and PCR conditions were 10 min at 96°C, 35 cycles of
75 s at 96°C, 75 s at 62°C and 75 s at 73°C, and 5 min at 73°C. For the rs1800470
polymorphism assay, PCR products (294 bp) were subjected to enzymatic digestion by
MspAI1l (New England Biolabs®). The genotypes were CC (149 bp, 67 bp, 40 bp, 26 bp and
12 bp), CT (161 bp, 149 bp, 67 bp, 40 bp and 26 bp) and TT (161 bp, 67 bp, 40 bp and 26 bp).
For the rs1800471 polymorphism assay, PCR products (294 bp) were subjected to enzymatic
digestion by Bgl/l (New England Biolabs®). The genotype profiles were GG (131 bp, 103 bp
and 60 bp), GC (163 bp, 131 bp, 103 bp and 60 bp) and CC (163 bp and 131 bp).
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Amplicons sequencing

To confirm the primers’ specificity used in the present study, some PCR
products of both TGFBI polymorphisms were purified using PureLink™ PCR Purification
Kit (Invitrogen, Carlsbad, CA, USA), following the manufacturer’s instructions. The
sequencing reaction was performed using the BigDye® Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems®, Foster City, CA, USA). The amplicons were sequenced in a 24-
capillary 3500x1 Genetic Analyzer (Applied Biosystems®).

Statistical analysis

The case-control study for WT susceptibility was assessed by the Odds
Ratio (OR), adopting an estimative of the relative risk at 95% confidence intervals (CI), and
Fisher’s exact test. Genotypic, dominant and recessive models were tested for all
polymorphisms. Correlation analysis between the polymorphisms in relation to WT clinical
outcome were assessed by the Kendall tau-b rank correlation coefficient. The TGFBI
haplotypes were determined using PHASE software version 2.1.1 (Stephens, Smith et al.
2001) using all the study participants’ genotypes and the software was used to perform
permutation tests to check difference between haplotype distributions between the control and
WT individuals.

All statistical analyses were performed in IBM® SPSS® Statistics 20.0
software (IBM®, Armonk, New York, USA). All tests were two-tailed with significance level
set at 0.05.

RESULTS

The present study evaluated 35 samples from WT pediatric patients, of
which 14 were males and 21 female. The patients’ age ranged from 1 to 13 years, whereas the
control group age ranged from 3 months to 18 years old.

PCR positive samples from 7GFBI (peptide signal and promoter region)
were sequenced in a Genetic Analyser sequencer and then were compared to the GenBank

database to confirm the amplicon sequence. Resulting sequences revealed identity by
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comparison with GenBank acession number NG 013364.1 for TGFBI, confirming primer
specificity.

Electrophoretic profile of 7TGFBI promoter region and signal peptide
polymorphisms (rs1800468 and rs1800469; rs1800470 and rs1800471, respectively) are

represented in Figure 1.

A rs1800468 rs1800469

597 bp 597 bp
0 488 bp

402pp 00

300

195pp 290
109 bp

§

B rs1800470 rs1800471
L CC TC TT C- L GG GC CC C-

163 bp
131 bp
103 bp

Figure 1. TGFBI promoter and signal peptide polymorphisms profile. Electrophoretic profile
of: A) promoter region polymorphisms, B) signal peptide polymorphisms. The PCR products
after enzymatic restriction were analyzed by electrophoresis on acrylamide gel (10%),
detected by silver staining method. L: Ladder 100 bp; C-: negative control

The sample size calculation was performed and a minimum sample number
of 208 (rs1800468), 28 (rs1800469), 21 (rs1800470) and 100 (rs1800471) was found.

Case-control association studies were conducted to determine possible
influence of polymorphisms on WT susceptibility. The frequencies and case-control study for
the promoter regions (rs1800468 and rs1800469) and signal peptide (rs1800470 and
rs1800471) polymorphisms are shown in Table 1 and 2, respectively.
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For the TGFBI promoter region polymorphism, the case-control study
indicated no significant association for the rs1800468 polymorphism. However, the
rs18004769 polymorphism presented a positive association for the T allele in the recessive

model (OR: 8.417; 95% CI: 3.177 to 22.297; p<0.001) (Table 1).

Table 1. Genotypic frequencies and case-control study for 7TGFBI promoter region
polymorphisms (rs1800468 and rs1800469) in WT and control patients.

Models C;’l‘(‘}/ﬁ ‘)"S Pzt(‘oz‘)ts 1(1):33 CI 95% p value
rs1800468
GG 105 (92.1) 26(92.8) Reference - -
GA 7 (6.1) 1(3.6) 0.577 0.068 — 4.898 0.577
AA 2 (1.8) 1(3.6) 2.019 0.176 — 23.133 0.572
Dominant model
GG 105 (92.1) 26(92.8) Reference - -
AA+GA 9(7.9) 2(7.2) 0.897 0.183 —4.406 0.894
Recessive model
GG+GA 112 (98.2) 27(96.4) Reference - -
AA 2 (1.8) 1(3.6) 2.074 0.181 —23.724 0.557
rs1800469
CcC 43 (37.7) 6(24.0) Reference - -
CT 58 (50.9) 6(24.0) 0.741 0.224 —2.457 0.625
TT 13(11.4) 13 (52.0) 7.167 2.271 -22.615 0.001*
Dominant model
CcC 43 (37.7) 6(24.0) Reference - -
TT+CT 71(62.3) 19(76.0) 1.918 0.711 -5.176 0.199
Recessive model
CC+CT 101(88.6) 12 (48.0) Reference - -
TT 13(11.4) 13(52.0) 8.417 3.177 — 22.297 0.001*

CI: confidence interval. Fisher’s exact test. *Significant (p<0.05)

Similarly, when the TGFBI signal peptide polymorphisms were analyzed, a
significant association was found for the rs1800470 polymorphism with increased risk for
WT, in the recessive model (OR: 3.000; 95% CI: 1296 to 6.944; p= 0.010). However, no
significant association was found for the rs1800471 polymorphism (Table 2). For this
polymorphism, analysis evaluating the CC genotype was not possible due to the absence of

this genotype in the control group.
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Table 2. Genotypic frequencies and case-control study for TGFBI peptide signal
polymorphisms (rs1800470 and rs1800471) in WT and control patients.

CI: confidence interval. Fisher’s exact test. *Significant (p<0.05) NA: not available

Controls

Patients

Models n(%) n(%) Odds Ratio CI 95% p value
rs1800470
TT 24 (16.7)  12(37.5)  Reference - -
TC 83(57.6) 11(34.4) 0.545 0.208 — 1.426 0.216
CC 37 (25.7) 9(28.1) 2.056 0.752 -5.618 0.160
Dominant model
TT 24 (16.7)  12(37.5)  Reference - -
CC+TC 120 (83.3) 20 (62.5) 0.884 0.375-2.081 0.777
Recessive model
TT+TC 107 (74.3) 23 (71.9) Reference - -
CC 37 (25.7) 9(28.1) 3.000 1.296 — 6.944 0.010%*
rs1800471
GG 130(90.3) 26(81.2)  Reference - -
GC 14 (9.7) 3(094) 1.071 0.287 —3.995 0.918
CcC - 3(094) NA NA NA
Dominant model
GG 130(90.3) 26(81.2)  Reference - -
CC+GC 14 (9.7) 6 (18.8) 2.143 0.754 — 6.093 0.153

Analysis taking into account clinical parameters in relation to the promoter
region polymorphism of TGFBI, rs1800469, showed no significant correlation with any of
the clinical pathologic features (Table 3). The correlation analysis for the rs1800468
polymorphism was not possible due to the rarity of the polymorphism and absence of patients

with AA genotype (1 individual) with accessible medical records.
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Table 3. Correlation analysis between TGFBI rs1800469 and WT patient’s clinical
outcome.

Genotypes

CcC CT TT (1; ‘:'?lllllllee)
n(%) n(%) n(%)
Tumor size <38 - 3(75.0) 2 (28.6) 0.611
>8 4 (100.0) 1(25.0) 5(71.4) (-0.117)
Capsular P 1(25.0) 1(100.0) 6 (75.0) 0.128
invasion A 3(75.0) - 2 (25.0) (0.405)
Metastasis P 2(66.7) 2(66.7) 2 (66.7) 1.000
A 1(333) 1(33.3) 1(33.3) (-0.000)
Lymphnode P  2(40.0) 2(66.7) 2 (33.3) 0.773
commitment A 3 (60.0) 1(33.3) 4 (66.7) (-0.073)

Tumor size: cm; P: present; A: absent. Kendall’s tau-b test.

The correlation analysis of the clinical-pathologic features including tumor
size, capsular invasion, metastasis and lymph node commitment with signal peptide

polymorphisms showed no significant correlation, as shown in Tables 4 and 5.

Table 4. Correlation analysis between TGFBI rs1800470 and WT patient’s clinical
outcome.

Genotypes p value
TT TC CC ( T value)
n(%) n(%) n(%)
Tumor size <8 2 (28.6) 4 (50.0) 2 (28.6) 1.000
>8 5(71.4) 4 (50.0) 5(71.4) (0.000)
Capsular P 2 (50.0) 5(71.4) 4 (66.7) 0.668
invasion A 2 (50.0) 2 (28.6) 2(33.3) (-0.102)
Metastasis P 1 (50.0) 4 (80.0) 2 (50.0) 0.769
A 1 (50.0) 1 (20.0) 2 (50.0) (0.092)
Lymph node P 2 (28.6) 2 (28.6) 1(25.0) 0.913
commitment A 5(71.4) 5(71.4) 3 (75.0) (0.024)

Tumor size: cm; P: present; A: absent. Kendall’s tau-b test.
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Table 5. Correlation analysis between TGFBI1 rs1800471 and WT patient’s clinical
outcome.

Genotypes

Go Gl e e
n(%) n(%) n(%)
T . <8  7(38.9) - 1 (50.0) 0.670
UmOrsIze  ~¢  11(61.1)  2(100.0) 1(50.0) (0.087)
Capsular P 9(643)  1(50.0) 1(100.0) 0.872
invasion A 5357  1(50.0) - (0.037)
Metastasis P 4(66.7)  2(100.0) 1(33.3) 0.542
A 2(333) - 2 (66.7) (-0.189)
Lymph node P 5(33.3) - - 0.073
commitment A  10(66.7) 2(100.0) 1(100.0) (-0.271)

Tumor size: cm; P: present; A: absent. Kendall’s tau-b test.

Twenty-two WT samples were included for haplotype analysis. Nine
possible inferred haplotypes were observed. For this study, the ACCC and ATCG haplotype
structures were not included due to their absence in the control group. The haplotype
frequency distribution is shown in Table 6, where the haplotype structures were written with

four individual SNPs in the sequence of rs1800468, rs1800469, rs1800470 and rs1800471.

Table 6. Haplotype distribution among WT and control groups.

HAPLOTYPE [n(%)]

ACTG GCCC GCCG GCTG GTCC GTCG  GTTG n

1 2 2 8 1 16 12 42
WTI 23 @6 @6 (182) (23) (364) (273) (95.7)
10 7 14 96 3 62 6 198

CC 51y 35 (1) 485 (15 (13)  (3.0) (100.0)

WT: Wilms Tumor  CC: Control Group  *p=0.001

A significant difference among controls and WT patients was observed
(p=0.001) for GCTG which was more present in control group while GTTG was more
present in the WT group. Based on these results, a case-control study of association of
haplotype structures indicated a significant association where the GCTG haplotype conferred
protection against tumor development (OR: 0.236; 95% CI: 0.105 to 0.534; p= 0.0002) and
GTTG was associated with risk (OR: 12.000; 95% CI: 4.202 to 34.270; p<0.0001) (Table 7).
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For this analysis, each haplotype structure was compared to the total number of haplotypes in

the analysis.

Table 7. Case-control association study for haplotype structures

Haplotype structure Odds Ratio (CI) p-value
ACTG 0.437 (0.055-3.509) 0.694
GCCC 1.049 (0.212-5.206) 1.000
GCCG 0.506 (0.111-2.297) 0.534
GCTG 0.236 (0.105-0.534) <0.001*
GTCC 1.512 (0.153-14.890) 0.554
GTCG 1.253 (0.635-2.484) 0.593
GTTG 12.000 (4.202-34.270) <0.001*

CI: confidence interval. Fisher’s exact test. *Significant (p<0.05)

DISCUSSION

In this study we analyzed 35 patients and the overall mean age found was
43 months, which is similar to other literature data (Breslow, Beckwith et al. 2006). Similarly,
the tumor was equally distributed between the sexes, as observed by Provenzi, Rosa et al.
(2014).

WT is a neoplasm of embryonic origin, whose structures and composition
recapitulate characteristics of normal nephrogenesis (Hohenstein, Pritchard-Jones et al. 2015).
Failures during embryogenesis are considered one of the causes of WT (Rivera and Haber
2005). In this context, studies have demonstrated the crucial role of the TGFB1 in metanephro
structure development during the fetal period (Bush, Sakurai et al. 2004), as well as in
immunomodulation by inhibiting the activity of immune cells essential for the antitumor
response. In this way, it is reasonable to assume that TGFBI also participates in WT
development.

Several studies have shown alterations in TGFB1 pathway components and
it is known that such alterations can modify the dynamics of this cytokine as well as alter
susceptibility and progression of diseases such as cancer (Levy and Hill 2006). In the present
study we investigated four polymorphisms in 7TGFBI, two in the promoter region (rs1800468
and rs1800469) and two in the signal peptide region (rs1800470 and rs1800471), somehow
involved in expression regulation and secretion of this cytokine, regarding WT susceptibility.

Despite numerous studies that relate TGFB1 with various neoplasms (Javle,
Li et al. 2014, Choi, Kim et al. 2015), only one demonstrated the participation of this cytokine

in WT, which associated high levels with invasion and disease progression (Zhang, Liu et al.
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2014). In addition, studies of WT and genetic polymorphisms are even more scarce, and this
is the first study approaching these TGFBI polymorphisms.

In this study, no association was found for the rs1800468 polymorphism of
the TGFBI promoter region (Table 1). This polymorphism is located on the putative
consensus CREB half-site and the allele A was observed to reduce the affinity for the CREB
transcription factors family (Grainger, Heathcote et al. 1999). Despite the absence of studies
evaluating this polymorphism in WT, studies with other tumors have demonstrated breast
cancer (Parvizi, Mohammadzadeh et al. 2016) and uterine cervical cancer risk (Ramos-Flores,
Romero-Gutierrez et al. 2013) associated to A allele.

However, when the rs1800469 TGFBI polymorphism was analyzed an
association was found for the T allele in the recessive model with WT susceptibility (Table 1).
While Jin, Deng et al. (2008) in a study of esophageal squamous cell carcinoma found
association of the same variant with protection against cancer, studies on breast cancer
(Parvizi, Mohammadzadeh et al. 2016) and gastric cardia adenocarcinoma (Guo, Dong et al.
2011) have also shown association of the allelic variant T of rs1800469 with cancer
development risk.

The TGFBI rs1800469 polymorphism is located in a Yin Yang 1 (YY1)
transcription factor consensus binding site. Studies using the transient transfection analysis
with promoter-reporter constructs showed that the exchange from C to T at the -509 position
of the promoter increases affinity for YY1 (Silverman, Palmer et al. 2004). This may be one
of the mechanisms that leads to increased cytokine secretion in cancer patient plasma, as
demonstrated by Grainger et al (1999), and observed in cases of pancreatic (Javle, Li et al.
2014) and gastric cancer (Choi, Kim et al. 2015) as well as in cases of poor prognosis in WT
(Zhang, Liu et al. 2014).

For the signal peptide region, it was verified that the TGFBI rs1800470 C
allele, in a recessive model, was associated with WT development (Table 2). Similar results
were found in other tumors, where homozygous CC was associated with breast (Dunning,
Ellis et al. 2003) and colorectal cancer (Berndt, Huang et al. 2007) susceptibility and C allele
with oral cancer (Carneiro, Oda et al. 2013), gastric adenocarcinoma (Guo, Dong et al. 2011),
non-small cell lung (Wang, Song et al. 2015) and esophageal squamous cells carcinoma risk
(Wei, Xu et al. 2007).

Significant effect of rs1800470 polymorphism on the TGFBI secreted
concentration may provide an explanation for the reported associations with a variety of

diseases, such as found in the present study. This polymorphism results in the exchange of a
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leucine (T) for a proline (C) at signal peptide amino acid 10 and it has been reported
previously that the amount of TGFBI1 in serum is higher for CC homozygotes than TT
homozygotes (Grainger, Heathcote et al. 1999), and other studies are consistent with this
observation (Yokota, Ichihara et al. 2000, Guo, Dong et al. 2011). Dunning, Ellis et al.
(2003), in a transfection study of HeLa cells with constructs encoding either the C or T allele
of TGFBI indicated that the signal peptide with C allele causes a 2.8-fold increase in
secretion compared with the T allele form. This increase may be the result of structure and
property changes in the TGFB1 signal peptide due to the exchange of amino acids.

Susianti, Handono et al. (2014) showed that the presence of proline amino
acid (allele C) changes the hydrophobic core region of the TGFB1 signal peptide and breaks
the a-helice structure provided by leucine (allele T), altering the stability of the signal peptide
interaction with Signal Recognition Particle (SRP) and translocon, reducing the values on
transmembrane tendency and binding more stably to the protein partner. As the sequence of
the peptide signal is responsible for allowing the export of new protein synthesized by the
endoplasmic reticulum membrane and then secretion, such changes lead to modifications in
the exportation and secretion dynamics, with consequent cytokine levels alteration.

It is therefore plausible that TGFBI1 local secretion by tumors and/or local
stromal cells is also higher for CC homozygotes. As noted earlier, current theories for the
effects of TGFBI1 on tumor development are that increased amounts of TGFBI activity may
suppress the early stages of tumor formation but promote the invasiveness, metastasis, and
angiogenesis of advanced tumors (Dunning, Ellis et al. 2003, Guo, Dong et al. 2011). In this
context, Zhang, Liu et al. (2014) reported that TGFBI1 expression in WT tissues was
associated with invasion/metastasis, confirmed by an invasion assay through transiently
transfected TGFBI to primary WT cells.

However, in this study, no association was found between rs1800471 signal
peptide polymorphism and WT susceptibility (Table 2), as also in bladder (Gautam, Pooja et
al. 2015) and colorectal adenoma cancers (Berndt, Huang et al. 2007). In addition,
Priyadarshi, Ray et al. (2013) studied 7TGFBI genetic association and expression profiles and
atherosclerosis susceptibility, and verified that the C allele of rs1800471 was rare, as observed
in the present study.

Despite the small sample size, the sample size calculation for
polymorphisms rs1800469 and rs1800470, which confer increased susceptibility for WT, was

compatible with the sample number of this study, validating the results obtained. For the
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polymorphisms rs1800468 and rs1800471, although we did not find significant association,
studies with a larger sample number are necessary for confirmation.

Similarly, the analysis using clinical parameters of WT patients in relation
to TGFBI polymorphisms showed no significant correlation with any of the clinical
pathologic features analyzed (Table 3 to 5). Despite the absence of polymorphism studies and
clinical-pathological parameters in WT, studies with other tumors also found no correlation
with clinical parameters such as breast cancer (Pooja, Francis et al. 2013) for signal peptide
polymorphisms. On the other hand, Guo, Dong et al. (2011) found correlation between the
rs1800469 T allele and staging I1I and IV in gastric cardia adenocarcinoma.

Several diseases have been found at higher frequencies in individuals with
haplotypes of certain genes but there are no studies on WT. The TGFB1 haplotype association
analysis revealed that the GCTG structure conferred protection against WT while the GTTG
haplotype, which differs only by rs1800469, confers risk. Although the individual rs1800470
polymorphism conferred risk of the C allele on WT, this was not observed in the haplotype
analysis, perhaps due to the reduction in the sample numbers used for the haplotype study (22
samples). Although a larger number of samples are necessary to confirm this potential
association, the present study showed positive association for T allele (rs1800469) and C
allele (rs1800470) with WT susceptibility.

Few studies have performed haplotype analysis, so that Jin, Hemminki et al.
(2004) conducted such an analysis with the four 7TGFBI polymorphisms (promoter and signal
peptide regions) studied in this research but no association with cancer was found. Berndt,
Huang et al. (2007), in a study with five TGFBI polymorphisms (rs1800468, rs1800469,
rs1800470, rs1800471 and rs1800472) found association of the GTCGC haplotype structure
with susceptibility to colorectal adenoma, which was compatible with our individual
polymorphism studies where the T allele of C-509T and C allele of T869C polymorphism
conferred risk.

Since this is the first study with the rs1800468, rs1800469, rs1800470 and
rs1800471 TGFBI polymorphisms in WT, divergent results with other tumors can occur due
the biological tumor differences of the same cancer and between different types of cancers.
Despite the limitations of the study due to the small sample size and absence of related
studies, which may affect the ability to detect some associations, and since the haplotype
analyses are in agreement with the individual polymorphism rs1800469, our results suggest
that rs1800469 and 1800470 TGFBI polymorphisms may be associated with WT
susceptibility.
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4.2 ARTIGO 2

TGFB RECEPTORII rs3087465 GENETIC POLYMORPHISM:
POSSIBLE ROLE AS A PROGNOSTIC MARKER FOR WILMS TUMOR

ABSTRACT

Wilms Tumor (WT) or nephroblastoma is one of the most common pediatric malignant
diseases. The biologic behavior of WT is dependent on stromal cells as well as molecules that
somehow act in the development of malignancy. Transforming Growth Factor beta 1
(TGFB1), the most abundant member of the TGFB subfamily of growth factors, exert
important functions during embryogenesis and in various physiological and disease systems.
For this, it is necessary that the active TGFB1 binds with a transmembrane receptors complex,
the receptors I (TGFBRI) and II (TGFBRII), thus triggering signaling pathways and leading
to specific genes transcription. Many genetic polymorphisms in gene of TGFBRII have been
reported in association with cancer development. The present study investigated the TGFBR2
rs3087465 (c.-1216A>G, G-875A) polymorphism regarding to susceptibility and prognosis in
35 WT and 123 neoplasia-free controls samples. In the case-control study, no association was
verified, control group presented GG (32.5%), GA (56.9%), AA (10.6%) and patients GG
(40.0%), GA (16.0%) and AA (14.3%). However it was verified that A allele carriers
presented a negative correlation with capsular invasion (1=-0.430; p=0.029) and lymph node
commitment (1=-0.449; p= 0.022). Although more studies are needed to clarify the role of
TGFBRII due to absence of studies with this cytokine receptor in WT, our results suggests
that the TGFBR2 promoter region polymorphism in some way may be associated with
prognosis in WT.

Keywords: Wilms Tumor, genetic polymorphism, 7TGFBR2, prognostic marker.

INTRODUCTION

The Wilms tumor (WT) or nephroblastoma is a kidney tumor derived
immature kidney remnants. It is the most common pediatric kidney tumor, affecting 1: 10,000
children (Royer-Pokora 2013). In Brazil, the incidence is about 10 cases per million children
under 14 years old per year, with higher prevalence in the range from 1 to 4 years (de
Camargo, de Oliveira Ferreira et al. 2011).

Currently, the survival rate in patients is high, corresponding to 90% for
localized disease and about 70% for metastatic disease (Pritchard-Jones 2002), however,
approximately 25% respond poorly to treatment or have relapses (Metzger and Dome 2005).
Furthermore, in spite of this success, it worries about the impact of treatment on the child and
in immature affected organ development. Thus, improving the knowledge of tumor biology

and search for markers that can aid in stratification and development of therapies that
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minimize toxicity and exposure of patients is of great value (Cone, Dalton et al. 2016, Maturu
2016).

TGFB is an important cytokine produced in tumor microenvironment, and
its effects could represent a double-edged sword in cancer. Given that TGFB have an
important role in kidney development, which can control the renal architecture, it is
reasonable to assume that this cytokine is involved in WT and the elucidation of the
molecular mechanisms of TGFB may constitute a relevant target for future studies, with
important implications in WT progression (Amarante et al., 2017). Among the three TGFB
isoforms expressed in mammals, including TGFB1, TGFB2 and TGFB3, TGFBI is the most
commonly expressed and abundant form in carcinogenesis (Derynck, Akhurst et al. 2001).
TGFBI exerts its effects by binding to TGFB receptor 11 (TGFBRII) and is associated with
the activation of TGFB receptor I (TGFBR1) and downstream signaling (Massague 2008).

TGFBRII gene (TGFBR2) alterations have been associated with many
diseases. TGFBR?2 is located on chromosome 3p24.1 and polymorphisms in this gene have
been reported, among them, the rs3047465 (G-875A, c.-1216A>G) in promoter region has
been associated with various neoplasias such esophageal squamous cell carcinoma (Jin, Deng
et al. 2008) and gastric cancer (Xu, Zeng et al. 2011, Guo, Dong et al. 2012).

Since this polymorphism is located in promoter gene region, it is believed
that allelic variants may lead to changes in gene expression and consequent alteration in
protein expression. Therefore, the aim of this study was to verify the genotype frequencies of
TGFBR2 rs3047465 polymorphism among WT patients and neoplasia-free controls, as well as

evaluating the correlation between polymorphism and clinical parameters.

MATERIALS AND METHODS

Human Subjects

The present study was approved by Institutional Human Research Ethics
Committee of the State University of Londrina, Parand, Brazil (CEP/UEL 189/2013 — CAAE
17123113400005231) and a term of free and informed consent was signed by parents of the
children donors to biological material collection. Clinical, histological and volumetric data
were collected from medical records. The samples included 35 paraffin embedded tumor
tissues from children patients from Laboratory of Pathology Anatomy and Cytology North of
Parana (Micropar) and Laboratory of Pathology of Universitary Hospital of State University
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of Londrina, and 123 blood samples from neoplasia-free controls.

DNA Extraction

In the neoplasia-free control group, the DNA was extracted from peripheral
white blood cells using extraction kit Mini Spin (Biometrix, Curitiba, PR, Brazil), according
to manufacturer’s instructions.

In the tumor sample group, the genomic DNA was isolated from formalin-
fixed paraffin embedded samples and extracted through innuPREP DNA Mini Kit (Analytik
Jena AG, Jena, Germany). All DNA samples were quantified by NanoDrop 2000®
Spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA) at a wavelength of
260/280 nm.

Genetic Polymorphism

Genetic polymorphisms were analyzed by Polymerase Chain Reaction
(PCR) followed by Restriction Fragment Length Polymorphism (RFLP) analysis, according
Jin et al., 2004, with modifications.

Primer sequences were: Forward 5-GGAATGTCTTGGGCAAATCT-3’
and Reverse 5’-ACCTGAATGCTTGTGCTTTTATT-3’, following the GenBank accession
number NG _007490.1. The samples were amplified using 100 ng of DNA, 1X high fidelity
PCR buffer [600 mM Tris-SO4 (pH 8.9), 180 mM Ammonium Sulfate], 1.5 mM MgSOs,,
0.15 uM of each primer, 0.1 mM dNTP and 1 U of Taq Platinum High Fidelity DNA
polymerase (Invitrogen, Carlsbad, CA, USA). The PCR conditions were 5 min denaturation at
95°C, 34 cycles of 45 s at 94°C, 45 s at 59°C and 45 s at 72°C, and 10 min elongation at
72°C. PCR products (152bp) were subjected to enzymatic restriction by HpyCH4III (New
England Biolabs, Beverly, Massachusetts, USA). The genotypes were GG (152 bp), GA (152
bp, 93 bp and 59 bp), AA (93 bp and 59 bp).

Amplicons sequencing

To confirm the specificity of primers, some PCR products for TGFBR2

were purified using PureLink™ PCR Purification Kit (Invitrogen), following manufacturer

instructions. The sequencing reaction was performed using BigDye® Terminator v3.1 Cycle
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Sequencing Kit (Applied Biosystems®, Foster City, CA, USA), 50 ng of DNA template and
5 pM of primer (forward or reverse) in a final volume of 10 pul. PCR conditions were as
follow: 10s at 95°C, 30 cycles of 20s at 95°C, 20 s at 56°C and 1 min at 60°C. The
amplicons were sequenced in a 24-capillary 3500x1 Genetic Analyzer (Applied Biosystems).

Statistical analysis

The case-control study for WT susceptibility was assessed using Prism 6 for
Windows (GraphPad Software, San Diego, CA, USA), through Odds ratio (OR), adopting an
estimative of the relative risk at 95% confidence intervals (CI), and Fisher’s exact test.
Genotypic, dominant and recessive models were tested. Correlation analysis with WT clinical
outcome was analyzed by Tau-b Kendall’s test using SPSS Statistics 22.0 software (SPSS
Inc., Chicago, Illinois, USA). A p value < 0.05 was considered statistically significant.

RESULTS

In the present study, 35 WT patients and 123 neoplasia-free controls
samples were evaluated, the age ranged from 1 to 13 years and 3 months to 18 years old,
respectively.

The sequencing reaction of PCR product showed identity by comparison
with GenBank acession number NG _007490.1 for TGFBR2, confirming primer specificity.

Electrophoretic profile of TGFBR2 1rs3087465 polymorphism is represented

in Figure 1.
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Figure 1. TGFBR2 rs3087465 genetic polymorphism eletrophoretic profile. The PCR
products after enzymatic restriction were analyzed by electrophoresis on acrylamide gel

(10%), detected by silver staining method. L: Ladder 100 bp; C-: no template control

Case-control association study was conducted to determine possible
influence of the TGFBR2 rs3087465 polymorphism on WT susceptibility, which indicated

absence of association (Table 1).

Table 1. Genotypic frequencies and case-control study for the TGFBR2 rs3087465 genetic
polymorphism in WT and neoplasia-free patients

Genotypes Controls Patients Odds Ratio CI95% p value
n(%) n(%)
GG 40 (32.5) 14 (40.0) Reference - -
GA 70 (56.9) 16 (45.7) 0.658 0.292 —1.480 0.311
AA 13 (10.6) 5(14.3) 1.154 0.349 - 3.814 0.815
Dominant model
GG 40 (32.5) 14 (40.0)  Reference - -
AA+GA 83 (67.5) 21 (60.0) 0.733 0.339 - 1.583 0.428
Recessive model
GG+GA 110(89.4) 30(85.7) Reference - -
AA 13 (10.6) 5(14.3) 1.474 0.487 — 4.460 0.492

CI: confidence interval. Fisher’s exact test.

In the present study, the information regarding the clinicopathological
parameters related to tumor size (n=23), capsular invasion (n=19), metastasis (n=12) and
lymph node involvement (n=22) were available. These parameters were evaluated in relation
to genotypes and to allele A presence, as showed in Table 2 and 3. For the analysis taking into
account all the genotypes of the TGFRB2 rs3087465 polymorphism, no significant correlation

was observed (Table 2
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Table 2. Correlation analysis between TGFBRII and clinical features of WT patients.

Genotypes value
GG GA AA (I"r value)
n(%) n(%) n(%)
Tumor size <8 5(50.0) 3(33.3) 1 (25.0) 0.313
>8  5(50.0) 6(66.7) 3 (75.0) (0.194)
Capsular invasion P 7(87.5) 3(37.5) 2 (66.7) 0.126
A 1(12.5) 5(62.)5) 1(33.3) (-0.309)
Metastasis P 2(50.0) 2(40.0) 2 (66.7) 0.722
A 2(50.0) 3(60.0) 1(33.3) (0.097)
Lymph node P 6(60.0) 1(12.5) 1(33.3) 0.058
commitment A 4(40.0) 7(87.5) 3 (66.7) (-0.368)
P: presence A: Absence * p<0.05

On the other hand, a negative correlation was verified between allele A

carriers and lymph node commitment (1=-0.449, p=0.022) and capsular invasion (1=-0.430,

p=0.029).

Table 3. Analysis between TGFBR2 allele A carriers and clinical features in WT

patients.

Carriers of GG p value
A allele n(%) ( T value)
n(%)

Tumor size <8 4 (30.8) 5(50.0) 0.345
>8 9(69.2) 5(50.0) (-0.195)

Capsular P 5(45.5) 7 (87.5) 0.029*
invasion A 6 (54.5) 1 (12.5) (-0.430)

Metastasis P 4 (50.0) 2 (50.0) 1.000
A 4 (50.0) 2 (50.0) (0.000)

Lymph node P 2 (16.7) 6 (60.0) 0.022*
commitment A 10 (83.3) 4 (40.0) (-0.449)

P: presence A: Absence

* p<0.05
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DISCUSSION

In this work, the samples consisted of 35 patients with a median age of 43
months, which was compatible with study from Provenzi, Rosa et al. (2015) whom evaluated
32 WT samples with a same median age at diagnosis in an Onco-Hematology Service, a
reference hospital in southern Brazil.

The TGFBRII is a transmembrane receptor serine/threonine kinase required
to mediate TGFB1 signal transduction. Alterations in 7GFBR2, such as genetic
polymorphisms, may lead to changes in receptor dynamics and consequently altering TGFB1
actions. In the present case-control study, no association was verified for rs3087465
polymorphism and WT susceptibility (Table 1). Since this polymorphism is located in
promoter gene region, it is believed that the allelic variants may lead to changes in gene
expression and consequently alteration in protein expression. Seijo, Song et al. (2001) were
the first to describe the association between rs3087465 A allele and increased TGFBR?2
transcription activity, but in normal epithelial cells.

Studies regarding WT and TGFBRII are absent in the literature, however,
studies with other tumors have demonstrated association of allele A of rs3087465
polymorphism with risk reduction to various neoplasms, such as gastric cancer (Xu, Zeng et
al. 2011, Guo, Dong et al. 2012, Huang, Zhong et al. 2014) and Zhang, Guo et al. (2011)
found that the TGFBR2 A allele frequency was marginally higher in cancer-free female
individuals than that of women with breast cancer. Furthermore, Jin, Deng et al. (2008) found
an association of GA genotype with decreased risk to esophageal cancer and in a meta-
analysis of the published studies of the polymorphism rs3087465 and risk of various
neoplasms, Huang, Zhong et al. (2014) concluded that the research of the relationship of this
polymorphism and cancer is very popular but remain conflicting at present. The meta-analysis
suggested that under recessive, dominant and other genetic models, the allele A of rs3087465
polymorphism is associated with a decreased risk of cancer.

Regarding the clinical parameters, the results showed no statistically
correlation with rs3087465 genotypes (Table 2). However, despite no association were
verified for this polymorphism in WT, the allele A carrier demonstrated a negative correlation
with lymph node involvement and capsular invasion, thus presenting a better prognosis (Table
3). Already Guo, Dong et al. (2012), in a study with 110 gastric cardia adenocarcinoma

patients, verified a negative correlation of the A allele with staging III and IV for this cancer,
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although no correlation between the genotypes and the protein expression was found.

In this context, Davidoff (2009) described that WT therapy and prognosis
are based on tumor stage and metastasis, highlighting that the accurate staging at the time of
diagnosis is imperative. Additionally, careful regional lymph node sampling is important,
since nodal involvement is associated with increased incidence of tumor relapse and poorer
prognosis. Thus, a negative correlation of A allele of the rs3087465 polymorphism with
lymph node involvement and capsular invasion is relevant in the clinical setting.

Overall, despite the small sample size and related studies, the present work

suggests that the rs3087465 polymorphism way may be correlated with WT prognosis.
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5 CONCLUSOES

ARTIGO 1

O alelo T do polimorfismo rs1800469 da regido promotora de 7TGFBI apresentou uma
forte associagdo com TW, conferindo 8 vezes mais chance de susceptibilidade para o

modelo recessivo;

O alelo C, no modelo recessivo, do polimorfismo rs1800470 da regidao do peptideo

sinal também foi associado ao TW;

Os polimorfismos da regido promotora ¢ do peptideo sinal de TGFBI nao foram

correlacionados com os fatores de prognostico dos pacientes com TW;

Em concordancia com os resultados dos polimorfismos individuais, a estrutura
haplotipica GCTG apresentou-se como um fator de prote¢do para TW, enquanto a
estrutura GTTG mostrou forte associacdo de susceptibilidade a doenca, apresentando

12 vezes mais chance de desenvolvimento do tumor;

ARTIGO 2

O polimorfismo rs3087465 da regido promotora de TGFBR2 ndo apresentou

associagdo quanto a susceptibilidade ao TW;

Foi encontrado que o portador do alelo A do polimorfismo rs3087465 de TGFBR2
apresenta correlacdo negativa com os pardmetros progndsticos de invasdo capsular e
acometimento de linfonodos em pacientes pediatricos com TW, estando associado,

assim, com o prognostico da doenga;
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CONSIDERACOES FINAIS

Dessa forma, este foi o primeiro estudo a investigar polimorfismos da
citocina TGFB1 e de seu receptor Il em TW, o qual apresentou através de estudos caso-
controle a influéncia destes tanto no risco de susceptibilidade a doenca, quanto no progndstico

da doenga.
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ANEXO A

Aprovagao do comité de ética em pesquisa envolvendo seres humanos da Universidade

Estadual de Londrina

Projeto de Pesquisa:

Tipo | Nimero CAAE Titulo da Pesquisador Versio Ultima Situaciio e
Pesquisa Responsavel Modifica¢io Pesquisa
Estudo de
marcadores
éticos . .
17123113.4.0000 | ES1ENCOS: Maria Angelica Ehara
P 5931 epigenéticos, Watanabe 2 30/09/2013 Aprovado

moleculares e
imunolégicos em
cancer


http://aplicacao.saude.gov.br/plataformabrasil/visao/pesquisador/gerirPesquisa/detalharPesquisa.jsf
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ANEXO B

Termo de consentimento livre e esclarecido

=

JI' UNIVERSIDADE
= ESTADUAL DE LONDRINA

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Informacoes sobre a pesquisa:

Vocé esta sendo convidado a participar, como voluntario, da pesquisa intitulada “Estudo de marcadores
genéticos, epigenéticos, moleculares e imunologicos em cAncer ”, que tem por objetivo analisar
determinados tipo de moléculas que podem influenciar na imunidade da paciente. Vocé serd
esclarecida(o) sobre a pesquisa em qualquer aspecto que desejar. Sua participagdo ndo € obrigatoria e, a
qualquer momento, vocé podera desistir de participar e retirar seu consentimento, sem que isso acarrete
qualquer penalidade.

Procedimentos do Estudo:

Os procedimentos da pesquisa envolvem a obtengdo de SmL de sangue periférico para analise das células
e moléculas do sistema imunologico. Em caso de tecido tumoral, o tecido retirado durante a cirurgia sera
encaminhado para analise e o restante serd utilizado para a realizagdo deste projeto.

Confidencialidade da Pesquisa

As informacdes obtidas através desta pesquisa serdo confidenciais e asseguramos o sigilo sobre sua
participac¢do. Os dados ndo serdo divulgados de forma a possibilitar sua identificacdo. As amostras de
sangue e tecido obtidos serdo utilizadas para obtencdo de DNA e RNA para a realizagdo deste projeto. A
participagdo no estudo ndo acarretara custos para vocé e ndo havera nenhuma compensacao financeira
adicional. A coordenadora do projeto ¢ a Prof*. Dr* Maria Angelica Ehara Watanabe, que pode ser
encontrada no endereco: Rod. Celso Garcia Cid, 445, Departamento de Ciéncias Patologicas, Centro de
Ciéncias Bioldgicas, Universidade Estadual de Londrina, CEP: 86051-970, Tel / Fax: (43) 3371-5629,
como também procurar o Comité de Etica em Pesquisa Envolvendo Seres Humanos da Universidade
Estadual de Londrina, na Avenida Robert Kock, n° 60, ou no telefone 3371 — 2490

Pesquisador Responsavel

RG::

Eu, , RG , declaro que estou

de acordo com as informacdes contidas neste documento, fui devidamente esclarecido pelo(s)
pesquisador(es) dos objetivos e procedimentos da pesquisa de maneira clara e detalhada, e esclareci
minhas duvidas. Concordo em participar voluntariamente desse estudo sendo permitindo a colheita
do sangue do meu filho(a) sendo que poderei tirar meu consentimento a qualquer momento, antes ou
durante o mesmo, sem penalidades ou prejuizos no meu atendimento neste projeto.

Londrina, de , 20




Assinatura do responsavel (ou representante legal):
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