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RESUMO

A leucemia linfoide aguda (LLA) é uma neoplasia hematoldgica que apresenta maior incidéncia
na faixa pediatrica e acomete o processo fisioldgico da hematopoese, acumulando
principalmente células precursoras das linhagens B e T ndo funcionais, denominadas de
linfoblastos. Essas células perdem a capacidade de diferenciacdo celular e acometem o
compartimento da medula éssea e/ou sangue periférico, comprometendo outras linhagens
celulares. A etiologia especifica da LLA permanece desconhecida, no entanto, algumas
hipoteses sugerem o envolvimento do sistema imunologico na LLA. Uma das moléculas
implicadas ¢ a citocina fator de crescimento transformador beta (TGFp), a qual fisiologicamente
apresenta um papel pleiotropico, incluindo funcdo reguladora da hematopoese. Dentro da
familia do TGFB, o TGFB1 ¢ a isoforma mais abundante e, junto com os seus receptores
(TGFBRI e TGFPRII), pode ativar uma cascata de sinalizagdo seguida de expressao génica em
diferentes tipos de células alvo. Alguns estudos apontam para influéncias dos polimorfismos
dos genes TGFB1 e TGFBR2 nas neoplasias hematologicas, inclusive LLA. Sendo assim, este
trabalho visou avaliar as variantes genéticas do TGFBI (rs1800468, G-800A; rs1800469, C-
509T; rs1800470, C29T; rs1800471, G74C) e suas estruturas haplotipicas, ¢ do TGFBR?2
(rs3087465, G-875A) entre pacientes com LLA e criancgas livres de neoplasia, suas associagdes
com a suscetibilidade e o prognostico dos pacientes com LLA, e correlacionar a presenga das
variantes com seus dados clinicopatologicos. Os resultados apontaram que o polimorfismo
C29T em heterozigose apresentou um efeito protetor em comparacdo com homozigoto
selvagem nos LLA geral e subtipo LLA de células B (LLA-B). Em contrapartida, o alelo T do
C29T foi associado a suscetibilidade tanto para LLA geral quanto para LLA-B. Numa analise
de correlagdo, o polimorfismo G74C apresentou uma correlagao negativa com recaida para os
LLA geral e subtipo LLA-B, ¢ o haplétipo GTTG no modelo dominante correlacionou-se
negativamente com Obito apenas para LLA geral. No entanto, os haplotipos GCTG no modelo
recessivo € GCCG no modelo dominante correlacionaram-se positivamente com obito e idade,
respectivamente, para LLA geral. Na estratificagdo de risco, o polimorfismo C-509T no modelo
dominante observou-se uma correlacdo negativa com oObito para LLA geral Alto Risco (AR),
enquanto que, haplotipo GTTG no mesmo modelo correlacionou-se negativamente com Obito
no mesmo grupo de risco. O haplotipo GCCG no modelo dominante correlacionou-se
positivamente com recaida para LLA geral Baixo Risco (BR), e o haplotipo GCTG no modelo
recessivo apresentou uma correlagdo positiva com obito para LLA geral AR. Ainda, o haplotipo
GCCG no modelo dominante correlacionou-se positivamente com recaida para LLA-B BR.
Com relagao ao polimorfismo rs3087465 (G-875A) do TGFBR2, os resultados apontaram uma
associacdo com suscetibilidade para LLA geral e subtipo LLA-B. Ainda, o G-875A associou-
se com suscetibilidade no grupo AR tanto para LLA geral quanto para LLA-B, aumentando a
chance de recaida para estes subtipos. Num estudo de correlagdo, o G-875A apresentou uma
correlagdo positiva com grupo de risco de recaida para os subtipos LLA geral e LLA-B. Além
disso, o polimorfismo G-875A correlacionou-se positivamente com recaida nos modelos
dominante e aditivo na LLA-T. E imprescindivel que investigagdes adicionais com alvo nas
vias de sinalizagdo desta citocina e seu receptor sejam conduzidas a fim de elucidar sua
influéncia na leucemogénese desta neoplasia. Desta forma, a citocina TGFB1 junto com um dos



receptores (TGFBRII) podem servir como marcadores de prognostico e de suscetibilidade da
LLA na populacdo infantojuvenil brasileira.

Palavras-chave: LLA; polimorfismos genéticos; TGFB1; TGFBR2; suscetibilidade.
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ABSTRACT

Acute lymphoblastic leukemia (ALL) is a hematological neoplasia that has a higher incidence
in the pediatric range and affects the physiological process of hematopoiesis, accumulating
mainly precursor cells from non-functional B and T lines, called lymphoblasts. These cells lose
their capacity for cell differentiation and affect the bone marrow compartment and/or peripheral
blood, compromising other cell lines. The specific etiology of ALL remains unknown, however,
some hypotheses suggest the involvement of the immune system in ALL. One of the involved
molecules is the transforming growth factor beta cytokine (TGFp), which physiologically has
a pleiotropic role, including the regulation of hematopoiesis. Within the TGFf family, TGFp1
is the most abundant isoform and, together with its receptors (TGFBRI and TGFBRII), can
trigger a signaling cascade followed by gene expression in different types of target cells. Some
previous studies have demonstrated the importance of polymorphisms in the 7GFBI and
TGFBR?2 gene in the hematological neoplasms, including ALL. Therefore, this work aimed to
evaluate genetic variants of TGFBI (rs1800468, G-800A; rs1800469, C-509T; rs1800470,
C29T; rs1800471, G74C) and their haplotypic structures, and TGFBR?2 (rs3087465, G-875A)
in ALL patients and neoplasia-free children and their associations based on the susceptibility
and prognosis of ALL, and to correlate the presence of the variants with their
clinicopathological data. The results showed that the C29T polymorphism in heterozygosis
demonstrated a protective effect compared to the wild homozygote in the general ALL and B-
cell ALL (B-ALL). In contrast, the T allele from C29T was associated with susceptibility to
both general ALL and B-ALL. In a correlation analysis, G74C polymorphism showed a
negative correlation with relapse for both general ALL and B-ALL, and the GTTG haplotype
in dominant model correlated negatively with death only for general ALL. However, GCTG
haplotype in recessive model and GCCG haplotype in dominant model correlated positively
with death and age, respectively, for general ALL. In risk stratification, C-509T in dominant
model showed a negative correlation with death for general ALL High Risk (HR), whereas
GTTG haplotype in the same model correlated negatively with death in the same risk group.
GCCG haplotype in dominant model was positively correlated with relapse for general ALL
Low Risk (BLANK; KARLSSON), and GCTG haplotype in recessive model showed a positive
correlation with death for general ALL HR. In addition, GCCG haplotype in dominant model
correlated positively with relapse for B-ALL LR. Regarding TGFBR2 rs3087465 (G-875A)
polymorphism, results showed an association with susceptibility to B-ALL. Furthermore, G-
875A associated with susceptibility in HR group for both general ALL and B-ALL, increasing
the chance of relapse for these subtypes. In a correlation analysis, G-875A showed a positive
correlation with risk of relapse for both general ALL and B-ALL subtypes. Moreover, G-875A
polymorphism correlated positively with relapse in dominant and additive models for T-ALL.
It is essential that additional investigations targeting the signaling pathways of this cytokine
and its receptor are conducted in order to elucidate its influence on the leukemogenesis of this
neoplasia. Thus, TGFBI1 cytokine with one of the receptors (TGFBRII) may serve like prognosis
and susceptibility markers for Brazilian childhood ALL.

Keywords: ALL; genetic polymorphisms; TGFB1; TGFBR2; susceptibility.
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RESUMEN

La leucemia linfoide aguda (LLA) es una neoplasia hematolégica que tiene una mayor
incidencia en el rango pediatrico y afecta el proceso fisioldogico de la hematopoyesis,
acumulando principalmente células precursoras de las lineas B y T no funcionales, llamadas
linfoblastos. Estas células pierden su capacidad de diferenciacion celular y afectan el
compartimento de la médula 6sea y/o la sangre periférica, comprometiendo otras lineas
celulares. La etiologia especifica de la LLA sigue siendo desconocida, sin embargo, algunas
hipotesis sugieren que la participacion del sistema inmunoldgico en la LLA. Una de las
moléculas implicadas es el factor de crecimiento transformante de citocinas beta (TGFp), que
fisiolégicamente tiene un papel pleiotropico, incluida la funcion reguladora de Ila
hematopoyesis. Dentro de la familia TGFB, TGFp1 es la isoforma mas abundante y, junto con
sus receptores (TGFPRI y TGFBRII), puede activar una cascada de sefalizacion seguida de
expresion génica de diferentes tipos de células diana. Algunos estudios apuntan a influencias
de los polimorfismos de los genes TGFBI1 y TGFBR?2 en neoplasias hematologicas, incluida la
LLA. Asi, este trabajo tuvo como objetivo evaluar las variantes genéticas de TGFB1 (rs1800468,
G-800A; rs1800469, C-509T; rs1800470, C29T; rs1800471, G74C) y sus estructuras
haplotipicas, y TGFBR2 (rs3087465, G-875A) en pacientes con Nifos libres de LLA y
neoplasias, sus asociaciones con la susceptibilidad y pronostico de los pacientes con LLA, y
correlacionar la presencia de las variantes con sus datos clinicos y patoldgicos. Los resultados
mostraron que el polimorfismo heterocigoto C29T mostr6 un efecto protector en comparacion
con el homocigoto salvaje en los LLA general y subtipo LLA tipo B (LLA-B). Por el contrario,
el alelo C29T T se asocid con suscetibilidad tanto a la LLA general como a la LLA-B. En un
analisis de correlacion, el polimorfismo G74C mostr6 una correlacion negativa con la recaida
para los LLA general y subtipo LLA-B, y el haplotipo GTTG en el modelo dominante se
correlacion6 negativamente con la muerte solo para la LLA general. Sin embargo, los
haplotipos GCTG en el modelo recesivo y GCCG en el modelo dominante se correlacionaron
positivamente con la muerte y la edad, respectivamente, para la LLA general. En la
estratificacion del riesgo, el polimorfismo C-509T en el modelo dominante mostréo una
correlacion negativa con la muerte para la LLA general de alto riesgo (AR) LLA, mientras que
el haplotipo GTTG en el mismo modelo se correlaciond negativamente con la muerte en el
mismo grupo de riesgo. Los haplotipos de GCCG en el modelo dominante se correlacionaron
positivamente con la recaida de la LLA de bajo riesgo (BR) general, y el haplotipo de GCTG
en el modelo recesivo mostrd una correlacion positiva con la muerte de la LLA de AR general.
Ademas, el haplotipo GCCG en el modelo dominante se correlaciond positivamente con la
recaida a LLAB BR. Con respecto al polimorfismo T7GFBR2 rs3087465 (G-875A), los
resultados mostraron una asociacion con la susceptibilidad a los LLA general y subtipo LLA-
B. Ademas, el G-875A se asocid con susceptibilidad en el grupo de AR tanto para la LLA
general como para la LLA, lo que aumenta la posibilidad de recaida para estos subtipos. En un
estudio de correlacion, el G-875A mostrd una correlacion positiva con el riesgo de recaida para
los subtipos de LLA general y LLA-B. Ademas, el polimorfismo G-875A se correlaciono
positivamente con la recaida en los modelos dominante y aditivo en LLA-T. Es fundamental
que se realicen investigaciones adicionales dirigidas a las vias de sefalizacion de esta citocina
y su receptor para dilucidar su influencia en la leucemogénesis de esta neoplasia. Asi, la citocina



TGEFp1 junto con uno de los receptores (TGFBRII) pueden servir como marcadores pronosticos
y de suscetibilidad de LLA en la poblacion infantil y adolescente brasilena.

Palabras clave: LLA; polimorfismos genéticos; TGFB1; TGFBR2; suscetibilidad.
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1 INTRODUCAO

As leucemias sdo doengas hematologicas e/ou medulares com conceitos
bioldgicos, aspectos clinicos, progndstico e resposta terapéutica distintos, caracterizadas pela
presenca de células anormais e imaturas (blastos), suprimindo a produgdo fisioldgica dos
componentes celulares do sistema hematopoic¢tico (JULIUSSON; HOUGH, 2016;
POLYCHRONAKIS; DOUNIAS; MAKROPOULOS; RIZA et al., 2013).

Ainda, as leucemias podem ser classificadas de acordo com a linhagem e
grau de matura¢dao (AN; FAN; XU, 2017), sendo que as leucemias que pertencem a linhagem
mieloide incluem aquelas acometendo granuldcitos (neutrdfilos, eosinofilos e basoéfilos),
monocitos, eritrocitos, plaquetas (derivados dos megacaridcitos) e mastocitos. Por outro lado,
as leucemias da linhagem linfoide podem acometer células B ou T ou natural killer (NK)
(ARBER, D. A.; ORAZI, A.; HASSERJIAN, R.; THIELE, J. et al., 2016; VARDIMAN;
THIELE; ARBER; BRUNNING et al., 2009).

Notavelmente, as células e os componentes do sistema imunoldgico sao
essenciais para manutencdo do microambiente medular, regulacio da hematopoiese e
preservacao da homeostase (RIETHER; SCHURCH; OCHSENBEIN, 2015). No entanto,
algumas alteracdes genéticas podem interferir na atividade basal destas células, e
subsequentemente desregular o processo hematopoiético.

Dentre essas alteracdes, os polimorfismos genéticos de base inica podem ser
definidos como variagdes genéticas em linhagem germinativa acometendo ao menos de 1% da
populagdo (FORRESTER; DICK; MCMENAMIN; ROBERTS ef al, 2016; KARKI;
PANDYA; ELSTON; FERLINI, 2015). Estes polimorfismos podem resultar na modificagao
funcional da estrutura ou do perfil de expressao de uma proteina, afetando, por exemplo, a
funcdo de moléculas do sistema imunoldgico (ALBERT, 2011; KUBISTOVA; MRAZEK;
PETREK, 2009).

Nesse cenario, uma das moléculas alvo do estudo ¢ o fator de crescimento
transformador beta (TGFP), cujo gene foi investigado através de quatro polimorfismos, bem
como uma variante genética do seu receptor TGFBRII, com a inten¢do de demonstrar seu

envolvimento na leucemia linfoide aguda (LLA) em populagdo infantojuvenil brasileira.
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1.1 LEUCEMIA LINFOIDE AGUDA (LLA)

O Instituto Nacional do Cancer Jos¢ Alencar Gomes da Silva (INCA) estima
para o triénio 2020-2022, a ocorréncia de 625 mil novos casos de cancer para cada ano no Brasil.
Com exclusao de tumores de pele ndo melanoma a ocorréncia serd de 450 mil novos casos de
cancer, sendo que, destes 8.460 sdo em criangas e adolescentes até os 19 anos de idade. Para as
leucemias, de uma maneira especifica, estimam-se 5.920 casos novos em homens ¢ 4.890 em
mulheres para cada ano dentro do triénio 2020-2022 (INCA, 2019).

De acordo com a Agéncia Internacional de Pesquisa em Cancer (IARC), as
leucemias foram a décima quinta causa mais frequente de canceres no mundo e a décima causa
de mortes por cancer em 2020 no mundo, especificamente 474.519 casos confirmados e
311.594 mortes (SUNG; FERLAY; SIEGEL; LAVERSANNE et al., 2021).

A leucemia linfoide aguda (LLA) ¢ caracterizada como uma doenca
hematologica maligna devido a expansao clonal e acimulo de células progenitoras da linhagem
linfoide (linfoblastos) ndo funcionais no compartimento da medula dssea e/ou sangue periférico.
Esta populagdo de células imaturas adquire a capacidade de substituir as células
hematopoiéticas normais e ocupar todo o espaco medular. Além disso, ¢ uma doenga mais
frequente em criangas e adolescentes com aproximadamente de 80% dos casos nessa faixa
etaria e pico de incidéncia entre 1 e 6 anos (KATZ; CHIA; SCHOONEN; KELSH, 2015).

No ano de 2018, foram registrados 5.930 novos casos de LLA nos Estados
Unidos, sendo que 3.280 casos ocorreram em homens e 2.650 ocorreram em mulheres. Além
disso, foram registradas 1.500 mortes por LLA nesse pais, sendo 850 dessas em homens e 650
em mulheres. Notoriamente, essa doenca acomete predominantemente a populacdo masculina
(SIEGEL; MILLER; JEMAL, 2019). Um levantamento epidemioldgico no Brasil, no periodo
de 1980 a 2015, demonstrou a ocorréncia de 10.135 obitos de leucemia da faixa pediatrica,
sendo 5.854 do sexo masculino e 4.276 do sexo feminino (SARAIVA; SANTOS; MONTEIRO,
2018).

A etiologia da LLA permanece amplamente desconhecida, entretanto, alguns
fatores de risco para a doenca estdo estabelecidos, sabendo-se que essa ¢ uma doenca
multifatorial. Dentre esses incluem-se exposi¢ao a radiagdo ionizante, hidrocarbonetos como
benzeno, os pesticidas, consumo de alcool e cigarro (BISPO; PINHEIRO; KOBETZ, 2019;
METAYER; ZHANG; WIEMELS; BARTLEY et al., 2013). Além disso, existem, ainda,
alguns agentes biologicos, como virus, que sdo associados a LLA, comprometendo a resposta

imunolégica, como virus Epstein-Barr (EBV), virus linfotropico da célula T humana 1 (HTLV-
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1), herpesvirus humano do tipo 6 ¢ 7 (HHV-6 ¢ HHV-7) e citomegalovirus (CMV), e a
predisposicdo genética como alteragdes genéticas que podem estar relacionados ao
desenvolvimento da LLA (ANIES RIZK; DARWISH, 2019; FRANCIS; WALLACE;
WENDT; Ll et al., 2017, GREAVES, 2018).

Quanto as manifestacdes clinicas da LLA, elas dependem de duas variaveis
bioldgicas: os 6rgaos e tecidos que sdo locais de desenvolvimento do sistema linfoide, € o grau
de acometimento destes 6rgdos e tecidos que leva a sintomatologia clinica (MOPPETT;
DOMMETT, 2017).

A maioria das manifestacdes clinicas se deve ao comprometimento da medula
ossea. Como a medula 6ssea € o 6rgdo responsavel pela hematopoiese, na LLA as células
leucémicas habitam todo o espaco medular, comprometendo as células normais. As
consequéncias deste comprometimento sdo sintomas de anemia (palidez, letargia),
trombocitopenia (hematomas, petéquias, sangramento da mucosa) e leucopenia (febre,
infec¢do). Ao comprometimento desses trés componentes do sangue (hemacias, plaquetas e
leucéceitos) da-se o nome de pancitopenia (BRIX; ROSTHOJ, 2014; TERWILLIGER;
ABDUL-HAY, 2017b).

Além desses sinais, o envolvimento de locais extramedulares é comum,
causando hepatoesplenomegalia e linfadenopatia em 20% dos pacientes (ALVARNAS;
BROWN; AOUN; BALLEN et al., 2015). O comprometimento do sistema nervoso central
(SNC), identificado pela presenga de blastos no liquido cefalorraquidiano (LCR), apresenta-se
em 8 a 10% dos pacientes (JABBOUR; O'BRIEN; KONOPLEVA; KANTARIJIAN, 2015; PUI,
HOWARD, 2008; SIRVENT; SUCIU; RTIALLAND; MILLOT et al., 2011).

Nao obstante, o sintoma mais frequente ¢ a dor Ossea, que esta presente em
40-50% dos casos, notoriamente devido a expansdo medular ou infiltragdo periostea. Ja, a dor
articular e artrite estdo presentes em 18% e 9% dos casos, respectivamente. Ainda, 16% dos
pacientes da faixa pedidtrica sofre fratura dssea, 55% dos casos apresentam dores lombares e
nas costas ao diagnostico (BRIX; ROSTHOJ; HERLIN; HASLE, 2015; HALTON;
GABOURY; GRANT; ALOS et al., 2009; SEN; MOPPETT; RAMANAN, 2015).

1.1.1 Diagnostico e Classificacdo Clinica da LLA

O diagnostico da LLA se inicia com o exame fisico do paciente, seguido de

analise quantitativa e qualitativa do sangue total através da confeccdo da extensado (esfregaco)
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sanguinea e hemograma. Apos suspeita levantada por esses exames, ¢ realizada a puncao e
biopsia de medula Ossea e andlise citogenética. A presenca de 20% ou mais de blastos
leucémicos (linfoblastos) na medula éssea ou sangue periférico com megacariocitos ou
plaquetas diminuidos ou ausentes confirma o diagndstico. Ainda, em caso de suspeita de
envolvimento do SNC, ¢ realizado exame de LCR para verificar a existéncia ou nao de blastos
(ALVARNAS; BROWN; AOUN; BALLEN et al, 2015; LUSTOSA DE SOUSA; DE
ALMEIDA FERREIRA; CAVALCANTE FELIX; DE OLIVEIRA LOPES, 2015;
TERWILLIGER; ABDUL-HAY, 2017a; TORRES; SANTANA ROSA; CAVALCANTE,
2017).

Quanto a classificagdo, trés modelos sdo estabelecidos para classificar e
subclassificar a LLA: (1) o primeiro modelo criado foi o grupo Franco-Américo-Britanico
(FAB) (BENNETT; CATOVSKY; DANIEL; FLANDRIN et al., 1976) ; (2) outro modelo
classifica as LLLAs por meio de achados citogenéticos, o qual foi criado pela OMS em 1997 e
atualizado em 2016 (ARBER, D. A.; ORAZI, ATTILIO; HASSERJIAN, ROBERT; THIELE,
JURGEN et al., 2016; HARRIS; JAFFE; DIEBOLD; FLANDRIN et al., 1999); (3) j4 0 modelo
do grupo Europeu de Classificacao Imunologica das Leucemias (EGIL) classifica as leucemias
através de imunofenotipagem de células leucémicas (BENE; CASTOLDI; KNAPP; LUDWIG
et al., 1995).

A classifica¢do elaborada pelo grupo FAB leva em consideragdo a anéalise
morfologica e citoquimica dos blastos obtidos da medula 6ssea e sangue periférico, e,
atualmente encontra-se em desuso. Sendo assim, a LLA ¢ classificada em blastos do tipo LI,
L2 e L3, baseando-se no diametro celular, citoplasma, presenga ou auséncia de nucléolo,
vacuolizagdo do citoplasma e basofilia (ABDUL-HAMID, 2011; BENNETT; CATOVSKY;
DANIEL; FLANDRIN et al., 1976; LADINES-CASTRO; BARRAGAN-IBANEZ; LUNA-
PEREZ; SANTOYO-SANCHEZ et al., 2016).

No grupo FAB, os subtipos imunofenotipicos de LLA, como B e T, ndo eram
distinguidos, dificultando estudos prospectivos controlados no tratamento desses subgrupos.
Para sanar este tipo de problema, o grupo EGIL elaborou uma classificagdo para estratificar as
leucemias agudas de acordo com a imunofenotipagem por citometria de fluxo (Tabela 1)
(BENE; CASTOLDI; KNAPP; LUDWIG et al., 1995). Dentro deste contexto, a técnica de
citometria de fluxo determina a quantificagdo e morfologia citoldgica de linfoblastos e prové
informagdes acerca do subtipo da doenga e das linhagens acometidas (CRAIG, 2017; CRAIG;
FOON, 2008; MCKENNA; WASHINGTON; AQUINO; PICKER et al., 2001).
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Tabela 1. Classificacdo imunofenotipica do EGIL para as LLA.

Classificacio Imunofenétipo Frequéncia

LLA de linhagem B HLADR, CD19*, e/ou CD79a*, e/ou CD22", e/ou Adultos Criangas
CD24*, e/ou CD34*

BI (Pro-B) CD19%, CD22", CD34", TdT',cCD79a*, CD10"  11% 5-9%

BII (B comum) CD10" (CALLA), TdT* 49% 53-65%

BIII (Pré-B) CD19", CD22", CD34",TdT", cIgM* 12% 14-20%

BIV (B madura) Ig (citoplasma ou superficie), TdT-, CD34 2-4% 2-3%

LLA de linhagem T CDla, CD2, CD3" (citoplasma/superficie), CD4, 25% 11-16%
CDs5, CD7, CD8, CD34

TI (Pr6-T) c¢CD3*, CD7* 7%

TII (Pré-T) cCD3", CD7*, CD2" e/ou CD5" e/ou CD8*

TII (T cortical ou timica) CDla", cCD3*, sCD3" 17%

TIV (T madura) ¢CD3", sCD3", CDla- 1%

CD: marcadores de diferenciagdo (cluster of differentiation); c: citoplasmatico; s: superficie; CALLA: antigeno
comum da LLA; HLA-DR: Antigeno Leucocitario Humano do tipo DR da classe II; Ig: Imunoglobulina. Fonte:
Adapatado de (ABDUL-HAMID, 2011; CHIARETTTI; ZINI; BASSAN, 2014; MANNELLI, 2016).

Segundo os critérios do EGIL, ¢ exigido que a marca¢ao imunofenotipica com
anticorpo monoclonal atinja um limite minimo de 20% de reacdo positiva para blastos, exceto
para mieloperoxidase (MPO), CD3, CD79a e enzima nuclear deoxinucleotidil transferase
terminal (TdT), que sdo considerados positivos no nivel de expressao de 10% (BENE;
CASTOLDI; KNAPP; LUDWIG et al., 1995; BENE; NEBE; BETTELHEIM; BULDINI et al.,
2011).

A ultima revisdo da classificagdo das leucemias foi realizada em 2016 pela
OMS (Tabela 2), com intuito de integrar dados clinicos, prognosticos, morfoldgicos,
imunofenotipicos e genéticos (ARBER, D. A.; ORAZI, A.; HASSERIJIAN, R.; THIELE, J. et
al.,2016; TERWILLIGER; ABDUL-HAY, 2017a).

Tabela 2. Classificacdo das leucemias agudas/linfomas linfobléastica B ¢ T de acordo com a

OMS 2016.

Leucemia/linfoma linfoblastica B

Leucemia/linfoma linfoblastica B sem anormalidade genética especificada
Leucemia/linfoma linfoblastica B com anormalidades genéticas recorrentes
Leucemia/linfoma linfoblastica B com t(9;22)(q34.1;q11.2); BCR-ABL1
Leucemia/linfoma linfoblastica B com t(v;11q23.3); rearranjo KMT2A
Leucemia/linfoma linfoblastica B com t(12;21)(p13.2;q22.1); ETV6-RUNXI
Leucemia/linfoma linfoblastica B com hiperdiploidia

Leucemia/linfoma linfoblastica B com hipodiploidia

Leucemia/linfoma linfoblastica B com t(5;14)(q31.1;q32.3); IL3-IGH
Leucemia/linfoma linfoblastica B com t(1;19)(q23;p13.3); TCF3-PBX1
Entidade proviséria: Leucemia/linfoma linfoblastica B, BCR-ABL1-like
Entidade proviséria: Leucemia/linfoma linfoblastica B com iAMP21
Leucemia/linfoma linfoblastica T

Entidade proviséria: Leucemia/linfoma linfoblastica T precoce

Entidade provisoria: Leucemia/linfoma linfobléstica de célula Natural Killer (NK)
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KMT2A4: gene da leucemia de linhagem mista ou linfoide/mieloide; E7V6: gene da variante 6 do fator de
transcricdo transformacdo especifica do eritroblasto (erythroblast transformation-specific)y (CAMBIEN;
RICARD; TROESCH; MALLET et al.); RUNXI: fator de transcri¢do relacionada ao runt-1 ou gene leucemia
mieloide aguda-1 (AML1); IL3: gene da interleucina-3; /GH: gene da imunoglobulina de cadeia pesada; TCF3:
gene do fator de transcri¢do 3 (também conhecido como E2A); PBXI: gene homeobox 1 da leucemia de célula
pré-B; iAMP21: gene da amplificagdo intracromossomal do cromossomo 21; t: translocagdo; v: variavel.

Fonte: Adaptado de (ARBER, D. A.; ORAZI, A.; HASSERJIAN, R.; THIELE, J. et al., 2016; TERWILLIGER;
ABDUL-HAY, 2017a).

Atualmente, o uso da imunofenotipagem em associagdo com a citogenética é
estabelecido na area clinica para direcionar no tratamento mais adequado, especifico e eficaz,

evadindo a falha terapé€utica e amenizar o maximo de efeitos colaterais dos pacientes.

1.1.2. Tratamento e Classificacao de Risco da LLA

O protocolo terapéutico para LLA normalmente consiste em trés fases — a
fase de indugdo, intensificagdo (ou consolidacdo) e manutencdo. A fase de indugdo ¢
considerada uma etapa que define como remissao completa e o restabelecimento da
hematopoiese normal, com finalidade de reduzir para menos de 5% de blastos na medula dssea
e auséncia de qualquer sinal ou sintoma da doenca. Dentro dessa fase, sdo administrados
medicamentos como vincristina, corticosteroides, asparaginase com ou sem antraciclinas
(CAZE; BUENO; SANTOS, 2010; KATO, 2020; TERWILLIGER; ABDUL-HAY, 2017a).

ApoOs a remissdo completa, os pacientes sao destinados para terapia de
intensificagdo ou consolidagdo, que se refere a readministragdo do regime terapéutico da
inducdo ou administracao de altas doses de medicamentos quimioterapicos que ainda ndo foram
utilizados na fase de indugao, os quais incluem citarabina, ciclofosfamida e metotrexato (MTX).
O objetivo dessa fase ¢ tentar erradicar as células leucémicas por meio de altas doses de
quimioterapia e farmacos combinados (KATO, 2020; KAUSHANSKY; LICHTMAN;
PRCHAL; LEVI et al., 2016).

A fase final do tratamento pode durar em torno de 2 anos. Apesar do acimulo
de metabolitos ativos dos medicamentos e a terapia combinada demonstrarem uma melhora no
curso clinico dos pacientes (CHESSELLS; HARRISON; LILLEYMAN; BAILEY et al., 1997;
SCHMIEGELOW; SCHRODER; GUSTAFSSON; KRISTINSSON et al., 1995), esses podem
apresentar efeitos colaterais ou secundarios.

Na fase de manutengao, o intuito € eliminar os residuos de células leucémicas,

pois existe uma alta taxa de recidiva ou recaida nos pacientes. Quanto a medicagdo, ¢é
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administrado normalmente 6-mercaptopurina (6-MP) e MTX com vincristina e corticosteroides
(INABA; GREAVES; MULLIGHAN, 2013; KATO, 2020).

Existem varios protocolos de tratamento para classificar os grupos de risco da
LLA, como grupo Berlin-Frankfurt-Munster (BFM) (CONTER; BARTRAM; VALSECCHI,
SCHRAUDER et al., 2010) e Grupo de Estudo de Linfoma/Leucemia Pediatrica do Japao
(JPLSG) (KOH; KATO; SAITO; KADA et al., 2018). No Brasil, o Grupo Brasileiro de
Tratamento de Leucemia na Infancia (GBTLI), atualizado em 2009, estratifica os dois grandes
grupos de risco, baixo risco (BR) e alto risco (AR), levando em consideragdo os parametros
hematolégicos, linhagens celular e a resposta terapéutica (Tabela 3). Esse protocolo ressalta
também que os pacientes classificados como BR podem ser reclassificados se durante o
tratamento apresentar caracteristicas do AR (CAZE; BUENO; SANTOS, 2010).

Sabe-se que a administragcdo dos medicamentos na LLA interfere nas
atividades leucémicas e, por outro lado, pode modular o microambiente das células saudaveis
(VAGACE; GERVASINI, 2011). Portanto, investigar os mecanismos efetores e conhecer as
moléculas do sistema imunologico na regulagdo da hematopoiese ¢ de suma importancia na

compreensao do desenvolvimento da LLA.

Tabela 3. Classificagao de risco da LLA segundo o GBTLI.

Baixo Risco Alto Risco
Idade >1 ano a <9 anos <1 ano e >9 anos
Leucometria ao diagnostico <50.000/mm3 >50.000/mm?
Leucometria no 7° dia de <5.000/mm? >5.000/mm? *
tratamento
Blasto no sangue periférico e Auséncia de blastos e baixo Presenca de blastos e/ou
comprometimento medular no 14° comprometimento medular comprometimento medular
dia de tratamento extenso
Medula no 28° dia de indug@o Baixa contagem de células Evidéncia de acometimento
leucémicas extramedular ao final da indugdo
Comprometimento do SNC Auséncia de blastos no liquor no  Persisténcia de blastos leucémicos

14° dia de tratamento
*Respondedores lentos ao tratamento; SNC: Sistema Nervoso Central. Fonte: Adaptado de (BRANDALISE;

VIANA; PINHEIRO; MENDONCA et al., 2016; CAZE; BUENO; SANTOS, 2010).

1.2 FATOR DE CRESCIMENTO TRANSFORMADOR BETA (TGFB) E SUAS VARIACOES GENETICAS

NA PATOGENESE DA LLA E DOENCAS HEMATOLOGICAS

Como discutido previamente, a etiologia especifica da LLA permanece

desconhecida, apesar de alguns fatores genéticos serem estabelecidos. No entanto, algumas
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hipoteses sdo relevadas que sugerem o envolvimento das moléculas do sistema imunoldgico na
patogénese da LLA, como o fator de crescimento transformador beta (TGFp).

Dentro da familia do TGFp, existem as subfamilias das ativinas e inibinas,
das proteinas morfogenéticas osseas (BMPs), dos fatores de crescimento e diferenciagio
(GDFs) e dos fatores neurotroficos derivados da glia (GDNFs), e além do TGFp propriamente
dito (KUBICZKOVA; SEDLARIKOVA; HAJEK; SEVCIKOVA, 2012). O fator de
crescimento transformador beta 1 (TGFB1) ¢ a isoforma mais abundante em relagdo as outras
isoformas (TGFB2 e TGFB3) e, as trés isoformas sdo codificadas por genes homologos em
diferentes cromossomos, as quais obedecem um padrao de expressao espago-temporal durante
a embriogénese. Entretanto, essas atuam pelos mesmos receptores transmembrana
desencadeando vias de sinalizacdo similares (CHANG; BROWN; MATZUK, 2002;
CHEIFETZ; WEATHERBEE; TSANG; ANDERSON et al., 1987; DAVID; MASSAGUE,
2018).

Além disso, o TGFB1 ¢ considerado uma citocina altamente pleiotropica, ou
seja, pode apresentar varios papé€is, como regulador do crescimento celular, diferenciacao,
apoptose, producdo da matrix extracelular, invasdo, motilidade, angiogénese, e também
regulador da hematopoiese (BLANK; KARLSSON, 2015; XU; ZHENG; YUAN; ZHEN et al.,
2018). Em relacao a secregdo, existem varias células que apresentam esta capacidade, como os
linfécitos, macrofagos do tipo M2 com fungdo anti-inflamatdria, plaquetas, neutréfilos e, no
processo carcinogénico, as células tumorais (ALLEVA; BURGER; ELGERT, 1994;
GROTENDORST; SMALE; PENCEV, 1989; PICKUP; NOVITSKIY; MOSES, 2013;
VIGNALI; COLLISON; WORKMAN, 2008).

Dentro do contexto da hematopoiese, o TGFB1 participa na regulagao sobre
as células tronco hematopoiéticas (HSCs) e interage no microambiente da medula 6ssea através
da ativacdo das células de Schwann, células da glia e megacariocitos. Essas células servem para
manuten¢do do microambiente medular com capacidade de regular o TGFp pela ligagdo do
TGFp latente via integrina avP8 para a clivagem proteolitica pelas enzimas metaloproteinases
(YAMAZAKI; EMA; KARLSSON; YAMAGUCHI et al, 2011; ZHAO; PERRY;
MARSHALL; VENKATRAMAN et al., 2014). Além disso, essa citocina apresenta papel
regulador na imunidade inata pelas células NK, macrofagos e neutréfilos, e na imunidade
adaptativa pela expansdo das células T regulatorias (Tregs). No entanto, quando ocorre alguma
falha no papel fisiologico, ele perde esta funcdo e pode promover progressdo tumoral e
metastase (BATLLE; MASSAGUE, 2019; FLAVELL; SANJABI; WRZESINSKI; LICONA-
LIMON, 2010; SANJABI; OH; LI, 2017), comprometendo a via de sinaliza¢do dessa citocina.
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O inicio da transducdo de sinal do TGFp ocorre pela interagdo de um par de
receptores transmembrana que apresenta atividade Serina/Treonina quinase — os receptores de
TGEFp do tipo I (TGFBRI) e do tipo II (TGFBRII). Apos a interagdo do TGFBRII, ocorre o
recrutamento do TGFBRI formando o complexo de sinalizagdo, desencadeando a fosforilacao
em residuos de serina na cauda citoplasmatica de TGFBRI, seguida de fosforilagdo de proteinas
sinalizadoras citoplasmaticas chamadas SMADs dependentes de receptor (R-SMAD:s),
SMAD2 e SMAD3 (KUBICZKOVA; SEDLARIKOVA; HAJEK; SEVCIKOVA, 2012).

O TGFp pode atuar de duas maneiras: a primeira via esta relacionada com
efeitos antiproliferativos e pro-apoptdticos tanto nas cé€lulas epiteliais quanto nas
hematopoiéticas. Por outro lado, existe a via alternativa que esté relacionada com a indugao de
sobrevivéncia, proliferacio e motilidade celular (SIEGEL; MASSAGUE, 2003; ZHANG,
2017). Em conjunto com estes efeitos, o TGFf} atua como promotor tumoral na implicancia da
patogénese do cancer, promovendo metastase, resisténcia aos efeitos apoptdticos e inducao de
tolerAncia imunoldgica seguida de progressdo tumoral (DAVID; MASSAGUE, 2018; PICKUP;
OWENS; MOSES, 2017).

A sinalizagao pelo TGFp na LLA tem sido investigada e implicada na
patogénese da doenga. Pacientes com LLA-T pediatrica apresentam baixos niveis ou auséncia
de expressao da SMAD3, o que pode prejudicar o controle inibitorio da proliferagao de células
T. Os camundongos knockout para o SMAD3 ndo apresentam efeito indutor da LLA-T. Porém,
a perda do inibidor 1B quinase dependente de ciclina (CDKN1) com a perda do SMAD3
promoveu o desenvolvimento da LLA-T nestes animais (WOLFRAIM; FERNANDEZ;
MAMURA; FULLER et al., 2004).

A atuacao da via de transdugdo de sinal do TGFp no contexto fisiologico €
desencadeada por um conjunto de células imunoldgicas e proteinas que regulam esta citocina
impedindo sua acdo patologica. No entanto, algumas alteragdes genéticas como polimorfismos

genéticos podem estar relacionadas na modulagdo da acdo do TGFp.

1.2.2 Polimorfismos Genéticos dos Genes TGFBI e TGFBR?2

O gene do TGFpB1, TGFBI, esté localizado no brago longo do cromossomo
19 (19q13.1), e apresenta diversos polimorfismos genéticos descritos. Dentre eles, quatro
polimorfismos, sendo dois na regido promotora (rs1800468 ou G-800A e rs1800469 ou C-
509T) e dois na sequéncia que codifica o peptideo sinal dessa citocina (rs1800470 ou T29C e

rs1800471 ou G74C), tém sido amplamente estudados na patogénese de canceres
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(MARTELOSSI CEBINELLI; PAIVA TRUGILO; BADARO GARCIA; BRAJAO DE
OLIVEIRA, 2016).

O polimorfismo G-800A, se localiza em uma regido que interage com uma
familia de fatores de transcricdo denominado de proteina ligante ao elemento de resposta ao 3’
5’ monofosfato de adenosina ciclico (AMP.) (CREB), sugerindo que esse polimorfismo possa
influenciar o controle da expressao do gene TGFBI (GRAINGER, 1999).

O polimorfismo C-509T estd localizado na regido promotora e parece
influenciar os niveis plasmaticos da citocina TGFB1 em estudos com gémeas (GRAINGER,
1999). Para o polimorfismo C-509T e inferéncia de haplotipos do gene TGFBI, dois estudos
do tipo caso-controle envolvendo pacientes diagnosticados com LLA infantojuvenil foram
realizados, porém, ndo demonstraram uma associacdo estatisticamente significativa na
frequéncia genotipica ou alélica entre casos e controles. (DAI; GAST; HORSKA; SCHRAPPE
et al., 2009; GRAINGER, 1999; HEALY; ROY-GAGNON; SINNETT, 2009).

Em estudo que o polimorfismo T29C foi avaliado com sindrome
mielodisplasica (SMD), observou-se uma associacdo significativa de risco nos pacientes
portadores do alelo T com grau severo de citopenia (GYULAI; BALOG; BORBENYI; MANDI,
2005).

Ja em relacdo ao polimorfismo G74C, dois trabalhos foram realizados
juntamente com o polimorfismo T29C, uma anélise em leucemia mieloide aguda (LMA) e outro
em leucemia mieloide cronica (LMC). No estudo com LMA, ndo se observou uma associagao
significativa para T29C, porém, houve uma associagdo significativa de risco para G74C nos
pacientes com genotipo GC. Além disso, ao se analisar a estrutura haplotipica, ndo demonstrou-
se uma associacdo estatisticamente significativa (NURSAL; PEHLIVAN; SAHIN;
PEHLIVAN, 2016). Em relagao ao estudo com LMC, nao observou-se diferenca estatistica nos
dois polimorfismos estudados, porém, observou-se uma associagdo significativa de protecao
quando analisou-se a estrutura haplotipica do gene TGFBI (PEHLIVAN; SAHIN;
PEHLIVAN; OZDILLI et al., 2014).

O gene do TGFBRII (TGFBR2) estd localizado no braco curto do
cromossomo 3 (locus 3p22), e foi identificado um polimorfismo na regido promotora desse
gene (rs3087465 ou G-875A) que parece desencadear um aumento de sua expressdo. (SEIJO,
EDWARD R.; SONG, HUIJUAN; LYNCH, MELANIE A.; JENNINGS, RON et al., 2001).
Esse polimorfismo ¢ investigado em diversos tipos de canceres, e uma meta-analise sugeriu que
o alelo A poderia estar associado com a protecdo contra o cancer de forma geral, o qual ¢

consistente com a literatura de que o TGFf pode agir como supressor tumoral (HUANG;
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ZHONG; YU; WANG, 2014). Entretanto, esse polimorfismo tem sido pouco investigado na
LLA ou em doengas hematoldgicas, sendo assim, ¢ de grande relevancia demonstrar o papel
deste polimorfismo (SAKAGUCHI; AMARANTE; OLIVEIRA; HIROKI et al., 2020) no
contexto hematologico.

Existem poucos trabalhos mostrando a influéncia desses polimorfismos na
severidade das leucemias, e o impacto destes polimorfismos do TGFB1 nos diferentes subtipos
da LLA permanece incerto. Porém, essas variantes podem contribuir de alguma forma a nivel

de alterar a secre¢ao do TGFf no contexto hematologico.
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2 OBJETIVOS

2.1 OBJETIVOS GERAIS

Avaliar os polimorfismos dos genes TGFBI (rs1800468 ou G-800A,

rs1800469 ou C-509T, rs1800470 ou C29T e rs1800471 ou G74C) e TGFBR?2 (rs3087465 ou

G-875A) em relacdo a suscetibilidade e o prognostico da leucemia linfoide aguda em criancas

e adolescentes da populagao brasileira.

2.2 OBIJETIVOS ESPECIFICOS

%

%

e

%

*

Artigo 1:

Analisar as frequéncias genotipicas e haplotipicas dos polimorfismos do gene TGFBI
(rs1800468 ou G-800A, rs1800469 ou C-509T, rs1800470 ou C29T e rs1800471 ou
G74C) em pacientes com LLA e criancas livres de neoplasia (grupo controle);

Avaliar possiveis associagdes entre essas variantes genéticas e a suscetibilidade a LLA
em um estudo caso-controle;

Analisar a possivel associacao dessas variantes com o risco de recidiva;

Analisar a correlagdo entre estas variantes genéticas e parametros clinicopatologicos de

subtipos de LLA.

Artigo 2:

Analisar as frequéncias alélicas e genotipicas do polimorfismo do gene 7GFBR?2
(rs3087465 ou G-875A) em pacientes com LLA e criangas livres de neoplasia;

Avaliar possiveis associacdes entre essa variante genética e a suscetibilidade a LLA;
Correlacionar o polimorfismo rs3087465 com pardmetros clinicopatoldgicos de

pacientes LLA.
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3 MATERIAIS E METODOS

3.1 ASPECTOS ETICOS

O projeto realizado foi cadastrado na Plataforma Brasil e todos os
procedimentos foram aprovados pelo Comité de Etica em Pesquisa com Seres Humanos da
Universidade Estadual de Londrina (CEP/UEL 189/2013 — CAAE N° 17123113400005231).
Todos os participantes deste estudo receberam um coédigo apods seus responsaveis legais
assinarem o Termo de Consentimento Livre e Esclarecido e houve o assentimento dos pacientes
e participantes do grupo controle envolvidos neste estudo. O convite aos pacientes e seus

responsaveis foi realizado durante o atendimento clinico no Servi¢o de Oncopediatria do HCL.
3.2 COLETA E CARACTERIZACAO DAS AMOSTRAS

Para obtencao das amostras foi coletado 2 mL do sangue periférico em tubo
contendo anticoagulante EDTA (4cido etilenodiamino tetra-acético).

Para o estudo dos polimorfismos genéticos dos genes TGFBI ¢ TGFBR2,
foram incluidos 121 pacientes no artigo 1 e 107 pacientes no artigo 2. Todos os pacientes tinham
de 0 a 19 anos e foram diagnosticados com LLA atendidos no Hospital do Cancer de Londrina
(HCL). Esses pacientes foram classificados em linhagem das células T ou B, conforme
imunofenotipagem realizada por laboratdrio especializado € em AR e BR de recidiva de acordo
com a GBTLI-LLA 2009.

O grupo controle foi composto por 161 criangas oriundas do Hospital
Universitario da Universidade Estadual de Londrina. Esse grupo foi composto por 137 criancas
no artigo 1 e 161 criangas no artigo 2. As criancas e adolescentes (0-19 anos) pertencentes a
este grupo ndo possuiam historico de neoplasia, processos inflamatdrios e infecciosos
(apresentaram testes bioquimicos, imunolédgicos e hematoldgicos normais, de acordo com os

valores de referéncia).
3.3 EXTRACAO DE DNA GENOMICO

A partir de sangue periférico coletado em tubo EDTA, o DNA foi extraido

utilizando o kit comercial Biopur Mini Spin Plus (Biometrix Diagnostica, Curitiba, Parana,
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Brasil) segundo as especificagdes do fabricante. As amostras foram ressuspendidas em 50uL
de tampao de eluicdo, quantificadas por espectrofotometria no aparelho NanoDrop 2000c®
(Thermo Fisher Scientific, Wilmington, DE, Estados Unidos da América [EUA]). Além disso,
foi adotada a absorbancia no comprimento de onda de 260nm para determinar a concentragao
de acidos nucleicos, e, para verificar o grau de pureza em relagdo a proteinas foi obtida a razao

entre as absorbancias 260 a 280nm.

3.4 ANALISE DOS POLIMORFISMOS GENETICOS DE TGFB1

A andlise dos polimorfismos do gene TGFBI (rs1800468, rs1800469,
rs1800470, rs1800471) foi realizada por reagdes em cadeia da polimerase (PCR), seguidas de
restricdo enzimatica, em conformidade com a técnica descrita por JIN; HEMMINKI;
GRZYBOWSKA; KLAES et al. (2004). Neste estudo, dois segmentos do gene 7TGFBI foram
amplificados pela técnica de PCR, sendo que um deles incluindo os polimorfismos da regidao
promotora (rs1800468 ou G-800A e rs1800469 ou C-509T) e o outro flanqueando os
polimorfismos presentes no éxon 1, na regido do peptideo sinal (rs1800470 ou C29T e
rs1800471 ou G74C).

As concentragdes dos reagentes estdo descritas conforme a tabela 4, sendo
que foram as mesmas para ambas as regides e, foram utilizadas sequéncias dos
oligonucleotideos iniciadores (primers) especificos e ciclagem da reagao para analise dos

polimorfismos da regido promotora e do éxon 1 (tabelas 5 e 6).

Tabela 4. Concentragdes dos reagentes utilizados na PCR para amplificagdo do gene TGFB].

Reagentes (Concentragio) | Concentracao final | Volume (pL)
Buffer (10X)* 1X 2,50
MgCL2 (50mM)* 1,0mM 2,00
dNTP (1,25mM)* 0,ImM 2,00
Primer Forward (2,51M) 0,20uM 2,00
Primer Reverse (2,51M) 0,20uM 2,00
Albumina sérica bovina (20X)* 0,8X 1,00
Taqg DNA Polimerase (5U/uL)* 1U 0,20
Agua ultrapura (Mili-Q) - 13,80
Amostra ~100ng ~1,00
Total - 25,00

Invitrogen (Carlsbad, CA, EUA).
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Tabela 5. Condi¢des utilizadas para a amplificagdo da regido promotora e do éxon 1 do gene
TGFBI.

Ftapa Regido promotora Exon 1 Nimero de ciclos
Temperatura Tempo  Temperatura  Tempo
Desnaturag¢do inicial 94°C 10min 96°C 10min 1
Desnaturagao 94°C 45s 96°C 45s
Hibridagdo 59°C 60s 62°C 60s 35
Extensdo 72°C 75s 73°C 75s
Extensio final 72°C 10min 73°C 10min 1

Tabela 6. Sequéncia de oligonucleotideos (primers), enzimas de restricdo, € tamanhos dos
fragmentos do produto de PCR e dos produtos de clivagem dos polimorfismos da regido
promotora (rs1800468 e rs1800469) e do éxon 1 (rs1800470 e rs1800471) do gene TGFBI.

Polimorfismos Iniciadores (primers) Produto Enzimas Produto
genéticos PCR restricio clivagem
rs1800468 HpyCHA4IV  Alelo G: 402, 195pb
(G-800A) F:5’-GCAGTTGGCGAGAACAGTTG-3’ 595pb Alelo A: 597pb
rs1800469 R:5’-CCAGAACGGAAGGAGAGTCAG-3’ Bsu361 Alelo C: 488, 109pb
(C-509T) Alelo T: 597pb
rs1800470 MspAll Alelo C: 149pb
(C297) F:5’-TTCCCTCGAGGCCCTCCTA-3’ 294pb Alelo T: 161pb
rs1800471 R:5’-GCCGCAGCTTGGACAGGATC-3’ Bgll Alelo G: 131, 102pb
(G740 Alelo C: 163, 131pb

*A: Adenina; C: Citosina; G: Guanina; T: Timina; F: Primer Forward; R: Primer Reverse; pb: pares de base.

3.5 ANALISE DO POLIMORFISMO GENETICO DE TGFBR2

Para a andlise do polimorfismo do gene TGFBR2, foi estudado um
polimorfismo da regido promotora deste gene pela técnica de PCR seguida de restrigao
enzimatica descrita pela primeira vez por SEIJO, E. R.; SONG, H.; LYNCH, M. A,
JENNINGS, R. ef al. (2001). As concentragdes dos reagentes, ciclagem da reagdo, sequéncias

dos primers e a enzima de restricdo estdo descritas conforme as tabelas 7, 8 € 9.

Tabela 7. Concentragdes dos reagentes utilizados na PCR para amplifica¢do do gene TGFBR2.

Reagentes (Concentrac¢io) | Concentracao final | Volume (pL)
Buffer (10X)* 1X 2,50
MgCL, (50mM)* 1,5mM 0,75
dNTP (1,25mM)* 0,ImM 2,00
Primer Forward (2,51M) 0,15uM 1,50
Primer Reverse (2,51M) 0,15uM 1,50
Taq DNA Polimerase (5U/uL)* 1U 0,20
Agua ultrapura (Mili-Q) - 15,55
Amostra ~100ng ~1,00
Total - 25,00

*Invitrogen (Carlsbad, CA, EUA).



31

Tabela 8. Condig¢des utilizadas para a amplifica¢do da regido promotora do gene TGFBR2.
Regido Promotora

Etapa Temperatura Tempo Numero de ciclos
Desnaturag¢do inicial 95°C Smin 1
Desnaturagao 94°C 45s
Hibridagdo 59°C 45s 35
Extensdo 72°C 45s
Extensdo final 72°C 10min 1

Tabela 9. Sequéncia de oligonucleotideos (primers), enzimas de restricdo, e tamanhos dos
fragmentos do produto de PCR e dos produtos de clivagem da regido promotora do
polimorfismo do gene TGFBR2.

Polimorfismo Iniciadores (primers) Produto Enzimas Produto
genético PCR restricio clivagem
rs3087465 F:5’-GGA ATG TCT TGG GCA AAT CT-3’ Alelo G: 152 pb
(G-875A) 152 pb HpyCHA4III
R:5’-ACCTGA ATGCTT GTG CTT TTA TT-3’ Alelo A: 93, 59 pb

*A: Adenina; C: Citosina; G: Guanina; T: Timina; F: Primer Forward; R: Primer Reverse; pb: pares de base.

3.6 ANALISE ESTATISTICA

As andlises de associagao do tipo caso-controle foram realizadas pelo céalculo
de Odds Ratio (OR) com intervalo de confianca (IC) a 95%. Dos polimorfismos estudados,
foram testados modelos genotipicos (heterozigotos ou homozigotos variantes contra
homozigotos selvagens), dominante (heterozigotos e homozigotos variantes contra
homozigotos selvagens) e recessivo (homozigotos variantes contra homozigotos selvagens e
heterozigotos).

A inferéncia das estruturas haplotipicas foi realizada no software PHASE
(STEPHENS; SCHEET, 2005; STEPHENS; SMITH; DONNELLY, 2001). As estruturas
haplotipicas de cada grupo foram sujeitas a calculo de OR com IC a 95%.

Os calculos de coeficiente de correlagdo de Tau-b (tabelas quadradas) e Tau-
c (tabelas retangulares) de Kendall foram realizados, correlacionando os polimorfismos
genéticos e estruturas haplotipicas do caso com pardmetros clinicos.

Todas as andlises estatisticas foram realizadas no software IBM® SPSS®
Statistics (IBM®, Armonk, New York, USA). Todos os testes foram bicaudais e o nivel de

significancia adotado foi de 0,05.
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4 PRODUCAO BIBLIOGRAFICA

4.1 ARTIGO 1: IMPACT OF TRANSFORMING GROWTH FACTOR BETA 1 (TGFB1) HAPLOTYPE
STRUCTURES IN BRAZILIAN CHILDHOOD ACUTE LYMPHOBLASTIC LEUKEMIA

Abstract

Acute lymphoblastic leukemia (ALL) is a heterogeneous disease diagnosed in both children
and adults, but its incidence peaks between 2 and 5 years. In hematopoietic microenvironment,
TGFpB1 is an important regulator from bone marrow-derived hematopoiesis to adult homeostasis,
acting in myelopoiesis and lymphopoiesis. TGFBI polymorphisms [rs1800468 (G-800A),
rs1800469 (C-509T), rs1800470 (T29C) and rs1800471 (G74C)] were assessed by polymerase
chain reaction (PCR) followed by restriction fragment length polymorphism (RFLP) analysis
and haplotype structures were inferred for 121 ALL children and 137 controls, and case—control
analyses were performed by association studies and calculated by Odds Ratios (OR) with
Confidence Interval (CI) 95%. Clinicopathological parameters (age, sex, risk group, relapse
and deaths) were tested for correlation with TGFBI genetic variants. In this study, C29T
polymorphism was a statistically significant protective factor in heterozygosis when compared
to wild homozygosis in general ALL (OR = 0.49 IC= 0.25-0.95 p < 0.05) and B-ALL (OR =
0.48 IC= 0.24-0.95). Otherwise, C29T in recessive model was significantly associated with
increased risk for both general ALL (OR = 2.03 IC=1.21-3.41 p<0.01) and B-ALL subtype
(OR = 2.13 IC= 1.24-3.67 p<0.01). No association was found between any of the
polymorphisms and the susceptibility for low (LR) or high risk (HR) of relapse groups in
general sample or in B-ALL. No association was found for any of the other haplotypes tested
with ALL subtypes, nor for ALL risk groups. G74C genotypic model negatively correlated with
relapse in general ALL and B-ALL. Furthermore, GCCG and GCTG haplotype positively
correlated with age and death, respectively. Otherwise, GTTG has shown a significant negative
correlation with death. Interestingly, C-509T in dominant model negatively correlated with
death in HR general ALL, whereas GTTG haplotype presented negative correlation with death
in the same risk classification. A significant positive correlation between GCCG haplotype and
relapse was observed in both LR general ALL and B-ALL. Additionally, GCTG haplotype
positively correlated with death in HR general ALL. This study demonstrated for the first time
the impact of TGFB1 haplotype structures over the clinical parameters preconized by Brazilian
childhood ALL protocol treatment, and this cytokine may be a promising candidate as a
prognostic factor in childhood ALL.

Keywords: ALL, TGFBI, haplotype.
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1 Introduction

Among the transforming growth factor beta (TGFf) subfamily of growth factors, which
comprises three TGFf isoforms, TGFB1 is the most abundant, widely distributed and well-
studied member (Chen and Ten Dijke 2016).

In hematopoietic microenvironment, TGFB1 is an important regulator in fetal bone
marrow-derived hematopoiesis and adult homeostasis, acting both in myelopoiesis and
lymphopoiesis (Abou-Ezzi, Supakorndej et al. 2019, Bataller, Montalban-Bravo et al. 2019).
Although this cytokine exerts an inhibitory effect on proliferation and differentiation of
hematopoietic stem cell progenitor (Fortunel, Hatzfeld et al. 2000, Soderberg, Karlsson et al.
2009, Blank and Karlsson 2015), it presents ability to regulate lymphopoiesis for both B-lineage
and T-lineage (Lee, Ellingsworth et al. 1987, Tang, Nuccie et al. 1997, Park, Seo et al. 2005,
Sanjabi, Oh et al. 2017).

Several isolated studies described TGF roles in myeloid lineage-derived hematological
malignancies, such as myelodysplastic syndrome (MDS) (Zhou, McMahon et al. 2011), acute
myeloid leukemia (AML) (Jakubowiak, Pouponnot et al. 2000), chronic myeloid leukemia
(CML) (Zhu, Wang et al. 2011), essential thrombocytosis (Zauli, Visani et al. 1993) and
idiopathic myelofibrosis (MF) (Vannucchi, Bianchi et al. 2005).

In comparison with other hematological malignancies, few studies explored the role of
TGFpI1 in acute lymphoblastic leukemia (Bataller, Montalban-Bravo et al. 2019). Two studies
investigated the involvement of SMAD3, the main cytoplasmic mediator activated through
TGFp1 signaling, in pediatric T-ALL and B-ALL development (Wolfraim, Fernandez et al.
2004, Ford, Palmi et al. 2009).

The TGFBI gene is located on chromosome 19, specifically at 19q13.1 locus, and
several functional single nucleotide polymorphisms (SNPs) potentially affecting cancer
susceptibility have been reported in this gene (Martelossi Cebinelli, Paiva Trugilo et al. 2016).
Among these are rs1800468 (G-800A, g4245G>A) and rs1800469 (C-509T, g4536C>T),
located on the TGFBI promoter region, and rs1800470 (C29T, Prol0Leu, g.5911C>T) and
rs1800471 (G74C, Arg25Pro, g.5956G>C) on the codon 10 and codon 25, respectively, on the
signal peptide sequence. (Dai, Gast et al. 2009, Healy, Roy-Gagnon et al. 2009, Winkler,
Taschik et al. 2015).

The location of these polymorphisms is related to gene expression regulation and protein
secretion, possibly influencing on TGFB1 production. According to previous evidence, variant
T from C-509T polymorphism might be related to increased TGFB1 production (Grainger,
Heathcote et al. 1999), while variant T from C29T polymorphism decrease TGFB1 secretion
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(Dunning, Ellis et al. 2003) and variant A from G-800A has been associated with decreased
TGFpB1 circulating levels (Cotton, Gbadegesin et al. 2002, Vitiello, Amarante et al. 2020).
Haplotype structures including these four polymorphisms have not yet been investigated
in childhood ALL. Therefore, the aim of the present study was to verify the possible effects of
these TGFBI genetic variants, on the susceptibility, clinical-pathological parameters and risk

stratification of ALL subtypes in Brazilian childhood.

2 Materials and Methods
2.1 Sample characterization

The research protocol was approved by Ethics Committee for Research Involving
Human Subjects of the Londrina State University (CAAE N° 17123113.4.0000.5231) and a
signed free informed consent was obtained from the legal guardians of all children involved in
the study and we also obtained the consent of patients with the decision-making ability to
participate in the project.

It was collected 2 mL of peripheral blood from 121 pediatric patients with ALL
diagnosis confirmed by the guidelines from division of Hematology/Oncology of Londrina
Cancer Hospital. ALL stratification and its risk of relapse were based on GBTLI Protocol
(GBTLI 2009).

In addition, 2 mL of peripheral blood from 137 children was collected for the control
group in University Hospital of Londrina State University. These individuals had no present
inflammatory diseases and no abnormalities in hematological, biochemical and immunological
tests at blood collection time.

Even with the use of ancestry informative markers-Brazilian population is considered
an admixed population, with no clear differences regarding the distributions of Caucasoid,
African and Amerindian ancestry markers among individuals (Naslavsky, Scliar et al. 2020).
Furthermore, these samples [ALL patients and neoplasia-free children (control group)] were
from the region of Londrina, geographically located in southern Brazil (Parana State). Therefore,
this present research was not stratified into ethnic groups. The ancestry of Parana population
presents the higher degree of European genetic ancestry (Caucasian population) in comparison
with other Brazilian regions (Parra, Amado et al. 2003, Pena, Bastos-Rodrigues et al. 2009,
Lins, Vieira et al. 2010, Kehdy, Gouveia et al. 2015, Souza, Resende et al. 2019).

In relation to haplotype distribution, our neoplasia-free children population was

compared with populations registered in database from 1000 genomes project made freely
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available through LDlink application (https://analysistools.nci.nih.gov/LDlink/) (Machiela and
Chanock 2015).

2.2 DNA extraction

Genomic DNA was isolated from whole peripheral blood using Biopur Mini Spin Plus
Kit (Biometrix Diagnostica, Curitiba, Parana, Brazil), following the manufacturer’s instructions.
The DNA samples were quantified in a NanoDrop 2000c® Spectrophotometer (ThermoFisher
Scientific, Wilmington, DE, EUA) at 260 nm wavelength. The absorbance ratios of 260/280
and 260/230 nm were applied to analyze DNA purity.

2.3 TGFBI genotyping
TGFBI polymorphisms were evaluated through polymerase chain reaction (PCR)
followed by restriction fragment length polymorphism (RFLP) analysis, as described by Jin,
Hemminki et al. (2004) with modifications described in Vitiello, Guembarovski et al. (2018).
PCRs and RFLP were performed according to Vitiello, Guembarovski et al. (2018). All
PCR reagents were acquired from Invitrogen™ (Carlsbad, CA, USA), and all restriction
enzymes and their corresponding buffers were purchased from New England Biolabs®

(Ipswich, USA).

2.4 Haplotype analysis

The inference of TGFB1 haplotype structures was based on the genotypes of all samples
using PHASE software version 2.1.1 (Stephens, Smith et al. 2001, Stephens and Scheet 2005).
Moreover, permutation test was also evaluated in this software to check haplotype distribution
differences between control group and ALL patients. Linkage disequilibrium analysis was

performed using Haploview 4.2 software (Barrett, Fry et al. 2005).

2.5 Statistical analyses

Odds Ratios (OR) with 95% confidence intervals (CIs) were calculated for case-control
association studies. The models of association considered in analyses were: genotypic model
(variant homozygotes or heterozygotes versus wild homozygotes), dominant model (variant
homozygotes and heterozygotes versus wild-type homozygotes) and recessive model (variant
homozygotes versus heterozygotes and wild-type homozygotes). In addition, association

between TGFBI haplotype structures and ALL risk of relapse was also analyzed.
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The correlation analyses were performed by Kendall’s rank correlation tests assessing
TGFBI genetic variants and clinicopathological parameters.

All statistical analyses were performed in IBM® SPSS® Statistics software version 22
(IBM®, Armonk, New York City, NY, USA). All tests were two-tailed and had significance
levels set at 0.05.

3 Results
3.1 Sample characterization

The ALL patients (n = 121) were stratified among the main subtypes regarding
immunophenotypes: B-lineage ALL (n = 100) and T-lineage ALL (n = 21). ALL patients’

clinicopathological features for each subtype are summarized in Table 1.

Table 1. Clinicopathological features distribution of ALL patients and control group.
Parameter ALL general B-ALL T-ALL Control
(n=121) (m=100) (n=21) (n=137)

Age (years)

Median (IQ range) 6.0 (9) 6.0 (9) 10.0 (7) 12.0 (7)

Mean (SD) 7.8(5.2) 7.5(5.2) 9.2 (4.8) 11.6 (5.7)
>1and <9 [n (%)] 72 (59.5) 62 (62.0) 10 (47.6) 34 (24.8)
<1land>9 [n %] 49 (40.5) 38 (38.0) 11(52.4) 103 (75.2)

Sex [n (%)]

Male 64 (52.9) 51 (51.0) 13 (61.9) 65 (47.4)
Female 57 (47.1) 49 (49.0) 8 (38.1) 72 (52.6)
Risk group [n (%)]
High Risk (HR) 90 (74.4) 69 (69.0) 21 (100) -
Low Risk (LR) 31 (25.6) 31 (31.0) 0(0) -
Relapse [n (%)]
Positive 15 (12.4) 11 (11.0) 4 (19.0) -
Negative 106 (87.6) 89 (89.0) 17 (81.0) -
Deaths [n (%)]
Yes 29 (24.0) 21 (21.0) 8 (38.1) -
No (Survivors) 92 (76.0) 79 (79.0) 13 (61.9) —

Both ALL patients and control children were tested for Hardy-Weinberg equilibrium
test and no deviation from the expected genotype distribution was observed for any genetic
polymorphism. C-509T and C29T presented the highest linkage disequilibrium among any pair
of the studied TGFBI polymorphisms (D’ = 0.73; LOD = 31.0; r* = 0.443; Table S1).

3.2 TGFBI polymorphisms and ALL susceptibility
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Genotype frequencies for each individual polymorphism in control group, general ALL
sample and in ALL subgroups (T and B) are shown in Table 2. No differences in genotype
distribution was noted comparing neoplasia-free children to any of ALL groups. Similarly, the

genotypes distribution did not differ between the risk groups (Table S2).

Table 2. Genotypes distribution among ALL subtypes and control group.
Genotype  Subtypes [n (%)]

Control General ALL  B-ALL T-ALL
G-800A
GG 127 (92.7) 111 (91.7) 90 (90.0) 21 (100)
GA 8 (5.8) 10 (8.3) 10 (10.0) 0(0)
AA 2 (1.5) 0(0) 0(0) 0(0)
p value Reference 0.77 0.46 -
C-509T
cC 51 (37.2) 45 (37.2) 38 (38.0) 7 (33.3)
CT 71 (51.8) 58 (47.9) 46 (46.0) 12 (57.2)
TT 15 (11.0) 18 (14.9) 16 (16.0) 2(9.5)
p value Reference 0.99 0.90 0.73
C29T
cc 24 (17.5) 27 (22.3) 22 (22.0) 5(23.8)
CT 75 (54.8) 41 (33.9) 33 (33.0) 8 (38.1)
TT 38 (27.7) 53 (43.8) 45 (45.0) 8 (38.1)
p value Reference 0.33 0.39 0.49
G74C
GG 124 (90.5) 106 (87.6) 89 (89.0) 17 (81.0)
GC 13 (9.5) 14 (11.6) 11 (11.0) 3(14.2)
cC 0(0) 1(0.8) 0(0) 1 (4.8)
p value Reference 0.45 0.70 0.19

Next, we examined the association between theses polymorphisms and ALL risk
through case-control association analyses. C29T polymorphism was a statistically significant
protective factor in heterozygosis when compared to wild homozygosis in both general ALL
and B-ALL (OR = 0.49; CI = 0.25-0.95; p < 0.05; OR: 0.48; CI = 0.24-0.98; p < 0.05,
respectively). Otherwise, C29T T allele in recessive model was significantly associated with
increased risk for both general ALL (OR =2.03; CI =1.21-3.41; p <0.01) and B-ALL subtype
(OR=2.13; CI=1.24-3.67; p < 0.01) (Table 3). No association was found between any of the
polymorphisms and the susceptibility for Low Risk (LR) or High Risk (HR) of relapse groups
in general sample or in B-ALL (Table S3).
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Table 3. Case-control association analyses in the ALL subtypes.

Model ALL subtypes [OR (CI 95%)]
General ALL B-ALL T-ALL
G-800A
GA vs GG 1.43 (0.55-3.75) 1.76 (0.67-4.64) -
Dominant 1.14 (0.46-2.85) 1.41 (0.56-3.53) 0.93 (0.88-0.97)
C-509T
CT vs CC 0.93 (0.55-1.57) 0.87 (0.50-1.52) 1.23 (0.45-3.34)
TT vs CC 1.36 (0.62-3.01) 1.43 (0.63-3.25) 0.97 (0.18-5.18)
Dominant 1.00 (0.60-1.66) 0.97 (0.57-1.65) 1.19 (0.45-3.13)
Recessive 1.33 (0.63-2.79) 1.44 (0.67-3.09) 0.86 (0.18-4.04)
C29T
CT vs CC 0.49 (0.25-0.95)* 0.48 (0.24-0.98)* 0.51 (0.15-1.71)
TT vs CC 1.24 (0.62-2.47) 1.29 (0.63-2.66) 1.01 (0.30-3.45)
Dominant 0.74 (0.40-1.37) 0.75 (0.40-1.44) 0.68 (0.23-2.04)
Recessive  2.03 (1.21-3.41)**  2.13 (1.24-3.67)** 1.60 (0.62-4.17)
G74C
GC vs GG 1.26 (0.57-2.80) 1.18 (0.51-2.75) 1.68 (0.44-6.52)
Dominant 1.35 (0.62-2.96) 1.18 (0.51-2.75) 2.24 (0.66-7.68)
*p<0.05
**p<0.01

Dominant model: heterozygotes and variant homozygotes vs wild homozygotes.
Recessive model: variant homozygotes vs wild homozygotes and heterozygotes.

3.3 TGFBI haplotype structures and ALL susceptibility

Table 4 shows the allele distribution of TGFBI haplotype structures of each group. In

the represented haplotype structures, SNPs were ordered from G-800A to the G74C locus (left

to right). As shown, no significant differences were observed in global haplotype distribution

through permutation analysis. Also, no significant difference in haplotype structures was noted

between risk groups (Table S4).

Table 4. Haplotype distribution among ALL subtypes and control

Haplotype Haplotype count [n (%)]

structure#  Control General ALL  B-ALL T-ALL
GCCG 23 (8.39) 8 (3.31) 6 (3.00) 2 (4.76)
GCCC 9(3.29) 10 (4.13) 6 (3.00) 4(9.52)
GCTG 127 (46.35) 114 (47.11) 95 (47.50) 19 (45.24)
GCTC 1(0.37) 6 (2.48) 5(2.50) 1(2.38)
GTCG 88 (32.12) 76 (31.41) 64 (32.00) 12 (28.57)
GTCC 3 (1.09) 1(0.41) 1 (0.50) 0 (0)
GTTG 10 (3.65) 17 (7.02) 13 (6.50)  4(9.53)
ACTG 13 (4.74) 10 (4.13) 10 (5.00) 0 (0)
Total 274 242 200 42

p value Reference 0.29 0.35 0.30

#SNP alleles were considered in haplotype structures in the following order: G-800A, C-509T, C29T and G74C.

To refine statistical analyses, each haplotype was tested for association with ALL

susceptibility through case-control association studies. In these analyses, each haplotype was
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tested against the entire remaining sample. Dominant model was derived for all haplotypes,
while recessive model could be tested only for the two most frequent alleles. GCTC and GTCC
haplotypes were not in these analyses due to their rarity in our sample, and it was not observed
significant association between control group and ALL subtypes in haplotype structures

analyses (Table 5). Moreover, no association was found for any of the other haplotypes tested

with ALL subtypes, nor for ALL risk groups (Tables S5).

Table 5. Recessive and dominant association models for haplotype structures.

Model ALL Subtypes [OR (CI 95%)]

Recessive General ALL B-ALL T-ALL
GCTG 1.62 (0.89-2.98)  1.74(0.93-3.25) 1.11(0.34-3.59)
GTCG 1.47 (0.66-3.29)  1.56 (0.68-3.57) 1.10 (0.23-5.29)

Dominant
GCTG 0.72 (0.42-1.24)  0.70 (0.40-1.24) 0.83 (0.30-2.30)
GTCG 0.82 (0.50-1.33)  0.84 (0.50-1.40) 0.73 (0.29-1.83)
GCCC 1.14(0.44-2.98) 0.91(0.31-2.64) 2.37 (0.59-9.58)
GCCG 0.58 (0.24-1.41)  0.52(0.19-1.39) 0.86 (0.18-4.04)
GTTG 1.80(0.78-4.17)  1.57 (0.64-3.85) 2.99 (0.84-10.59)
ACTG 1.03 (0.42-2.52)  1.27(0.52-3.12) —

*p<0.05

3.4 Influence of TGFB1 variants and haplotype structures over the ALL clinical parameters

To find out the possible impact of examined genetic variants over the ALL clinical
parameters, Kendall’s correlation tests were performed both for individual TGFBI variants

(Table 6) and haplotype structures (Table 7).

Table 6. Correlation between polymorphisms and relapse of ALL subtypes.
ALL subtypes  Models by SNP  Relapse [Tau (p-value)]
General ALL G74C
Genotypic —0.061 (0.002)**
Dominant -
G74C
Genotypic
Dominant

B-ALL
~0.048 (0.008)**

#p<0.05
#4p<0.01

Table 7. Correlation between haplotype models and clinicopathological parameters of ALL
subtypes.

ALL subtypes = Models by Haplotype =~ Parameter [Tau (p-value)]
Age Deaths
General ALL Recessive
GCTG - 0.203 (0.026)*
Dominant
GCCG 0.187 (0.04)* —
GTTG - —0.211 (0.021)*

p<0.05
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G74C genotypic model negatively correlated with relapse and death in both general
ALL (Tau = -0.061; p < 0.01) and B-ALL (Tau = —0.048; p < 0.01) (Table 6). Furthermore,
GCTG haplotype recessive model presented positive correlation with death for general ALL
(Tau = 0.203; p < 0.05), and GCCG in dominant model positively correlated with age for
general ALL (Tau = 0.187; p <0.05). Otherwise, GTTG dominant model correlated negatively
with death for general ALL (Tau =-0.211; p <0.05) (Table 7).

We also tested the correlation between polymorphisms (Table S6) and haplotype
structures (Table S7) with risk stratification by ALL subtypes. Interestingly, C-509T dominant
model presented significant negative correlation with death for HR in general ALL (Tau = —
0.211; p < 0.05) (Table S6). GCCG haplotype correlated positively with relapse for both LR
general ALL (Tau = 0.358; p < 0.05) and LR B-ALL (Tau = 0.358; p < 0.05) (Table S7).
Moreover, GCTG haplotype presented significantly positive correlation with death for HR
general ALL (Tau = 0.245; p < 0.05) (Table S7). However, GTTG correlated negatively with
death for HR general ALL (Tau =-0.250; p <0.05) (Table S7).

4 Discussion

TGFp1 exerts pivotal roles in hematopoiesis, regulating a wide range of physiological
processes, from homeostasis to induction of quiescence and self-renewal of hematopoietic stem
cells (HSCs) (Kim and Letterio 2003, Blank and Karlsson 2015). Although TGFB1 generally
acts as a negative regulator of hematopoiesis, this cytokine may exhibit dual effects.
Specifically, low concentrations of TGFB1 can stimulate proliferation of myeloid-lineage cells
but it can inhibit proliferation of lymphoid-lineage cells (Challen, Boles et al. 2010).

In this study, polymorphisms located on different regions of 7TGFBI gene, two on the
promoter region and two on the signal peptide sequence, all of which were shown to influence
gene expression or protein secretion of this cytokine. Recently, the study of the polymorphisms
located in the promoter region, in ALL, were described by our group (Sakaguchi, Amarante et
al. 2020). In the present work, we research TGFBI gene polymorphisms and haplotype
structures. There are no association studies investigating 7TGFBI genetic variants in childhood
ALL Brazilian population and relating risk stratification.

In relation to G74C polymorphism, G allele carriers showed an increased serum
concentration of TGFB1 production when compared with CC homozygotes (Awad, El-Gamel

et al. 1998). Regarding C29T polymorphism, it is positioned in the hydrophobic core portion
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of signal peptide region, which has a change from amino acids proline (encoded by C allele) to
leucine (encoded by T) at position 10 (Cambien, Ricard et al. 1996) and bioinformatics analyses,
revealed that this change modifies the conformation and affinity of the TGFp1 signal peptide
sequence to translocation complexes in endoplasmic reticulum membrane (Susianti, Handono
et al. 2014). This evidence was consistent with in vitro transfection experiment showing that C
allele obtained 2.8-fold higher TGFB1 production than T allele (Dunning, Ellis et al. 2003).
Furthermore, other evidences found that individuals with CC genotype had high serum
concentration of TGFB1 in comparison with CT and TT genotypes (Awad, El-Gamel et al. 1998,
Yokota, Ichihara et al. 2000, Taubenschuss, Marton et al. 2013).

The genotype frequencies for each polymorphism from our neoplasia-free group were
compared with that from a Brazilian cohort of elderly healthy individuals from Sao Paulo’s city,

located on the Southeastern region of Brazil (http://abraom.ib.usp.br/) (Naslavsky, Scliar et al.

2020) and with previous publications (Vitiello, Guembarovski et al. 2018) . No significant
difference was observed between other Brazilians populations and our neoplasia-free children
population, confirming that genotype frequencies from our study are consistent with the
Brazilian population.

In this present study, our neoplasia-free children group showed significant difference in
TGFBI haplotype distribution from some populations available in the 1000 Genomes Project
Data, such as African, Ad-Mixed, East Asian and European populations but it did not differ
significantly with South Asian populations. These findings were consistent with previous study
involving breast cancer (BC) research, showing that Brazilian control group differed
significantly from all populations in this data set (Vitiello et al, 2018), suggesting that genetic
constitution of the Brazilian population is different compared to other populations around the
world.

In relation to TGFBI signal peptide polymorphisms, the present study evidenced a
protective association for CT genotype from C29T SNP in general ALL, while T allele in
recessive model has shown a significant risk association in general and B-ALL. Consistently,
previous research demonstrated that C29T TT genotype presented a risk association on
myelodysplastic syndrome (MDS) with refractory anemia subtypes (Balog, Borbenyi et al.
2005). In contrast with our result, Pehlivan, Okan et al. (2011) found protective association of
TT genotype over the ITP. Furthermore, CT genotype indicated an increased susceptibility for
diffuse large B-cell lymphoma (the most common type of NHL), bringing conflicting results
(Marangon, Colli et al. 2019). Other previous studies related to ALL and other hematological
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diseases did not detect association for C29T polymorphism (Dai, Gast et al. 2009, Pehlivan,
Sahin et al. 2014, Nursal, Pehlivan et al. 2016).

Regarding G74C polymorphism, we observed no association for ALL susceptibility.
Otherwise, Nursal, Pehlivan et al. (2016) reported an increased risk association for GC genotype
with AML in Turkish patients, and other group associated GG genotype with risk for non-
Hodgkin’s Lymphoma (NHL) in female patients (Mazur, Bogunia-Kubik et al. 2006). Due to
rarity of G74C variant (C allele), studies with larger cohort may be necessary to confirm any
association for this SNP.

Recently, our research group observed low TGFB1 cytokine plasma levels in ALL
patients when compared to control group, and we observed the recovery of this cytokine during
different therapeutic regimen (Sakaguchi, Amarante et al. 2020). Thus, next step was to analyze
TGFBI haplotype structures in ALL subtypes. In the haplotype association analyses, no
significant differences between neoplasia-free children and ALL subtypes. This finding was
opposite with Brazilian BC study, in which low producer GCTG haplotype presented
significantly protection against HER2+ BC, and high-producer GTCG haplotype conferred
increased risk for the same BC subtype (Vitiello, Guembarovski et al. 2018). These
observations may probably demonstrate that TGFB1 cytokine behave in different manner in
different diseases.

TGFB and Forkhead O (FOXO) signaling cooperate to guarantee the quiescence of
hematopoietic stem cells. The activities of the FOXO transcription factors lead to the expression
of the cyclin-dependent kinase inhibitor 1C (CDKNI1C) gene that encodes the CDK inhibitor
p57%P2 which is essential to maintain the quiescence of HSC. TGF-B signaling in the bone
marrow microenvironment induces the expression of p575P? in hematopoietic stem cells. As
TGF-p signaling activates SMAD3 which can be associated with FOXO transcription factors
to induce the production of p575P?, a functional axis that integrates TGF-p signaling through
Smad3 and FOXO proteins can control quiescence and maintenance of HSC (Naka and Hirao
2017).

Another transcription factor well stablished is transcriptional intermediary factor 1 vy
(TIF1y), which is able to regulate TGFp signaling, inhibiting the formation of the SMAD2/3/4
complex (He, Dorn et al. 2006). Although TIF 1y is able to control hematopoiesis, dysregulation
of this protein can promote tumor survival in B-lineage lymphoblasts in B-ALL (Wang,
Kawaoka et al. 2015). Herein, these transcription factors may demonstrate interesting relation

with TGFP and their variants that may be involved in ALL prognosis.
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Few studies demonstrated the impact of TGFBI haplotype in hematological
malignancies. No significant association was observed in ALL (Dai, Gast et al. 2009) and AML
(Nursal, Pehlivan et al. 2016). Contrariwise, high-producer CG haplotype (C29T and G74C)
conferred a protective factor against CML patients (Pehlivan, Sahin et al. 2014). These previous
studies were consistent with our haplotype association analyses, observing no significant
differences between neoplasia-free children and ALL subtypes.

Our study also indicated that GCCG and GCTG haplotype positively correlated with
age and death, respectively, in general ALL, but GTTG showed negative correlation with death
in this same subtype. High concentrations of TGFf induces cell quiescence in lymphoid-HSCs
(Challen, Boles et al. 2010, Blank and Karlsson 2015), suggesting that 7TGFB] variants might
be involved on the impairment of blastic leukemogenesis at the moment of ALL diagnosis
which is indicative of poor prognosis.

Concerning about stratification protocols, we stratified ALL patients in two main risk
groups, LR and HR. Additionally, it is emphasized that all T-ALL are classified as HR due to
its” enhanced aggressiveness (GBTLI 2009). Although we observed no significant association
between risk groups, our study subsequently evaluated the impact of TGFBI variants on the
clinical presentation in risk-stratified ALL patients. The TGFB1 high-producer genotype, G74C
G allele negatively correlated with relapse in general and B-ALL However, caution is warranted
for conclusions regarding these variants, given that their rarity demands larger cohorts to
investigate their effects.

For children with suspected hematological impairment through image findings or
laboratory tests (Kato 2020), the administration of glucocorticoids is introduced in low doses
before the treatment in Brazilian ALL patients. In the beginning of treatment protocol treatment,
the ALL-diagnosed patients are directed to prophase treatment, in which are administrated
doses of prednisolone with aim of decreasing leukemic blasts (GBTLI 2009). Previous studies
reported that glucocorticoids like prednisolone and dexamethasone are considered highly
effective treatments in ALL and prevent a few adverse effects during treatment (Inaba and Pui
2010, Hunger 2016). Thus, it indicated that TGFBI variants with combined chemotherapy
might be modulating the TGFP production (Wen, Kohyama et al. 2002) and hematological
microenvironment.

The chance for relapse in patients classified as HR is higher for the majority of protocol
treatment (Inaba, Greaves et al. 2013, Pui, Yang et al. 2015, Kato and Manabe 2018). This

scenario is indicative for poor prognosis in HR classification because leukemic blasts
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hypothetically gain chemoresistance, impairing negative regulator function of TGF1 in bone
marrow microenvironment.

Interestingly, our analyses showed that low-producer GCTG positively correlated with
death in HR general ALL, whereas intermediate-producer GCCG haplotype observed
significant positive correlation with relapse in both LR general ALL and LR B-ALL. Otherwise,
GTTG haplotype negatively correlated with death in HR general ALL. These results
demonstrate the importance of stratification of the Brazilian protocol treatment ALL.
Additionally, it may indicate that TGF1 cytokine may be crucial for survival of these patients,
serving like hematopoiesis maintenance.

Therefore, the present study demonstrated for the first time the impact of TGFBI
haplotype structures over the clinical parameters preconized by Brazilian childhood ALL
protocol treatment. There are few studies investigating the involvement of TGFB1 in ALL,
indicating the need for more studies to clarify the roles of this pleiotropic cytokine in this
disease. Probably, the modulation of TGFB1 product by genetic variants may impact on the
effects of this cytokine in normal and neoplastic hematopoiesis and might interact with

chemotherapeutic treatment, impacting patients response, prognosis and survival.
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Supplementary Information

Table S1. Linkage disequilibrium analyses of TGFBI polymorphisms.

Polymorphisms D’ LOD r
G-800A x C-509T 1.0 0.97 0.028
G-800A x C29T 1.0 2.04 0.034
G-800A x G74C 1.0 0.61 0.003
C-509T x C29T 0.73 31.0 0.443
C-509T x G74C 0.627 0.99 0.015
C29T x G74C 0.416 0.99 0.015

Table S2. Genotype distributions for ALL risk stratification.

Genotype  ALL subtypes and risk stratification [n (%)]

General ALL B-ALL

Low Risk High Risk Low Risk High Risk

(n=31) (n=90) (n=31) (n=069)
G-800A
GG 28 (90.3) 83 (92.2) 28 (90.3) 62 (89.9)
GA 309.7) 7 (7.8) 3(9.7) 7 (10.1)
AA 0 (0) 0(0) 0 (0) 0 (0)
C-509T
CcC 11 (35.5) 34 (37.8) 11 (35.5) 27 (39.1)
CT 12 (38.7) 46 (51.1) 12 (38.7) 34 (49.3)
TT 8 (25.8) 10 (11.1) 8 (25.8) 8 (11.6)
C29T
CcC 9 (29.0) 18 (20.0) 9 (29.0) 13 (18.9)
CT 10 (32.3) 31 (34.4) 10 (32.3) 23 (33.3)
TT 12 (38.7) 41 (45.6) 12 (38.7) 33 (47.8)
G74C
GG 27 (87.1) 79 (87.8) 27 (87.1) 62 (89.9)
GC 4 (12.9) 10 (11.1) 4 (12.9) 7 (10.1)
CC 0 (0) 1(1.1) 0 (0) 0 (0)

Table S3. Risk association between 7GFBI genotypes and ALL subtypes risk of relapse.

Model General ALL [OR (95%CI)]  B-ALL [OR (95%CI)]
Low Risk vs High Risk Low Risk vs High Risk
G-800A
GA vs GG 0.79 (0.19-3.25) 1.05 (0.25-4.38)
Dominant 0.79 (0.19-3.25) 1.05 (0.25-4.38)
C-509T
CTvs CC 1.24 (0.49-3.15) 1.15 (0.44-3.02)
TT vs CC 0.40 (0.13-1.28) 0.41 (0.12-1.36)
Dominant 0.91 (0.39-2.12) 0.86 (0.36-2.06)
Recessive 0.43 (0.15-1.25) 0.45 (0.15-1.38)
C29T
CTvs CC 1.55(0.53-4.53) 1.59 (0.52-4.92)
TT vs CC 1.71 (0.61-4.77) 1.90 (0.65-5.59)
Dominant 1.64 (0.64—4.16) 1.76 (0.66—4.71)
Recessive 1.33 (0.58-3.05) 1.45 (0.61-3.44)
G74C
GC vs GG 0.85 (0.25-2.95) 0.76 (0.21-2.82)
Dominant 0.94 (0.28-3.20) 0.76 (0.21-2.82)

#p<0.05

OR and CI 95% were estimated by binary logistic regression controlled by age and sex.



Table S4. Haplotype distribution among ALL subtypes and risk stratification.

Haplotype structure#  Haplotype count [n (%)]

General ALL B-ALL

Low Risk High Risk  Low Risk  High Risk
GCCG 2 (3.23) 6 (3.33) 2(3.23) 4(2.90)
GCCC 2(3.23) 8 (4.44) 2 (3.23) 4(2.90)
GCTG 27 (43.55) 87 (48.33) 27 (43.55) 68 (49.28)
GCTC 1 (1.61) 5(2.78) 1(1.61) 4(2.90)
GTCG 23 (37.09) 53(29.45) 23(37.09) 41 (29.71)
GTCC 0(0) 1 (0.56) 0(0) 1(0.72)
GTTG 4 (6.45) 13 (7.22) 4 (6.45) 9 (6.52)
ACTG 3(4.84) 7 (3.89) 3 (4.84) 7 (5.07)
Total 62 180 62 138
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Table S5. Recessive and dominant models for haplotype structures based on risk stratification

of ALL subtypes.
Model ALL subtypes [OR (CI 95%)]
General ALL B-ALL
Low Risk vs High Risk  Low Risk vs High Risk
Recessive
GCTG 0.99 (0.39-2.51) 1.09 (0.42-2.86)
GTCG 0.46 (0.15-1.43) 0.47 (0.14-1.54)
Dominant
GCTG 1.56 (0.66-3.65) 0.80 (0.34-1.87)
GTCG 0.79 (0.35-1.79) 1.55 (0.64-3.77)

Table S6. Correlation between polymorphisms and clinicopathological parameters of ALL risk

stratification.
Risk group of ALL subtypes = Models by SNP  Parameter [Tau (p-value)
Deaths
General ALL — High Risk C-509T
Dominant —0.211 (0.046)*
*p<0.05

Table S7. Correlation between haplotype models and clinicopathological parameters of ALL

risk stratification.

Risk group of ALL subtypes

Models by haplotype

Parameters [Tau (p-value)]

General ALL — Low Risk

General ALL — High Risk

B-ALL — Low Risk

Dominant
GCCG
Recessive
GCTG
Dominant
GTTG
Dominant
GCCG

Relapse

0.358 (0.05)*

0.358 (0.05)*

Deaths

0.245 (0.021)*

~0.250 (0.018)*

#p<0.05
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4.2 ARTIGO 2: INVOLVEMENT OF TGFBR2 POLYMORPHISM IN CLINICAL
PRESENTATION OF BRAZILIAN CHILDHOOD ACUTE LYMPHOBLASTIC
LEUKEMIA PATIENTS

Abstract

Acute lymphoblastic leukemia (ALL) is a hematological neoplasia that affects the precursor
cells of strains B, T and Natural Killer, with a higher incidence in the pediatric range. The
receptor for transforming growth factor beta (TGFBR) appears to be involved in in hematologic
malignancies. A single nucleotide polymorphism (SNP) was identified on its promoter region
(rs3087465, G-875A,) which this SNP seems to modify TGFBRII expression in cells and it has
been investigated in several tumors. The aim of this present study was to evaluate the possible
involvement of 7TGFBR2 rs3087465 polymorphism in Brazilian childhood ALL, focusing on
its susceptibility, clinicopathological parameters and risk stratification. The TGFBR2
rs3087465 polymorphism evaluation was performed through polymerase chain reaction (PCR)
followed by restriction fragment length polymorphism (RFLP) analysis. Regarding genotypes
distribution there was no statistically significant difference between ALL subgroups and
neoplasia-free children. It was verified that rs3087465 was statistically associated with
increased susceptibility for general ALL and B-ALL in recessive model (OR =2.03; CI = 1.05—
3.95; p < 0.05 and OR = 2.12; CI = 1.06-4.23; p < 0.05, respectively). Interestingly, it was
observed significantly increased association for high risk (HR) for relapse in general ALL and
B-ALL patients in recessive model (OR = 5.54; CI = 1.21-25.28; p < 0.05 and OR = 6.37; CI
=1.37-29.59; p < 0.01, respectively). It was also shown a significant increased association for
the same group for relapse in B-ALL in AA homozygous genotype (OR = 6.30; CI = 1.26—
31.60; p<0.05). Furthermore, positive correlation between risk group and rs3087465
polymorphism in recessive model was observed in general ALL and B-ALL (Tau = 0.23; p =
0.02 and Tau = 0.27; p = 0.009, respectively), and the same finding was observed in additive
model in B-ALL (Tau = 0.21; p = 0.03). Concerning about T-ALL, positive correlation was
observed between relapse and rs3087465 in additive and dominant models (Tau = 0.40; p =
0.03 and Tau = 0.52, p =0.04, respectively). In this work, it was verified that rs3087465 was
statistically associated with increased susceptibility for general ALL and B-ALL and HR for
relapse in recessive model. There was positive correlation between ALL relapse and rs3087465
in additive and dominant models. This polymorphism may be a strong candidate for a possible
prognostic marker in ALL.

Keywords: ALL, TGFfBR, genetic variants.
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1 Introduction

Acute lymphoblastic leukemia (ALL) is a malignant disease with uncontrolled
proliferation of precursor lymphoid cells with ability to invade bone marrow, bloodstream and
extramedullary sites. Although the peak of incidence occurs in children between 1 and 4 years
old, ALL may affect both children and adults (Malard and Mohty 2020).

The basis of ALL treatment is chemotherapy, consisting of a combination of
chemotherapeutic agents during the therapy (Cooper and Brown 2015, Wyatt and Bram 2019),
which negatively affects host immune system, leading to opportunistic infections (Chandran,
Morgan et al. 2012). Because of this reason, the involvement of immune system molecules such
as TGFB signaling and tumor immunity becomes the target of comprehending
immunomodulation in tumor microenvironment (Kerkar and Restifo 2012, Chen, Zhuang et al.
2015).

Transforming growth factor beta (TGFP) subfamily is composed by three TGFf
isoforms, in which TGFf1 is considered the most abundant and widely studied (Chen and Ten
Dijke 2016). This subfamily acts since embryogenesis until adult life in either physiological or
pathological conditions, such as cell differentiation, proliferation, apoptosis and immunological
tolerance (Kubiczkova, Sedlarikova et al. 2012, Batlle and Massague 2019).

Activated TGFP is able to interact with proteoglycans available on the cell membrane
(such as TGFBR3), promoting TGF binding to the serine/threonine kinase receptor TGF[3
receptor 2 (TGFBR2 followed by TGFp receptor 1 (ALKS or TGFBR1) and activating two
pathways: classical (SMAD-mediated) and alternative (Rho GTPase, Ras-MAPK,
PI3K/AKT/mTOR-mediated) (David and Massague 2018, Vander Ark, Cao et al. 2018).
Additionally, these pathways are considered important regulators in hematopoietic
compartment, controlling proliferation and differentiation of several cell types (myeloid and
lymphoid lineages) (Blank and Karlsson 2015, Bataller, Montalban-Bravo et al. 2019).

TGEFp signaling seems that have two sides of the same coin in carcinogenesis level,
acting as tumor suppressor in less aggressive cancer due to epithelial to mesenchymal transition
in alternative pathway and growth tumor stimulator and metastases inductor in high aggressive
cancer (Tang, Vu et al. 2003, Yang, Pang et al. 2010, Colak and Ten Dijke 2017). However,
the exact role of this signaling in ALL and in leukemogenesis context remains obscure, and it
is unknown the contribution of TGFf receptors (TGFBRI1 and TGFBR2) over the childhood

cancer, including ALL.



61

TGFBR2 gene is mapped on chromosome (3p22 locus) and a single nucleotide
polymorphism (SNP) was identified on its promoter region (rs3087465, G-875A) (Seijo, Song
et al. 2001). This SNP seems to modify TGFBR2 expression in epithelial cells (Seijo, Song et
al. 2001) and it has been investigated in several solid tumors, such as breast cancer (Jin,
Hemminki et al. 2004, Vitiello, Amarante et al. 2019), gastric cancer (Jin, Wang et al. 2007,
Xu, Zeng et al. 2011), esophageal squamous cell carcinoma (Jin, Deng et al. 2008), lung cancer
(Ren, Yin et al. 2015) and prostate cancer (Teixeira, Gomes et al. 2013).

Few studies have explored the study of 7GFBR2 polymorphism in hematologic
malignancies. A study performed by Li, Bench et al. (2001) investigated the possible effect of
rs3087465 on polycythemia vera and did not found association with pathogenesis. Another
study performed on ALL patients, revealed that this polymorphism was not statistically
associated with susceptibility to the disease (Dai, Gast et al. 2009). Thus, the aim of this present
study was to evaluate the possible involvement of TGFBR2 rs3087465 polymorphism in
Brazilian childhood ALL subtypes, focusing on its susceptibility, clinicopathological

parameters and risk stratification.

2 Materials and Methods

2.1 Children sample characterization

The study protocol was reviewed and approved by Ethics Committee for Research
Involving Human Subjects of the Londrina State University (CAAE N° 17123113.4.0000.5231).
The free and informed consent form was signed by the parents of all children and adolescents,
and we also obtained the consent of patients with the decision-making ability to participate in
the project.

Briefly, 2 mL of peripheral blood was collected from 107 with ALL Londrina Cancer
Hospital, at the same moment of the blood collection of routine examinations of the participants.
ALL was classified according to the European Group for Immunophenotyping of
Leukemias (EGIL) recommendations (Bene, Castoldi et al. 1995). Patients identified as having
relapsed and critical data were selected (date of relapse, date of second remission if attained,
date of subsequent relapse, survival status, date of last contact or death and cause of death).

ALL stratification and its risk of relapse were based on Brazilian Childhood Leukemia
Treatment Group (GBTLI) (GBTLI 2009). This protocol was defined by GBTLI-LLA 99,
updated on December 12, 2001 (Brandalise, Pinheiro et al. 2010). This protocol uses the
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classification of the National Cancer Institute and the in vivo therapeutic response evaluated at
the 7th, 14th, and 28th days of induction treatment with four drugs (dexamethasone, vincristine,
daunorubicin and asparaginase) and defines patients as high and low risk (GBTLI-LLA 2000).
In the low-risk (LR) group, patients older than or equal to 1 year and less than 9 years old are
included, leucometry less than 50,000/mm3 at diagnosis and less than 5,000/mm3 at the 7th
day of treatment, absence of peripheral blasts and low bone marrow (BM) involvement on the
14th day of treatment and BM with low count of leukemic cells at 28th of induction, if there is
infiltration of blasts in the central nervous system at diagnosis, these should be absent on the
examination of cerebrospinal fluid on the 14th day of treatment. For the high-risk (HR) group,
it is considered age less than 1 year and greater than or equal to 9 years, leucometry greater than
50,000/mm? at diagnosis and greater than or equal to 5,000/mm?® on the 7th day of treatment,
presence of leukemic blasts in the peripheral blood or extensive involvement of BM on the 14th
day, evidence of extra-medullary leukemic involvement at the end of induction (Cazé, Bueno
et al. 2010).

Peripheral blood (2mL) was collected from 161 children for control group in University
Hospital of Londrina State University. These children did not present history of cancer or
inflammatory diseases (based on hematological, biochemical and imunological tests) at the time
of blood collection.

The clinicopathological parameters for ALL patients, subtypes, age parameter was
stratified into two groups (> 1 and < 9; < 1 and > 9) and mean and median age were calculated
for each ALL subtype in Table 1. In relation to risk group, T-ALL was not stratified because
this subtype is classified as High Risk (HR) due to its aggressiveness.

In the current research project, all samples (ALL patients and neoplasia-free children)
were obtained in the region of Londrina, located in southern Brazil (Parana State). Although
Brazil presents high miscegenation in which would interfere in classification into ethnic groups
and genetic markers (Pimenta, Zuccherato et al. 2006, Pena, Bastos-Rodrigues et al. 2009,
Naslavsky, Scliar et al. 2020), this region shows a high degree of European inheritance
(Caucasoid ethnicity) (Parra, Amado et al. 2003, Pena, Bastos-Rodrigues et al. 2009, Lins,
Vieira et al. 2010, Kehdy, Gouveia et al. 2015).

2.2 Genomic DNA Isolation

Genomic DNA was extracted from whole blood using Biopur Mini Spin Plus Kit

(Biometrix Diagnostica, Curitiba, Brazil), according to manufacturer’s instructions. DNA
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samples were quantified by NanoDrop 2000c® Spectrophotometer (Thermo Fisher Scientific
Inc., Wilmington, USA) at wavelength of 260/280.

2.3 TGFBR2 rs3087465 genotyping

The TGFBR2 rs3087465 polymorphism evaluation was performed through polymerase
chain reaction (PCR) followed by restriction fragment length polymorphism (RFLP) analysis
according to Zhang, Guo et al. (2011) with modifications.

Shortly, all samples of this study were amplified and subsequently, PCR amplicons were
subjected to enzyme restriction according to Vitiello, Amarante et al. (2019)

All fragments were visualized through electrophoresis in 10% polyacrylamide gels stained with

silver nitrate (AgNO3).

2.4 Statistical analyses

In this study, Chi-squared (y?) test was performed to verify differences in genotype and
allele frequencies among groups. Odds Ratios (OR) with 95% confidence intervals (CI) were
estimated in case-control study. The models of association tested were: genotypic
(heterozygotes or variant homozygotes vs wild homozygotes), dominant (heterozygotes and
variant homozygotes vs wild homozygotes), and recessive (variant homozygotes vs
heterozygotes and wild homozygotes). Additionally, risk association was performed among
TGFBR?2 polymorphism and ALL risk of relapse with the same test described above.

Then, the correlation analyses between TGFBR2 polymorphism and clinicopathological
parameters were calculated by Kendall’s tau-b (square tables) and tau-c (rectangular table) rank
correlations coefficient considering additive (genotypic) model (GG = 0; GA = 1; AA = 2),
dominant model (GG = 0; GA or AA = 1) and recessive model (GG or GA =0; AA = 1). All
statistical analyses were performed in SPSS® Statistics software version 22 (IBM®, Armonk,
New York City, NY, USA). The significance level adopted was 5%.

3 Results

Regarding correlation analyses, all clinicopathological parameters were categorized as

described in Table 1.
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Table 1. Distribution of ALL patients’ clinicopathological parameters

Parameter General ALL B-ALL T-ALL
Age (years)
Median (IQ range) 6.0 (9) 5.50) 10 (7)
Mean (SD) 7.6 (5.2) 7.1(5.2) 9.94.7)
>1and <9 [n (%)] 66 (61.7) 58 (64.4) 8 (47.1)
<land>9 [n(%)] 41 (38.3) 32 (35.6) 9 (52.9)
Sex [n (%)]
Female 85 (53.1) 44 (48.9) 8 (47.1)
Male 75 (46.9) 46 (51.1) 9 (52.9)
Risk group [n (%)]
Low Risk (LR) 31 (29.0) 31 (34.4) 0 (0)
High Risk (HR) 76 (71.0) 59 (65.6) 17 (100)
Relapse [n (%)]
Positive 14 (86.9) 10 (11.1) 4(23.5)
Negative 93 (13.1) 80 (88.9) 13 (76.5)
Deaths [n (%)]
Yes 24 (22.4) 19 (21.1) 4(23.5)
No (Survivors) 83 (77.6) 71 (78.9) 13 (76.5)

3.1 TGFBR2 rs3087465 and ALL susceptibility

Table 2 shows allele and genotypes distribution for ALL subtypes and neoplasia-free
children. No statistically significant differences were noted when comparing both allele and

genotypes distribution between neoplasia-free children and ALL groups.

Table 2. Allelic and genotypic distribution of TGFBR2 polymorphism among controls and ALL
subgroups.

TGFBR2 Control (n=161) ALL subgroups [n (%)]
allele/genotype [n (%)]
ALL general B-ALL T-ALL
(n=107) (n=90) n=17)
Genotype frequency
GG 60 (37.5) 41 (38.3) 33 (36.7) 8 (47.1)
GA 83 (51.9) 43 (40.2) 37 (41.1) 6 (35.3)
AA 17 (10.6) 23 (21.5) 20 (22.2) 3 (17.6)
p value® 0.89 0.90 0.44
Allele frequency
G 117 (36.6) 125 (58.4) 103 (57.2) 22 (64.7)
A 203 (63.4) 89 (41.6) 77 (42.8) 12 (35.3)
p value® - 0.24 0.17 0.88

2 Chi-squared (i) test

Association test was performed between TGFBR2 polymorphism and ALL
susceptibility through case-control association studies (Table 3). We observed that G-875A was
statistically associated with increased susceptibility for general ALL and B-ALL in recessive

model (OR = 2.03; CI = 1.05-3.95; p < 0.05 and OR = 2.12; CI = 1.06-4.23; p < 0.05,
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respectively) (Table 3). Moreover, a tendency was observed for general ALL and B-ALL in
AA genotype model (0.05 <p <0.1) (Table 3).

Table 3. Association analyses between TGFBR?2 polymorphism and ALL subgroups.

ALL Subgroup Model OR 95% CI p-value®

General ALL GA 0.76 0.44-1.30 0.34
AA 1.98 094-4.16 0.091

Dominant  0.97 0.58 -1.60 0.90

Recessive 2.03 1.05-3.95 0.04*

B-ALL GA 0.81 0.46-1.44 0.56
AA 2.14 0.99-4.64 0.07
Dominant 1.04 0.61-1.77 1.00

Recessive  2.12  1.06-4.23 0.045*
T-ALL GA 0.54 0.18—-1.64 0.40
AA 1.32 0.32-5.54 0.71
Dominant 0.68 0.25-1.84 0.45
Recessive 1.59 0.42-6.05 0.45

30Qdds ratio (OR) and 95% confidence interval (95%CI) *p<0.05
Dominant (heterozygotes and variant homozygotes vs wild homozygotes), and Recessive (variant
homozygotes vs heterozygotes and wild homozygotes).

Next, we examined risk association test between TGFBR2 polymorphism and ALL risk
of relapse status (Table 4). T-ALL was not included in this analysis. Interestingly, it was
positively associated with HR classification in recessive model considering general ALL and
B-ALL (OR = 5.54; CI = 1.21-25.28; p < 0.05; OR = 6.37; CI = 1.37-29.59; p < 0.01,
respectively) (Table 4). Furthermore, it was observed a positive association with HR in AA
genotype model for B-ALL (OR = 6.30; CI = 1.26-31.60; p < 0.05). It was shown a tendency

towards to a positive association for general group in this model (0.05 <p < 0.1) (Table 4).

Table 4. Association analysis between TGFBR2 polymorphism and ALL risk of relapse status

ALL Subgroup  Risk group Model OR 95% CI p value?
ALL general LR vs HR GA 0.78 0.32-1.93 0.65
AA 4.88 0.99-23.97 0.06
Dominant  1.24  0.53-2.90 0.67
Recessive  5.54 1.21-25.28 0.02*
B-ALL LR vs HR GA 098 0.38-2.54 1.00
AA 6.30 1.26-31.60 0.03*
Dominant 1.61  0.66-3.91 0.36

Recessive 637 1.37-29.59 0.008*
30dds ratio (OR) and 95% confidence interval (95%CI) “p <0.05
Dominant (heterozygotes and variant homozygotes vs wild homozygotes), and Recessive (variant
homozygotes vs heterozygotes and wild homozygotes).

3.2 TGFBR2 rs3087465 correlation with ALL clinicopathological parameters
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According to results, positive correlation between risk group and G-875A
polymorphism in recessive model was observed in general ALL (Tau = 0.234; p = 0.02).
Moreover, this polymorphism positively correlated with risk group in either additive or
recessive model considering B-ALL (Tau = 0.214; p = 0.03 and Tau = 0.275; p = 0.009,
respectively). Regarding T-ALL, positive correlation was observed between relapse and G-
875A in additive and dominant models (Tau = 0.401; p = 0.03 and Tau = 0.523; p = 0.04,
respectively) (Table 5).

Table 5. Correlation analyses between models for TGFBR2 polymorphism and ALL
clinicopathological parameters

ALL subgroup  Parameters = Models for TGFBR2 [Tau (p-value)]
Additive Dominant Recessive
General ALL Age 0.071 (0.49) 0.028 (0.77) 0.102 (0.29)
Sex —0.105 (0.31) —0.089 (0.36) —0.073 (0.45)
Risk Group  0.140 (0.10) 0.048 (0.63) 0.234 (0.02)*
Relapse 0.034 (0.65) 0.021 (0.83) 0.067 (0.49)
Deaths —0.027 (0.76) —0.037 (0.70)  —0.009 (0.93)
B-ALL Age 0.090 (0.41) 0.052 (0.62) 0.105 (0.32)
Sex -0.152 (0.17) -0.120 (0,26)  —0.119 (0.26)
Risk Group  0.214 (0.03)* 0.110 (0.30) 0.275 (0.009)*
Relapse —0.021 (0.80) —0.089 (0.40)  0.066 (0.53)
Deaths 0.028 (0.77) 0.010 (0.93) 0.051 (0.63)
T-ALL Age 0.176 (0.42) 0.157 (0.47) 0.110 (0.61)
Sex 0.097 (0.70) 0.056 (0.82) 0.127 (0.61)
Risk Group - - -
Relapse 0.401 (0.03)* 0.523 (0.04)*  0.107 (0.67)
Deaths —0.111 (0.56) —0.033 (0.90) —0.257 (0.30)

p < 0.05. Dominant (heterozygotes and variant homozygotes vs wild homozygotes), and Recessive

(variant homozygotes vs heterozygotes and wild homozygotes).

4 Discussion

ALL is considered a malignant hematologic disease which affects mainly children, and
some factors like immunologic molecules and genetic alterations may contribute to
leukemogenesis (Malard and Mohty 2020), such as TGFp. Genetic and/or epigenetic alterations
modify TGFp signaling which can act as a double-edged sword. The activation or suppression
by these alterations can lead to deregulation and imbalance in signaling pathways, which may
result in hematological diseases and/or malignancies (Naka and Hirao 2017). Studies have
shown that deregulation of TGFf signaling leads to loss of negative regulation of hematopoiesis,
leading to lymphoid disorders (Kim and Letterio 2003, Blank and Karlsson 2015, Bataller,
Montalban-Bravo et al. 2019).
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One of the reason of triggering instability of TGFf signaling can be alterations found in
several types of cancers, such as loss of expression or mutations (Levy and Hill 2006, Xu and
Pasche 2007). In this context, the TGFBR2 could be target for gene alteration like mutation or
inactivation (Levy and Hill 2006, Ku, Park et al. 2007), including hematological malignancies
(Kim and Letterio 2003, Wu, Su et al. 2017).

In the present study, we investigated the possible association of TGFBR2 polymorphism
rs3087465 with Brazilian childhood ALL subtypes and according to results, recessive model
associated with general ALL and B-ALL susceptibility (p = 0.04 and p = 0.045, respectively).
Dai, Gast et al. (2009) did not found significant association between this polymorphism and
German childhood ALL subgroups. Moreover, some studies involving solid tumors presented
opposite behavior, observing protective associations over several types of cancer (Huang,
Zhong et al. 2014, Ren, Yin et al. 2015, Vitiello, Amarante et al. 2019). This may indicate that
this polymorphism behaves differently depending on the type of cancer in question.

In relation to risk of relapse status, HR group had significantly increased risk association
over the LR in rs3087465 recessive model considering general ALL and B-ALL (p = 0.02 and
p = 0.008, respectively). Additionally, this group with significant increased risk association in
rs3087465 AA genotype model was observed in B-ALL (p = 0.03), suggesting that general
ALL and B-ALL patients with AA genotype may predict more chance to develop relapse.

Next, we compared the rs3087465 allele frequency from our control population to that
of surrounding the world using data from 1000 Genomes project, available through the LDlink
application (https://ldlink.nci.nih.gov/?tab=Idhap) for genetic characterization (Machiela and
Chanock 2015). Allelic frequencies differed with African and European populations, Mexican
population and majority of East Asian and South Asian populations (p < 0.05). Variant allele
A in our neoplasia-free children was lower than in majority of African populations (p < 0.001)
but was higher than in Mexican (p = 0.014), all European (p < 0,05) and majority of East Asian
(p <0.05). It is important to emphasize that these observations demonstrate the genetic variation
among other populations. The differences between the frequencies of polymorphisms occurs
due to the genetic and ethnic differences of each population.

When our neoplasia-free children group was compared with genotype frequencies to
cohort elderly healthy subjects from the city of Sdo Paulo, Brazil (available on the Online
Archive of Brazilian Mutations ~ABraOM: http://abraom.ib.usp.br/) (Naslavsky, Scliar et al.
2020), interestingly we not found significant differences for rs3087465. In addition, our
neoplasia-free children frequency of TGFBR2 polymorphism was very similar with previous

Brazilian breast cancer study (Vitiello, Amarante et al. 2019).
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Recently, our group demonstrated that TGFB1 plasma levels in ALL patients was lower
than control group and chemotherapy effect seems to modulate the circulating TGFB1 until
achieving remission (Sakaguchi, Amarante et al. 2020), suggesting a good prognosis.
Consistently, one study detected low TGFBI and TGFBR2 gene expression in ALL patients
(Aghaeenezhad, Mohammadi et al. 2018). On the other hand, high TGFBR2 gene expression
predicted a poor clinical prognosis in acute myeloid leukemia (AML) patients (Wu, Su et al.
2017).

The rs3087465 in recessive model correlated positively with risk group in either general
ALL or B-ALL and positive correlation with risk group in additive model was observed only
in B-ALL. These findings were consistent with risk association studies, whereas additive and
dominant models correlated positively with relapse in T-ALL.

In childhood T-ALL, the loss of SMAD3 protein and p27¥P! cyclin-dependent kinase
inhibitor further towards to T-cell leukemogenesis (Wolfraim, Fernandez et al. 2004) and
extramedullary relapse (Nguyen, Devidas et al. 2008). This may suggest that TGFBR2
polymorphism indicate a poor prognosis, dysregulating TGFP signaling followed by
hyperproliferation of T-leukemic cells.

Finally, we demonstrated for the first time the involvement of TGFBR2 rs3087465
polymorphism in Brazilian childhood ALL and it also may indicate a strong candidate for

possible susceptibility and prognosis marker in ALL.
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5 CONCLUSAO

e Artigo 1:

¢ Nao encontramos diferencga estatistica tanto nas variantes genéticas do gene TGFBI
(rs1800468 ou G-800A, rs1800469 ou C-509T, rs1800470 ou C29T e rs1800471 ou
G74C) entre pacientes com LLA e criangas livres de neoplasia (grupo controle);

% O polimorfismo C29T apresentou um efeito protetor em heterozigose nos subtipos LLA
geral e LLA-B; e o alelo T do polimorfismo C29T no modelo recessivo associou com
risco a suscetibilidade nos subtipos LLA geral e LLA-B;

*» Numa analise de associacdo de risco de recidiva, ndo obtivemos associacdo das
variantes genéticas do gene TGFB1 entre os grupos BR e AR dos subtipos LLA geral e
LLA-B;

* O polimorfismo G74C estava correlacionado negativamente com recaida para os
subtipos LLA geral e LLA-B, enquanto que o haplotipo GTTG no modelo dominante
correlacionou-se negativamente com Obito apenas para LLA geral,

s Os haplotipos GCTG no modelo recessivo e GCCG no modelo dominante
correlacionaram-se positivamente com oObito e idade, respectivamente, para LLA geral;

% O polimorfismo C-509T no modelo dominante e o haplotipo GTTG no mesmo modelo
apresentaram uma correlacdo negativa com 6bito para o subtipo LLA geral do grupo
AR;

% O haplotipo GCCG no modelo dominante observou uma correlagdo positiva com
recaida para LLA geral do grupo BR, enquanto que, o haplétipo GCTG no modelo
recessivo correlacionou-se positivamente com oObito para LLA geral do grupo AR;

¢ O haplotipo GCCG no modelo dominante correlacionou-se positivamente com recaida

para LLA-B do grupo BR.

e Artigo 2:

e

*

Nao houve diferenca estatistica nas frequéncias alélicas e genotipicas do polimorfismo
da regido promotora do gene TGFBR2 (rs3087465 ou G-875A) entre pacientes com

LLA e criangas livres de neoplasia (grupo controle);
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Ao realizar o estudo de associagdo do tipo caso-controle, o polimorfismo G-875A
observou uma associa¢ao significativa de risco a suscetibilidade nos subtipos LLA geral
e LLA-B;

O polimorfismo G-875A mostrou uma associacao significativa de risco de recidiva do
grupo AR tanto na LLA geral quanto na LLA-B;

No estudo de correlagdo, o polimorfismo G-875A apresentou uma correlagido positiva
com grupo de risco de recaida nos subtipos LLA geral ¢ LLA-B;

O G-875A correlacionou-se positivamente com recaida para LLA-T, indicando um pior

prognostico e podendo dificultar no decorrer da quimioterapia.
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6 CONSIDERACOES FINAIS

O presente estudo investigou o envolvimento dos polimorfismos genéticos do
TGFBI e suas estruturas haplotipicas e TGFBR2 na LLA infantojuvenil da populagao brasileira,
e os resultados apontaram resultados conflitantes em comparagdo com estudos prévios, tanto
em outras doencas hematoldgicas quanto em tumores so6lidos.

Portanto, nosso trabalho evidenciou pela primeira vez a relevancia das
estruturas haplotipicas do gene TGFBI e do polimorfismo da regido promotora do gene
TGFBR?2 sobre os parametros clinicos dos pacientes com LLA infantojuvenil na populagdo
brasileira. Apesar da necessidade investigagdes adicionais envolvendo esta doenca, a citocina
TGFB1 juntamente com o seu receptor (TGFBRII) podem servir como marcadores de

prognostico e de suscetibilidade na populacao infantojuvenil Brasileira.
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Universidade Estadual de Londrina

W Universidade Pi?i{i\
=||=" Esradual de Londrina Do

COMITE DE ETICA EM PESQUISA ENVYOLVENDO SERES HUMANOS
Universidade Estadual de Londrina
Registro CONEP 5231

Parecer CEP/UEL: | 189/2013 7

CAAE:  |17123113.4.0000.5231 B
| Data da Relatoria: | 30/09/2013
_Pesquisador(a): __VQE Angelica Ehara Watanabe
HUnidadelOrgéc: Programé de PG em Patologia Experimental

Prezado(a) Senhor(a):

O “Comité de Etica em Pesquisa Envoivendo Seres Humanos da
Universidade Estadual de Londrina” (Registro CONEP 5231) — de acordo com as
orientagdes da Resolugzo 466/12 do Conselho Nacional de Saude/MS e Resolugoes
Complementares, avaliou o projeto:

“Estudo de marcadores genéticos, epigenéticos, moleculares e imunoldgicos
em cancer.”

Situacao do Projeto: Aprovado

Informamos que devera ser comunicada, por escrito, qualquer modificagéo que ocorra
no desenvolvimento da pesquisa, bem como devera apresentar ao CEP/UEL, via
Plataforma Brasil, relatorio final da pesquisa.

Londrina, 30 de setembro de 2013.

L — |

Profa. Dra. Alexandrina Aparecida Maciel Cardelli
Coordenadora do Comité de Efica em Pesquisa Envolvendo Seres Humanos
Universidade Estadual de Londrina

C’.npus Universitirio: Rodovia Cels- Garcia Cid (°R 445), Km 380 - Fone (43) 3371-3000 - PABX - Fax 33284440 - Caixa Posta! 6001 - CED 86051-990 - Intemet hitp:/Avwwael be
LONDRINA - PARANA BRASIL

Forsm, Coggo 11.764 - Formato A4 (210x257)
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ANEXO B

(0

= Universidade Estadual de Londrina

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Informacoes sobre a pesquisa:

Vocé esta sendo convidada (o a participar, como voluntaria (0), da pesquisa intitulada “Estudo
de marcadores genéticos, epigenéticos, moleculares e imunolégicos em cancer”, que tem por
objetivo analisar determinados tipos de moléculas que podem influenciar na imunidade da paciente.
Vocé sera 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 obtencdo de SmL de sangue periférico para analise

das células e moléculas do sistema imunologico.

Confidencialidade da Pesquisa

As informagdes obtidas através desta pesquisa serdo confidenciais e asseguramos o sigilo sobre
sua participacdo. Os dados ndo serdo divulgados de forma a possibilitar sua identificagdo.

A amostra de sangue obtidos sera utilizada para obten¢do de DNA e RNA para a realiza¢do
deste projeto. A participagdo no estudo ndo acarretara custos para voc€ e nao havera nehuma
compensacdo 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::

Consentimento livre esclarecido e informado:

Eu, , RG , declaro
que estou de acordo com as informagdes contidas neste documento, fui devidamente esclarecido

pelo(ABDUL-HAMID) pesquisador (es) dos objetivos e procedimentos da pesquisa de maneira clara e
detalhada, e esclareci minhas dividas. Concordo em participar voluntariamente desse estudo permitindo
a coleta do sangue do meu filho (a), sendo que poderei retirar 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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Universidade
YSIF Estadual de Londrina
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Informacoes sobre a pesquisa:

Vocé estd sendo convidado(a) a participar, como voluntario(a), da pesquisa intitulada
“Estudo de marcadores genéticos, epigenéticos, moleculares e imunolégicos em cancer”, que
tem por objetivo analisar determinados tipos de moléculas que podem influenciar na imunidade
do individuo. Vocé sera esclarecido(a) sobre a pesquisa em qualquer aspecto que desejar. Sua
participagdo nao € obrigatoria e, a qualquer momento, vocé poderd desistir de participar e retirar
seu consentimento, sem que isso acarrete qualquer penalidade.

*#* Sua participacdo sera no grupo controle, ou seja, grupo de individuos saudéveis livres de
qualquer neoplasia.

Procedimentos do Estudo:

Os procedimentos da pesquisa envolvem a obtencdo de aproximadamente SmL de sangue periférico
para analise das células e moléculas do sistema imunoldgico.

Confidencialidade da Pesquisa

As informacdes obtidas através desta pesquisa serdo confidenciais e asseguramos o sigilo sobre sua
participacdo. Os dados ndo serdo divulgados de forma a possibilitar sua identificacao.

As amostras contendo as células serdo utilizadas para obtencdo de DNA e RNA para a realizagao
deste projeto. A participacdo no estudo ndo acarretara custos para vocé e ndo haverd nehuma compensacgao
financeira adicional. A coordenadora do projeto ¢ a Prof®. D Maria Angelica Ehara Watanabe, que pode
ser encontrada no endereco: Rod. Celso Garcia Cid, 445, Departamento de Ciéncias Patoldgicas, Centro de
Ciéncias Bioldgicas, Universidade Estadual de Londrina, CEP: 86051-970, telefone (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 (43) 3371-2490.

Pesquisador Responsavel: RG:

Consentimento livre esclarecido e informado:
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Eu, , RG , declaro que estou de
acordo com as informagdes 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 permitir a participagdo voluntaria nesse estudo, permitindo a coleta de sangue periférico do

meu filho(a) sendo que poderei retirar meu consentimento a qualquer momento, antes ou durante o mesmo,
sem penalidades ou prejuizos no meu atendimento neste projeto.

Londrina, de , 20

Assinatura do doador (ou responsavel):




