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LOPES, Leandra Fiori. Andlise da expressdo proteica e da variante polimérfica rs3761548 no
gene FOXP3 em pacientes com cancer de mama triplo negativo. 2013. 39 f. Dissertacao
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RESUMO

Entre os diversos tipos de cancer, 0 de mama apresenta-se como um grave problema de saude
publica, sendo o segundo tipo mais frequente no mundo e o primeiro na populagdo feminina. Tem
sido demonstrado que o cancer de mama pode ser classificado em subgrupos biologicamente e
clinicamente distintos. Um subgrupo que tem recebido muita atencdo é o subtipo triplo negativo
(TN), que possui fendtipo de receptor de estrdgeno (RE) negativo, receptor de progesterona (RP)
negativo e ndo apresenta a superexpressdo do oncogene HER2 (fator de crescimento epidérmico
humano 2). As células T reguladoras (Tregs) representam uma populacdo de células que estdo
envolvidas na regulacdo da ativacdo de células T, sendo essenciais para a homeostasia
imunoldgica. O marcador comumente utilizado para identifica-las € o gene FOXP3 (forkhead
transcription factor 3), um fator de transcricdo das Tregs, cuja expressdo pode estar aumentada
em células tumorais, além das Tregs. Neste contexto, este trabalho teve como objetivo investigar
um polimorfismo genético (rs3761548) no gene FOXP3, bem como sua expressao proteica, na
busca por possiveis envolvimentos na patogénese do cancer de mama TN. O polimorfismo
genético foi avaliado em 50 pacientes com cancer de mama TN e em 115 controles livre de
neoplasia, utilizando-se a técnica de PCR alelo especifica. A analise proteica foi realizada por
imunohistoquimica com anticorpo monoclonal especifico para FOXP3. A frequéncia genotipica
para FOXP3 foi 12 % (6/50) e 4 % (4/115) para o homozigoto AA, 34 % (17/50) e 57 % (66/115)
para o heterozigoto CA e 54 % (27/50) e 39 % (45/115) para o homozigoto CC, em pacientes e
controles, respectivamente. Quando analisado a mutacdo de FOXP3, as pacientes homozigotas
AA apresentaram um risco quase 4 vezes maior, indicando uma associagdo positiva entre este
genotipo e o desenvolvimento do cancer de mama TN (OR = 3,78; IC 95 % = 1,02-14,06). Ao
correlacionar os genétipos com os parametros clinicos e histopatoldgicos, ndo houve significancia
em relacdo a: tamanho do tumor (p = 0,482; rho = 0,102), comprometimento de linfonodos (p =
0,890; rho = -0,023) e grau nuclear (p = 0,682; rho = -0,062). Adicionalmente, observou-se que a
maioria das pacientes (83 %) apresentou expressdo elevada de FOXP3 por imunohistoquimica e
também que esta expressdo foi predominantemente citoplasmatica. Em relacdo ao infiltrado de
Tregs FOXP3-positivo, obtivemos resultado em 38 das 50 pacientes, das quais 47 % e 58 %
apresentaram um infiltrado intratumoral e peritumoral moderado ou intenso, respectivamente. Ndo
encontramos resultados significativos quando analisamos este parametro em relagdo a dois dos
fatores prognésticos: comprometimento de linfonodos (intratumoral p = 0,310 e peritumoral p =
0,679) e grau nuclear (intratumoral p = 0,531 e peritumoral p = 0,309). Entretanto, para o
parametro tamanho do tumor, as pacientes que apresentaram tamanhos entre 1,5-3 cm o infiltrado
intratumoral (p = 0,026) foi mais intenso. Assim sendo, o gene FOXP3, por ter sido positivamente
associado ao desenvolvimento do cancer de mama TN e também por ter apresentado uma elevada
expressdo proteica neste subgrupo tumoral e uma associacdo positiva entre o infiltrado
intratumoral e o tamanho do tumor, parece ser um candidato promissor a futuras investigacdes em
amostras maiores e em outros subtipos de cancer mamario.

Palavras-chave: Cancer de mama. Subtipo triplo negativo. FOXP3. Polimorfismos genéticos.
Expressao proteica.
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ABSTRACT

Among the various types of cancer, breast cancer presents as a serious public health problem,
being the second most common type in the world and first in the female population. It has
been shown that breast cancer can be classified into biologically and clinically distinct
subgroups. A subgroup that has received much attention is the triple negative breast cancer
subtype (TNBC), which presents phenotype of negative estrogen receptor (ER), negative
progesterone receptor (PR) and has no overexpression of the oncogene HER2 (human
epidermal growth factor 2). Regulatory T cells (Treg) represent a heterogeneous population
involved in the regulation of T cell activation and is essential for immune homeostasis. The
most specific marker for identify these cells is the FOXP3 gene (forkhead transcription
factord), a transcription factor that controls the development and function of Tregs, and its
expression may be increased in tumor cells. In this context, this study aimed to investigate
genetic polymorphism in gene FOXP3, and its protein expression in the search for a possible
involvement in pathogenesis of TNBC. Genetic polymorphism of FOXP3 (rs3761548) was
evaluated in 50 TNBC patients and 115 controls free of neoplasia by allele specific PCR. The
protein analysis was performed by immunohistochemistry with specific monoclonal antibody.
The genotype frequency for FOXP3 was 12 % (6/50) and 4 % (4/115) for AA rare
homozygote, 34 % (17/50) and 57 % (66/115) for CA heterozygote and 54 % (27/50) and 39
% (45/115) for CC homozygote, in patients and controls, respectively. When we analyzed the
FOXP3 mutation, patients homozygous AA had a risk almost 4-fold higher, indicating a
positive association between these genotype and the development of TNBC (OR = 3.78; 95 %
Cl = 1.02-14.06). Comparing genotypes with clinical and histopathological parameters, there
was no significance with the following: tumor size (p = 0.482, rho = 0.102), lymph node
involvement (p = 0.890, rho = -0.023) and nuclear grade (p = 0.682, rho = -0.062).
Additionally, it was observed that most patients (83 %) showed a high expression of FOXP3
by immunohistochemistry and that this expression was predominantly cytoplasmic. In relation
to FOXP3-positive Treg infiltration, from 50 patients we had the results of 38 and 47 % and
58 % of them had a moderate or intense intratumoral and peritumoral infiltrated, respectively.
We did not found any significant results when analyze this parameter in relation to two of
prognostic factors: lymph node involvement (intratumoral p = 0.310 and peritumoral p =
0.679) and nuclear grade (intratumoral p = 0.531 and peritumoral p = 0.309). However, for
the parameter tumor size, the patients who had sizes between 1.5-3 cm had more intratumoral
infiltration (p = 0.026). In conclusion, FOXP3 gene, because it was positively associated with
TNBC development and also demonstrated a high protein expression and a positive
association with tumor size in intratumoral FOXP3-positive Treg, appears to be a promising
candidate for further investigation in larger samples and in other subtypes of breast cancer.

Keywords: Breast cancer. Triple negative subtype. FOXP3. Genetic polymorphism. Protein
expression.



LISTA DE FIGURAS

Figura 1 — Localizacdo cromossémica do gene Forkhead Box P3 (FOXP3) e dominios
repressor, ZnF, Zip e altamente conservado (Forkhead). Adaptado de
Bottema ET. AL, 2010 e Sakaguchi ET AL., 2008...........cccccvrrerieeriierrnieneeneenn

Figure 1 — FOXP3 genotypic distribution between patients and controls. Amplicons of
334 base pairs for A allele and 333 base pairs for C allele were analyzed by
electrophoresis in polyacrilamide gel and detected by a nonradioisotopic
TECRNIGUE ..

Figure 2 — High protein expression of FOXP3 in TNBC tissues samples. A) FOXP3
citoplasmic expression in tumor cells; B) FOXP3 intratumoral infiltrate in
Tregs and C) Peritumoral infiltrate of FOXP3 Tregs. Magnification 400X ........



LISTA DE TABELAS

Table 1 —Primers sequences and size of PCR products for genetic variant analyzed in

FOXP3 gBNE ...ttt

Table 2 — Genotype distribution and case control association study for FOXP3 gene



TN
RE
RP
HER2

RH
Tregs
FOXP3
TNBC
ASO
EGFR
TCR
NFAT
AP1
SMADS
CTLA-4
GITR
PD-1

LISTA DE ABREVIATURAS

Triplo Negativo

Receptor de Estrogénio

Receptor de Progesterona

Human Epidermal Groth Factor Receptor 2 (receptor tipo 2 do fator de
crescimento epidermal humano)

Receptor Hormanal

Células T reguladoras

Forkhead Transcription Factor 3

Triple Negative Breast Cancer

Allele-specific oligonucleotide

Receptor do fator de crescimento epidérmico

T cell receptor

Nuclear factor of activated T-cells

Activating protein-1

Family of signal transducers

Cytotoxic T lymphocyte antigen-4
Glucocorticoid-induced TNFR-family related receptor

Programmed death-1



1.1
1.2
1.3
1.4

2.1
2.2

SUMARIO

[N ERI0] 516 107:Y0 IR 12
(O 1 [olc] o (31 1V F= 10 o - TSP 13
Cancer de Mama Triplo NEQAtiVO ........ccueiiiiiiiiieic e 15
Células T reguladoras (TTEOS) «..ecueieereeieiieereeie e ereseeseeste e sre e e e ee e e sreenee e 16
Fator de transCriCa0 FOXP3.........coiiiiiicie ettt 18
(O] =38 1 I SRR 21
(@] o] =2 (A V0 1= -1 USSR 21
ODbjJetivos ESPECITICOS ....ciuiiiiiicie st 21
N O I 1 LSS 22
CONCLUSOES .....ovoiiiieiieisiie sttt 34
REFERENCIAS ...ttt 35
ANEXOS ...ttt re e ne e 39

Aprovacdo Comité de Etica e Consentimento Livre e ESclarecido ..........cc.ccoevevevneee 39



12

1 INTRODUCAO

O termo cancer é empregado para designar mais de uma centena de diferentes
doencas heterogéneas Hanahan and Weinberg (2000). Constitui uma doenca genética que
surge como consequéncia de alteragdes cumulativas no material genético (DNA) de células
normais, as quais sofrem transformacfes até se tornarem malignas (Dantas 2009), podendo
invadir tecidos e orgdos vizinhos ou distantes, caracterizando o surgimento de metastases
(INCA 2011).

Os cénceres sdo, na sua maioria, de origem somaética, resultantes da interacdo de
fatores genéticos e ambientais, e raramente uma doenga hereditaria (Guembarovski 2008). As
sindromes de cancer hereditario sdo afec¢bes genéticas nas quais as neoplasias malignas
tornam-se mais prevalentes em individuos de uma mesma familia (Alvarenga, Cotta et al.
2003). De um modo geral, a carcinogénese resulta de multiplas etapas que podem envolver
até centenas de genes, por meio de mutagBes génicas, quebras e perdas cromossémicas,
amplificacdes, instabilidade genébmica e mecanismos epigenéticos. Os proto-oncogenes, genes
supressores de tumor e aqueles relacionados ao reparo do DNA sdo o0s principais genes
envolvidos nesse processo (Dantas 2009).

No Brasil, as estimativas para os anos de 2012-2013 apontam a ocorréncia de
518.510 casos novos de cancer, incluindo os casos de cancer pele ndo melanoma, reforcando a
magnitude do problema do céncer no pais. Excluindo os casos de cancer da pele nao
melanoma, estima-se um total de 385 mil casos novos. Os tipos mais incidentes serdo 0s
canceres de prostata, pulmao, colon e reto e estbmago para o sexo masculino; e os canceres de
mama, colo do Utero, célon e reto e tireoide para o sexo feminino (INCA 2011).

A patogénese do cancer é iniciada e modulada pela interacdo entre as células
malignas transformadas, o estroma circundante e o sistema imune inato e adaptativo. Essas
interacbes sdo complexas e componentes do sistema imune atuam tanto quanto para a
iniciacdo, crescimento, potencial invasivo e desenvolvimento de metastase (Yaqub and
Aandahl 2009). A interacdo entre os tumores e seu microambiente é complexa e sua
compreensdo é de fundamental importancia para o desenvolvimento de novos marcadores

prognosticos e estratégias terapéuticas (Fridman, Galon et al. 2011).
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1.1 Cancer de Mama

Entre os diversos tipos de cancer, o cancer de mama apresenta-se Como um grave
problema de saude publica, sendo o segundo tipo mais frequente no mundo e o primeiro na
populacdo feminina (Batiston 2009). No Brasil, o cancer da mama € a doenca maligna de
maior mortalidade na populagdo feminina (INCA 2011). Tem o seu quadro agravado pelo fato
do diagndstico ainda ser estabelecido, na maioria das vezes, numa fase tardia da doenca, o que
diminui as possibilidades de cura do paciente.

O céncer de mama é a principal causa de morte por cancer entre as mulheres em todo
0 mundo (Moura-Gallo, Simé&o et al. 2004). Dados do Instituto Nacional de Cancer (INCA
2011) revelam estimativas de 518.510 novos casos de cancer, dos quais 260.640 na populacao
feminina. Espera-se no pais, 52.680 novos casos de cancer de mama com incidéncia de 52
casos para cada 100 mil mulheres. Vale destacar que, sem considerar a neoplasia do tipo ndo
melanoma, o tumor mamario é o mais frequente entre as mulheres das regides Sudeste, Sul,
Centro-Oeste e Nordeste.

A maior incidéncia de cancer de mama ocorre em mulheres apds a menopausa
(Boing, Vargas et al. 2007). O cancer de mama acomete mais mulheres na menopausa (>50
anos) comparado a mulheres muito jovens, correspondendo a aproximadamente 80% dos
carcinomas mamarios. Somente 2 a 5% dos casos incidem em mulheres muito jovens (idade
<35 anos). Carcinomas mamarios invasores que ocorrem em pacientes jovens, com idade até
40 anos, geralmente apresentam caracteristicas clinicas e patoldgicas associadas a doenca
mais agressiva, com maior risco de recidiva local e morte. Frequentemente em mulheres
jovens os tumores sdo de alto grau, apresentam maior indice de proliferacdo, maior invasao
vascular e mais linfonodos comprometidos, além de ndo expressarem o0s receptores hormonais
e possuirem elevadas taxas de metastases a distancia (Dutra, Rezende et al. 2009).

O cancer de mama € o resultado da interacdo de fatores genéticos com o estilo de
vida, habitos reprodutivos e fatores ambientais (Johnson-Thompson and Guthrie 2000).
Caracterizam-se como neoplasias heterogéneas, com varios subtipos patoldgicos e diferentes
aspectos histoldgicos, além de apresentacdes clinicas diferentes com diversas variagdes de
resposta ao tratamento (Sorlie 2004). Acredita-se que 90-95% deles sejam esporadicos (ndo
familiares) e decorram de mutacGes somaticas, e que 5-10% sejam hereditarios (familiares),
devido a heranca de uma mutagdo germinativa ao nascimento, que confere a estas mulheres

maior predisposicdo ao seu desenvolvimento (Barros ACSD 2001).
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Embora o numero de pesquisas ja conduzidas sobre o cancer de mama seja elevado, a
sua etiologia ainda ndo esta totalmente esclarecida (Pinho and Coutinho 2007). Os fatores de
risco determinam os grupos de pessoas com maior probabilidade de desenvolverem o cancer
de mama (Godinho and Koch 2004), sendo eles: idade, historia familiar, menarca precoce,
nuliparidade, menopausa tardia, idade avancada da gravidez do primeiro filho e terapia de
reposi¢do hormonal estdo bem estabelecidos como fatores de risco para o desenvolvimento do
cancer de mama (McPherson, Steel et al. 2000).

O cancer de mama é uma doenca altamente heterogénea, com alguns casos que sdo
associados com crescimento lento e um excelente progndstico enquanto outros tumores sao
altamente agressivos. Na pratica clinica, a doenca é classificada baseada nas caracteristicas
morfologicas e histolégicas, incluindo carcinoma ductal invasivo, carcinoma lobular
infiltrante, carcinoma adenoide cistico, carcinoma medular. Sao ainda classificados conforme
seu grau histolégico, o qual € baseado no grau de diferenciacao celular, pleomorfismo nuclear
e atividade mitotica (Elston CW 1998).

Até o final da década passada, o tratamento de pacientes que tinham o diagndstico
deste tipo de neoplasia era semelhante, baseado principalmente numa classificacdo
morfolégica que impossibilitava justificar porque casos com o mesmo diagnostico e estadio
podiam ter desfechos clinicos marcadamente diferentes (Vieira, Dufloth et al. 2008).

Com o esclarecimento da estrutura da sequéncia do DNA humano e com o
desenvolvimento paralelo de métodos de alta tecnologia, ocorreram grandes mudancas
estratégicas nas pesquisas relacionadas ao cancer (Simon, Mirlacher et al. 2003), tornando
possivel o conhecimento de alteracOes especificas para determinados subtipos tumorais.

Os tumores de mama sédo classificados histologicamente de acordo com o sitio de
origem da neoplasia, dividindo-se em ductais e lobulares. Os ductais se desenvolvem nos
ductos mamarios e representam cerca de 80% dos tumores. Os lobulares desenvolvem-se no
interior dos I6bulos e representam cerca de 10 a 15% dos casos. Outros subtipos raros
representam menos de 10% dos casos diagnosticados por ano (Vargo-Gogola and Rosen
2007). As pacientes com carcinoma ductal invasivo apresentam maior envolvimento linfatico
e um pior prognostico que o verificado nas pacientes com tipos menos frequentes de
carcinoma invasivo de mama (Ketterhagen, Quackenbush et al. 1984).

O estadiamento do tumor e o grau de diferenciagdo histologica sdo classificagdes
bastante utilizadas na clinica e sdo importantes na orientacdo do tratamento. O sistema de
estadiamento mais utilizado é o Sistema Tumor-Nodulo-Metéastase (TNM) de classificacdo

dos Tumores Malignos, preconizado pela Unido Internacional de Controle ao Cancer (UICC),
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0 qual se baseia na extensdo anatdmica da doenga, considerando as caracteristicas do tumor
primario, nos linfonodos das cadeias de drenagem linfatica do 6rgdo em que o tumor se
localiza, e na presenca ou auséncia de metastases. A avaliacdo desses parametros permite a
determinacéo do estadiamento que varia dos estagios | ao 1V (Sobin 2002).

Recentemente, 0 Consenso Internacional de Especialistas St. Gallen, Suica, propds
um novo sistema de classificacdo bioldgico, com base na expressdo do receptor de estrogénio
(RE), receptor de progesterona (RP), HER2 (fator de crescimento epidérmico humano 2) e Ki-
67 (Goldhirsch, Wood et al. 2011). Estudos do perfil de expressdo génica permitiram a
classificagdo os tumores de mama em cinco subclasses: Luminal A (receptores hormonais de
estrogeno e /ou progesterona positivos, HER2 negativo), Luminal B (receptores hormonais de
estrdgeno e/ ou progesterona positivo, HER2 positivo), Superexpressdo HER2 (Receptores de
estrdgeno negativo, receptores de progesterona negativos, HER2 positivo), basal-like
(Receptor de estrégeno negativo, receptor de progesterona negativo, HER2 negativo,
citogqueratina 5/6 positiva e /ou receptor do fator de crescimento epidermal positivo) e tumores
semelhantes a mama normal (ndo classificada) (Sorlie, Perou et al. 2001; Carey, Perou et al.
2006). Os tumores de mama basal-like e os semelhantes a mama normal tém um fenétipo

triplo negativo.

1.2 Céancer de Mama Triplo Negativo

Tem sido demonstrado que o cancer de mama pode ser classificado em subgrupos
biologicamente e clinicamente significativos. Um subgrupo que tem recebido muita atencédo
possui fendtipo de receptor de estrogeno negativo (RE-), receptor de progesterona negativo
(RP-) e fator de crescimento epidérmico humano 2-negativo (HER2), sendo denominado de
triplo negativo (TN) (Kurebayashi 2009).

Os tumores triplos negativos sdo responsaveis por 10-20% de todos os canceres de
mama, e sdo biologicamente mais agressivos do que outros subgrupos (Kurebayashi 2009).
Normalmente demonstram alto grau histologico e sdo o subtipo de cancer de mama mais
comum em portadores de mutacdo em BRCA-1 (Dawson, Provenzano et al. 2009). Estdo
também associados ao gene TP53 e estudos epidemioldgicos mostram uma alta prevaléncia
entre as mulheres mais jovens e de descendéncia Africana (Carotenuto, Roma et al. 2010).
Caracteristicamente, possuem um comportamento mais agressivo e predilecdo por metastase
visceral, favorecendo mal prognéstico (Maegawa and Tang 2010).

Desta forma, estudos envolvendo canceres de mama triplo negativos sdo de

fundamental importancia clinica frente a falta de opgdes terapéuticas. O significado
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prognostico destes tumores permanece incerto uma vez que o grupo € heterogéneo e o pior
prognostico parece estar confinado aqueles que expressam citoqueratinas basais ou o receptor
do fator de crescimento epidérmico (EGFR) (Dawson, Provenzano et al. 2009). Terapias
personalizadas, como a terapia enddcrina e anti-HER?2 ndo séo aplicaveis ao cancer de mama
triplo negativo (Kurebayashi 2009). Apesar da falta de terapias especificas, € sensivel a
antraciclinas e taxanos (Maegawa and Tang 2010), mas a recidiva precoce € comum
(Carotenuto, Roma et al. 2010). Portanto, para desenvolver novas estratégias contra o cancer
de mama triplo negativo, € essencial entender as vias especificas que levam este subgrupo ao
comportamento agressivo (Kurebayashi 2009).

Em meio as populacbes ocidentais mais estudadas, os tumores triplo negativos
representam cerca de 15% do total dos tumores de mama (Perou, Sorlie et al. 2000; Sorlie,
Perou et al. 2001; Jones, Ford et al. 2004; Jones, Virtanen et al. 2004; Potemski, Kusinska et
al. 2005). Epidemiologicamente, esses tumores acometem em maior frequéncia pacientes
jovens, habitualmente antes da menopausa, e de descendéncia africana (Sleeman, Kendrick et
al. 2006).

Devido a expressdo diminuida dos receptores hormonais e do receptor do fator de
crescimento ser negativo, o tratamento ndo cirurgico para pacientes com cancer de mama TN
tem sido confinado a quimioterapia e radioterapia (Carey, Winer et al. 2010).

Atualmente, as pacientes portadoras de cancer de mama triplo negativo apresentam
um conjunto de fatores que levam a considerar que esse tipo de doenca seja mais grave do que
aquela manifestada nas demais pacientes. Além de serem portadoras de subtipo de neoplasia
intrinsecamente mais agressiva, essas pacientes também ndo se beneficiam de alguns
tratamentos direcionados aos alvos moleculares altamente efetivos, como o trastuzumabe,
para os tumores HER-2 positivos, ou as terapéuticas hormonais utilizadas no tratamento dos

tumores que expressam receptores hormonais (Fernandes 2009).

1.3 Células T reguladoras (Tregs)

As células T reguladoras (Tregs) sdo uma populacdo de células T que atuam na
tolerancia imunoldgica e sdo moduladoras essenciais na resposta imune a patdgenos,
alérgenos, celulas cancerigenas e antigenos proprios, uma vez que estas induzem a supressao
das células T efetoras e auto-reativas, bloqueando sua ativacdo e funcdo (Sakaguchi 2005;
Sakaguchi, Yamaguchi et al. 2008; Melo 2009).

Tregs podem suprimir a funcéo de células T convencionais e assim limitar respostas

imunes excessivas ou inapropriadas (Workman, Szymczak-Workman et al. 2009). Algumas
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células T sdo induzidas a terem o fendtipo Treg durante um episodio de infeccdo e séo
denominados Tregs induzidas. Outra populacdo de Treg existe antes da exposicdo do
hospedeiro ao patdgeno e sao referidas como Tregs naturais (Belkaid 2007).

As células Tregs sdo CD4+ e expressam constitutivamente a molécula CD25 (cadeia
a do receptor de I1L-2). Sdo produzidas normalmente pelo timo como uma subpopulacéo de
celulas T funcionalmente distintas e maduras, e constituem aproximadamente 2-10% da
populacdo de células T CD4+ (Sakaguchi 2004). Além da geracdo timica de células Tregs
CD4+CD25+, células T periféricas ndo Treg podem adquirir a expressdo de FOXP3 (forkhead
transcription factor 3) e converter-se em células Tregs in vivo apos estimulacdo antigénica
crénica ou em condi¢cbes de linfopenia (Apostolou and von Boehmer 2004; Curotto de
Lafaille, Lino et al. 2004). As células Tregs CD4+CD25+ produzem citocinas reguladoras tais
como IL-10, IL-4 e TGF-B, e também expressam preferencialmente as moléculas CTLA-4
(cytotoxic T lymphocyte antigen-4, regulador negativo da ativacao de células T; receptor para
CD80 e CD86), GITR (glucocorticoid-induced TNFR-family related receptor) e PD-1
(programmed death-1). Entretanto, a identificacdo de Tregs durante respostas imunes ou em
tecidos inflamados é complicada porque a maioria desses marcadores, inclusive o CD25, sdo
também expressos em células T recém ativadas ndo reguladoras (Sakaguchi 2004). A
deplecdo ou alteracdo da funcéo dessas células T CD4+CD25+ leva ao desenvolvimento de
doencas autoimunes em uma grande variedade de animais normais (Sakaguchi 2004,
Sakaguchi 2005).

As células T reguladoras naturais CD4+CD25+ atuam na supressdo da ativacdo
imune, funcionando como mediadores criticos da homeostasia imune e da auto-tolerancia
(Fontenot and Rudensky 2005). Entretanto, véarios estudos tém demonstrado que a funcdo das
células Tregs ndo € limitada a prevencao de autoimunidade, mas sdo importantes no controle
todas as formas de respostas imunes no contexto de inflamacao, infeccdo, alergia, transplantes
e imunidade tumoral (Hori and Sakaguchi 2004).

A busca por um marcador especifico de células Tregs em camundongos resultou na
identificacdo do fator de transcricdo FOXP3, que é expresso em células Tregs, mas ndo em
células T recentemente ativadas. Foi mostrado que as células Tregs CD4+CD25+ expressam 0
gene regulador FOXP3, que codifica um fator de transcri¢do, o forkhead transcription fator 3,
que controla seu desenvolvimento e fungdo (Fontenot, Gavin et al. 2003; Hori, Nomura et al.
2003; Kbhattri, Cox et al. 2003). A expressdo retroviral do gene FOXP3 em células T
periféricas CD4+CD25+ de camundongos ou humanos resultou na aquisicdo da funcéo

supressora por essas celulas. Portanto, a expressdo de FOXP3 pode ser usada como um
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marcador molecular especifico para células Tregs CD4+CD25+ (Kronenberg and Rudensky
2005). Alguns anos antes da identificacdo do FOXP3 como marcador especifico de células
Tregs, mutacGes no gene FOXP3 (localizado no cromossomo X) tinham sido identificadas
como causa de uma desordem autoimune fatal observada em pacientes (denominada IPEX,
imune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome) e em
camundongos mutantes que desenvolvem espontaneamente esta doenca autoimune
(denominados scurfy mice) (Bennett, Christie et al. 2001; Brunkow, Jeffery et al. 2001).

Embora as Tregs compreendam a maior porcentagem de células T CD4+CD25+
circulantes em pacientes com cancer de mama metastatico e pacientes com recidiva apos
completa quimioterapia adjuvante, o pool sisttmico de Tregs parece ser independente do
estagio da doenca ou do tipo de tratamento (Rech, Mick et al. 2010).

Células T CD4+CD25+ que expressam FOXP3 sdo reconhecidos como células T
reguladoras profissionais e s&o instrumentos na indugdo e manutengdo da tolerancia imune
(Waldmann, Adams et al. 2006; Hill, Benoist et al. 2007; Chen and Konkel 2010).

1.4 Fator de transcricdo FOXP3

O gene FOXP3 é principalmente expresso em células Tregs CD4+CD25+ em
condicdes fisioldgicas normais. Este gene codifica a proteina FOXP3 que regula a ativacao de
células T e suas funcbes atuando como repressora transcricional e diminui a producdo de
citocinas em ceélulas T (Read, Malmstrom et al. 2000; Takahashi, Tagami et al. 2000;
Schubert, Jeffery et al. 2001; McHugh, Whitters et al. 2002; Hori, Nomura et al. 2003).

Este gene esta localizado no brago curto do cromossomo X (chr X) Xp11.23 e esta
sujeito a inativacao (Bennett, Brunkow et al. 2001; Wang, Liu et al. 2009). Contém 11 exons
codificantes (exons de 1 a 11) (Bennett, Brunkow et al. 2001).

A proteina FOXP3 exerce sua funcdo sobre regibes reguladoras especificas dentro do
DNA, aumentando ou suprimindo a transcricdo de genes especificos. As proteinas FOX
(forkhead box) sdo componentes de uma familia de fatores de transcricdo que possuem um
dominio ligante de DNA altamente preservado denominado forkhead/winged-helix. E
altamente expressa ndo s6 em celulas T reguladoras, mas tambem nas células tumorais,
agindo como um repressor transcricional de oncogenes do céancer de mama, incluindo o
HER2. Células tumorais FOXP3 positivas foram detectados por imunohistoquimica em
pacientes com tumores primarios invasivos, HER2 positivos. A expressdao de FOXP3 em

células de cancer de mama foi também associada a uma maior taxa de recidiva. Esses dados
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indicam que a presenca de FOXP3 em células tumorais representa um novo fator progndstico
independente (Ladoire, Arnould et al. 2011).

Xp 11.23

Dormuinio ZnF Zip Forkhead
repressor

Figura 1. Localizacdo cromossémica do gene Forkhead Box P3 (FOXP3) e dominios
repressor, ZnF, Zip e altamente conservado (Forkhead). Adaptado de Bottema et. al, 2010 e
Sakaguchi et al., 2008.

Foram descritos polimorfismos de base Unica (SNP — Single Nucleotide
Polymorphism) em vérias regifes do gene FOXP3, tais como regido promotora, intrénica ou
ndo codificante e exbnica ou codificante. A primeira regido altamente conservada é o
promotor FOXP3, que esta localizado 6,5 Kb a upstream do primeiro exon codificante, e € um
classico CAAT e TATA-box que é ativado em resposta a TCR sinalizacdo através de ligacédo
de NFAT e AP1 (Mantel, Ouaked et al. 2006). A segunda regido foi identificada como um
elemento TGF-B sensivel que contém sitios de ligagdo para NFAT e SMADS (Tone, Furuuchi
et al. 2008). As diferencas mais marcantes em relacdo ao padrdo de metilacdo no locus
FOXP3 tém sido observadas em um terco em regido estabilizadora altamente conservada rica
em CpG. Esta regido parece ser totalmente demetilada em células Tregs e metilada em células
T convencionais (Baron, Floess et al. 2007; Floess, Freyer et al. 2007; Kim and Leonard
2007; Nagar, Vernitsky et al. 2008), e normalmente é referida como regido demetilada
especifica de células Treg (TSDR).

Regides promotoras sdo potenciais candidatas para a presenca de polimorfismos
funcionais de base unica (SNPs), uma vez que estdo envolvidos na inicia¢do da transcricéo e
em muitos dos elementos cis que regulam a expressao génica (Hoogendoorn, Coleman et al.
2003). Investigacdo de polimorfismos humanos na regido promotora de genes imuno
relevantes podem possivelmente refletir o nivel de expressdo de Tregs (Belkaid and Rouse
2005).
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Conforme o que foi apresentado, um dos genes de grande interesse que possuem
papel chave na fungdo das Tregs € FOXP3 (Hanel, Velavan et al. 2011) e polimorfismos neste
gene podem modificar a funcionalidade e a quantidade da proteina correspondente, levando
assim a falta de funcionalidade destas células (Wildin, Smyk-Pearson et al. 2002). Varios
autores tém descritos inimeros SNPs para a regido promotora: -6054 TAATA/(rs3060515); -
5906 T/A (rs2869211); -3499 A/G (rs3761547); -3279 A/C (rs3761548); -2383 CIT
(rs3761549); -1383 C/T (rs2232364); -924 A/G (rs2232365), SNPs para a regido intronica:
IVS1 +87 G/T (rs2232366); 1VS5 -20 G/A (rs2232368); 1VS9 +459 A/G (rs2280883) e SNPs
nas regides exonicas 1, 2, 3-4, 5-6, 7-8, 9, 10, 11 e 12 (Bassuny, lhara et al. 2003; Zhang,
Zhang et al. 2009). O estudo destas variantes alélicas pode resultar em importantes

informacdes sobre a regulacdo das Tregs em diversas patologias, incluindo o cancer de mama.
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2 OBJETIVO

2.1 Objetivo Geral

X/
°e

Analisar um polimorfismo genético no gene FOXP3, bem como sua expressdo
proteica em pacientes com cancer de mama triplo negativo e em controles livres de
neoplasia.

2.2 Objetivos Especificos

X/
L X4

X/
L X4

Analisar o polimorfismo genético (rs3761548) do gene FOXP3 em pacientes com
cancer de mama triplo negativo e em controles livres de neoplasia;

Realizar um estudo de associagdo do tipo caso-controle para comparar a presenca da
variante genética entre pacientes e controles, na busca por marcadores de
suscetibilidade ao desenvolvimento do cancer de mama triplo negativo;

Analisar a expressao proteica de FOXP3 (infiltrado peritumoral e intratumoral e das
células tumorais) por imunohistoquimica em amostras de tecidos tumorais embebidas
em parafina;

Correlacionar as caracteristicas clinicas das pacientes com os dados genéticos e de
imunohistoquimica, na busca por marcadores ligados ao progndstico e evolucdo dos
tumores mamarios triplo negativos.
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3 ARTIGO

Transcription factor FOXP3: a candidate for susceptibility and prognosis

marker in triple negative breast cancer

Abstract

A subgroup of malignant tumor that has received much attention is the triple negative breast
cancer (TNBC), which presents phenotype of negative estrogen receptor (ER), negative
progesterone receptor (PR) and has no overexpression of the oncogene HER2 (human
epidermal growth factor 2). The marker for identify regulatory T cells (Treg) is FOXP3 gene
(forkhead transcription factor 3), a transcription factor that controls the development and
function of Tregs, whose expression may be increased in tumor cells. This study aimed to
investigate genetic polymorphism and the protein expression of FOXP3 (rs3761548) gene for
a possible involvement in TNBC pathogenesis and prognosis. Genetic polymorphism and
protein expression were evaluated in 50 TNBC patients and in 115 controls individuals
neoplasia free by allele specific PCR and immunohistochemistry. Patients homozygous AA
had a risk almost 4-fold higher for TNBC development, indicating a positive association for
these genotype (OR =3.78; 95 % CI =1.02-14.06). When comparing the genotypes with
clinical and histopathological parameters, there was no significance with tumor size, lymph
node involvement and nuclear grade. Additionally, it was observed that most of the patients
(83 %) showed a high expression of FOXP3 in tumor cells and this expression was
predominantly cytoplasmic. In relation to tumor FOXP3 Treg infiltration, 47 % and 58 % of
patients had a moderate or intense intratumoral and peritumoral infiltrated, respectively. We
did not found any significant results when analyze this parameters in relation to lymph node
involvement and nuclear grade. Therefore, when we analyzed the tumor size parameter, we
observed a significant result with intratumoral infiltrate (p = 0.026). In conclusion, FOXP3
gene, because it was associated with susceptibility to TNBC development and also
demonstrated a high FOXP3-positive infiltrate correlated with a prognostic parameter,
appears to be a promising candidate for further investigation in larger samples of TNBC.

Keywords: TNBC, FOXP3, genetic polymorphism, protein expression
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Introduction

Estimate data from National Cancer Institute reveal that is expected in Brazil 52,680
new cases of breast cancer (BC) for the years 2012-2013. It is worth noting that, regardless
the type of non-melanoma cancer, the mammary tumor is the most common among women in
the most regions of Brazil, account for a high rate of morbidity and mortality among Brazilian
women (INCA 2011).

Breast cancer represents a complex and heterogeneous disease that comprises distinct
pathologies, histological features, and clinical outcome. The status of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor type 2 (HER2) has
been used as predictive markers to identify a high-risk phenotype and for selection of the most
efficient therapies (Weigelt and Reis-Filho 2010; Presson, Yoon et al. 2011)

Triple-negative breast cancer (TNBC) is a subtype characterized by the lack of ER,
PR, and HER2 expression and is associated with younger age at diagnosis and occurs with
greater frequency in African-American, premenopausal women and those who are overweight
(particularly with abdominal obesity) (Dent, Trudeau et al. 2007). It represents approximately
12-17% of all breast cancers (Foulkes, Smith et al. 2010) and encompasses a heterogeneous
group of tumors including, but not limited to, those classified as basal-like. This subtype of
cancer is aggressive, showing a tendency towards early metastasis and having a poor overall
outcome despite being highly responsive to conventional chemotherapy. The aggressive
clinical course, poor prognosis, and lack of specific therapeutic options for this subtype of
tumor have intensified current interest in this patient group (Cho, Chang et al. 2011).

Regulatory T cells (Treg) represent a heterogeneous population of cells composed of
discrete subsets with different phenotypes and functions (Menetrier-Caux, Curiel et al. 2012).
The most specific marker to identify Tregs is FOXP3, a member of the forkhead or winged
helix family of transcription factors (Hori, Nomura et al. 2003; Roncador, Brown et al. 2005),
that play a role in various cellular processes. FOXP3 expression in tumors was associated
with worse overall survival and this gene was also considered a strong prognostic factor for
distant metastases — free survival but not for local recurrence risk (Merlo, Casalini et al.
2009). Promoter regions are potential candidates for the presence of functional single
nucleotide polymorphism (SNPs), as they are involved in transcription initiation and many of
the cis-acting elements that regulate gene expression possibly harbors functional
polymorphisms (Hoogendoorn, Coleman et al. 2003). It is known that SNPs in the promoter
region of FOXP3 gene may affect its expression (Bassuny, lhara et al. 2003). Since it has

been previously shown that FOXP3 is involved in breast cancer development (Zuo, Wang et
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al. 2007), several studies have been conducted to investigate the rs3761548 polymorphism in
promoter region of FOXP3 in patients with this neoplasia (Liu and Zheng 2007; Raskin,
Rennert et al. 2009), but its exact role is not yet well understood.

In this context, the present report attempts to investigate if there is an association
between genetic polymorphism and protein expression in FOXP3 gene, in a search for its
involvement in pathogenesis of TNBC, since we did not found any other research regarding

this gene and this molecular subtype of neoplasia in a Brazilian population.

MATERIAL AND METHODS

Human Subjects

It was obtained paraffin embedded tissues from 50 TNBC retrospectively from 10
years diagnosed at MICROPAR Laboratory of Pathology, Londrina, PR and Cancer Hospital
of Londrina (HCL), Parana State, Brazil. Clinical staging was determined according to the
Union of International Control of Cancer (UICC) classification criteria. Clinic pathological
information (tumor size, lymph node involvement and nuclear grade) was obtained for breast
cancer patients along with informed consent.

For comparison, blood samples from 115 women neoplasia free (the control group)
were collected in the Blood Center of North Parana, Brazil. The protocol was approved by the
institutional Human Research Ethics Committee of the State University of Londrina, Parana,
Brazil (CAAE N°. 0179.0.268-09- CONEP 268).

DNA Extraction

For polymorphism analyses, the genomic DNA was either isolated from formalin-
fixed paraffin embedded samples according to Isola, DeVries et al. (1994) protocol, for
patients, or extracted from whole blood using the specific Kit Biopur (Biometrix, Curitiba,
PR, Brazil), for controls. After precipitation with ethanol, all pellets were dried and
resuspended in 50 uL of milli Q water and quantitated by NanoDrop 2000c®
Spectrophotometer (NanoDrop Technologies, Wilmington, DE, EUA) at a wavelength of
260/280 nm.

Genetic Polymorphism of FOXP3 rs3761548
DNA (100 ng) was amplified by polymerase chain reaction (PCR) with specific
primers for FOXP3 following the GenBank accession number NT_079573.4. The samples
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were amplified using the buffer kit plus 1.25 units Taq polymerase (Invitrogen™, Carlsbad,
California, USA).

PCR conditions were: 10 min denaturation at 94 °C, 35 cycles of 45 s at 94 °C, 1 min
at 67 °C and 1 min at 72 °C, and 10 min elongation at 72 °C in a thermocycler (PCR-Sprint
Hybaid - Guelph, Ontario, Canada). Amplicons of 334 base pairs for FOXP3 -3279 (A) and
333 base pairs for FOXP3 -3279 (C) were analyzed by electrophoresis on acrylamide gel
(10 %) and detected by a nonradioisotopic technique using a commercially available silver
staining method (Table 1).

Table 1: Primers sequences and size of PCR products for genetic variant analyzed in FOXP3
gene

Gene Allele |Primer sequence PCR product
5’-CTG GCT CTC TCC CCA ACT GA -3’
A 334 bp
FOXP3 -3279 5’- ACA GAG CCC ATC ATC AGACTC TCT A -3’
(C/A, rs3761548) 5°- TGG CTC TCT CCC CAACTG C -3’
C 333 bp

W

- ACA GAG CCC ATC ATCAGACTCTCTA-3’

Immunohistochemical Staining

For immunohistochemical analysis, it was used 5u histological sections of breast
tumor tissue embedded in paraffin. After, the samples were heated at 56 °C, and were
deparaffinized in xylene and rehydrated in a graded alcohol series. Afterwards, antigen
retrieval was performed with citrate buffer and were added a specific monoclonal antibody
FOXP3 in appropriate specific dilution (1/25). The slides were stabilized at room temperature
for 30 minutes and washed with PBS (phosphate buffered saline) caps prior to the secondary
anti-rabbit biotinylated IgG (Bio SB Inc. Santa Barbara, CA, USA). After, were added the
streptavidin-peroxidase conjugate and the solution (DAB Chromogen + / + DAB Substrate
buffer) (Sigma-Aldrich, USA). Counter staining were performed with Gill's hematoxylin and
slide mounts in Canada balsam. Controls were performed to verify the specificity of primary
antibody and normal breast tissue was analyzed in all experiments. Analysis were made with

at least two pathologists in independent analysis.
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Statistical Analysis

The association study between patients and controls was performed using
contingency tables to calculate the odds ratios (OR) with a confidence interval (CI) of 95 %.
For FOXP3 gene, in which the three genotypes were identified, a 3x2 contingency table was
constructed, with the considered wild type genotype as reference (OR = 1.0), to determine the
OR value for heterozygotes and rare genotypes, using DPP Braile Biomedical
(http://www.braile.com.br). Also, the rare and heterozygotes for FOXP3 gene were grouped

for the presence of at least one allelic variant, considering a small number of mutants
homozygous individuals in the population.

Spearman correlation and Chi square statistical tests were used to analyze
immunohistochemistry, clinical histopathological and parameters using SPSS Statistics 17.0
software (SPSS inc., Chicago, Illinois, USA). A p value < 0.05 was considered statistically

significant.

Results

The median age of the patients was 54 +13 years old. Although for some patients
specific clinic pathological characteristics were not available, we observed that 83 % of the
patients had nuclear grade in stages Il or 111, 51 % had lymph node involvement and the mean

tumor size was 3.5 cm.

Genetic polymorphisms and clinic pathological characteristics analyses

It was analyzed FOXP3 (rs3761548) polymorphism in 50 TNBC patients and in 115
controls individuals free of neoplasia. The genotype frequency for FOXP3 gene was 12 %
(6/50) and 3.48 % (4/115) for AA homozygote, 34% (17/50) and 57.39 % (66/115) for CA
heterozygote and 54 % (27/50) and 39.13 % (45/115) for CC homozygote, in patients and
controls, respectively (Table 2 and Figure 1). In relation to allelic frequency, allele A was
detected in 46 % of patients and in 61 % of controls and allele C was detected in 88 % of
patients and in 96 % of controls.

The case control study for FOXP3 gene indicated that patients with AA homozygous
genotype showed a positive association with TNBC susceptibility (OR = 3.78, 95 % CI = 1.02
to 14.06).


http://www.braile.com.br/
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When comparing the genotypes of FOXP3 gene and the three clinical parameters,

there was no significance with the following: tumor size (p = 0.482; rho = 0.102), lymph node
involvement (p = 0.890; rho = -0.023) and nuclear grade (p = 0.682; rho = -0.062).

Table 2. Genotype distribution and case control association study for FOXP3 gene

Controls Patients 2

(n=115) (n=50) OR IC p value (y°)
cc 45 (39%) 27 (54%) 1.00 — —
Foxps CA 66 (57%) 17 (34%) 038  0.19-0.76  0.006
rs3761548  AA 4 (4%) 6 (12%) 3.78  1.02-14.06 0.035
CA+AA 70 (61%) 23 (46%) 0.55 0.28-1.07 0.077
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Figure 1: FOXP3 genotypic distribution between patients and controls. Amplicons of 334
base pairs for A allele and 333 base pairs for C allele were analyzed by electrophoresis in

polyacrilamide gel and detected by a nonradioisotopic technique.

Immunohistochemistry and clinicopathological characteristics analysis

In our sample, we observed a markup for the tumoral FOXP3 protein expression,

predominantly cytoplasmic in all patients analyzed (FIGURE 2A). A relevant fact is that most

of TNBC patients (83 %) had high expression of tumoral FOXP3 protein (two or three

crosses); in patients who were lymph node free of neoplasia, we also observed a strong

expression, being most of them with a strength signal (three crosses), besides not significant

(p = 0.14).



28

The tumors size’s and the nuclear degrees are equally distributed among the patients
according to the signal of FOXP3 protein by immunohistochemistry (p = 0.42 and p = 0.12),
respectively. In analysis correlating the presence of allelic variants and immunohistochemistry
of FOXP3 gene, we found that there was no correlation between these two parameters
(p =0.792, rho =-0.046). Therefore, although not significant, we observed that carriers of
allele A for FOXP3 gene have higher expression of this protein by immunohistochemistry
(p =0.078).

For Treg infiltration in tumor microenvironment, we had the results from 38 patients:
53 % and 42 % of them had little or none intratumoral/peritumoral infiltrate and 47 % and
58 % had a moderate or intense intratumoral/peritumoral infiltrated, respectively (FIGURE
2B,C). We did not found any significant result when analyze this parameter in relation to two
of prognostic factors: lymph node involvement (intratumoral p =0.310 and peritumoral
p =0.679) and nuclear grade (intratumoral p = 0.531 and peritumoral p = 0.309). Therefore,
when we analyzed the tumor size parameter, the result indicated a significant association with

intratumoral infiltrate (p = 0.026), but not with peritumoral infiltrate (p = 0.598).

Figure 2. High protein expression of FOXP3 in TNBC tissues samples. A) FOXP3
citoplasmic expression in tumor cells; B) FOXP3 intratumoral infiltrate in Tregs and C)
Peritumoral infiltrate of FOXP3 Tregs. Magnification 400X.

Discussion

Breast cancer is a complex disease with high clinical morphological and biological
heterogeneity. It is known that mammary tumors with similar clinical histology and different
prognoses had different therapeutic responses (Cianfrocca and Gradishar 2009; Geyer,
Marchio et al. 2009; Weigelt and Reis-Filho 2009).
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The FOXP3 gene is expressed in CD4+ CD25+ Tregs in normal physiological
conditions and encodes the FOXP3 protein, which regulates the activation of T cell, and
works as a transcriptional repressor and down-regulates some cytokines production in T cells
(McHugh, Whitters et al. 2002; Hori, Nomura et al. 2003).

The autoimmune disease observed in both humans and mice, that lack functional
FOXP3, indicate that this transcription factor has a crucial role in the regulation of T-cell
function (Coffer and Burgering 2004). Additionally, it has been suggested that FOXP3-
positive cells in tumors could be a novel therapeutic target that could improve outcomes for
such patients (Watanabe, Oda et al. 2010). So, the high rate of somatic mutations in breast
tumors, its conserved sequence in humans and the regulation of important pathways make
FOXP3 a very plausible candidate for a susceptibility gene in cancer (Raskin, Rennert et al.
2009).

In this study, we analyzed a FOXP3 (rs3761548) polymorphism in 50 TNBC patients
and in 115 controls free of neoplasia (Table 2). The results indicated a significant positive
association between homozygous AA for FOXP3 gene and TNBC development (OR = 3.78,
95 % Cl = 1.02 to 14.06). Therefore, we suggested that individuals that had inherited both
copies of this allelic variation had a higher susceptibility of developing this subtype of breast
cancer than individuals with other genotypes. As far as we researched, there is no articles
relating genetic polymorphism in FOXP3 gene and TNBC development in a Brazilian
population, but it has been proposed positive associations with other diseases such as psoriasis
(Gao, Li et al. 2010) and allergic rhinitis (Zhang, Zhang et al. 2009). Raskin, Rennert et al.
(2009) investigated three genetic polymorphisms in the FOXP3 gene in patients with breast
cancer, but not triple negative, and found none significant associations. Additionally, these
authors postulated that the FOXP3 gene may be involved with the hereditary breast cancer
form, with high penetrance mutations. Our results are not in accordance with these authors,
since we found a positive association between a specific FOXP3 gene mutation and TNBC
susceptibility (Table 2). Despite the low number of homozygotes observed in both groups, we
found 12 % of AA homozygotes in TNBC group versus only 4 % in the control group,
although the last one is composed of a much larger number of individuals. Thus, besides our
results deserve caution by the sample size, they seems to indicate a role for FOXP3 gene in
TNBC molecular subtype.

Initially, it was postulated that FOXP3 expression was thought to be restricted to
hematopoietic tissues. However, although data are scant, FOXP3 expression in other tissues

has also been observed, including human tumor cells (Karanikas, Speletas et al. 2008).
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Therefore, biological functions of FOXP3 in tumor cells and its significance presently remain
unclear. Recent data suggest that FOXP3 expression in tumor cells could be a poor prognostic
factor in breast cancer (Merlo, Casalini et al. 2009), but in contrast with these data, FOXP3
was also recently demonstrated to be a tumor suppressor gene, acting as a transcriptional
repressor of SKP2 and HER2, the two breast cancer important oncogenes (Zuo, Liu et al.
2007; Zuo, Wang et al. 2007).

In the present work, additionally, we analyzed the tumoral protein expression of
FOXP3 by immunohistochemistry and found that 83% of the patients analyzed had a strong
expression of this gene in the tumor cells. Another study found that cancer cells were FOXP3
positive in 57 % of HER2+ breast tumors (Ladoire, Arnould et al. 2011), indicating that our
sample of TNBC demonstrated high expression of this protein and that FOXP3 may have
different expression levels in molecular subtypes of breast cancer, with specific prognostic
implications. In our sample we did not observe associations between the expression of
FOXP3 protein and the prognostic parameters: tumor size, lymph node involvement and
nuclear grade. Ladoire, Arnould et al. (2011) also found no association with tumor size and
lymph node involvement, however, the authors observed a significant result between the
protein expression and tumor grade (p = 0.046), which strengthens prognostic differences for
the expression of FOXP3 in mammary tumor subgroups.

Another relevant point is that FOXP3 protein expression observed in our TNBC
sample was predominantly cytoplasmic. According to literature data, a cytoplasmic
localization of FOXP3 protein was observed in human cancer cells in various tissues (Hinz,
Pagerols-Raluy et al. 2007; Karanikas, Speletas et al. 2008), including breast carcinoma
(Ladoire, Arnould et al. 2011). Also, in a study concerning the FOXP3 expression in prostate
cancer cells, (Wang, Liu et al. 2009), the authors demonstrated that genetic mutations in this
gene could be detected in cancer cells and restrained its expression in the cytoplasm.

It is noteworthy that experimental evidences show that FOXP3 downregulates the
oncogene HER2 and other genes in this signaling pathway. Within this context, our results
concerning FOXP3 protein expression are in accordance, since we observed a high expression
in tumor cells of TNBC patients, who are exactly negative for HER2 high expression by
immunohistochemistry. Therefore,Karanikas, Speletas et al. (2008) that found a high
expression of FOXP3 in MCF7 and other cell lines said that whether FOXP3 expression by
tumor cells is directly related to carcinogenesis or results indirectly by activation of its

normally silent gene is questionable.
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Although T cells present the most important immunological response in tumor
growth in early stages of cancer, they become Tregs after chronic stimulation and interactions
with tumor cells, promoting rather than inhibiting cancer development and progression (Lee,
Cho et al. 2013). Concerning to tumor FOXP3 Treg infiltration, we had the results of 38
patients and observed that 47 % and 58 % of patients had a moderate or intense intratumoral
and peritumoral infiltrated, respectively. Ladoire, Arnould et al. (2011) in their series of
HER2+ overexpressing breast carcinoma, found that the presence of FOXP3 Treg infiltration
had no prognostic behavior. Unfortunately, we did not found any significant results when
analyze this parameter in relation to the prognostic factors lymph node involvement and
nuclear grade, but observed a significant association with tumor size (p = 0.026).

When analyzed in detail, the results of tumor size and infiltration of FOXP3 positive
Tregs, we observed that the significance was attributed to tumor sizes between 1.5 to 3 cm,
since we classify them in three categories (less than 1.5 cm, 1.5 to 3 cm and above 3 cm). On
a multivariate analysis, Lee, Cho et al. (2013) showed that FOXP3-positive Tregs was an
independent prognostic factor for overall survival and progression free survival with hazard
ratios of 2.4 (95% CI 1.0 — 5.6; p = 0.049) and 2.0 (95% CI 1.1 — 3.6; p = 0.032),
respectively. So, these authors concluded that in TNBC patients FOXP3-positive Tregs had
stronger prognostic significance. The finding of improved survival associated with highly
infiltrating FOXP3-positive Tregs in TNBC contrasted with several other types of solid
cancers, but according to them, TNBC may be differently driven by FOXP3 via an immune
mechanism. In this context, we hypothesized that Tregs FOXP3 positive, which were present
in the tumor secreting TGF-B, could act as stimulator of growing in this intermediates tumors
(1.5 to 3cm), in relation to tumors of less than 1.5 cm. Likewise, we suggest that another
mechanism could stimulate even larger sizes of tumors TNBC above 3 cm, since in our
sample, the intratumoral infiltrate do not appear to be positively associated with larger tumors.

Since we found a significant association between an specific genetic variant in
FOXP3 gene and a high expression of this protein in tumor cells, which would agree with the
fact that TNBC patients do not present the over-expression of HER2 oncogene, and also a
positive correlation between FOXP3-positive infiltrate and tumor size, we might suggest that
this gene should be a promising marker of susceptibility and prognosis in human breast cancer

prognosis.
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4 CONCLUSOES

e As pacientes com gendtipo homozigoto AA para o gene FOXP3, apresentaram
um risco aumentado de quase 4 vezes para o desenvolvimento do cancer de
mama TN.

e Os diferentes genoétipos de FOXP3 ndo se mostraram positivamente associados
aos parametros progndésticos: tamanho tumoral, comprometimento de
linfonodos e grau nuclear do tumor.

e A maioria das pacientes apresentou expressao elevada da proteina FOXP3 nas
células tumorais e esta expressao foi predominantemente citoplasmatica.

e Na&o houve diferenca significativa entre a expressdo de FOXP3 tumoral por
imunohistoquimica e os parametros tamanho de tumor, comprometimento de
linfonodos e grau nuclear.

e Também ndo se observou nenhuma significancia entre a presenca da variante
alélica e a expressdo proteica de FOXP3 por imunohistoquimica.

e Entretanto, os infiltrados linfocitarios peritumoral e intratumoral FOXP3-
positivos foram elevados na maior parte das pacientes TN e especificamente o
infiltrado intratumoral se mostrou positivamente associado aos tumores de
tamanho 1,5-3 cm.
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6 ANEXOS

6.1 Aprovacdo Comité de Etica e Consentimento Livre e Esclarecido
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