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Resumo

Introducao: A terapéutica sistémica para o cancer de mama envolve 0 uso do
agente antiestrogénico tamoxifeno, farmaco metabolizado pelo figado no
sistema do citocromo P-450 (CYP). Este, por sua vez, é parcialmente codificado
pelo gene CYP1A1, e alguns polimorfismos deste gene tém sido associados com
interferéncias na sua eficacia metabdlica. Além disso, diferengas interindividuais no
CYP explicam parte das variagdes na resisténcia ao tamoxifeno e metabolismo
dos estrogénios. Dentre esses polimorfismos, 0 A4889G (M2) e o T6235C (M1)
sao conhecidos por afetar a ativacao da estrona e do estradiol, e por provocar a
reducao da concentracdo de metabdlitos altamente ativos do tamoxifeno, reduzindo
teoricamente o efeito antiestrogénico desta modalidade de hormonioterapia no
tecido mamario. Embora plausiveis do ponto de vista biolégico, as implicagdes
clinicas dos polimorfismos do CYP1A1, ou seja, as caracteristicas patolégicas
dos tumores e um pior prognéstico decorrente do aumento dos estrégenos
circulantes e reducdo dos metabdlitos ativos do tamoxifeno, ndo foram ainda
avaliadas. Objetivo: Avaliar a associacao entre os polimorfismos M1 e M2 do
gene CYP1AT1 e as caracteristicas patoldgicas e clinicas de mulheres com cancer

de mama esporadico, em duas abordagens: 1) determinar as associacoes entre
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estes polimorfismos e as caracteristicas patologicas, clinicas e o padrédo de
sobrevida global em mulheres com cancer de mama esporadico e 2) determinar
as associagdes entre estes polimorfismos e as caracteriasticas patoldgicas e o
comportamento clinico de tumores de mama com receptores hormonais positivos na
vigéncia do uso de tamoxifeno. Métodos: foram incluidas 741 mulheres com cancer
de mama esporadico, 405 das quais com tumores positivos para receptores
esteroides e que usaram tamoxifeno como terapia antiestrogénica primaria, para
as quais os dados referentes a cinco anos de seguimento estavam disponiveis.
Foram avaliadas as associagdes de informagdes-chave patoldgicas e clinicas,
incluindo a sobrevida geral em cinco anos, com as diferentes combinagdes de
polimorfismos do gene CYP1A1. Resultados: Em mulheres portadoras de
ambos os polimorfismos M1 e M2 do CYP1A1, a proporcao de tumores grau
histolégico Il (80,3%) foi significativamente menor que nas n&o-portadoras
(89,6%); p ajustado <0,01. O mesmo ocorreu na analise restrita as mulheres
com tumores RE+ usando tamoxifeno (76,1% vs. 85,9%; p ajustado= 0,02).
Apds 60 meses de seguimento, cerca de 75% das mulheres estavam vivas. Nao
houve diferenca significativa na sobrevivéncia relacionada com o estado do gene
CYP1A1. Conclusoes: embora associados a tumores de menor grau histoldgico,
ndo ha nenhuma evidéncia da associacao dos polimorfismos do CYP1A71 com

progndstico do cancer da mama.

Palavras-chave: cancer, mama, polimorfismo, CYP1A1, sobrevida, tamoxifeno.
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Summary

Introduction: systemic therapy for breast cancer involves the use of the anti-
estrogen agent tamoxifen, which is metabolized by the liver cytochrome P-450
(CYP). This, in turn, is partially encoded by CYP1A1, and some polymorphisms of
this gene have been associated with metabolic disturbance at their effectiveness.
Moreover, interindividual differences in efficiency of CYP explain part of the
variations in resistance to tamoxifen and estrogen metabolism. Among these
polymorphisms, the A4889G (M2) and T6235C (M1) are known to affect the
activation of estrone and estradiol, and cause the reduction of the concentration of
highly active metabolites of tamoxifen, theoretically reducing the anti-estrogenic
effect of this form of endocrine therapy in breast tissue. Although plausible from the
biological point of view, the clinical implications of polymorphisms of CYP1A1,
ie, the pathologic features of tumors and a worse prognosis due to increased
circulating estrogens and reduction of active metabolites of tamoxifen have not yet
been evaluated. Objectives: To evaluate the association between CYP1A1 A4889G
and T6235C gene polymorphisms and clinical and pathological characteristics of
women with sporadic breast cancer in two approaches: 1) determine the

associations between CYP1A1 A4889G and T6235C gene polymorphisms and
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the pathological characteristics of the tumors, and the clinical features, including
overall survival, of women with sporadic breast cancer and 2) determine the
associations between CYP1A1 A4889G and T6235C gene polymorphisms and the
pathological characteristics and clinical behavior of estrogen receptor-positive
breast tumors in patients using tamoxifen. Methods: We included 741 women
with sporadic breast cancer, 405 of whom had tumors positive for steroid receptors
and using tamoxifen as primary antiestrogen therapy, for which data on five years of
follow-up were available. We evaluated the associations of key pathological and
clinical features, including overall survival at five years, with different combinations of
the CYP1A1 gene polymorphisms. Results: In women with both polymorphisms
of the CYP1A1 gene, the proportion of grade Il tumors (80.3%) was significantly
lower than in non-carriers (89.6%), adjusted p <0.01. The same was true for
women with ER + tumors using tamoxifen (76.1% vs. 85.9%; adjusted p = 0.02).
After 60 months of follow up, 75% of the women were alive. There was no
significant difference in survival related to the state of the CYP1A71 gene.
Conclusions: Although associated with tumors of lower grade, there is no

evidence of an association of CYP1A7 polymorphisms with breast cancer prognosis.

Keywords: cancer, breast, polymorphism, CYP1A1, survival, tamoxifen.
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1. Introducao

Dentre todas as neoplasias que acometem as mulheres, o cancer de mama
tem-se apresentado mundialmente como o segundo mais frequente, com elevacao
de suas taxas de incidéncia (variacao relativa de 80% nos ultimos 30 anos), € é
a principal causa de morte por neoplasia entre as mulheres brasileiras. Nos
Estados Unidos da América sao esperados, para 2012, 226.870 casos novos de
cancer de mama, com 39.510 ébitos decorrentes desta neoplasia (1). O numero
de casos novos de cancer de mama esperados para o Brasil em 2012 sera de
52.680 (52 para cada grupo de 100.000 mulheres), uma mortalidade estimada
de 12.852, com aproximadamente 60% da casuistica dos registros hospitalares

composta por casos diagnosticados em estagios avangados (2).

Alguns aspectos genéticos, epidemioldgicos e ambientais tém sido
aventados para justificar o aumento gradual, porém constante, na incidéncia do
cancer de mama nos ultimos 50 anos. Destes, ressaltam-se o envelhecimento da
populagcéo, decorrente de acdes sociais de saude que evitam mortes prematuras

(3), e o estabelecimento de novos padrbes reprodutivos e hormonais nas
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Ultimas décadas, com aumento do numero de ciclos ovulatorios vivenciados

pelas mulheres durante a sua vida (3,4,5,6).

Nesta linha, tornam-se explicaveis as associacbes epidemioldgicas
observadas para o aumento do risco da neoplasia em relacdo a: menarca
precoce (antes dos 12 anos), menopausa tardia (apds os 54 anos), idade tardia
da primeira gravidez a termo (apds os 30 anos de idade) e nao-lactacao (7).
Além destes, esta estabelecido o aumento de risco com o uso de terapia
hormonal (TH) por mais de cinco anos consecutivos, mormente com o0s
esquemas que utilizam estrogénios conjugados associados a progestagénios

sintéticos de uso continuo (8,9).

Dieta rica em gordura, ganho de peso na pds-menopausa e obesidade
também estao elencados como fatores de risco para o cancer de mama (7). O
consumo de &lcool acima de duas doses ao dia parece ampliar o risco,
possivelmente pelo aumento de precursores de carcind6genos por vias ainda

nao completamente determinadas (10,11).

Quanto ao habito de fumar, os dados s&o controversos, uma vez que nao
existem mecanismos bioldgicos que expliquem possiveis associacoes, além da
disparidade dos estudos, quanto a quantificacdo do numero de cigarros
consumidos, populacao, tempo de uso, fumo ativo ou passivo, ou outros fatores

de risco associados (12, 13,14).

Em relacdo ao componente racial, parece haver uma associa¢ao entre o

cancer de mama em mulheres nao-brancas na populacdo estadunidense
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ajustada por idade, com risco relativo de 1,3 para as ndo-brancas (15); mas as
dificuldades e os desafios na obtencdo de informacdes precisas sobre dados
étnicos e possivel miscigenacao permanecem na literatura (16), bem como

outros fatores confundidores associados a raca (17).

Dentre os aspectos genéticos, 10% a 15% dos casos de cancer de mama
tém histéria familiar positiva para a doenca, sendo que apenas 5% podem ser
explicados pelas raras (mas de grande penetrancia genética) mutagdes dos genes
BRCA1 e BRCA2 (18,19,20). Isso leva a crer que ha outras variacdes genéticas

comuns, de baixa penetrancia, que influenciam a predisposi¢éo ao cancer de mama.

Recentes estudos na literatura tém aumentado as evidéncias de que
polimorfismos genéticos de baixa penetrancia podem aumentar o risco do cancer de
mama, apesar do impacto em termos de prevencdo ainda ser desconhecido
(21). Outros estudos ressaltam, ainda, a importancia do estabelecimento das
“assinaturas génicas” dos tumores de mama na particularizagdo do progndstico
e dos tratamentos dispensados a cada subgrupo de pacientes, por exemplo,
usando kits comerciais, como o Oncotype-Dx® (Genomic Health, Redwood City,

CA, USA), que analisa 21 expressdes génicas (22, 23,24,25).

Ha dois grupos principais de genes potenciais candidatos aos papéis
relatados acima (26): aqueles que codificam proteinas envolvidas no metabolismo
dos hormdnios esteroides (CYP17, CYP19) e outros relacionados a expressao de
enzimas envolvidas no processo de carcinogénese (CYP1A1, CYP2D6, CYP2ET,
GSTM1, GSTT1, NAT1, NAT2). Ha inclusive evidéncias na literatura relacionando

dois ou mais grupos de genes, com as potenciais interacoes entre suas agoes (27).
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Cumpre ressaltar a possivel interagcdo entre fatores ambientais
epidemiologicos e genéticos, potencializando o risco do desenvolvimento do
cancer de mama: fatores de risco relacionados a maior exposicao estrogénica

ou tabagismo, e os polimorfismos de baixa penetrancia (28).

1.1. Fatores Prognosticos

A fim de padronizar o0 acompanhamento dos casos de cancer de mama, no
que tange ao diagndstico, aplicabilidade de técnicas terapéuticas e progndstico,
utiliza-se o sistema de estadiamento do American Joint Committee on Cancer
(AJCC) (29). Este sistema considera a extensao do acometimento do tumor na
mama e em tecidos adjacentes, como a pele e a parede toracica (T), a
identificacdo da presenca de metastases para linfonodos regionais como cadeias
axilares, mamaria interna, infraclavicular e fossa supraclavicular (N) e a identificacéo
da presencga de metéstases a distancia (M). Nove faixas denominadas estadios
podem ser determinadas (estadios 0, la, Ib, lla, llb, llla, Illb, Ilic e IV), com as
probabilidades de sobrevida em cinco anos decrescentes de 92% a menos de
13%. Com base em registros hospitalares brasileiros, aproximadamente 60%
das mulheres tém o cancer de mama diagnosticado em fase avancada —
estadios Ill e IV (2) — onde a sobrevida em cinco anos varia de 13% a 40%, a

despeito dos avancos terapéuticos.

A progressao do cancer de mama primario varia independentemente do
poder preditivo do estadiamento. Parte dessas variacoes € explicada por fatores

prognosticos, que conferem diferencas nas taxas de crescimento do tumor,
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poder de invasdo, potencial metastatico e outros mecanismos ainda nao

completamente conhecidos (30).

Podem ser divididos em fatores anatomopatolégicos e biol6gicos. Dentre
0s anatomopatoldgicos ha o tipo histolégico (31), grau de diferenciacao tumoral
(32;33,34), estado linfonodal axilar (35;36), tamanho tumoral (37) e angiogénese
peritumoral, relacionada diretamente com pior prognostico nas mulheres com
cancer de mama (38). Quanto aos fatores prognésticos biolégicos, mais estudados
nos ultimos 20 anos, estes adquirem maior expressdao nas mulheres sem
acometimento linfonodal axilar, onde exercem papel selecionador de mulheres de
maior risco para recidiva (39). Sao eles: expressao de receptores hormonais de
estrogénio e progesterona, indice de atividade proliferativa (indice de marcacgao,
citofluorometria na fase S, Ki 67), ploidia ou indice de DNA, receptores para
fatores de crescimento (EGF-R, IGF-IR, SS-R receptor de somatostatina, TGF),
oncogenes (Her-2-Neu, p53, BCL2), catepsina D, e outros (39, 40; 41, 42;43;44).
E necessario maior conhecimento sobre a biologia molecular do tumor para
tentar identificar quais os fatores isolados, ou em associagdo com os ja bem

estabelecidos, que poderiam predizer a evolucao da doenca.

1.2. Polimorfismos A4889G e T6235C do gene CYP1A1

O gene CYP1AT1 esta localizado no brago longo do cromossomo 15. O
polimorfismo A4889G do gene CYP1AT determina a troca de uma adenina por
uma guanina na posicao 4889 do éxon 7 do gene e a substituicdo de uma

isoleucina por uma valina na proteina resultantemente codificada. O alelo
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variante codifica uma proteina com maior atividade na ativacdo de estrona e

estradiol do que o alelo selvagem (45).

O gendtipo variante em homozigose, GG, foi identificado em cerca de 4%
a 40% dos individuos de diferentes populacdes étnicas (46;47; 48;49, 50;51; 52;
53; 54;55, 56,57). E incerto seu papel no risco de ocorréncia do cancer de

mama em mulheres (49; 52; 55; 56, 57).

Um outro polimorfismo, o T6235C, determina a troca de uma base
nitrogenada timina por uma citosina na regidao 6235 da cadeia de DNA do gene
CYP1A1, em regiao nao codificadora do gene. Assim como o polimorfismo
A4889G, o alelo variante também codifica uma proteina mais eficaz na ativacao

de estrona e estradiol do que o alelo selvagem (58).

O gendtipo variante em homozigose do polimorfismo T6235C, CC, foi
identificado em cerca de 5% a 20% dos individuos de diferentes populacoes
étnicas (46, 47,48, 49, 50, 51, 52, 53, 54, 56, 59; 60, 62; 63; 64, 65). Entretanto,
seu papel no risco de ocorréncia do cancer de mama é incerto (49, 52,54, 55,

56, 59, 60,61,62, 63, 64).

Vale ainda comentar que o quimioterapico ciclofosfamida (66, 67, 68) e o
antiestrogénio tamoxifeno (69, 70, 71), utilizados geralmente no tratamento de
pacientes com cancer de mama, sédo metabolizados no figado por enzimas do CYP,
incluindo as CYP1A1. Até onde atinge o conhecimento deste pesquisador, sdo
também desconhecidos os papéis deste polimorfismos génicos na sobrevida de

pacientes com cancer de mama tratadas de forma convencional.
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1.3. Justificativa

O cancer é a segunda causa de 6bito na regidao Sudeste do Brasil e o
cancer de mama foi descrito como um problema importante de salde nessa regiao
do pais (2). Ainda, a populacéo brasileira € altamente heterogénea, constituida por
indigenas e imigrantes da Europa, Africa e Asia, 0 que promoveu a miscigenacao

racial, uma das caracteristicas desta populacao. (72, 73).

Frente ao exposto, pareceu interessante identificar os papéis dos
polimorfismos A4889G e T6235C do gene CYP1A7 no risco e sobrevida de
portadoras de cancer de mama em uma populagao heterogénea de mulheres

com alta incidéncia da doencga.
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2. Objetivos

2.1. Objetivo Geral

Avaliar a associacao entre os polimorfismos A4889G e T6235C do gene
CYP1A1 e as caracteristicas epidemiologicas e clinicas de mulheres com

cancer de mama esporadico.

2.2. Objetivos Especificos

m Artigo1: Determinar as associacdes entre os polimorfismos A4889G e
T6235C do gene CYP1AT1 e as caracteristicas epidemiolégicas, clinicas
e patoldgicas do tumor, e o padrdo de sobrevida global em mulheres

com cancer de mama esporadico.

m Artigo 2: Determinar as associagdes entre os polimorfismos A4889G e
T6235C do gene CYP1A1 e o comportamento clinico de tumores de mama

com receptores hormonais positivos na vigéncia do uso de tamoxifeno.
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Abstract

Background: Systemic therapy for breast cancer generally involves the use of the
chemotherapy agent cyclophosphamide and the antiestrogen drug tamoxifen, which are
drugs metabolized by the liver cytochrome P-450 (CYP). This later is encoded by the
CYPIAI gene, and a few polymorphisms of this gene have been demonstrated to interfere
with the metabolic efficiency of CYP. Objective: Evaluate whether the 76235C and
A4889G gene polymorphisms are related to the pathological presentation and clinical
outcomes of breast cancer. Methods: We included 741 women with breast cancer for
which 5 year follow-up data were available. We evaluated the associations of the key
pathological and clinical information, including overall 5-year survival, with the CYPIAI gene
statuses. Results: White ethnicity was positively associated with the AG/GG genotypes in
both uni- and multivariate analyses (p=0.04 and 0.03, respectively). Women harboring
the AG/GG genotypes had a slightly lower prevalence of high-grade (grade III tumors)
compared to those with the AA genotype (p=0.01 and 0.02). The same was true for
women with the TC/CC genotypes (p=0.03 for both uni- and multivariate analyses). Women
with any genotype other than the AA/TT were slightly more prone at developing low-
grade invasive carcinomas (adjusted p<0.01; OR (for grade IIl carcinomas) = 0.4;
95%CI 0.4 to 0.68). After 60 months of follow-up, roughly 75% of the women were
alive. There was no significant difference in survival related to the CYPIAI status.
Conclusions: The CYPIAI gene polymorphisms were associated with less aggressive

tumors, but this association did not translate clinically into a better prognosis.
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Introduction

The CYPIAI gene is located on the long arm of chromosome 15. The
polymorphism 76235C determines the change of a nitrogenous base thymine to cytosine
in the region 6235 of the DNA chain of the CYPIAI gene in non-coding region of the gene.
The variant allele encodes a protein more effective in activating estrone and estradiol than the
wild-type allele [1]. The variant genotype in homozygous polymorphism 76235C, CC, was
identified in approximately 5% to 20% of the individuals of different ethnic populations
[2-17]. Another polymorphism of the CYPIAI gene, the A4889G, determines the exchange of
adenine for guanine at position 4889 in exon 7 of the gene and the substitution of a
valine by an isoleucine in the encoded protein. The variant allele encodes a protein with
increased activity in the activation of estrone and estradiol than the wild-type allele [18].

The chemotherapy drug cyclophosphamide [19-21] and the antiestrogen tamoxifen
[22-24] used commonly in the treatment of patients with breast cancer, are metabolized
by the liver cytochrome CYP, which is encoded by the CYPIAI gene. Based on these, it
seemed of interest to identify the roles of the polymorphisms 76235C and A4889G

CYPIAI on risk and survival of Brazilian women with breast cancer.

Subjects and methods
Selection of subjects

In this study, we included 741 women breast carcinomas, for which minimal 5-
year follow-up were available. The cohort of this study originally integrated a prospective
study addressing the glutathione S-transferase system (GST) polymorphisms and sporadic
breast cancer, as described elsewhere [25-26]. Women aged 25 years or older and with no

previous personal history or family history of breast cancer (BC) in a first-degree relative
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were included, associated with the histopathologic diagnosis of invasive breast carcinoma.
Women who had no knowledge of their family history (adoption, in vitro fertilization),
or those incapable of informing their clinical data, were excluded from the analysis.

These women were invited to participate in the study at the time of hospital
admission for their surgical treatment. Peripheral blood was drawn for DNA analysis
and study of the polymorphisms.

This study was approved by the Ethics in Research Committee of the School of
Medicine of UNICAMP and by the National Commission of Ethics in Research (CONEP),
following the precepts of the Declaration of Helsinke (2004) and Resolution 196/96 of
the National Council of Health (Brazil, 1996). All subjects signed an informed consent

term, and no one refused to participate in the study.

Obtainment of clinical and biological characteristics

From review of the medical charts and interview to present the informed consent
term, the following information was obtained: age, ethnic group, age at menarche,
menopausal status, clinical tumor staging, histologic type, histologic and nuclear grades,

in addition to the expression of hormone receptors.

Extraction of DNA from leucocytes
Genomic DNA was obtained from peripheral blood samples of patients with BC,

using the technique of extraction by lithium chloride and proteinase K [27].

Identification of polymorphisms CYPIA1 A4889G and T6235C
The exon 7 of the CYPIAI gene is amplified by polymerase chain reaction (PCR)

for the genotyping of polymorphisms A4889G and T6235C. After the reaction, a
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fragment of 340 base pairs (bp) was obtained using the primers described by Canalle et
al [5]. The genotype of the polymorphism 76235C was identified by enzymatic digestion
of the amplified fragments with the use of the enzyme Mspl. The reaction products were
evaluated in electrophoresis on agarose gels of 3%. A single fragment of 340bp
corresponded to the wild-type allele. Fragments of 200bp and 140bp correspond to the
variant allele. Positive and negative controls were used in all reactions [4].

The genotype of the polymorphism A4889G was identified by enzymatic digestion of
the amplified fragments using the enzyme Ncol. The reaction products were evaluated in
electrophoresis on agarose gels of 3%. A single fragment of 263bp corresponded to the
wild type allele, while fragments of 232bp and 31bp corresponded to the variant allele [6].
Genotyping was performed in the "Laboratory of Cancer Genetics", Faculty of Medical

Sciences, State University of Campinas (http://www.fcm.unicamp.br/grupos/lageca).

Statistical analysis

All statistical analyses were performed with the R Environment for Statistical
Computing (R Project). Significance was set at 95% (p=0.05) and 95% confidence
intervals were used (95%CI). Chi-squares and Fisher’s exact test were used to assess the
relationships between the clinical and epidemiological variables and the gene statuses.
Next, we used a multivariate regression model to adjust the p-values. We then formed
two groups using the A4889G and T6235C statuses: one group consisting of women with
both AA and TT genotypes (wild alleles) and the other consisting of women with any other
combination of the genotypes (AA/TC; AA/CC; AG/TT; AG/TC; AG/CC; GG/TT;
GG/TC or GG/CC). The relationship of the clinical and epidemiological features with

these combined genotype statuses was assessed using uni- and multivariate analyses as
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described above for the analyses of the individual gene statuses. Odds ratios were
obtained with the exponentiation of the logistic regression coefficients. Finally, we produced
univariate Kaplan-Meyer survival curves comparing the 5-year overall and disease-free
survival of the women, grouped according to the individual and combined gene statuses.

Differences in survival were assessed with the Log-Rank test.

Results

The CYPIAI genotypes were distributed as follows: For the A4889G
polymorphism: AA= 527 (71.1%) cases, AG= 194 (26.2%) cases and GG= 20 (2.7%)
cases, resulting in a G allele frequency of 31.7%; for the 76235C polymorphism: TT=
464 (62.6%) cases, TC= 235 (31.7%) cases, CC= 42 (5.7%) cases, resulting in a C allele
frequency of 43.2% (data not shown in Tables).

Table 1 lists the main clinical and epidemiological features of the women as related to
the genotypes. White ethnicity was positively associated with the AG/GG genotypes in
both uni- and multivariate analyses (p=0.04 and 0.03, respectively). Women harboring
the AG/GG genotypes had a slightly lower prevalence of high-grade (grade III tumors)
compared to those with the AA genotype (p=0.01 and 0.02). The same was true for
women with the TC/CC genotypes (p=0.03 for both uni- and multivariate analyses).

Table 2 shows the relationship of the combined genotypes with patients’
characteristics. Women with any genotype other than the AA/TT were slightly more
prone at developing low-grade invasive carcinomas (adjusted p<0.01; OR (for grade III
carcinomas) = 0.4; 95%CI 0.4 to 0.68).

Figures 1 and 2 convey the Kaplan-Meyer representation of overall survival as

related to the different approaches to the CYPIAI polymorphisms. Mean follow-up time
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was 57.2 months (interquartile range= 36.5 months; data not shown in figure). After 60
months of follow-up, roughly 75% of the women were alive. There was no significant

difference in survival related to the CYPIA] status.

Discussion

In our study, the CYPIAI gene polymorphisms were associated with low-grade
breast carcinomas, but did not correlate with overall survival of the women. The
polymorphisms were also more prevalent in Caucasian women, who form the majority
of our cohort. It is important to emphasize, as far as our knowledge goes, most studies
about the CYPIAI gene polymorphisms focus on the association of these single nucleotide
polymorphisms (SNP) with risk for breast cancer development. We, by contrast,
evaluated the clinical and pathological implications of the CYPIAI gene polymorphisms
in women who already developed the disease.

We studied a population of southeastern Brazilian women, with large numbers of
descendants of Europeans [28-29]. The CYPIAI gene is highly polymorphic in human
populations and ethnic differences in the distribution of these polymorphisms have been
reported [30]. As we have mentioned above, most studies about CYP/A 1 polymorphisms
address the association of the SNP with risk of developing breast cancer. The results
reported in most studies are controversial, with the risk estimates for the SNP carriers
varying between studies [31]. In Caucasian populations similar to ours, and in studies
evaluating the same polymorphisms, no relationship between the A4889G and 76235C
SNP and breast cancer risk has been found.

We detected a higher prevalence of both A4889G and T6235C SNP in Caucasians.

Okobia and cols [10], studying Nigerian women, found only one A4889G heterozygous
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carrier among 250 cancer subjects. This same polymorphism has been reported to have
allele frequencies of 0.69 and 0.31 among Japanese women [32], and studies in Asian
women have indicated that more than 10% of the population possesses variant genotypes
[33]. However, in Caucasians, the allele frequencies of the A4889G and T6235C SNPs
have been reported to be low [34]. Not unexpectedly, the only study where the authors
reported an increased risk of developing breast cancer in CYPIAI polymorphism was
based on a population of African women, in which the prevalence of the SNP is known
to be higher than that in Caucasian and Asian women [35].

There is only one study where the authors investigated the association between
polymorphisms of the CYPIAI gene and the morphological characteristics of breast
tumors [36]. In that study, the A4889G polymorphism was associated with high-grade
tumors, a finding dissimilar to ours. However, contrary to what we found, the 76235C
polymorphism was not associated with tumor characteristics in that study.

The CYPIAI gene plays a pivotal role in the 2-hydroxylation of estradiol and
estrone to 2-hydroxy catechol metabolites for subsequent O-methylation to 2-methoxy
intermediates. The pathway of 16a-hydroxylation leads to metabolites with strong estrogenic
properties and have been linked to estrogen-induced carcinogenesis in both laboratory
animals and humans [37-39]. The estrogen receptor positive models of carcinogenesis
encompasses lesions that progress from low to high-grade due to the acquisition of
genetic instability and the accumulation of stochastic genetic events due to the presence
of estrogen and its metabolites [40]. It is not known, however, whether the carcinogenic
estrogen metabolites derived from polymorphic CYP may induce the formation of a

higher proportion of high-grade tumors in CYPIAI gene polymorphism carriers.
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Even though the proportion of high-grade breast tumors in CYPIA]I carriers was
lower, we detected no difference in overall survival as related to the presence of any of
the two SNPs. Tumor grade is a well-established risk factor for disease recurrence and
shorter survival [41]. It is possible that our cohort was not sufficiently powered to allow
the detection of slight differences in survival related to the presence of the SNPs, given
the low prevalence of the polymorphisms in our preponderantly Caucasian population. It
is also worth noting that we had a large proportion of high-grade tumors in carriers and
non-carriers, surpassing 80% in both cases.

In conclusion, we have not detected any difference in clinical behavior of breast
cancer in CYPIAI gene polymorphism carriers compared to non-carriers. It is worth
noting, however, that the SNPs were associated with low-grade tumors, which are known to
bear a better prognosis. Whether the lack of association between SNP carrier status and
disease prognosis in our study is a consequence of the low prevalence of the SNP in the

studied population or another unknown methodological artifact, we have no clues.
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Table 1 — A4889G and T6235C genotypes as related to key epidemiological features

A4889G genotype T6235C genotype
AA AG/GG TT TC/CC
n (%) n (%) P padj n (%) n (%) p padj
Age 1 0.72 04 077
>35 years 494 (93.9) 202 (94.0) 438 (94.6) 258 (92.8)
<35 years 32 (6.1 13 ( 6.0) 25 (54 20 ( 7.2)
Unknown 1 0 1 0
Menarche 0.14  0.09 034 0.15
>12 years 289 (58.9) 106 (52.5) 255 (58.5) 140 (54.5)
<12 years 202 (41.1) 96 (47.5) 181 (41.5) 117 (45.5)
Unknown 36 13 28 21
BMI 0.38 0.57 1 0.81
<25 186 (37.1) 69 (33.3) 161 (36.1) 94 (35.9)
>25 315 (62.9) 138 (66.7) 285 (63.9) 168 (64.1)
Unknown 26 8 18 16
Ethnicity 0.04 0.03 044 0.81
White 444 (84.3) 194 (90.2) 403 (86.9) 235 (84.5)
Non-white 83 (15.7) 21 (9.9) 61 (13.1) 43 (15.5)
Unknown 0 0 0 0
Menopause 0.9 097 036 0.6
Post 231 (45.4) 98 (46.2) 250 (55.8) 142 (52.0)
Pre 278 (54.6) 114 (53.8) 198 (44.2) 131 (48.0)
Unknown 18 3 16 5
Disease stage 0.23 0.22 0.58 0.51
0-IT 307 (58.3) 136 (63.3) 273 (58.8) 170 (61.2)
I-1v 220 (41.7) 79 (36.7) 191 (41.2) 108 (38.8)
Unknown 0 0 0 0
Histology 0.14  0.07 0.057 0.07
Ductal invasive 357 (67.7) 158 (73.5) 310 (66.8) 205 (73.7)
Other 170 (32.3) 57 (26.5) 154 (33.2) 73 (26.3)
Unknown 0 0 0 0
Grade 0.01  0.02 0.03 0.03
I-11 56 (12.3) 37 (20.0) 48 (12.0) 45 (18.6)
I 400 (87.7) 148 (80.0) 351 (88.0) 197 (81.4)
Unknown/NA 71 30 65 36
Nuclear grade 0.85 0.365 0.66 0.88
1-2 169 (34.8) 66 (33.7) 144 (33.7) 91 (35.7)
3 317 (65.2) 130 (66.3) 283 (66.3) 164 (64.3)
Unknown/NA 41 19 37 22
Hormonal receptor 1 0.99 0.21 0.11
One positive 335 (69.9) 142 (70.0) 307 (71.7) 170 (66.9)
Both negative 144 (30.1) 61 (30.0) 121 (28.3) 84 (33.1)
Unknown 48 12 36 24
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Table 2 — Combined analysis of A4889G and T6235C genotypes as related to clinical
and epidemiological features

Combined genotypes
AA and TT Other
n (%) n (%) p p adj OR (IC95%)
Age
>35 years 389 (94.4) 307 (93.3)
<35 years 23 ( 5.6) 22 ( 6.7) 0.63 0.95 1.02 (0.49t0 2.12)
Unknown 1 0
Menarche
>12 years 226 (58.5) 169 (55.0)
<12 years 160 (41.5) 138 (45.0) 0.39 0.19 1.26 (0.89 to 1.8)
Unknown 27 22
BMI
<25 144 (36.5) 111 (35.5)
>25 251 (63.5) 202 (64.5) 0.84 0.98 0.99 (0.68 to 1.44)
Unknown 18 16
Ethnicity
White 357 (86.4) 281 (85.4)
Non-white 56 (13.6) 48 (14.6) 0.76 0.69 1.1 (0.67 to 1.83)
Unknown 0 0
Menopause
Post 219 (55.2) 173 (53.4)
Pre 178 (44.8) 151 (46.6) 0.68 0.72 0.94 (0.65 to 1.35)
Unknown 16 5
Disease stage
0-11 242 (58.6) 197 (59.9)
1I-1v 171 (41.4) 132 (40.1) 0.78 0.99 1.00 (0.69 to 1.43)
Unknown 0 0
Histology
Ductal invasive 278 (67.3) 237 (72.0)
Other 135 (32.7) 92 (28.0) 0.19 0.06 1.5 (0.97 t0 2.32)
Unknown 0 0
Grade
I-11 37 (10.4) 56 (19.7)
11T 320 (89.6) 228 (80.3) <0.01 <0.01 0.4 (0.24 to 0.68)
Unknown / NA 56 45
Nuclear grade
1-2 132 (34.6) 103 (34.3)
3 250 (65.4) 197 (65.7) 1.00 0.38 1.19 (0.80 to 1.76)
Unknown / NA 31 29
Hormonal receptor
One positive 269 (71.2) 208 (68.4)
Both negative 109 (28.8) 96 (31.6) 0.48 0.30 0.81 (0.54 to 1.21)
Unknown 35 25
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Figure 1. Kaplan-Meyer depiction of the overall survival as related to the A4889G (left) and 76235C (right) genotypes.
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Abstract

Background: Inter-individual differences in cytochrome P-450 (CYP) efficiency explain part
of the variations in resistance to tamoxifen and oestrogen metabolism. Two polymorphisms of
the CYPIAI gene (A4889G and T6235C) are known to affect the activation of estrone
and estradiol and to deregulate the concentration of highly active tamoxifen metabolites.
However, the clinical translation of these laboratorial findings has not yet been evaluated.
Objective: Evaluate whether the 76235C and A4889G gene polymorphisms are related
to the pathological presentation and clinical outcomes of ER/PR breast cancer in women
using tamoxifen. Methods: We included 405 women with ER/PR positive tumors, who
used tamoxifen as the primary antiestrogen therapy, and for which 5 year follow-up data were
available. We evaluated the associations of the key pathological and clinical information,
including overall 5-year survival, with the CYPIAI gene statuses. Results: In univariate
analysis, a slightly higher proportion of whites was found in women with the AG/GG
genotypes (p=0.05). Also in the univariate analysis, a significant association between
premenopausal status (p=0.01) and TC/CC genotypes was found. However, after multivariate
adjustment, no significant association remained. Women with CYPJAI genotypes other
than the AA and TT were slightly more prone at developing low-grade tumors (85.9% of the
tumors in the AA and TT genotypes group were grade III, contrasted to only 76.1% in carriers
of the polymorphisms; adjusted p= 0.02; OR (for grade III disease)= 0.51; CI95% 0.28 to
0.93). After 60 months of follow-up, roughly 75% of the women were alive. There was no
significant difference in survival related to the CYPIAI gene status. Conclusions: Although
highly plausible from the biological standpoint, there is no evidence of a worse prognosis of

breast cancer in patients carrying CYPIAI gene polymorphisms.
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Introduction

In a proportion of steroid receptor positive breast cancer (BC) patients, tumours
are resistant to tamoxifen, or become so, with a subsequent relapse of the disease. The
mechanisms underlying the resistance are not fully understood. Because there is convincing
evidence that tamoxifen is converted to anti-oestrogenic metabolites that are more potent
than the mother substance, one hypothesis is that altered metabolism might contribute to
inter-individual variability in serum concentrations, which in turn may influence the
action on ER and the response to treatment [1-3]. Some studies have demonstrated
considerable inter-individual variation in concentrations of tamoxifen metabolites both
in plasma and locally in the breast [4-5].

The interindividual variability in tamoxifen serum concentrations can be, at least
in part, explained by the individuals’ variations in liver CYP efficiency [6-8]. Tamoxifen
is converted in vivo into potent anti-oestrogenic metabolites by several CYP enzymes [9]. The
active metabolites of tamoxifen are metabolised further into inactive compounds by
conjugation via phase 2 liver enzymes [10-12].

Several gene polymorphisms have been suggested as potential candidates to
explain the inter-individual differences in CYP efficiency. The polymorphism 76235C
of the CYPIAI gene encodes a protein more effective in activating estrone and estradiol
than the wild-type allele [13]. Another polymorphism of the CYPIAI gene, the A4889G,
encodes another protein with increased activity in the activation of estrone and estradiol
than the wild-type allele [14].

In this clinical study, we evaluated the clinical and pathological implications of the
CYPIAI gene polymorphisms, taking advantage of a large cohort of breast cancer patients

with steroid receptor positive tumors using tamoxifen with complete 5-year follow-up data.
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Subjects and methods
Selection of subjects

In this study, we included 405 women, sequentially examined at Center for
Women’s Integrated Healthcare (University of Campinas — UNICAMP) from December
2002 to October 2004, with ER/PR positive breast carcinomas using tamoxifen. Minimal
follow-up time for inclusion was arbitrarily set at five years. The cohort of this study,
however, originally integrated a prospective study addressing the glutathione S-transferase
system (GST) polymorphisms and sporadic brast cancer, as described elsewhere [15-16].
As another inclusion criteria, women aged 25 years or older and with no previous
personal history or family history of BC in a first-degree relative were included, associated
with the histopathological diagnosis of hormonal receptor-positive invasive breast
carcinoma using Tamoxifen. Women who had no knowledge of their family history
(adoption, in vitro fertilization), or those incapable of informing their clinical data, were
excluded from the analysis.

These women were invited to participate in the study at the time of hospital
admission for their surgical treatment. Peripheral blood was drawn for DNA analysis
and study of the polymorphisms.

This study was approved by the Ethics in Research Committee of the School of
Medicine of UNICAMP and by the National Commission of Ethics in Research
(CONEP), following the precepts of the Declaration of Helsinke (2004) and Resolution
196/96 of the National Council of Health (Brazil, 1996). All subjects signed an informed

consent term, and no one refused to participate in the study.
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Obtainment of clinical and biological characteristics

From review of the medical charts and interview to present the informed consent
term, the following information was obtained: age, ethnic group, age at menarche,
menopausal status, clinical tumor staging, histologic type, histologic and nuclear grades, in
addition to the expression of hormone receptors. Compliance to tamoxifen prescription

was ascertained by the hospital logs of delivery of drugs to patients.

Extraction of DNA from leucocytes
Genomic DNA was obtained from peripheral blood samples of patients with BC,

using the technique of extraction by lithium chloride and proteinase K [17].

Identification of polymorphisms CYPIAI A4889G and T6235C

The exon 7 of the CYPIAI gene is amplified by polymerase chain reaction (PCR)
for the genotyping of polymorphisms A4889G and T6235C. After the reaction, a
fragment of 340 base pairs (bp) was obtained using the primers described by Canalle et
cols [18]. The genotype of the polymorphism 76235C was identified by enzymatic
digestion of the amplified fragments with the use of the enzyme Mspl. The reaction
products were evaluated in electrophoresis on agarose gels of 3%. A single fragment of
340bp corresponded to the wild-type allele. Fragments of 200bp and 140bp correspond
to the variant allele. Positive and negative controls were used in all reactions [19].

The genotype of the polymorphism A4889G was identified by enzymatic digestion of
the amplified fragments using the enzyme Ncol. The reaction products were evaluated in
electrophoresis on agarose gels of 3%. A single fragment of 263bp corresponded to the wild

type allele, while fragments of 232bp and 31bp corresponded to the variant allele [20].
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Genotyping was performed in the "Laboratory of Cancer Genetics", Faculty of Medical

Sciences, State University of Campinas (http://www.fcm.unicamp.br/grupos/lageca/index.html).

Statistical analysis

All statistical analyses were performed with the R Environment for Statistical
Computing (R Project). Significance was set at 95% (p=0.05) and 95% confidence intervals
were used (95%CI). Chi-squares and Fisher’s exact test were used to assess the relationships
between the clinical and epidemiological variables and the gene statuses. Next, we used
a multivariate regression model to adjust the p-values. We then formed two groups using
the A4889G and T6235C statuses: one group consisting of women with both AA and TT
genotypes (wild alleles) and the other consisting of women with any other combination
of the genotypes (AA/TC; AA/CC; AG/TT; AG/TC; AG/CC; GG/TT; GG/TC or
GG/CC). The relationship of the clinical and epidemiological features with these combined
genotype statuses was assessed using uni- and multivariate analyses as described above for the
analyses of the individual gene statuses. Odds ratios were obtained with the exponentiation of
the logistic regression coefficients. Finally, we produced univariate Kaplan-Meyer survival
curves comparing the 5-year overall and disease-free survival of the women, grouped
according to the individual and combined gene statuses. Differences in survival were

assessed with the Log-Rank test.

Results
The CYPIAI genotypes were distributed as follows: For the A4889G polymorphism:
AA=288 (71.0%) cases, AG= 105 (26.3%) cases and GG= 12 (2.7%) cases, resulting in

a G allele frequency of 31.9%; for the 76235C polymorphism: TT= 259 (63.9%) cases,
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TC= 127 (31.4%) cases, CC= 42 (4.7%) cases, resulting in a C allele frequency of
40.7% (data not shown in Tables).

Table 1 shows the relationships between the CYPIAI gene statuses and the main
features of the BC patients using tamoxifen. In univariate analysis, a slightly higher
proportion of caucasians was found in women with the AG/GG genotypes (p=0.05).
Also in the univariate analysis, a significant association between premenopausal status
(p=0.01) and TC/CC genotypes was found. However, after multivariate adjustment, no
significant association remained.

Table 2 shows the associations between the combined CYPIAI gene statuses and the
features of the women. Women with CYPIA I genotypes other than the AA and TT were
slightly more prone at developing low-grade tumors (85.9% of the tumors in the AA and TT
genotypes group were grade III, contrasted to only 76.1% in carriers of the polymorphisms;
adjusted p=0.02; OR (for grade III disease)= 0.51; CI95% 0.28 to 0.93).

Figures 1 and 2 convey the Kaplan-Meyer representation of overall survival as
related to the different approaches to the CYPIAI polymorphisms. Mean follow-up time
was 55.9 months (interquartile range= 31.2 months; data not shown in figure). After 60
months of follow-up, roughly 75% of the women were alive. There was no significant

difference in survival related to the CYPIAI status.

Discussion

In the present study, the CYPIAI gene status was not associated with any of the
studied clinical and pathological features of ER/PR positive breast cancer in a large
sample of tamoxifen users. Also, the two SNPs were not correlated, in a stand alone or

combined fashion, with the clinical outcome (overall survival) of breast cancer. Contrary
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to our expectations, all the theoretically plausible implications of an increased exposure
of ER/PR positive tumors to tamoxifen metabolites, such as a lower relapse/progression
rate and increased survival, were not detected in our sample.

The theoretical basis of the present study relies on the known fact that the
CYPIAI gene plays a pivotal role in estrogen-related metabolic pathways. The SNP carriers
would be exposed to two important breast cancer promoting events: 1) reduced efficacy
of tamoxifen and 2) increased serum concentrations of active proestrogenic molecules. The
CYPIAI regulates both the 2-hydroxylation of estradiol and estrone to 2-hydroxy catechol
metabolites for subsequent O-methylation to 2-methoxy intermediates and in tamoxifen
conversion to its active metabolite. The pathway of 16a-hydroxylation leads to metabolites
with strong estrogenic properties and have been linked to estrogen-induced carcinogenesis in
both laboratory animals and humans [21-23]. The estrogen receptor positive models of
carcinogenesis encompasses lesions that progress from low to high-grade due to the
acquisition of genetic instability and the accumulation of stochastic genetic events due to
the presence of estrogen and its metabolites [24].

One of the major weaknesses of our study relies on the fact that we have not an
empirical confirmation of the increase in serum concentrations of tamoxifen metabolites
in the CYPIAI gene polymorphism carriers. In the literature, there is no report of a study
addressing concomitantly the serum levels of tamoxifen metabolites and estrogen and
the clinical behavior of breast cancer as related to the CYPIAI gene status. Although
some studies have demonstrated considerable inter-individual variation in concentrations
of tamoxifen metabolites both in plasma and locally in the breast [4-5], and some others
have suggested that the interindividual variability in tamoxifen serum concentrations

could be related to less prevalent presentations of the genes that encode the CYP
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proteins, such as the CYPIAI [6-8], none has integrated all this data into clinically
significant information. We made an attempt at addressing the clinical question as to
whether the already proven relationship of the CYPIAI polymorphisms with the steroid
regulatory mechanisms translate into pathological and/or clinical singularities of breast
cancer in SNP carriers.

In conclusion, although the laboratorial, ex-vivo and in vivo data have pointed
towards a plausible relationship between CYPIAI A4889G and T6235C genotypes and a
worse prognosis of ER/PR positive breast cancer, we found no clinical evidence

confirming this relationship.
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Table 1 - A4889G and T6235C genotypes as related to key epidemiological features of

women with positive steroid hormone receptors using tamoxifen

A4889G genotype T6235C genotype
AA AG/GG TT TC/CC
n (%) n (%) p padj n (%) n (%) p padj
Age 0.38 0.73 0.53 0.78
>35 years 276 (95.8) 109 (93.2) 248 (95.8) 137 (93.8)
<35 years 12 (42) 8 (6.8 11 (4.2) 9 (6.2
Unknown 0 0 0 0
Menarche 0.15 0.14 0.10 04
>12 years 163 (59.9) 56 (51.4) 150 (60.7) 69 (51.5)
<12 years 109 (40.1) 53 (48.6) 97 (39.3) 65 (48.5)
Unknown 16 8 12 12
BMI 0.86 0.81 099 0.82
<25 94 (344) 41 (36.0) 87 (35.1) 48 (34.5)
>25 179 (65.6) 73 (64.0) 161 (64.9) 91 (65.5)
Unknown 15 3 11 5
Ethnicity 0.05 0.06 0.62 0.70
White 244 (84.7) 108 (92.3) 223 (86.1) 129 (88.4)
Non-white 44 (15.3) 9 (7.7 36 (13.9) 17 (11.6)
Unknown 0 0 0 0
Menopause 0.37 0.82 0.01 0.10
Post 158 (57.2) 60 (51.7) 151 (60.6) 67 (46.9)
Pre 118 (42.8) 56 (48.3) 98 (39.4) 76 (53.1)
Unknown 12 1 10 3
Disease stage 0.77  0.85 0.32 0.15
0-1T 176 (61.1) 74 (63.2) 165 (63.7) 85 (58.2)
I-1v 112 (38.9) 43 (36.8) 94 (36.3) 61 (41.8)
Unknown 0 0 0 0
Histology 0.32 027 0.26 042
Ductal invasive 206 (71.5) 90 (76.9) 184 (71.0) 112 (76.7)
Other 82 (28.5) 27 (23.1) 75 (29.0) 34 (23.3)
Unknown 0 0 0 0
Grade 0.18 0.19 0.08 0.17
I-11 43 (16.5) 24 (23.1) 36 (15.5) 31 (23.3)
11 218 (83.5) 80 (76.9) 196 (84.5) 102 (76.7)
Unknown / NA 27 13 27 13
Nuclear grade 0.73 0.51 0.15 0.13
1-2 120 (45.5) 45 (42.9) 98 (41.7) 67 (50.0)
3 144 (54.5) 60 (57.1) 137 (58.3) 67 (50.0)
Unknown / NA 24 12 24 12
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Table 2 — Combined analysis of A4889G and T6235C genotypes as related to clinical and

epidemiological features of women with positive steroid hormone receptors using tamoxifen

Combined genotypes
AA and TT Other p p adjusted OR (IC95%)
n (%) n (%)
Age 0.74 0.69 0.82 (0.29 t0 2.27)
>35 years 217 (95.6) 168 (94.4)
<35 years 10 ( 4.4) 40 ( 5.6)
Unknown 0 0
Menarche 0.09 0.06 1.54 (0.97 t0 2.43)
>12 years 132 (61.4) 87 (52.4)
<12 years 83 (38.6) 79 (47.6)
Unknown 12 12
BMI 1.00 0.88 0.96 (0.59 to 1.58)
<25 75 (34.7) 60 (35.1)
>25 141 (65.3) 111 (64.9)
Unknown 11 7
Ethnicity 0.59 0.50 1.25 (0.64 to 2.44)
White 195 (85.9) 157 (88.2)
Non-white 32 (14.1) 21 (11.8)
Unknown 0 0
Menopause 0.07 0.32 0.78 (0.48 to 1.27)
Post 130 (59.9) 88 (50.3)
Pre 87 (40.1) 87 (49.7)
Unknown 10 3
Disease stage 0.48 0.18 1.37 (0.86 t0 2.19)
0-11 144 (63.4) 106 (59.6)
1I-1v 83 (36.6) 72 (40.4)
Unknown 0 0
Histology 0.58 0.37 1.30 (0.72 to 2.34)
Ductal invasive 163 (71.8) 133 (74.7)
Other 64 (28.2) 45 (25.3)
Unknown 0 0
Grade 0.02 0.02 0.51 (0.28 t0 0.93)
I-II 29 (14.1) 38 (23.9)
11T 177 (85.9) 121 (76.1)
Unknown / NA 21 19
Nuclear grade 0.75 0.87 0.96 (0.61 to 1.53)
1-2 91 (43.8) 74 (46.0)
3 117 (56.2) 87 (54.0)
Unknown / NA 19 17
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Figure 1. Kaplan-Meyer depiction of the overall survival as related to the A4889G (left) and 76235C (right) genotypes.
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Figure 2. Kaplan-Meyer depiction of the overall survival as related to the combined

A4889G and T6235C genotypes
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4. Discussao

No presente estudo, quando se avaliou toda a populacdo de mulheres,
sejam elas com tumores positivos ou ndo para receptores esteroides, os
polimorfismos A4889G e T6235C do gene CYP1AT1 estiveram associados a
menor agressividade do tumor, mas este achado ndo se correlacionou com a
maior sobrevida global. Os polimorfismos também foram mais prevalentes em
mulheres caucasianas, as quais formam a maioria da amostra deste estudo.
Quando restringimos as andlises ao grupo de mulheres com tumores positivos para
receptores esterdides e que fizeram uso de tamoxifeno como hormonioterapia
adjuvante, a presenga dos polimorfismos ndo esteve associada a nenhuma das
caracteristicas clinicas e histopatoldégicas estudadas. Além disso, os dois
polimorfismos n&o estiveram correlacionados, isoladamente ou de forma

combinada, com a sobrevida global.

As possiveis implicagdes clinicas dos efeitos laboratorialmente comprovados
dos polimorfismos do CYP1A1 nao foram confirmadas neste estudo, sobretudo

no grupo de mulheres em que era esperado encontrar as associagcdes mais
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importantes, ou seja, aquelas com tumores RE/RP positivos. Em tese, uma
maior exposicao desses tumores aos estrégenos e uma menor protecao
conferida pelo tamoxifeno poderiam levar a maior taxa de progresséo e redugao
da sobrevida, mas isto ndo foi detectado na amostra deste estudo. Em futuros
estudos pretende-se contar com medicbes dos niveis plasmaticos das
substancias potencialmente afetadas pela CYP, o que daria uma informacao

importante sobre a penetrancia dos polimorfismos nesta amostra.

Estudou-se uma populagdo de mulheres brasileiras do Sudeste, com
grande numero de descendentes de europeus (72, 74). Em estudos anteriores,
foi detectada uma prevaléncia maior dos polimorfismos A4889G e T6235C em
caucasianos. Ao estudar mulheres nigerianas, Okobia e cols (60) encontraram
uma unica pessoa com o polimorfismo A4889G, heterozigoto, entre 250
pacientes com cancer. Este mesmo polimorfismo tem frequéncias relatadas de
alelos de 0,69 e 0,31 entre as mulheres japonesas (75), e estudos em mulheres
asiaticas tém indicado que mais de 10% da populacdo possui genédtipos variantes
(76). No entanto, em caucasianos, as frequéncias alélicas dos polimorfismos
A4889G e T6235C sao relativamente baixas (77). A maioria das pesquisas
sobre os polimorfismos do gene CYP1A1 enfocam a associagdo destes com o
risco para o desenvolvimento do cancer de mama. Esse nao foi o objetivo deste
estudo, pois procuramos avaliar as implicacées clinicas e patologicas dos
polimorfismos do gene CYP1A71 em mulheres que ja haviam desenvolvido a
doenca. Entretanto, vale comentar que o gene CYP1A1 é altamente polimdrfico

e, portanto, as estimativas de risco de cancer de mama e as manisfestacoes
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clinicas e patolégicas dos tumores nos portadores de seus polimorfismos
variam entre estudos (78). E bom ressaltar que, em populacdes caucasianas
semelhantes a que estudamos, nenhuma relacéo entre os polimorfismos A4889G e
T6235C e risco de cancer de mama foi encontrado. O Unico estudo onde os
autores relataram um aumento do risco de desenvolver cancer de mama em
mulheres com polimorfismos do CYP1A1 foi baseado em uma populacdo de
mulheres africanas, em que a prevaléncia do SNP é sabidamente mais elevada

do que aquela em mulheres brancas e asiaticas (79).

Retornando ao objetivo deste estudo, que foi analisar as associagoes
entre a presenca dos polimorfismos e as caracteristicas patoldgicas e clinicas
dos tumores de mama, existe apenas uma pesquisa semelhante a esta, onde
0s autores investigaram a associagao dos polimorfismos com as caracteristicas
morfolégicas dos tumores de mama (55). Naquele estudo, o polimorfismo
A4889G foi associado com tumores de alto grau, um achado contrario ao deste
estudo. No entanto, naquele estudo, o polimorfismo T6235C nao esteve

associado com nenhuma das caracteristicas do tumor.

Todo o embasmento tedrico desta tese baseia-se no fato conhecido de
que o gene CYP1AT1 participa da regulacdo da hidroxilagdo do estradiol e
estrona em metabdlitos que subsequentemente sofrerdo metilacdo. E por essa
via que se formam metabdlitos com fortes propriedades estrogénicas, os quais
tém sido associados a carcinogénese induzida por estrogénio em animais de
laboratério e humanos (80,81,82). Em modelos animais, tumores com receptores de

estrdgenos positivos progridem de baixo a alto grau, por causa da aquisicao de
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instabilidade genética e acumulo de eventos genéticos estocasticos, devido a
presenca de estrogénio e seus metabdlitos (83). O que nunca se demonstrou,
entretanto, é se os metabolitos de estrogénio produzidos a partir da ocorréncia
dos polimorfismos do sistema citocromo P-450 poderiam induzir a formacgéo de
tumores bem diferenciados, a exemplo do que ocorre em ancidas e tumores
decorrentes do uso de estrogenos exdégenos. No presente estudo, corroborando
esta tese, foi encontrada prevaléncia discretamente maior de tumores de baixo

grau em mulheres portadoras da alteragédo genémica.

Apesar de a proporcdo de tumores de alto grau nas portadoras de
polimorfismos do CYP1AT1 ter sido menor na amostra deste estudo, ndo observamos
diferencas na sobrevivéncia global das mulheres. Vale notar que o grau do
tumor é um fator de risco bem estabelecido para a recorréncia da doenca e
menor sobrevida (84). E possivel que a coorte deste estudo ndo tenha sido
suficientemente numerosa, e que o tempo de seguimento de cinco anos nao
tenha sido suficientemente longo para permitir a deteccdo de pequenas
diferencas na sobrevivéncia relacionadas com a presenca dos SNP. Contribuiu
para isso a relativamente baixa prevaléncia dos polimorfismos na populagéao
analisada neste estudo, preponderantemente caucasiana. Futuros trabalhos
derivados desta casuistica poderao mensurar, a longo prazo, este impacto

suspeitado na sobrevida global.

Em conclusdo, ndo foi detectada qualquer diferenca no comportamento
clinico do cancer de mama em portadoras de polimorfismos do gene CYP1A1

em comparagcao com nao portadoras. Se a falta de associagao entre estes
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polimorfismos e progndstico da doenca no presente estudo é conseqiiéncia da
baixa prevaléncia do SNP na populagédo estudada ou outro artefato metodoldgico
desconhecido, ndo sabemos. Os dados laboratoriais que apoiaram esta pesquisa
apontam para uma relacao plausivel entre os polimorfismos A4889G e T6235C
do gene CYP1AT1 e carcinomas ductais invasivos bem-diferenciados, o que foi

demonstrado nesta casuistica.
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5. Conclusoes

s Artigo 1: Os polimorfismos do gene CYP1A1 estiveram positivamente
associados com cancer de mama esporadico de baixo grau histoldgico.
Entretanto, esta associagdo n&do se traduziu em melhor sobrevida global em

cinco anos.

m Artigo 2: Em mulheres usuarias de tamoxifeno (como opcao de hormonioterapia
adjuvante) por cancer de mama esporadico receptor de esteroides positivos,
os polimorfismos do gene CYP1A7 ndo se associaram com as caracteristicas

patol6gicas do tumor e com a sobrevida global.
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7. Anexos

7.1. Anexo 1 — Check List

ASSOCIAGAO DOS POLIMORFISMOS A4889G E T6235C DO GENE CYP1A1 COM
CARACTERISTICAS CLINICAS E EPIDEMIOLOGICAS DE CARCINOMAS DA MAMA

Pesquisador: Cassio Cardoso Filho

SIM NAO

Sexo feminino d d
Idade > 25 e < 90 anos a a
Antecedente pessoal negativo para cancer de mama a a
Conhece seus antecedentes familiares d d
Antecedente familiar de primeiro grau negativo para cancer 0 o
de mama

Grau de compreensao adequado frente aos 0 o
questionamentos do pesquisador

Se todas as questdes forem respondidas como “SIM”, o sujeito sera incluido no projeto sob o

ndmero:
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7.2. Anexo 2 - Ficha para coleta de dados

ASSOCIAGAO DOS POLIMORFISMOS A4889G E T6235C DO GENE CYP1A1 COM
CARACTERISTICAS CLINICAS E EPIDEMIOLOGICAS DE CARCINOMAS DA MAMA

Pesquisador: Cassio Cardoso Filho

NUmero na pesquisa: Data programada da cirurgia: ___ /_ /__
1. Idade: anos dign

2. ldade a menarca: anos Qign

3. Idade a menopausa:_______anos U4 nao se aplica dign

4. |dade a primeira gravidez a termo: anos U nao se aplica Qign

5. Lactagéo (por tempo maior do que 06 meses): d sim 4 nao

6. TRH por mais de 05 anos: U sim 4 néo Qign

7. Habito tabagico: U4 nunca fumou, ou parou h4 mais de 10 anos

Q fumante, ou parou ha menos de 10 anos (inclusive)

8. Etilismo: O sim d nédo

9. Etnia:
[1] Branca, sem antecedente de miscigenagao com outras etnias
[2] Parda, ou branca com antecedente de miscigenagdo com etnia negra

[3] Negra

[4] Amarela

[7] Outros
10. GH a1 az as Qign
11. GN a1 az as Qign
12. RE a(+) a(-) Qign
13. RP a(+) a(-) Qign

14. Estadiamento Qo Qla Olb Qla Qllb Qlila Qllb
U ignorado U néo se aplica

U néo se aplica

U néo se aplica

U néo se aplica

U néo se aplica

Qlillc QIV

Nome: HC:
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7.3. Anexo 3 - Carta de aprovacao do projeto CP — DTG/FCM/UNICAMP

a2,
>
LRIGARAR Comissao de Pesquisa do DTG / CAISM

Campinas, 18 de outubro de 2011,

Protocolo n°: 048/2011

A Comissdo de Pesquisa do DTG/CAISM tomou ciéncia do protocolo de pesquisa
‘Polimorfismos CYPTAT T6235C e A4883G e NQO229 bp-I/D e A237C no risco e
prognostico do cdncer de mama esporadico® do pesquisador Cassio Cardoso Filho,
orientado pela Profa. Dra. Maria Salete Costa Gurgel, aprovado anteriormente pelo
Comité de Etica em Pesquisa, parecer CEP n® 581/02

Atlenciosamente,

[ Y e
PROF. DR. JOSE GUILHERME CECAT
Presidente da Comisséo de Pesquisa do DTG/CAISM

Rua Alexander Flemming, n."101 - Cidade Universitaria Zeferino Vaz — Campinas-SP
Fone: (19) 3521-3400
comissaopesquisa@caism._unicamp.br
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7.4. Anexo 4 — Carta de aprovacao do projeto no CEP — FCM/UNICAMP

FACULDADE DE CIENCIAS MEDICAS
COMITE DE ETICA EM PESQUISA

® www.fem.unicamp.br/fem/pesquisa

CEP, 24/05/11.
(PARECER CEP: N° 581/2002)

PARECER

1 - IDENTIFICACAO:

PROJETO: “INFLUENCIA DO POLIMORFISMO D104N DO GENE COL18A1 NA
SUSCEPTIBILIDADE AO CANCER DE MAMA ESPORADICO”.

PESQUISADOR RESPONSAVEL: Carmen Silvia Passos Lima

II - PARECER DO CEP.

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP
tomou ciéncia ¢ aprovou o adendo que inclui o projeto “POLIMORFISMOS CYP1Al
T6235C E A4889G E NQO229 BP-I/D E A237C NO RISCO E PROGNOSTICO DO
CANCER DE MAMA ESPORADICO?”, referente ao protocolo de pesquisa supracitado.

O contetdo e as conclusdes aqui apresentados sdo de responsabilidade exclusiva do
CEP/FCM/UNICAMP e nio representam a opinifio da Universidade Estadual de Campinas
nem a comprometem.

III - DATA DA REUNIAO.
Homologado na V Reunifio Ordinaria do CEP/FCM, em 24 de maio de 2011.

Sl
Prof. Dr. Carlos Eduardo Steiner

PRESIDENTE do COMITE DE ETICA EM PESQUISA

FCM / UNICAMP
Comité de Litica em Pesquisa - UNICAMP
Rua: Tessdlia Vicira de Camargo, 126 FONE (019) 3521-8936
Caixa Postal 6111 FAX (019) 3521-7187
13083-887 Campinas — SP cepi@fem.unicamp.br
Pégina 1 de 1
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7.5. Anexo 5 - Termo de Consentimento Livre e Esclarecido

ASSOCIAQAO DOS POLIMORFISMOS A4889G E T6235C DO GENE CYP1A1 COM
CARACTERISTICAS CLINICAS E EPIDEMIOLOGICAS DE CARCINOMAS DA MAMA
Pesquisador: Cassio Cardoso Filho

Nome:
Idade: anos RG: HC:
Endereco:

Nome do responsavel legal (se aplicavel):

RG: Grau de parentesco:
Endereco:

Aceito participar de um estudo no CAISM — UNICAMP sobre alteragbes genéticas que podem estar
envolvidas no aparecimento do cancer de mama, e no seu ftratamento. Isto ainda ndo esta
comprovado, e a andlise do meu DNA podera ajudar a esclarecer essa divida. Assim eu contribuirei
para um melhor entendimento dos fatores que levam ao surgimento do cancer de mama, para o
progresso de exames diagndsticos e para novas formas de tratamento. Minha contribuicdo sera

autorizar a utilizacao de:

m uma parte do sangue colhido antes da cirurgia ou da quimioterapia para a analise de DNA.
Compreendo que nao terei prejuizos com a realizagao desta andlise.

m informagdes do meu prontuario médico, sabendo que meus dados pessoais de identificacdo
serdo mantidos em sigilo pelo pesquisador.

Fui informada que posso sair do estudo a qualquer momento e que isto nao vai prejudicar o
meu tratamento no CAISM. Se tiver qualquer duvida sobre o estudo poderei procurar o Dr.
Cassio Cardoso Filho, ou o Prof. Dr. Luis Otavio Zanatta Sarian, ou a Dra. Maria Salete Costa-
Gurgel, Tel: (19) 3521-9305. Em caso de reclamagdes sobre qualquer procedimento do estudo,
poderei procurar a secretaria do Comité de Etica da FCM - UNICAMP, Tel: (19) 3521-8936. Eu

li/ouvi o conteldo deste termo e recebi esclarecimentos sobre as minhas ddvidas oralmente.

Assinatura do suijeito ou do responsavel legal Assinatura do pesquisador

Campinas, / /
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