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"Diz-se que, mesmo antes de um rio cair no oceano
ele treme de medo. Olha para trds, para toda a
jornada, os cumes, as montanhas, o longo caminho
sinuoso através das florestas, através dos povoados, e
Vé a sua frente um oceano tdo vasto que entrar nele
nada mais é do que desaparecer para sempre. Mas
ndo hd outra maneira. O rio ndo pode voltar.
Ninguém pode voltar. Voltar é impossivel na
existéncia. Vocé pode apenas ir em frente. O rio
precisa se arriscar e entrar no oceano. E somente
quando ele entra no oceano é que o medo desaparece.
Porque, apenas entdo, o rio saberd que ndo se trata
de desaparecer no oceano. Mas tornar-se oceano.
Por um lado ¢é desaparecimento e por outro,

renascimento.”

(Autor desconhecido)

"A mente que se abre a uma nova idéia jamais voltard

ao seu tamanho original".

Albert Einstein
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Tanto a doenca de Graves como o cancer da tiréide sdo doengas de etiologia multifatorial e
envolvem uma interagdo entre meio ambiente e fatores genéticos de predisposi¢cao. O
habito de fumar é um fator de risco reconhecido para o desenvolvimento da doenca de
Graves, particularmente para a oftalmopatia de Graves. Ao contrdrio, estudos
epidemioldgicos tém freqiientemente demonstrado a redu¢do no risco ao carcinoma
diferenciado da tir6ide entre tabagistas. A heranca de polimorfismos de genes relacionados
com a metabolizacdo e com a detoxificacdo de xenobidticos, assim como a heranga de
genes relacionados com a vida e a morte celular, desempenham um importante papel na
suscetibilidade a doencas. Os objetivos foram determinar a influéncia dos polimorfismos
dos genes CYPIAI, GSTMI1, GSTTI, GSTP1 e 72TP53 no risco para a doenga de Graves e
o papel do gene CYPIAI na tumorigénese tiroidiana. Para avaliar o papel destes genes na
doenca de Graves foi estudado um total de 400 pacientes com doenca de Graves,
comparados com 574 individuos-controle. Para analisar o papel destes genes no cancer da
tirdide foi estudado 248 pacientes com noddulos tiroidianos, comparados com 277
individuos-controle, todos pareados para sexo, idade e etnia. As andlises genotipicas foram
feitas em DNA extraido de sangue periférico, através de amplificagdo por PCR, seguido de
restricdo enzimatica para os genes CYPIAI, GSTPI e 72TP53 e PCR-duplex para os genes
GSTM1 e GSTTI. Nao se encontrou relacao entre os gendtipos de GSTM1 e GSTTI e a
suscetibilidade a doenca de Graves. Contudo, as variantes de GSTPI (p<0.0001), CYPIAI
ml (p<0.0033) e Pro/ProTP53 (p<0.0035) foram mais freqiientes em pacientes com doenga
de Graves do que nos controles. A andlise de regressdo logistica multivariada corrigida para
sexo, idade e etnia indicou que o hébito de fumar e a heranca das variantes dos genes
GSTPI, CYPIAI e Pro/ProTP53 sdo importantes fatores de risco para a doenca de Graves.
Em relacdo aos nddulos tiroidianos, o genétipo selvagem do gene CYPIAI foi mais
freqiiente entre pacientes com carcinoma papilifero (74.26%) do que na populagdo-controle
(62.45%) (p=0.0147), diminuindo o risco para o desenvolvimento deste cancer (OR=0.564;
95% IC= 0.357 - 0.894). A andlise de regressdo logistica multivariada corrigida para sexo,
idade e etnia mostrou uma correlagdo inversa entre o habito de fumar e a heranga do gene
CYPIAI e a suscetibilidade ao carcinoma papilifero. Conclui-se que os polimorfismos de
GSTPI, CYPIAI e TP53 podem estar associados a suscetibilidade relacionada com o
tabagismo para a doenca de Graves e que o gendtipo de CYPIAI pode estar associado a

reduc¢do no risco para o carcinoma papilifero entre fumantes.
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Graves’s disease and differentiated thyroid cancer are multifactorial diseases with
environmental and genetic interactions. Cigarette smoking is a well-recognized risk factor
for Graves’ disease and, particularly, for Graves’ ophthalmopathy. Conversely,
epidemiologic studies have consistently reported a reduced risk of differentiated thyroid
cancer in tobacco consumers. Inheritance of germline polymorphisms genes related with
metabolizing and detoxification of xenobioticos, besides genes involved in major DNA
repair/apoptosis pathways, might have an important role in the susceptibility to these
diseases. To assess the influence of the GST, CYP and TP53 gene polymorphisms in the
risk of Graves' disease and the CYPIAI role in thyroid tumorigenesis, we used a PCR
strategy to genotype for GSTT1, GSTM1, GSTPI, CYPIAI and codon 72 of TP53 a group
of 400 Graves’ disease patients compared to 574 control individuals with similar
environmental exposure features and 248 patients with thyroid nodules and 277 controls
with similar ethnic backgrounds. DNA was extracted from a blood sample and submitted to
PCR-RFLP for CYPIAI, GSTPI and 72TP53 genes and PCR-duplex GSTM1 and GSTTI
genes assays. GSTM1 and GSTTI genotypes were equally distributed in Graves” disease
and controls. However, GSTPI variants (p<0.0001), CYPIAI variants (p<0.0033), and
Pro/ProTP53 (p<0.0035) appeared more frequently in Graves’ disease than in controls. A
multivariate analysis indicated that cigarette smoking and the inheritance of GSTP1
variants, CYPIAI variants and Pro/ProTP53 were important risk factors of risk for Graves’
disease. Among the thyroid nodules, the wild-type CYPIAI ml genotype was more
frequent in papillary carcinomas patients (74.26%) than in the control population (62.45%)
(p= 0.0147) indicating that the variants of these genes reduce the risk for this cancer
(OR=0.564; 95% IC= 0.357 to 0.894). Multiple logistic regression analysis showed an
inverse correlation between cigarette smoking and CYPIAI germline inheritance and the
susceptibility to papillary carcinomas. We concluded that GSTPI, CYPIAI and TP53
germline polymorphisms may be associated with smoking-related Graves’ disease
susceptibility and CYPIAI genotype might be associated to the reported reduced risk to

papillary carcinomas among smokers.
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1.1- Doencas Tiroidianas

As doengas da tiride manifestam-se através da disfun¢do hormonal, seja por
excesso ou por deficiéncia de producdo hormonal, ou por alteragdes anatdmicas decorrentes

do crescimento difuso ou nodular da glandula (Arber et al, 1995).

Os tumores da tiroide sdo classificados, de acordo com os critérios da
Organizacao Mundial da Satide (OMS), em benignos e malignos (Beveridge e Sobin, 1974;
Sobin et al, 1997) (Quadro 1).

Quadro 1- Classificacao simplificada dos tumores da tiroide.

Benignos Malignos

1. Carcinoma folicular
1. Bocio endémico
2. Carcinoma papilifero
2. Bocio esporadico
3. Carcinoma medular
3. Adenoma folicular
4. Carcinoma anapldasico
4. Outros
5. Outros

Os tumores diferenciados, que sdo a maioria absoluta (mais de 90%), sdo
derivados das células foliculares e sdo subdivididos em dois grupos, os papiliferos e os
foliculares, sendo também chamados de carcinomas diferenciados da tiréide (CDT). Os
indiferenciados ou anaplasicos constituem apenas 5%-10% dos carcinomas tiroidianos. As
células parafoliculares, produtoras de calcitonina, sdo responsaveis por cerca de 5% dos

carcinomas tiroidianos, dando origem aos carcinomas medulares (Casella e Fusco, 2004).

As doengas auto-imunes da tirdide sdo representadas por um amplo espectro de
manifestagdes clinico-laboratoriais em que se destacam dois extremos. De um lado, a
producdo excessiva de anticorpos estimuladores da glandula tiréide leva ao
desenvolvimento da doenca de Basedow-Graves, também denominada doenca de Graves
(DG). De outro lado, a produgdo de anticorpos destruidores da glandula tirdide leva a sua
destruicdo progressiva, com caracteristicas de infiltracdo linfocitaria, conhecida como

tiroidite cronica linfocitaria ou doenca de Hashimoto ou tiroidite de Hashimoto (TH).
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O quadro 2 resume as principais doencas auto-imunes da tiréide e os

respectivos anticorpos.

Quadro 2- Principais doengas auto-imunes da tirdide e seus anticorpos.

Doencas auto-imunes da tirdide

Doengas Autoanticorpos
Graves Anti-TSHR (TRAB, TSAb)
Hashimoto Anti-TPO, Anti-Tg
Tiroidite Sub-Aguda Anti-TPO, Anti-Tg
Tiroidite Pos-Parto Anti-TPO, Anti-Tg
Tiroidite Atrofica Nenhum Anticorpo

O sexo feminino apresenta sempre maior prevaléncia de todas as doengas

tiroidianas (Buescu e Grego Filho, 2001).

O grau de suficiéncia de iodo de uma regido também ¢ um fator que influi na
prevaléncia de todas as doencas da tirdide. Assim, o bocio endémico ocorre em regides
onde ha caréncia de iodo, enquanto que as doencgas auto-imunes tém sido relacionadas com

um excesso de oferta de iodo na alimentacdo (Ward et al, 2007).

1.2- Cancer de Tiroide

O CDT representa cerca de 1% de todos os canceres que acometem o ser
humano (Ward, 2000). E o mais comum entre os canceres de glandulas enddcrinas,

representando cerca de 90% destes e respondendo por 63% dos Obitos por neoplasias

endocrinas (Ward, 2000).

A incidéncia do CDT vem aumentando no mundo todo
(Steliarova-Foucher et al, 2006; Haselkorn et al, 2000; Liu et al, 2001; Burgess 2002;
Coeli et al, 2005; Reynolds at al, 2005). Dados brasileiros também mostram elevada

incidéncia em diversos estados do pais (Coeli et al, 2005). Sem duvida, parte deste aumento
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deve estar relacionada com o melhor acesso ao Sistema Unico de Satde (SUS) e a melhores
meios de diagnostico, amplamente utilizados, como a ultrassonografia cervical. No entanto,
a grande variacdo na prevaléncia do CDT em estados de nivel socioeconomico, cultural e
qualidade de servigos de atendimento em satide similares, como mostram as figuras 1 e 2
abaixo, indica que outros fatores também devem contribuir para tal divergéncia na

incidéncia (Coeli et al, 2005).
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Dentre os fatores de risco para o CDT temos: radiacdo ionizante, predisposi¢ao
familiar, ingestdo de iodo, fatores hormonais e reprodutivos, fatores étnicos e geograficos,

dieta e drogas (Ward et al, 2007).

Alguns dados sugerem que a presenga de autoanticorpos seria um fator de risco
para o CDT (Stocker et al, 2002; Zardo et al, 1999), porém nao ha evidéncias de associacao
entre anticorpos destruidores ou estimuladores de tirdide e o cancer. Ao contrario,
mostramos que os autoanticorpos como AcTg ¢ AcTPO podem proteger os pacientes com

CDT, proporcionando boa evolugao clinica (Souza et al, 2003).

O laboratério de genética molecular do cancer (GEMOCA) da
FCM-UNICAMP tem demonstrado que o perfil genético para uma sériec de enzimas de
detoxificagdo pode ser utilizado para delinear um perfil genético herdado de predisposigao
ao CDT. Morari et al (2002) demonstraram que a heranga dos genotipos nulos combinados
de GSTM1 e GSTTI aumentam o risco para o desenvolvimento de cancer de tirdide em
mais de duas vezes. Granja et al (2004, 2005) demonstraram que individuos que herdam as
variantes dos genes GSTPI e¢ TP53 codon 72 possuem um risco aumentado para o
desenvolvimento de cancer de tiroide em mais de sete vezes mas niao encontrou relagdo
entre o gene GSTOI e cancer de tirdide (Morari et al, 2002; Granja et al, 2004;
Granja et al, 2004; Granja et al, 2005).

1.3- A Doenca de Graves

A DG ¢ o processo auto-imune responsavel pela maioria dos casos de
hipertireoidismo. E uma doenca que afeta varios sistemas, caracterizada pelo aumento
homogéneo da glandula tirdide, isto ¢, pela presenca de bocio, hipertireoidismo,
oftalmopatia infiltrativa, dermopatia (mixedema pré-tibial) e artropatia, podendo ou nao

faltar um ou mais destes elementos (Reiwen et al, 1993).

Nos EUA, acomete 0,5% das mulheres ¢ 0,2% dos homens, predominando no
sexo feminino (Mulheres: Homens = 3-10:1) e aparece preferencialmente entre a
3% e a 5" décadas de vida (Maciel, 1997). Apresenta uma incidéncia anual de 0,5 por 1.000

individuos/ano (Jacobson et al, 1997).
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Do ponto de vista imunolédgico, verifica-se que os linfocitos B e T sdo
sensibilizados por pelo menos quatro autoantigenos: o receptor do TSH (Kendler e Davies,
1993), a tireoglobulina, a peroxidase tiroidiana e o co-transportador de sddio/iodo
(Weetman, 1991; Dai et al, 1996). O receptor do TSH parece ser o autoantigeno mais
importante, enquanto os outros seriam envolvidos secundariamente na DG (Davies, 1996).
Os anticorpos estimuladores do receptor do TSH exercem uma fungdo similar a do TSH,
ativando o sinal de transducdo dos sistemas adenil-ciclase (AMPc) e a proteina kinase C, o
que resulta no estimulo a producdo e a liberacdo de hormonios tiroidianos, causando
conseqiiente estimulagdo da captacdo, organificagdo do iodo, sintese protéica e crescimento

da célula folicular (Uyttersprot et al, 1997).

A figura 3 resume as principais etapas do processo fisiopatoldgico envolvidos

no desenvolvimento da DG.
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1- A hipofise secreta o hormoénio
estimulante da tiréide (TSH), que age na
tiride induzindo a liberagao de horménios

3-As células B produzem anticorpos contra
o receptor de TSH que também estimula a

tiroidianos (HT). produgdo de hormonios tiroidianos.
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4- Os HT inibem a produgdo de TSH, masa !
produgdo do anticorpo continua produzindo
HT em excesso.

2- Os HT agem na hipofise controlando a
produgdo de TSH, suprimindo a sintese de
hormonios tiroidianos (feedback).
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Figura 3- A regulacdo do feedback na producdo de hormdnios tiroidianos ¢ interrompido
na DG. A DG ¢ causada por autoanticorpos especificos para o receptor do TSH.
Normalmente, os hormoénios tiroidianos sdo produzidos em resposta ao TSH
hipofisario. Na DG, os autoanticorpos sdo agonistas para o receptor de TSH e,
portanto, estimulam a produgdo de T3 e T4. Os hormdnios tiroidianos inibem a
produ¢do normal de TSH, mas ndo afetam a de autoanticorpos; sua produgdo

excessiva ¢ a causa do hipertireoidismo (Janeway et al, 2001).
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A causa da DG, ou seja, o evento inicial que deflagra a resposta auto-imune,
bem como os fatores genéticos necessarios para que ela ocorra ainda sdo desconhecidos
(Carneiro et al, 2003). Como provavelmente em todas as desordens auto-imunes, a DG
envolve uma complexa interacdo genética entre elementos ambientais exodgenos e
endogenos que, juntos, podem provocar uma desordem na auto-imunidade tiroidiana
(Weetman, 2003; Prummel et al, 2004). H4 fortes evidéncias da suscetibilidade genética

nas doencas auto-imunes da tirdide, com risco calculado em 79 % para a DG

(Brix et al, 2001).

Contudo, apenas alguns genes, listados no quadro 3, foram identificados como
diretamente relacionados a DG, e raramente com um risco maior do que trés no aumento da
suscetibilidade a doenga (Weetman, 2003; Prummel et al, 2004; Brix et al, 2001; Tait e
Cough, 2003; Tomer e Davies, 2003).

Quadro 3- Genes relacionados a DG:

Gene Localizacao Desordens da Tiréide
HLA DR3 6p21 DG+ TH
CTLA 4 2q33 DG+ TH
D5S5436 5933 DG+ TH
GD-1 14931 DG
GD-2 20q11.2 DG
GD-3 Xq21.33 DG
IDDM6 18q12-22 DG
HT-1 13q22 TH
HT-2 12q22 TH

Por outro lado, estima-se que fatores ambientais como o habito de fumar,
estresse, infeccdes bacterianas e virais e uma grande variedade de drogas podem ser
responsaveis por 21% da suscetibilidade no desenvolvimento da DG (Weetman, 2003;
Prummel et al, 2004; Brix et al, 2001; Tait e Cough, 2003; Tomer e Davies, 2003). Iversen,
em 1948, mostrou que a incidéncia da DG aumentou na Dinamarca no periodo de ocupacao

alema, durante a Segunda Guerra Mundial (Iversen, 1948).
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Uma série de drogas tém sido associadas ao desenvolvimento da DG, assim
como infec¢des por bactérias e virus e a exposi¢do a diversos produtos quimicos como
aqueles presentes na fumaca do cigarro (Rekha et al, 2006; Coles et al, 1999; Krassas e
Wiersinga, 2006; Matos-Santos et al, 2001; Iversen, 1948; Paunkovic et al, 1999).

Na terapéutica na DG existem trés opgdes diferentes de tratamento: clinico,
através de drogas anti-tiroidianas (DAT); radioiodoterapia, através do iodo 131 (°'I) e
cirargico, através da tiroidectomia subtotal. Todos esses métodos sdo efetivos, mas a opgao

de tratamento varia consideravelmente entre paises (Tominaga et al, 1997).

Uma das principais caracteristicas da DG ¢ a oftalmopatia de Graves (OG), que
se refere as alteragdes orbitarias e de estruturas que ocorrem como conseqliéncia dos
fendmenos de auto-imunidade relacionados a DG, podendo ocorrer com maior ou menor

gravidade independentemente do estado de hiperfuncdo da tirdide (Carneiro et al, 2003).

OG pode ocorrer com maior freqliéncia e gravidade nos homens que
apresentam DG do que nas mulheres e o tabagismo, a principio mais difundido entre o sexo
masculino, ¢ um dos fatores predisponentes para essas caracteristicas. Trabalhos realizados
com habitantes de regides onde hd guerras mostram que mais importantes do que as
proprias atribulagdes vividas, sdo as atitudes mentais negativas frente a elas que favorecem

o aparecimento freqliente de oftalmopatia em suas formas severas (Banh, 2000).

1.4- Tabagismo e Doencas Tiroidianas

O tabaco industrializado contém mais de 3.000 componentes, incluindo 30
carcindgenos; ja a fumaca do cigarro contém mais de 4.000 componentes, sendo 50
carcinogénicos. As trés principais classes de carcinogénicos sdo: os hidrocarbonetos
aromaticos policiclicos (HAPs), as aminas aromaticas e as nitrosaminas especificas do

tabaco (TSNAs) (Bartsch et al, 2000).

Os mecanismos pelos quais as HAPs, como por exemplo o benzopireno,
interagem com o DNA, ativam oncogenes e iniciam o processo carcinogénico envolvem a
formagao de carcinégenos. O benzopireno ¢ convertido em metabolitos fenolicos mediados

pela enzima CYP responsavel pela metabolizacao de substancias toxicas. Um metabolismo
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secundario, envolvendo outras formas de CYP, age na formacao de reativos mais toxicos.
Intimeros carcindgenos presentes na fumaga do tabaco sao inativados pelas GSTs, como os
genes GSTM1 e GSTP1, responsaveis pela detoxificagdo dessas substancias pelo organismo

(Coles e Ketterer, 1990).

A fumacga do cigarro ¢ responsavel por aproximadamente 90% dos casos de
cancer de pulmao (Levitz et al, 2004), além de estar associado aos canceres de laringe,
cavidade bucal, orofaringe, hipofaringe e aumenta o risco para leucemia, cancer sinonasal,
nasofaringe e parte proximal da faringe, além de ser um grande risco para o
desenvolvimento de cancer de estdmago e pancreas (International Agency for Research on
Cancer, 2002). Entretanto, ao contrario de grande parte dos tumores no ser humano, tem-se
descrito que o risco de desenvolver CDT tanto em homens quanto em mulheres fumantes ¢é
menor, tanto para o carcinoma papilifero quanto o folicular, em diferentes etnias,
sugerindo-se que o cigarro exerce um efeito epidemioldgico protetor contra o

desenvolvimento do CDT (Mack et al, 2003).

Ao contrario, o cigarro tem sido associado a um aumento no risco para DG e
para a OG (Bartalena et al, 1989; Berg et al, 1996; Chen et al, 1994; Winsa et al, 1993;
Yoshiuchi et al, 1998).

1.5- Metabolizacao de Xenobiéticos

A maioria dos agentes toxicos requer ativagdo metabdlica antes de se ligar ao
DNA, ao RNA e as proteinas. Por isso, as variacdes nos processos de ativagao e
detoxificagdo de compostos quimicos e drogas desempenham um importante papel na
resposta organica (Bartsch e Hietanen, 1996). Disturbios no equilibrio desses processos
podem explicar a variabilidade na resposta individual a exposicdo a tais compostos

(Anwar et al, 1996).

Existem duas formas de metabolizagdo de compostos toxicos no organismo
humano: a metabolizacdo mediada pelas oxidases de fun¢do mista — ou de Fase I — e aquela

mediada pelas enzimas de conjugacdo — ou de Fase II. Muitos compostos, tais como as
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HAPs, as nitrosaminas e varias drogas medicamentosas sao convertidos a metabolitos
altamente reativos pelas enzimas oxidativas da Fase I, que sdo principalmente enzimas da
familia do citocromo P-450 (CYPs) (Bois et al, 1995). Assim, com a introdu¢do de um ou
mais grupamentos hidroxila ao substrato, um pro-carcinbgeno pode tornar-se
carcinogénico, como ocorre quando o benzopireno ¢ convertido em epodxido de

benzopireno, composto altamente reativo (Bois et al, 1995).

J& as reacdes da Fase II envolvem a conjugagdo com um substrato enddgeno
(glutationa, sulfato, glicose, acetato) através das glutationa-S-transferases (GSTs),
UDP-glucoroniltransferases e N-acetiltransferases (NATSs), que agem como inativadores
dos produtos da Fase I, tornando os metabdlitos mais hidrofilicos e, portanto, passiveis de

excrecao (Kromer et al, 1995).

RECEPTORES

Figura 4- Esquema representativo do metabolismo de toxinas: assim que a toxina penetra
na célula, tanto a droga metabolizada quanto seus metabdlitos podem interferir
no ciclo celular por formagao de ligacdes covalentes com os acidos nucléicos ou

com proteinas (Santiago et al, 2002).
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Portanto, a regulacdo e a expressao das enzimas de fase I e II, assim como seu
equilibrio metabodlico na célula, podem ser importantes na determinagdo da suscetibilidade

a doengas relacionadas a exposi¢do a agentes toxicos (Vineis, 2002).

1.6- Citocromo P-450

A familia dos genes do citocromo P450 representa uma das principais classes
de enzimas de biotransformacdo da Fase I, através de suas mais de 500 isoenzimas
(Lange et al, 1999). Elas participam tanto da biossintese como da degradacdo de esterdides,
vitaminas, acidos graxos, prostaglandinas, aminas, feromdnios e metabdlitos vegetais
(Wolf, 1986). Metabolizam ainda intimeras drogas, produtos quimicos e poluentes
ambientais denominados de xenobioticos (Guengerich, 2000). Tais reagdes metabolicas
ocorrem principalmente no figado, podendo ocorrer também por todo o organismo

incluindo intestino, pulmao e rim, entre outros (Rogers, 1994).

Estima-se que no genoma humano existam em torno de 60 a 100 genes
codificadores de enzimas P450, sendo que cerca de 20 deles estdo envolvidos na

codificagdo de enzimas que metabolizam compostos exdgenos (Ingelman-Sundberg et al,

1999).

A importancia desta classe de enzimas ¢ ilustrada pelo fato de elas poderem ser
encontradas em animais, plantas, leveduras, bactérias e mamiferos. Todos os genes que as
codificam evoluiram a partir de um ancestral comum, em torno de 2,5 bilhdes de anos atras

(Ingelman-Sundberg et al, 1999).

1.6.1- CYPIAI

O gene CYPIAI, localizado no cromossomo 15, na regido 15q22-q24, codifica
a enzima P4501A1, uma isoenzima que catalisa a oxidacdo de HAPs em produtos fendlicos

e epoxidos (Gonzales, 1990).

Introdugdo

53



A indugdo de CYPIAI ocorre via ligagdo do composto indutor ao receptor de
“aryl hidrocarbon” (Ah), que ativa a transcrigdo na metabolizagdo de xenobidticos
(Kawajiri et al, 1993). A bioativagdo de varios HAPs ¢ iniciada com estimulacdo do
receptor Ah e este, por sua vez, ativa a transcricdo da CYPIAI, do epdxido hidrolase e de
outras enzimas (Hirvonen, 1995). Além dos HAPs, a CYPIAI ¢ também induzida por
xenobidticos encontrados em plantas da familia das cruciferas (repolho e brocolis), tais

como flavonas (Mcdonnel et al, 1992).

A atividade catalitica ¢ o modo de indugao de CYPIAI s3ao conservados em
animais superiores, confirmando sua importante func¢ao fisioldgica. O padrao de atividade e
a capacidade indutora desta enzima em humanos, relacionada a formagao de metabolitos de
HAPs capazes de reagir com a molécula de DNA ¢, portanto, de grande importancia para a
estimativa do risco de desenvolvimento de doencgas. A enzima CYPIAI ¢ considerada
primariamente uma enzima extra-hepatica em humanos, sendo encontrada no pulmao, nos
linfécitos e na placenta apos exposicdo a HAPs, incluindo aqueles presentes na fumaga do

cigarro (Anttilla et al, 1991).

Através do uso da enzima de restrigdo Mspl, detectou-se um polimorfismo no
gene codificador de CYPIAI originado pela mutagdo T6235—C, resultando no alelo
polimoérfico denominado CYPIAI ml. Este polimorfismo ocorre de forma muito ligada a
etnia, tendo sido observado em 31% de populagdes japonesas e 12% de populagdes

caucasoides, respectivamente (Nebert et al, 1996).

Uma segunda mutagdo no gene codificador de CYPIAI, mutacdo de ponto
(A4889—Q@), ¢ responsavel por outro polimorfismo no éxon 7 de CYPIAI, originando a

variante CYPIAI m2 (Hayashi et al, 1991).

Os alelos variantes CYPIAI ml e CYPIAI m2 foram correlacionados a um
aumento na suscetibilidade ao cancer de pulmdo em populagdes japonesas
(Nakachi et al, 1995), porém, tal associacao nao foi verificada em populacdes caucasodides
ou afro-americanas (Shields et al, 1993). Na populagdo brasileira, um aumento no risco do
cancer de pulmdo foi significativamente associado a presenca do alelo m2

(Sugimura et al, 1995; Hamada et al, 1995). Nao existem dados de literatura acerca da
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presenca destas variantes na DG, porém, ha estudos que mostram a associagao de CYPIAI

com o lupus eritematoso sistémico (Yen et al, 2003).

1.7- Sistema Glutationa S-Transferase

A glutationa S-transferase (GST) ¢ uma familia de genes importantes na
detoxificagdo de diferentes compostos enddgenos e exdgenos. As enzimas codificadas
pelos genes do sistema GST possuem um papel importante no metabolismo celular ¢ na
modificagao de compostos eletrofilicos reativos que sdo insoliveis em agua ou lipofilicos.
As GSTs catalisam reagdes que eliminam uma série de pré—carcindgenos como as HAPs
presentes na fumaca do cigarro, drogas farmacologicas, incluindo paracetamol, agentes
quimioterapicos e radicais livres gerados durante estresse oxidativo (Strange e Fryer, 2001;

Their et al, 2003).

Estima-se que existam pelo menos 20 GSTs na espécie humana, assim como na
maioria dos organismos vivos como as bactérias, leveduras, plantas e fungos
(Buetler e Eaton, 1992). Seu mecanismo de acao baseia-se na conjugacao com a glutationa
que, além de diminuir a reatividade, aumenta a solubilidade dos xenobidticos hidrofobicos,
reduzindo, portanto, a meia-vida destes compostos no organismo. Desse modo, o conjugado
¢ transportado para fora da célula por uma bomba de fluxo de glutationa S- transferase

ATP- dependente e, a seguir, ¢ eliminado pela urina e bile (Hayes et al, 1995).

Pode-se encontrar as GSTs em maior quantidade no figado e em menores
concentragdes nos pulmodes e intestino delgado (Shields, 1994). As GSTs sdao bem
conhecidas por serem altamente polimdrficas e a freqiiéncia destes polimorfismos

dependem da etnia (Bailey et al, 1998).

1.7.1- GSTM1, GSTT1 e GSTP!

Polimorfismos dos genes GSTM 1, GSTTI e GSTPI sao intensamente estudados
por estarem associados a diferentes tipos de cancer, particularmente causados por cigarro
(Strange et al, 2000), resisténcia a tratamento quimioterapico e a drogas (Hayes e Pulford,

1995; Lear et al, 1996; Fryer et al, 2000).
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Alguns dos genes que codificam as isoenzimas do sistema glutationa
S-transferase, como, por exemplo, GSTTI e GSTM1 possuem uma variante alélica nula na
qual o gene inteiro estd ausente e, portanto, ndo existe producdo da respectiva enzima.
Acredita-se que por ndo possuirem tais enzimas, individuos com genoétipo nulo tornam-se
mais susceptiveis para desenvolver doencas. Por outro lado, estes individuos respondem
melhor a determinadas drogas quimioterapicas (Arai et al, 1999; Hayes e Pulford, 1995;

Seidegard e Ekstrom, 1997; Pemble et al, 1994).

O gene GSTM1 esta localizado no cromossomo 1pl13.3. Uma taxa de 20% a
50% dos individuos ndo expressam a enzima devido a delegdo do gene em homozigose
(Bailey et al, 1998; Roth et al, 2004). O gene GSTM1 esta envolvido na detoxificacao de
metabolitos quimicos reativos derivados do cigarro, como benzopireno e aflatoxina B,

presentes no amendoim (Ketterer et al, 1992; Hayes e Pulford, 1995).

O gene GSTTI esta localizado no cromossomo 22p11.2 e de 20% a 60% dos
individuos ndo expressam a enzima correspondente (Pemble et al, 1994;
Rebbeck et al, 1997). GSTTI metaboliza varias substancias, como os agentes metilantes,

pesticidas, solventes industriais e grande nimero de agentes quimicos presentes no cigarro

(Guengerich et al, 1997).

O gene GSTPI possui um polimorfismo envolvendo a troca do aminoacido
isoleucina por valina no éxon 5 (I105V). Esta troca produz as variantes em homozigose
lle/lle e Val/Val e a variante em heterozigose lle/Val. As variantes lle/Val e Val/Val
possuem estabilidade e atividade especifica menores do que as enzimas que contém a
isoforma Ile/lle (Ali - Osmam et al, 1997). Assim, essas variantes enzimaticas possuem
menor capacidade de detoxificacdo dos xenobiodticos quando comparados com a enzima
codificada pelo gene de tipo selvagem, denominado [lle/lle (Johansson et al, 1998;
Hu et al, 1997). Ao contrario, a hiperexpressdo de GSTPI causa resisténcia a diversas
drogas anti-neoplasicas e a presenga do polimorfismo desse gene pode diminuir a eficacia
terapéutica de quimioterdpicos como o clorambucil e a ciclofosfamida

(Henderson et al, 1998).
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A expressao do gene GSTPI também vem sendo associada ao desenvolvimento
de uma série extensa de neoplasias, particularmente relacionadas ao tabagismo, incluindo
tumores de cabeca e pescoco, mama, pulmido e prostata (Stucker et al, 2002;

Oude et al, 2003).

1.8- Gene TP53

O gene TP53 esta localizado no cromossomo 17, na posi¢ao pl13.1. Codifica a
proteina p53 que ¢ uma fosfoproteina nuclear com papel fundamental na regulacao do ciclo
celular, principalmente na transi¢do de GO para G1. Essa proteina ¢ encontrada em niveis
muito baixos nas células normais, porém, em células danificadas, ¢ expresso em grandes

quantidades (Fridman e Lowe, 2003).

O TP53 ¢ considerado um gene supressor de tumores, pois se demonstrou que o
tipo selvagem de TP53 era capaz de inibir a transformacdo maligna de células e o
crescimento de linhagens defeituosas, através de sua proteina normal (Finlay et al, 1989;
Baker et al, 1990). E considerado o mais importante gene supressor de tumores nos seres

humanos, por isso chamado de “guardido do genoma”.

A proteina p53 esta expressa em quase todos os tecidos (de Moura Gallo
et al., 2005). Uma vez ativada, p53 regula a expressdo de muitas classes de genes, através
de seqiiéncias especificas de ligacdo com DNA ou através de interagdes proteina-proteina.
Sua regulacdo resulta em efeitos anti-proliferativos permitindo a preservacao da integridade

gendmica (Cadwell e Zambetti, 2001).

O gene TP53 evita a passagem de caracteristicas vantajosas em termos de

crescimento e proliferacdo a células filhas por dois mecanismos:
1- controla a parada do ciclo celular e permite reparos;

2- quando o reparo celular ndo € possivel induz apoptose (Attardi, 2005).
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A apoptose ndo s6 previne a geracdo do tumor como também regula a
maturacdo e o controle da resposta auto-imune das células T- e B-, que sdo os componentes

basicos de doengas auto-imunes da glandula tirdide (Lowe et al, 1993)

As alteracdes mais freqlientes no gene 7P53 sdo as mutagdes por alteragdo na
seqiiéncia das bases, resultando numa proteina defeituosa (DeWolf, 1995). A proteina
normal do 7P53 estd em concentragdo celular baixa, possuindo meia-vida de 20 minutos.
Boa parte da proteina esta sob forma latente, necessitando de mecanismos para sua

ativacdo, como hipoxia e dano ao DNA (Levine, 1997; Guidos et al, 1996).

1.8.1- Polimorfismo do c6don 72

As caracteristicas estruturais do gene 7P53 t€m sido bem preservadas por toda
evolugdo. No codon 72, no entanto, foi reconhecido um polimorfismo de substituicao do
aminoacido arginina (Arg) pelo de prolina (Pro). Uma simples troca de base (de CGC para
CCC) ¢ responsavel por tal mudanga (Ara et al, 1990). O gendtipo Pro/Pro possui até
15 vezes menos chance de provocar apoptose quando comparado ao Arg/Arg

(Dumont et al, 2003).

A variante de TP53 no cddon 72 Arg/Pro tem sido associada, as vezes de forma
controversa, a varios tipos de malignidades humanas, como cancer de mama
(Buyru et al, 2003; Langerod et al, 2002), cervical (Storey et al, 1998; Arbel-Alon et al,
2002), pulmdo (Papadakis et al, 2002) e em cancer esporddico de tiroide
(Granja et al., 2004).

Estudos realizados no GEMOCA mostraram que individuos com genotipo
Pro/Pro t€m uma maior chance de desenvolverem cancer de tirdide (Granja et al, 2004),
enquanto que a presenga de um genotipo Arg/Pro aumenta em 2,5 vezes o risco de cancer

de ovario (Morari et al, 2006).

Também se tem verificado uma associacdo do gene 727P53 com algumas
doengas auto-imunes, inclusive lipus eritematoso sistémico e artrite reumatéide (Lee et al,
2005, Lee et al, 2001). O gene esta envolvido ainda na defesa do organismo contra agentes

infecciosos ao impedir que células infectadas se dividam ou ao induzi-las a apoptose. Este
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mecanismo de ag¢do pode ser particularmente importante em situagcdes de imunossupressao,
como Leite et al (2006) demonstrou ao identificar maior risco de infec¢do viral em
transplantados renais portadores de polimorfismos, que diminuem a ac¢do anti-apoptotica de

TP53 (Leite et al, 2006).

TP53 faz parte dos mecanismos de defesa celular juntamente com as CYPs e as

GSTs, como foi ilustrado na figura 5 (modificada de Stern et al, 2001).

Ambiente Morte
celular
Replicacao
Ativacao enzimatica Controle do ciclo celular
(Citocromo P450) (H-ras, p53, p21)
Carcinégeno Metabolizacao Ligacao no DNA Dano genético
. Reparacio no
Detoxificacio DNA
(NAT, GST, UGT) (XRCC1,
XRCC3)

reparado Cancer/DAI

Figura 5- Esquema do mecanismo de interagdo entre os diversos sistemas de detoxificagdo

e de reparo do DNA.
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2- OBJETIVOS
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. Investigar a influéncia do gene CYPIAI ml e m2 na suscetibilidade ao

cancer de tirdide.

. Avaliar a associagdo entre os genes CYPIAI ml e m2 e os genes do Sistema

Glutationa S-transferase em cancer de tir6ide e sua resposta ao tratamento.

. Analisar a influéncia da heranca polimorfica dos genes GSTTI, GSTMI,
GSTP1, CYPIAI e 72TP53 na doenca de Graves.

. Avaliar a associagdo entre os genes GSTTI, GSTMI, GSTPI, CYPIAI e

72TP53 em doenca de Graves e a sua resposta ao tratamento.
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3- MATERIAL E METODOS
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3.1- Pacientes com nodulos tiroidianos

Todos os participantes deste estudo retro-prospectivo do tipo caso-controle
foram devidamente informados dos objetivos da investigagdo e assinaram o Termo de
Consentimento Informado (anexo), conforme as determinagdes do Comité de Etica em
Pesquisa — FCM/ UNICAMP, que aprovou a linha desta pesquisa conforme Parecer
CEP/FCM/UNICAMP #06/06/03- 072/98 (anexo).

Pacientes com nddulos tiroidianos foram atendidos na Disciplina de
Endocrinologia do Hospital das Clinicas da Unicamp, durante o periodo de 1999 a 2005, no
Ambulatorio de Cancer de Tirdide. Todos esses pacientes seguiram um protocolo-padrao
implantado no ambulatério hé mais de 25 anos e possuem uma ficha na qual constam, além
de dados de identificacdo, idade no diagnostico, sexo, etnia, dados clinicos pré-cirargicos,
exposicdo a agentes ambientais, dieta, tabagismo, uso de medicamentos e drogas, exames

. . . . . 131
realizados (ultra-som, pesquisa de corpo inteiro com iodo

, biopsia aspirativa), dados
referentes a cirurgia e do exame anatomopatologico (medida do tumor, tipo histologico,

grau de diferenciagdo e presenca de linfonodos metastéticos).

Nenhum dos pacientes possuia historico de exposicdo acidental ou médica a
radiagdo ionizante ou de doenga tiroidiana prévia e antecedentes de outras malignidades.
Todos os dados, incluindo o diagndstico de outras doencas concomitantes, foram

confirmados nos prontuérios dos pacientes.

Utilizou-se como critério para estadiamento a classificagdo proposta por De
Groot (De Groot et al, 1995), que baseia-se no classico método do TNM, isto €, no tamanho

do tumor (T), acometimento de nddulos cervicais (N) e metastases a distancia (M).

A populagdo estudada foi composta por 80 casos com tumores benignos,
incluindo 67 bécios multinodulares e 13 adenomas foliculares. J& nos tumores malignos,
foram incluidos 168 casos, sendo 136 carcinomas papiliferos e 32 carcinomas foliculares,

todos selecionados apos resultado do anatomopatologico.

A etnia dos pacientes foi determinada através de entrevista, seguindo os
critérios do Instituto Brasileiro de Geografia e Estatistica (IBGE), mas por causa da

dificuldade de classificagdo, pelo fato da populacdo analisada ser altamente miscigenada,
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decidiu-se agrupa-los em brancos e nao-brancos. Em relacdo ao tabagismo, foram
agrupados apenas em nao-fumantes e fumantes, para fins estatisticos, porque os dados
relativos ao numero de cigarros fumados e tempo de uso de cigarro foram considerados

pouco confidveis.

3.1.1- Seguimento

Os pacientes com cancer foram acompanhados com pesquisa periodica de corpo
inteiro com "'I, TSH sérico e medidas de tireoglobulina (Tg) de acordo com o protocolo de
seguimento. Essa pesquisa também incluiu Raio-X, ultra-sonografia, tomografia
computadorizada e outros procedimentos para detectar metastase a distdncia, de acordo
com cada caso. O periodo de seguimento foi de 12 meses a 341 meses (30+£69 meses).
Pacientes com altos valores de tireoglobulina (>2mg/dL) e/ou pesquisas de corpo inteiro
suspeitas foram submetidos a uma busca através de exames de imagens. Os tumores foram
definidos como recorrentes e/ou apresentando metéastases a longa distancia a partir do
encontro de lesdes nos exames de imagem e da persisténcia de valores ascendentes de Tg.
Foram considerados pacientes assintomaticos e livres de doenga aqueles que apresentavam

Tg indetectavel ou <lng/dL.

3.1.2- Controles

O grupo-controle consistia de 277 individuos saudéaveis selecionados da regido
de Campinas. O historico obtido desses individuos incluiu fatores demograficos, étnicos,
estilo de vida, héabitos alimentares, tabagismo, condigdes gerais de satde e historico de

doengas.

Sua etnia foi classificada em brancos e nao-brancos de acordo com a auto-

classificagao do paciente e segundo o IBGE.

Individuos com histéria prévia de doengas tiroidianas, exposi¢do a radiacdo ou

outros antecedentes de malignidade foram excluidos do estudo.
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Foram selecionadas de duas a trés mulheres no grupo-controle para cada
homem visando parear esse grupo com o dos portadores de nddulo, cuja incidéncia ¢ duas a

trés vezes maior em mulheres do que em homens.

Os pacientes foram agrupados apenas em ndo-fumantes ¢ fumantes para fins
estatisticos ja que os dados relativos a nimeros de cigarros fumados e tempo de uso foram

considerados pouco confidveis.

3.2- Pacientes com doenca de Graves

Este estudo retro-prospectivo do tipo caso-controle também foi aprovado pelo
Comité de Etica em Pesquisa — FCM/ UNICAMP, Hospital da Santa Casa de Sdo Paulo ¢
Hospital da Pontificia Universidade Catdlica de Campinas (FCM/ UNICAMP,
CEP/FCM/UNICAMP #06/06/03- 072/98; PUC-Campinas, CEP#19/08/2005 — 332/04;
Santa Casa Sao Paulo, CEP# 28/01/2005 — 036/04 — CONEP# 11012) (anexo).

Todos os 974 individuos foram devidamente esclarecidos dos objetivos deste

trabalho e assinaram o Termo de Consentimento Informado.

Foram estudados 400 pacientes confirmados com a DG, sendo 300 mulheres e
100 homens, com média de idade de 35,5+13,7 anos. Estes pacientes foram selecionados

pela FCM-UNICAMP, Santa Casa de Sao Paulo e PUC-Campinas.

Os pacientes com DG apresentavam os seguintes critérios diagnosticos:
evidéncias clinicas e laboratoriais de tirotoxicose com TSH suprimido, valores elevados de
T4 livre e T3, valores de captacdo de radioiodo de 24h ou de Tecnécio aumentados, com
uma distribuicao do tragador homogénea e difusa e/ou a positividade dos anticorpos contra

o receptor do TSH (TRAD).

Os pacientes foram cuidadosamente examinados e tratados com drogas
antitiroidianas, sendo 102 casos com metimazol e 56 casos com propiltiouracil. Duzentos e
trinta e dois pacientes foram submetidos a radioiodoterapia e 10 casos a cirurgia. A terapia

com drogas antitiroidianas foi mantida por pelo menos 12 meses, sendo os pacientes
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encaminhados ao radioiodo ou a cirurgia quando apresentavam efeitos colaterais ou falta de
adesdo ao tratamento. Foram dosados TSH e T4 livre ap6s o inicio de cada opg¢do
terapéutica a cada 30-60 dias e depois a cada trés meses. Se evoluissem para

hipotiroidismo, era instituido o tratamento com levotiroxina.

Dos 400 pacientes apenas 169 apresentaram oftalmopatia. Sua avaliagdao foi

baseada nos seguintes critérios:

a) Atividade da oftalmopatia quantificada através de um escore clinico “clinical
activity score” que leva em consideracdo sete manifestagdes da doenga: dor
retro-bulbar espontanea, dor com o movimento ocular, eritema palpebral,
edema palpebral, hiperemia conjuntival, quemose (edema de conjuntiva) e
edema de caruncula. Um ponto ¢ dado por cada manifestagdo, e a somatoria

varia de zero (sem atividade) até sete (atividade muito alta);

b) Medidas de proptose através do exoftalmometro de Lind, sendo
considerados os valores de normalidade de 18mm para asiaticos, 20 mm

para caucasianos e 22mm para negroides.

A presenga de oftalmopatia foi baseada na positividade do escore de atividade

clinica (1-7) e/ou confirmagdo de proptose acima dos valores de normalidade.

3.2.1- Controles

O grupo controle foi selecionado da regido de Campinas, sendo composto por
574 individuos saudéaveis. Foram excluidos todos os individuos que apresentavam historico

familiar de doencas tiroidianas ou auto-imunes.

Como a DG ¢ mais freqliente entre as mulheres, selecionamos trés mulheres
para cada homem no grupo-controle. Infelizmente, por questdes éticas, ndo se conseguiu

coletar amostras de sangue de criangas saudaveis.

Material e Métodos
70



Tanto os individuos do grupo-controle como os pacientes foram submetidos a
exames fisicos e responderam a um questiondrio que incluia ocupag¢do, tabagismo, uso de

drogas ilicitas e médicas, condigdes gerais da saude e informagdes sobre doengas prévias.

Sua etnia foi classificada em brancos e ndo-brancos de acordo com a

auto-classificacao do paciente e pelo IBGE.

Os pacientes foram agrupados apenas em nao fumantes e fumantes para fins
estatisticos, ja que os dados relativos a numeros de cigarros fumados e tempo de uso foram

considerados pouco confiaveis.

3.2.2- Avaliagdo da fun¢ao, auto-imunidade e captagdo tiroidiana

Os valores séricos de tirotrofina (TSH), T4 livre (T4l), triiodotironina (T3)
total, anticorpos anti-tireoglobulina (AcTg) e anti-tiroperoxidase (AcTPO) foram avaliados
em todos os pacientes. A captacdo de radioiodo foi avaliada 24h apds administracdo de

dose tragadora de 100 pCi de "*'I (valor de normalidade: 15%-41%).

3.3- Métodos
3.3.1- Extracao de DNA

O DNA foi extraido de todas as amostras por meio de protocolo adaptado pelo
GEMOCA, utilizando-se o método do fenol-cloroformio. Apos a extracdo, o DNA foi

quantificado através de espectrofotometria e armazenado em congelador a —20° C.

3.3.2- Anaélise dos genes do sistema glutationa S-transferase

Para a analise das delecoes de GSTMI e GSTTI utilizou-se a técnica
PCR-duplex com a co-amplificagdo do gene da B-globina, que foi utilizado como controle.
Os primers utilizados e as condi¢cdes da PCR foram previamente descritos por Morari

(2002) e sao resumidos a seguir.
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Tabela 1- Primers utilizados para amplificacdo dos fragmentos dos genes GSTMI e

GSTT1.
Primers Seqiiéncias
Sense 5’ - CTGCCCTACTTGATTGATGGG - 3
GSTMI Anti-sense 5’ - CTGGATTGTAGCAGATCATGC - 3’
Primers Seqiiéncias
GSTTI Sense 5 - TTCCTTACTGGTCCTCACATCTC - ¥

Anti-sense 5’ - TCACCGGATCATGGCCAGCA - ¥

O volume utilizado na PCR foi de 25 pl, contendo 50 ng de DNA da amostra,
10uM de cada primer, 10X PCR Buffer (de acordo com o protocolo do fabricante), 25 mM
de MgCl,, 10 mM de dANTP e 1U Taq DNA polimerase. Os seguintes ciclos foram
utilizados na PCR: a fase inicial de desnaturagdo foi de dois minutos a 94°C, seguida por 35
ciclos de 94°C por 30 segundos, 62°C por 50 segundos ¢ 72°C por um minuto. A fase de
extensao final foi de 10 minutos a 72°C. O sistema utilizado foi MJ PTC-200 PCR system.

Para a andlise dos polimorfismos do gene GSTPI foi utilizada a PCR-RFLP. Os

primers e as condi¢des da PCR-RFLP foram previamente descritas por Morari (2006).

Tabela 2- Primers utilizados na PCR — RFLP do gene GSTP1.

Primer Seqiiéncia
Sense 5" - CCAGGCTGGGGCTCACAGACAGC -3
Anti-sense 5’- GGTCAGCCCAAGCCACCTGAGG -3

GSTP1

Na reacdo de PCR utilizou-se 100 ng de DNA, 50nM de cada primer, 100 mM
Tris-HCI (pH 8.0), 100uM de dNTP, 20 mM de MgCl, e 0.5 U Tag DNA polimerase, com
um volume final de 20ul. A amplificagdo foi feita no termociclador MJ PTC-200 PCR
system programado para realizar a desnaturacao inicial a 94°C por cinco minutos, seguida
de 35 ciclos de 94°C por 45 segundos, 65.6°C por 45 segundos e 72°C por um minuto e a

extensao final foi de 72°C por sete minutos.
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Os produtos obtidos na reagdo de amplificacao por PCR para os genes GSTM1,
GSTTI e GSTPI foram submetidos a eletroforese em gel de agarose a 2%, corado com

brometo de etideo (8 mg/ml) e a visualizados sob iluminag¢do ultravioleta.

As figuras a seguir mostram o resultado da PCR-duplex dos genes GSTTI e
GSTM1.

B-globina — 640 pb
GSTT1 — 480 pb

Figura 6- Resultado da PCR — duplex do gene GSTTI em gel de agarose corado com
brometo de etideo. 1: Ladder; 2, 3, 5 e 6: GSTTI presente; 4, 7 ¢ 8: GSTTI

ausente. Utilizou-se o primer da B-globina como controle positivo.
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!_H_-———_ . ¢— [B-globina — 640 bp

<+— GSTMI -273 bp

Figura 7- Resultado da PCR — duplex do gene GSTMI em gel de agarose corado com
brometo de etideo. 1: Ladder; 4, 5, 6 ¢ 7: GSTM1 presente; 2, 3 ¢ 8: GSTM1

ausente. Utilizou-se o primer da -globina como controle positivo.

J& para a restricdo enzimatica do gene GSTPI foi utilizado um volume final de
15.5ul com a enzima de restrigdo Alw261 (Fermentas UAB, Litudnia), com processo de
desnaturagdao a 37°C durante 16 horas, seguindo o protocolo do fabricante. Os resultados
finais foram analisados em géis de agarose 3%, corados com brometo de etideo (8mg/ml) e
visualizados sob luz ultravioleta. Para o alelo homozigoto selvagem, encontrou-se um
fragmento de 306 pb; o heterozigoto apresentou trés bandas de 306 pb, 190 pbe 116 pbe o
homozigoto mutante apenas duas bandas de 190 pb e 116 pb.
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A figura a seguir mostra o resultado da PCR-RFLP do gene GSTP].

Figura 8- Resultado da restri¢do enzimatica do gene GSTPI em gel de agarose corado com
brometo de etideo. 1: Ladder; 6 e 8: homozigoto mutante; 3, 4 e 5: heterozigoto;

2 e 7: homozigoto selvagem.

Seis amostras foram seqiienciadas diretamente em seqiienciador automadtico
(ABI 377 Prism DNA Sequencer - Perkin Elmer) para confirmagdo dos resultados previstos

na restri¢do enzimatica.

3.3.3- Andlise dos polimorfismos dos genes CYPIAI ml e CYPIAI m2

No caso do gene CYPIAI ml e m2 foram utilizados os primers descritos na

tabela 3 para a realizagdo PCR-RFLP.

Material e Métodos
75



Tabela 3- Primers utilizados para amplificagao

Primers Seqiiéncias

Sense 5’ - CAGTGAAGAGGTGTAGCCGCT -3
CYPIAI m1

Anti-sense 5’ - TAGGAGTCTTGTCTCATGCCT - 3
Primers Seqiiéncias

Sense 5’ - TTCCACCCGTTGCAGCAGCATAGCC- ¥
CYPIAI m2

Anti-sense 5’ - CTGTCTCCCTCTGGTTACAGGAAG - ¥

Os fragmentos gerados pelos primers de CYPIAI ml e CYPIAI m2 foram
respectivamente de 340 pb e 204 pb. Estes fragmentos foram amplificados separadamente
em condigdes similares. O volume total utilizado na PCR foi de 25 pl, contendo 100 ng de
DNA da amostra, 10uM de cada primer, 10mM Tris-HCI (pH 8.0), 20 mM de MgCl, ,
0.1 mM de dNTP e 0.5U Taq DNA polimerase.

Foram utilizados 35 ciclos na PCR de 94°C por 50 segundos, 60°C por 45
segundos para o gene CYPIAI ml, 64°C por 45 segundos para o gene CYPIAI m2 e 72°C
por um minuto, com a fase inicial de desnaturag¢do de cinco minutos a 94°C e a fase final de
extensao por 10 minutos a 72°C, usando o termociclador MJ PTC-200 PCR system. Os
fragmentos da PCR foram visualizados em gel de agarose a 2%, corado com brometo de

etidio, em um transiluminador de luz UV.

Para a analise dos alelos do gene CYPIAI ml utilizou-se a enzima de restricao
Mspl de acordo com o protocolo do fabricante (Fermentas UAB, Lituania). O alelo
homozigoto selvagem apresentou um fragmento de 340 pb, o heterozigoto de 340 bp, 200
bp e 140 bp e o homozigoto apresentou apenas as bandas de 200 bp e 140 bp. Os produtos
da restricdo foram analisados em gel de agarose a 3%, corado com brometo de etideo e

visualizado no transiluminador de luz UV.
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Figura 9- Exemplo de resultado obtido com a restrigdo enzimatica de fragmento
amplificado por PCR do gene CYPIAI ml, em gel de agarose corado com
brometo de etideo. 1: Ladder; 2 e 8: homozigoto mutante; 3, 5 e 7:

heterozigoto; 4 e 6: homozigoto selvagem.

Para identificar os polimorfismos do gene CYPIAI m2, foi utilizada a enzima
de restri¢do BseMI de acordo com o protocolo do fabricante (Fermentas UAB, Lituania). O
alelo homozigoto selvagem apresentou dois fragmentos de 149 bp e 55 pb; o heterozigoto
de 204 bp, 149 bp e 55 pb e a variante homozigoto mutante apresentou apenas a banda de
204 pb. Os produtos da restrigdo foram analisados em gel de poliacrilamida a 12%, corado
com brometo de etideo e visualizado no transiluminador de luz UV. Seis amostras, tanto do
gene CYPIAI ml e CYPIAI m2, foram seqiienciadas diretamente em seqiienciador
automatico (ABI 377 Prism DNA Sequencer - Perkin Elmer) para confirmacdo dos

resultados previstos na restricdo enzimatica.
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204 bo
149 bp

55 bp

1 2 3 4 5 6 7 8 9 10 11 12

Figura 10- Exemplo de resultado obtido com a restricdio enzimatica em gel de
poliacrilamida corado com brometo de etideo. 7, 8, 9 e 11: individuos
homozigotos mutantes; 3: individuo heterozigoto; 1, 2, 4, 5, 6 e 10:

individuos homozigotos selvagens; 12: Marcador de peso molecular.

3.3.4- Identificagdo dos gendtipos do gene TP53 codon 72

Para a determinacao dos polimorfismos do gene TP53 coédon 72 também foi

utilizado o método de PCR-RFLP. Os primers utilizados estdo descritos na tabela 2.

Tabela 4- Seqiiéncias dos primers usados nas reagdes de PCR do gene 72TP53

Primer Seqiiéncia
Sense 5" - ATCTCTACAGTCCCCCTCTTGCCG -3
Anti-sense 5- GCAACTCTGACCGTGACAGTCA - 37

TP53 codon 72

O volume utilizado na PCR foi de 25 pl, contendo 100 ng de DNA, 50uM de
cada primer, 10mM Tris-HCI (pH 8.0), 2.0 mM de MgCl,, 100 uM de dNTP e 0.5U Taq
DNA polimerase. Trinca e cinco ciclos foram utilizados na PCR de 94°C por 50 segundos,
65°C por 50 segundos e 72°C por um minuto, com a fase inicial de desnaturacdo de dois

minutos a 94°C e a fase final extensdo por 10 minutos a 72°C, usando o termociclador MJ
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PTC-200 PCR system. Os fragmentos da PCR foram visualizados em gel de agarose a 2%,

corados com brometo de etidio e visualizados sob luz ultravioleta.

A enzima de restri¢ao utilizada foi a Bsh12361 para a anélise dos alelos do gene
TP53 coédon 72, de acordo com o protocolo do fabricante (Fermentas UAB, Lituania). O
alelo homozigoto selvagem apresentou dois fragmentos de 169 pb e 127 pb. A variante
homozigota apresentou apenas um fragmento de 296 pb e o heterozigoto apresentou trés
bandas de 296 pb, 169 pb e 127 pb. O produto da restricao foi analisado por eletroforese em
gel de agarose a 3% e corado com brometo de etideo. Os resultados da RFLP foram
confirmados através do seqiiénciamento direto em seqlienciador automatico (ABI 377

Prism DNA Sequencer - Perkin Elmer).

A figura a seguir mostra o resultado da PCR-RFLP do gene 7P53 codon 72.

296 bp

169 bp
127 bp

Figura 11- Gel de agarose corado com brometo de etideo mostrando o resultado da
PCR-RFLP do gene TP53 cédon 72. 1: Ladder; homozigoto selvagem
(Arg/Arg); 2, 6 e 7: heterozigoto (Arg/Pro); 4, 5 e 8: homozigoto mutante
(Pro/Pro).
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3.4- Analise Estatistica

Para a andlise estatistica realizada tanto com os pacientes com nodulos
tiroidianos como os com DG foi utilizado o software SAS (Statistical Analyses System),
versdo 8.1, Cary, NC, USA, 1999-2000. Testes exatos de qui-quadrado (%) e o teste exato
de Fisher (F) foram usados para examinar a homogeneidade entre os casos e os controles
com relacdo ao sexo, etnia, doengas tiroidianas prévias, tamanho do nodulo, uso de
medicagdes, tabagismo e para os gendtipos. O teste de Kruskal-Wallis (KW) foi usado para
se comparar a idade entre os grupos. Os testes de Mann-Whitney ou Wilcoxon foram
usados para se comparar a idade entre diferentes grupos genotipicos. O odds ratio (OR) e o
coeficiente de intervalo de 95% “confidence interval-CI” foram usados para indicar o risco
que um determinado genotipo de um determinado ndédulo ou bdcio possui em relagdo ao
grupo controle. Para se analisar a relagdo entre os diferentes genotipos de CYPIAI e a
idade, para os pacientes com nddulos tiroidianos, utilizou-se a analise de regressao logistica
univariada em pacientes acima ou abaixo de 45 anos. Fez-se o mesmo para os pacientes

com DG e os gendtipos GSTM 1, GSTT1, GSTP1, CYPIAI e 72TP53.

Utilizou-se uma andlise de regressdo logistica multivariada para avaliar os
efeitos dos gendtipos, depois de ajustados para idade, sexo, etnia e fumo na determinacio
de risco, o diagndstico de nddulos (maligno e benigno) e o tipo histoléogico do tumor
(papilifero e folicular) para pacientes com nddulos tiroidianos e a doenga de Graves na
determinagdo da resposta terapéutica e evolucao do tratamento a longo prazo. As interagdes
entre as varidveis ambientais e os genétipos também foram avaliadas. A andlise de
regressao “stepwise” foi aplicada para identificar os fatores de risco tanto para a doenca de
Graves quanto para a oftalmopatia de Graves. Todos os testes foram realizados com p=0,05
como nivel de significancia. Todos os genes incluidos neste projeto foram testados quanto
ao Equilibrio de Hardy-Weinberg. Também foi utilizado o software PS para célculo do
tamanho amostral e do poder de célculo de cada teste estatistico, em relacdo a cada um dos

genes investigados.
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Tabela 5- Propor¢des dos genétipos estudados tanto dos individuos-controle como dos pacientes com doengas tiroidianas benignas e malignas.

Todos os casos Papiliferos Foliculares Benignos
Controles Casos OR* P Casos OR* P Casos OR* P Casos OR*
N(%) N(%) (95%CI) N(%) (95%CI) N(%) (95%CI) N(%) (95%CT)
CYPIAI m1
Homozigoto 173 179 0.629 0.0160 | 101 0.564 0.0147 19 1.148 0.7210 59 0.5921 0.0832
selvagem | (62.45) | (72.18) | (0.431:0.917) (74.26) | (0.357:0.894) (59.38) | (0.538;2.447) (73.75) | (0.3401:1.031)
Polimérficos 104 69 35 13 21
(37.55) | (27.82) (25.74) (40.63) (26.25)
CYPIAI m2
Homozigoto 180 161 1033 90 0.960 16 2006 55 0.8435
selvagem | (6498) | (64.92) | (7161 492) | 08618 | COT8) | o0 1 ag7) | 08545 | (50.00) | (0.957.4201) | 0650 | (6875 | (g4oug:1438) | 06226
Polimorficos o7 87 46 16 25
(35.02) | (35.08) (33.82) (50.00) (31.25)
GSTMI
Positivo e o 1.046 (63%7) 1.134 o 1.282 7 1.130
(55.88) | (58.49) : : . (62.96) : (52.86) :
0.702:1.560) | 0-8246 (0.703:1.830) | 0603 0553:2.976) | 0262 (0.6552:1.948) | 0-7643
Negati 90 88 45 10 33
egativo (44.12) (41.51) (39.13) (37.04) 47.14)
GSTTI
Positivo 17 10 1.088 (817 Z)S) 1.218 iy 0.954 20 1.074
(76.96) | (78.53) : : . (77.27) : (75.68) :
0.670:1.767) | %7346 (0.656:2.264) | 02320 0329:2.765) | 0313 0.5757:2.002) | 09494
Negati 47 41 18 5 18
egativo (23.04) (21.47) (18.95) (22.73) (24.32)
GSTPI
Homozigoto 121 113 60 5 48
0.766 (64.52) 0.789 3.200 0.6456
selvagem | (59.61) | (6278) | (4o "0 | 02265 (0.466:1.335) | 03769 | Q7.78) | (| (550 559 | 00367 | (69.57) (0.3598.1.158 | 0-1836
Polimorficos 82 67 3 13 21
(40.39) | (37.22) (35.48) (72.22) (30.43)
TP53 codon 72
Arg/Arg 3 o0 2.430 (séj 773) 3.522 g 0.494 iy 0.5084
(30.17) | (51.85) : : . (25.00) : (45.95) )
(1297:4.552) | 0-0056 (1.686:7.357) | 00008 (0.029:4.248) | 08278 0.2381:1.085) | &1177
Pro/Pro+Arg/P 81 52 26 6 20
TOATOTAIZETO | 60.83) | (48.15) (41.27) (75.00) (54.05)




4.1- Analise dos resultados
4.1.1- Analise de dados dos nddulos tiroidianos

Nao houve diferenca estatistica entre os individuos-controle e os pacientes com
nddulos tiroidianos em relacdo a idade (43134 versus 46£94 anos), sexo (84 homens e 193
mulheres versus 57 homens e 191 mulheres) e etnia (230 brancos e 47 nao-brancos versus
203 brancos e 45 nao-brancos). O habito de fumar também foi similar entre os
individuos-controle e os pacientes (28% fumantes e 72% nao-fumantes versus 33%

fumantes e 67% nao-fumantes).

Origens demogréficas e caracteristicas do estilo de vida tanto do grupo-controle

quanto dos pacientes com nddulos tiroidianos foram similares.

4.1.1.1- Analise genética

Os genes CYPIAI ml e CYPIAI m2, estudados na populacao deste trabalho, se
encontraram em equilibrio de Hardy-Weinberg. Mas, infelizmente, tanto CYPIAI ml
quanto o m2, nao possuem poder de cdlculo, 62% e 59% respectivamente. O tamanho

amostral calculado para que o poder de célculo atingisse 80% seria de 584 pacientes.

Parte dos 277 individuos-controle e dos 248 pacientes com nddulos tiroidianos
participaram de outros estudos no GEMOCA e ja haviam sido genotipados para os genes
GSTM1, GSTTI1, GSTPI e TP53 c6don 72 (Morari et al, 2002, Granja et al, 2004, 2005).
Todos estes gendtipos e o gene CYPIAI dos individuos-controle e dos pacientes com

doencas tiroidianas benignas e malignas estdo apresentados na tabela 5.
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4.1.1.2- Comparagdo entre pacientes com nédulos e controles

O genotipo homozigoto selvagem do gene CYPIAI ml foi mais freqiiente entre
os pacientes com nddulos tiroidianos (72.18%) do que no grupo-controle (62.45%)
(x2%, p= 0.0160) (OR: 0.629; IC95%= 0.431-0.917), indicando que os individuos que
herdam o alelo variante possuem um risco 37% menor para desenvolvimento de nédulos

tiroidianos do que aqueles que possuem o alelo selvagem.

Para o gene CYPIAIl m2 ndo encontramos significancia estatistica quando
comparamos o grupo-controle (64.98%) com os pacientes com nddulos tiroidianos

(64.92%) (x2; p=0.8618).

Nao houve associacdo entre os gendtipos de CYPIAI ml e m2 e os gendtipos

de GSTM1, GSTT1, GSTP1 e TP53 c6don 72.

4.1.1.3- Comparacdo entre pacientes com nddulos e controles levando-se em

conta a idade

Analisando separadamente os pacientes com nddulos tiroidianos abaixo e acima
de 45 anos observamos que somente CYPIAI ml estd associado aos pacientes com idade

acima de 45 anos.

A presenca das variantes de CYPIAI ml diminui o risco para o
desenvolvimento de nddulos tiroidianos em 47% (OR= 0.527; 95%ClI= 0.306-0.907) em
pacientes acima de 45 anos de idade (p= 0.0209).

A andlise de regressdo logistica multipla, ajustada para sexo, confirma o efeito
protetor de CYPIAI ml em individuos acima de 45 anos de idade (p= 0.0351; OR= 0.514;
95% Cl=0.277 to 0.954). Estes resultados sao mostrados na tabela 6.
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Tabela 6- Andlise estatistica da freqiiéncia de variantes de CYPIAI ml em individuos <45

anos de idade e >45 anos de idade com OR e intervalos com 95% de confianga

obtidos pelo ajuste do modelo de regressao logistica multipla corrigido para

SE€XO0.
< 45 anos > 45 anos
Variavel
p-valor OR IC (95%) p-valor OR IC (95%)
CYPIAI ml 0.5338 0.810 (0.418-1.572) 0.0351 0.514 (0.277-0.954)

4.1.1.4- Comparacdo entre pacientes com cancer € controles

As caracteristicas clinicas e os parametros de agressividade ao diagndstico e o

seguimento dos pacientes com cancer de tirdide estdo apresentados na tabela 7.

Tabela 7- Distribuicao de dados dos pacientes com carcinoma tiroidiano de acordo com a

histologia e hédbito de fumar comparando-os com caracteristicas clinicas,

incluindo idade (X+DP), sexo (F: feminino; M: masculino), etnia (B: branco;

NB: ndo-branco); estadiamento (presenca de linfonodos, metéstase a distancia) e

86

seguimento.
" Carcinoma Papilifero Carcinoma Folicular
.g Fumante Nao Fumante Fumante = Nao Fumante
5 Idade (X+DP) 42412 45+16,4 54,4+16,5 45,7421,2
S F (%) 65 93 67 96
=2 Sexo
E M (%) 35 7 33 4
s . B (%) 89 82 83 82
< Etnia
© NB (%) 11 18 17 18
o Linfonodos (%) 16 12 8 9
()
'*2 Metéstase a distancia (%) 2 3 14 12
) I+11 (%) 67 66 51 53
o= Estadio
_ II+IV (%) 33 34 49 47
8
5 % de recorréncia e/ou metastase a
£ 14 10 23 21
5 distincia
g0
]
@®
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Quando se analisa os diferentes nddulos tiroidianos, pode-se observar

correlagdo somente entre gendtipo e carcinoma papilifero.

O gendtipo selvagem de CYPIAI ml foi mais freqiiente entre os pacientes com

carcinoma papilifero (74.26%) do que nos controles (62.45%) (p= 0.0147).

Portanto, a presenca das variantes do gene CYPIAI ml protege contra o

desenvolvimento do carcinoma papilifero em 43% como mostra a tabela 8.

Tabela 8- OR e intervalos com 95% de confianga obtidos pelo ajuste do modelo de
regressao logistica univariada, corrigido para sexo e idade, considerando-se o

grupo de carcinoma papilifero.

Variavel p-valor OR IC (95%)

CYPIAI ml 0.0147 0.564 (0.357-0.894)

4.1.1.5- Comparacao entre pacientes com cancer e controles levando-se em conta a

idade

Considerando somente os pacientes com carcinoma papilifero abaixo e acima
de 45 anos de idade, verificou-se que o genétipo selvagem de CYPIAI ml foi mais
freqiiente entre os pacientes com o carcinoma papilifero acima de 45 anos de idade

(78.04%) do que nos controles (60.52%) (p= 0.0128).

A presenca das variantes do gene CYPIAI ml protege contra o

desenvolvimento do carcinoma papilifero em 40% (OR= 0.5936; 95% CI= 0.3869-0.9114).

4.1.1.6- Comparagdo entre pacientes com cancer e tabagismo

O cigarro nao foi um fator de risco independente para o cancer de tiréide nesta
casuistica (p= 0.0941). A andlise de regressdo logistica multivariada mostrou que nos

pacientes com cancer havia uma associagdo entre o risco de desenvolvimento para o
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carcinoma papilifero e o alelo homozigoto selvagem de CYPIAI ml (p= 0.0063; OR=
2.243;95% IC= 1.256-4.008).

Nao se encontrou correlacdo entre o gene CYPIAI com 0s pacientes com

carcinoma folicular.

4.1.1.7- Comparacdo entre CYPIAI e fatores de suscetibilidade

Para investigar a inter-relacao entre os genotipos de CYPIAI e outros fatores de
suscetibilidade, realizou-se a andlise de regressdo logistica multivariada, corrigida para
sexo e idade, considerando apenas os 77 pacientes com tumores tiroidianos e 66 controles
que possuiam todas as avaliagdes clinicas e genotipicas completas, incluindo os gendtipos
CYPIAI ml, CYPIAI m2, GSTM1, GSTTI1, GSTPI e TP53 c6don 72. Somente a heranga
do alelo homozigoto selvagem de CYPIAI ml (p=0.0373) e o habito de fumar (p= 0.0348)
apresentaram uma associacdo inversa significante no risco de cancer de tiréide. Essa
associacdo se manteve tanto para CYPIAI ml (p= 0.0237) quanto para o habito de fumar

(p=0.0348) na andlise dos 47 carcinomas papiliferos que possuiam todos os dados.

Nao se encontrou correlagdo entre os carcinomas foliculares, provavelmente

devido a insuficiéncia do tamanho amostral.

Nao houve associacdo entre qualquer gendtipo ou fator de risco para bécio ou

para adenoma folicular, nem entre si.

Nao se encontrou também, nenhuma relac@o entre os genotipos e 0s parametros

de agressividade ao diagnostico, histologia ou seguimento dos pacientes com cancer.

4.1.2- Analise de dados dos doentes de Graves

Nao houve diferenca entre os individuos-controle e os pacientes com DG em
relacdo ao sexo (175 homens e 399 mulheres versus 100 homens e 300 mulheres - x2;
p= 0.0612), a hébitos dietéticos e atividade fisica; porém, houve uma diferenca quanto a

1dade (43.3+15.7 versus 35.5+13.7 anos; p <0.0001) e etnia (89 ndo-brancos e 485 brancos
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versus 125 ndo-brancos e 275 brancos; p <0.0001). O hébito de fumar foi também diferente
em relacdo a individuos-controle e a pacientes (29,26% fumantes e 70,74% ndo fumantes
versus 36.82% fumantes e 63,18% ndo fumantes) (p = 0.0397; OR= 1.409; 95%
CI=1.023-1.940), como apresentado na tabela 9.

Tabela 9- Distribui¢cdo de dados clinicos dos pacientes que apresentam doenca de Graves e
individuos-controle incluindo idade (X+DP), sexo (F: feminino; M: masculino),

etnia (B: branco; NB: ndo-branco) e tabagismo (P: positivo; N: negativo).

Doenca de Graves Controles
Idade (X£DP) 35.5+£13.7 43.3£15.7
&
2 F(%) 75 69.51
=
5 Sexo
. M(%) 25 30.49
=]
2 B(%) 68.75 84.50
g Etnia
g NB(%) 31.25 15.50
Q
P(%) 36.82 29.26
Tabagismo
N(%) 63.18 70.74

Ap6s um periodo minimo de 12 meses de seguimento, 39 pacientes ainda se
encontravam em tratamento, 274 (75.9%) individuos foram considerados curados e 87

pacientes ainda estavam em hipertiroidismo.

4.1.2.1- Andlise genética

A tabela 10 resume os achados deste estudo, na genotipagem para GSTMI,

GSTT1, GSTPI1, CYPIAI e 72TP53 na populacdo-controle e em pacientes de DG.
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Tabela 10- Distribui¢do dos gendtipos de GSTM1 e GSTT1 (presente= positivo; ausente=

negativo);

GSTPI

e CYPIAI (homozigoto

selvagem, heterozigoto e

homozigoto mutante) e TP53 cédon 72 (Arg/Arg, Arg/Pro e Pro/Pro) entre 0s

400 pacientes com DG e os 574 individuos-controle.

Todos os Casos

Controles DG OR* (95%CI) P
N (%) N (%)
N
3 Negativo 213 | 4365 | 161 | 4025
= Positivo 385 78.89 320 80.00 0.955 0.677-1.349 0.7951
N
% Negativo 103 21.11 80 20.00
Homozigoto
290 59.43 169 42.25
Selvagem
Iy 2.074 1.559-2.760 <0.0001
a Heterozigoto 153 31.35 186 46.50
O -
Homozigoto
45 9.22 45 11.25
Mutante
Homozigoto
173 62.45 52 44.44
~ Selvagem
E 1.971 1.254-3.0987 0.0033
= Heterozigoto 96 34.66 61 52.14
]
B -
(@) Homozigoto
8 2.89 4 342
Mutante
~ Arg/Arg 139 44.98 121 44.65
o~
=
£ Arg/Pro 158 | SLI3 | 115 | 4244 | +685 | 170712861 1 0.0035
o
['e)
& Pro/Pro 12 3.88 35 12.92

* ajustado para sexo, idade e etnia
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4.1.2.2- Analise dos genes GSTM1 e GSTT1

O gene GSTM1 foi ausente em 40.25% dos pacientes com DG e 43.65% dos
individuos-controle (p= 0.4390).

O gene GSTTI foi ausente em 20% dos pacientes com DG e 21.11% dos
individuos-controle (p= 0.7951) como mostrado abaixo, na tabela 11. Infelizmente, o poder
do célculo dessas andlises foi muito baixo (16% e 0.5%, respectivamente). Nao se realizou
o teste de Equilibrio de Hardy-Weinberg para esses genes porque eles sao herdados como

polimorfismos de delecdo e a teoria ndo se aplica a eles.

Tabela 11- OR e intervalos com 95% de confianca dos gendtipos nulos de GSTM1I e

GSTT]I corrigidos pelo sexo, idade e etnia.

Variavel p-valor OR IC(95%)
GSTM1 0.4390 0.895 (0.675-1.186)
GSTTI 0.7951 0.955 (0.677-1.349)

4.1.2.3- Analise do gene GSTP1

Os pacientes com DG possuem as variantes do genétipo GSTPI em ndmero
maior (homozigoto selvagem= 42.25%, heterozigoto= 46.50%, homozigoto
mutante= 11.25%) do que o observado na populagdo controle (homozigoto

selvagem= 59.43%, heterozigoto= 31.35%, homozigoto mutante= 9.22%; p <0.0001).

A andlise de regressao logistica multivariada, corrigida para sexo, idade e etnia
mostrou que a heranga para as variantes alélicas de GSTPI aumentou o risco da DG em
mais de duas vezes (OR= 2.074, 95%ClI= 1.559-2.760) com um poder do célculo de 99%.

O grupo-controle ndo se encontra em equilibrio de Hardy-Weinberg.

Quando os dados também foram corrigidos para o tabagismo a suscetibilidade
de desenvolver a DG aumentou: OR= 2.125, 95%CI= 1.521-2.969 (p<0.0001), como

mostra a tabela 12:
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Tabela 12- OR e intervalos com 95% de confianga das variantes alélicas de GSTP].

Variavel p-valor OR IC(95%)
<0.0001 2.074 (1.559-2.760)*
GSTP1
<0.0001 2.125 (1.521-2.969)**

* ajustada para sexo, idade e etnia;

** ajustada para sexo, idade, etnia e tabagismo.

4.1.2.4- Andlise do gene CYPIAI ml

Também se observou que as variantes de CYPIAI ml foram mais freqiientes
em pacientes com DG (homozigoto selvagem= 44.44%, heterozigoto= 52.14%, homozigoto
mutante= 3.42%) do que nos individuos-controle (homozigoto selvagem= 62.45%,

heterozigoto= 34.66%, homozigoto mutante= 2.89%) (p<0.0033).

A andlise de regressao logistica multivarida indicou que a heranga das variantes
do gene CYPIAI ml aumentou a suscetibilidade a DG em quase duas vezes (OR= 1.971,
95%Cl= 1.254-3.098), com um poder do célculo de 87%. O grupo-controle se encontrava
em equilibrio de Hardy-Weinberg.

A corre¢do para o tabagismo reduziu ligeiramente o OR (OR= 1.884;

95%ClI= 1.187-2.990; p = 0.0072), como mostra a tabela 13:

Tabela 13- OR e intervalos com 95% de confianga das variantes alélicas de CYPIAI ml.

Variavel p-valor OR IC(95%)

<0.0033 | 1.971 (1.254-3.098)*
CYPIAI ml

<0.0072 1.884 (1.187-2.990)**

* ajustada para sexo, idade e etnia;

** ajustada para sexo, idade, etnia e tabagismo.
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4.1.2.5- Analise do gene TP53 c6don 72

Em relacdo a andlise das variantes do codon 72 de TP53, observou-se uma

distribuicao semelhante do alelo homozigoto selvagem em pacientes e controles.

Contudo, o alelo Pro/Pro foi mais freqiiente na DG do que nos controles
(p= 0.0007), indicando que a heranca do alelo Pro/Pro aumenta o risco para a DG em
quase trés vezes (OR= 2.984; 95%IC= 1.433-6.217), com poder de célculo de 97%. O

grupo-controle nao se encontrou em equilibrio de Hardy-Weinberg.

Quando corrigimos para o tabagismo, o risco para a DG aumentou em mais de

quatro vezes: OR=4.685; 95%IC= 1.707-12.861; p = 0.0027, como mostra a tabela 14:

Tabela 14- OR e intervalos com 95% de confianca das variantes alélicas de TP53

co6don 72.
Variavel p-valor OR IC(95%)
<0.0007 2.984 (1.433-6.217)*
72TP53
<0.0027 4.685 (1.707-12.861)**

* ajustada para sexo, idade e etnia;

** ajustada para sexo, idade, etnia e tabagismo.

4.1.2.6- Comparacdo entre os genotipos, a DG e levando-se em conta a idade

Como a DG tipicamente ocorre mais em adultos jovens, foi comparado os

gendtipos de pacientes abaixo e acima de 25 anos de idade.

A andlise de regressdo logistica multipla, ajustada para idade, sexo e etnia,
mostrou que apenas as variantes de GSTP/ sao fatores de risco em individuos com menos
de 25 anos de idade (OR= 17.798; 95%Cl= 6.125-51.719; p <0.0001), enquanto que em
individuos acima de 25 anos de idade as variantes dos gendtipos de GSTP1 (OR= 1.684;
95%Cl= 1.244-2.279; p= 0.0007), CYPIAImI (OR= 2.096; 95%Cl= 1.283-3.424;
p= 0.0031) e a variante Pro/Pro 72TP53 (OR= 2.609; 95%CI= 1.207-5.638; p = 0.0147)

apareceram como fatores de suscetibilidade a doencga.

Resultados

93



4.1.2.7- Comparagdo entre os genétipos, a DG e o tabagismo

A anélise de regressdo logistica multivariada, corrigida para o sexo, identificou
o hébito de fumar como fator de risco independente que aumenta a suscetibilidade para a
oftalmopatia de Graves em mais de duas vezes (OR= 2.243; 95%Cl= 1.325-3.797,
p = 0.0026). Nenhum dos gendtipos estudados estd relacionado com o desenvolvimento da

oftalmopatia de Graves.

4.1.2.8- Comparagdo entre os genoétipos e fatores de suscetibilidade

Para examinar o papel dos gendtipos investigados e outros fatores de
suscetibilidade na DG aplicou-se uma andlise de regressdo “stepwise” (gradual) que
confirmou a heranca das variantes de GSTPI (OR= 1.881; 95%CI= 1.201-2.946;
p=0.0058) e do alelo Pro/Pro de 72TP53 (OR= 5.784; 95%Cl= 1.688-19.816; p= 0.0052)

como fatores de risco significantes.

Nao houve nenhuma associacdo dos genétipos de GSTMI, GSTTI, GSTPI,
CYPIAI ml e TP53 cédon 72 entre si.

Também ndo se encontrou qualquer associacdo entre os genétipos investigados
e as caracteristicas clinicas dos pacientes, inclusive o tamanho de bdécio, niveis de hormonio

tiroidiano e a presenga de anticorpos antitiroidianos.

Nao houve relagdo entre qualquer gendtipo e a evolucio para cura ou ndo dos

pacientes.
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5.1- Epidemiologia Molecular

Knudson (1985) propds uma teoria que permite classificar os individuos e as
populacdes quanto as participagdes dos fatores ambientais e genéticos no desenvolvimento
de doencas e diz que hd mutagdes que conferem alto risco individual de um tipo particular
de cancer, por exemplo, em algum estigio da vida, independente do ambiente. Os
individuos dessa populagcdo sdo ditos predispostos e constituem minoria. Por outro lado,
existe um grupo maior de pessoas que t€m menores chances para o desenvolvimento de
doencas, mas seus riscos ainda sdo mais elevados que os da populacdo geral, pois

respondem a exposicdo ambiental (Knudson, 1985).

Assim, a precisa identificacdo de marcadores de suscetibilidade ¢ de
fundamental importancia na predisposi¢do de riscos (Albertini, 1999). Por isso, faz-se
necessario o uso de biomarcadores como “‘indicadores sinalizando eventos em amostras ou

sistemas bioldgicos” (Nebert et al, 1996; Yuspa, 2000).

O principio bdsico dos marcadores de suscetibilidade reside na diferenca
interindividual que confere graus de sensibilidade as doencas induzidas pelo ambiente.
Esses marcadores podem incluir caracteristicas genéticas, diferengcas no metabolismo ou na
capacidade diferencial de um 6rgdo de se recuperar de agressdes ambientais

(Bartsch e Hietanen, 1996; Taningher et al, 1999).

Entre os marcadores de suscetibilidade mais comuns estdo as diferencas
genéticas na capacidade das células repararem lesdes no DNA causadas por agentes
ambientais (Spitz e Bondy, 1993; Kaderlik e Kadlubar, 1995). Um outro tipo de
biomarcador de suscetibilidade baseia-se no fato de muitos xenobidticos ndo serem
capazes de provocar os efeitos prejudiciais, sendo alterados por enzimas, cujas
modificacdes podem aumentar ou diminuir a habilidade dessas substancias interagirem com

as biomoléculas informacionais (Guengerich, 2000).
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5.2- Fatores ambientais e o cancer de tiréide

Um aumento continuo da incidéncia de cancer de tiréide tem sido registrado
durante as ultimas décadas no Brasil e em todo o mundo (Steliarova-Foucher et al, 2006;
Haselkorn et al, 2000; Liu et al, 2001; Burgess 2002; Coeli et al, 2005;
Reynolds at al, 2005). A maior dificuldade é entender como ocorre o CDT. A exemplo de
outros tumores, relata-se que a causa do cincer de tiréide estd associada a um fator
ambiental, principalmente pela exposi¢do a radiacdo ionizante, além dos fatores fisicos,
quimicos e ambientais que influenciam no desenvolvimento do céancer de tirdide

(Jacob et al, 2006).

Indmeros polimorfismos t€m sido investigados com o objetivo de se delinearem
modelos poligenéticos da suscetibilidade ao cancer. Tais modelos sdo particularmente
interessantes para o cancer de tiréide. De fato, nddulos tiroidianos sdo detectados por
ultrassonografia em aproximadamente 67% da populacdo, sendo que poucos sdo malignos e
requerem tratamento cirdrgico (Castro e Gharib, 2005). Por essa razdo, um método de
rastreamento capaz de identificar individuos que apresentam risco maior para desenvolver
cancer de tirdide poderia selecionar individuos para tratamentos preventivos ou ainda para
encaminhd-los a intervencdo diagndstica e terapéutica precoces, determinando quais
pacientes com nédulos tiroidianos se beneficiariam de terapias especificas

(Wogan et al, 2004).

Os genes envolvidos no metabolismo de xenobidticos podem ser interessantes
para delinear modelos de risco. A habilidade individual de biotransformar substincias
potencialmente téxicas tem sido associada com maior ou menor suscetibilidade a agentes
téxicos e ao risco para cancer. Individuos incapazes de detoxificar adequadamente
substancias agressivas ou metabodlicos carcinogénicos podem sofrer um dano direto no
DNA ou um dano celular, com a formacdo de elementos quimicos e macromoléculas que

podem causar instabilidade gendmica (Wogan et al, 2004).

Inimeros estudos realizados em diferentes populagdes tém correlacionado os
polimorfismos de CYPIAI a diferentes tipos de cancer, geralmente relacionados a alta

atividade oxidativa das enzimas de fase I (Vineis 2002; Agundes, 2004).
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Os dados deste estudo demonstram uma associag¢do inversa significante entre
CYPIAI ml e o habito de fumar no risco para o desenvolvimento do cancer de tirdide.
Demonstrou-se que o alelo homozigoto selvagem de CYPIAIml é mais freqiiente tanto em
nédulos tiroidianos quanto em carcinomas papiliferos do que nos individuos-controle,
sugerindo que a fumaca do cigarro e outros metabdlitos dependentes da ativacdo de
CYPIAI nao estao implicados no risco para a formacdo de bocio nem no processo da

malignidade tiroidiana.

Esta observagdo vai de encontro a varios estudos epidemiolégicos que ndo siao
capazes de associar a fumaca do cigarro com o cancer tiroidiano e a dados que mostram um
baixo risco de cancer de tiréide entre fumantes. Mack et al (2003), reunindo 13 trabalhos do
tipo caso-controle que estudavam a associacdo entre a fumaca do cigarro e o cancer de
tiréide, mostraram que o risco para desenvolver cancer de tirdide estava reduzido em 40%
entre fumantes (Mack et al, 2003). Estudos realizados tanto na populacdo canadense quanto
na norte-americana ndo conseguiram demonstrar nenhuma associacdo entre o hébito do
tabagismo e o risco para o cancer de tiréide (Iribarren et al, 2001; Navarro Silvera

et al, 2005).

Por outro lado, os dados aqui achados demonstraram que CYPIA [ influencia no
risco para o desenvolvimento de nddulos tiroidianos somente em individuos acima de 45
anos de idade, sugerindo que a patogé€nese de tumores tiroidianos pode ser devida a
continua exposi¢do a um ou mais produtos carcinogénicos metabolizados pelas enzimas

oxidativas de Fase 1.

E importante lembrar que CYPIAI deve ser apenas um de vérios genes de
detoxificagdo que atuam em diferentes substratos e sdo tecido-especificos, de forma que a
sua acdo em conjunto € que determina o desenvolvimento de tumores. Diferentes fatores
ambientais podem estar implicados na patogénese do carcinoma folicular, explicando
porque nao se encontrou nenhuma relagao entre os genétipos de CYP, cigarro e o risco para
esse tumor. Aliado a isso, o resultado de nossos dados seguramente pode estar relacionado

ao pequeno ndmero relativo de carcinomas foliculares inclusos neste trabalho.

Nio encontramos nenhuma correlagdo entre os genes estudados pertencentes as

enzimas de Fase I e II no risco para o cincer de tirdide ou nos diagnosticos dos pacientes.
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5.3- Doenca de Graves e a suscetibilidade a fatores ambientais

Assim como o cancer, a DG € considerada uma doenga multifatorial na qual o
desenvolvimento da resposta auto-imune contra antigenos tiroidianos € facilitado por um
determinado, mas ainda pouco conhecido, contexto poligénico. Os fatores ambientais
provavelmente provocam ou desencadeiam o desenvolvimento da doenga em individuos
geneticamente suscetiveis, como indicado pelo indice baixo de concordancia em gémeos
monozigdticos entre outras evidéncias (Weetman, 2003; Prummel et al, 2004;

Brix et al, 2001; Tait e Cough, 2003; Tomer e Davies, 2003).

A associacdo de diversos polimorfismos especificos em um mesmo individuo
seria necessaria para o seu desenvolvimento. Entre os polimorfismos mais estudados estio
o dos genes codificadores do sistema HLA, do receptor de linfécitos T-helper, do antigeno
4 dos linfécitos T citotéxicos (CTLA-4), e de vdrias citocinas (Wang e Crapo, 1997;
Gough, 2000).

Tem sido demonstrado que alguns agentes quimicos ambientais podem alterar o
sistema imune em diferentes espécies (Gilbertson et al, 2003; Nichenametla et al, 2004).
Em humanos, a exposi¢do a xenobidticos ambientais, inclusive o tabagismo, foi proposta
como um dos fatores de iniciagdo que levam a perda da tolerdncia a auto-proteina em
individuos geneticamente suscetiveis a um nimero elevado de doencas, inclusive as

doencas auto-imunes tiroidianas (Aune et al, 2004; Kita et al, 2004; Fourneau et al, 2004).

O tabagismo € um fator bem reconhecido do risco de desenvolvimento da DG e
sobretudo para a OG (Vestergaard, 2002). Uma meta-andlise que reuniu 435 casos e 777
controles mostrou que o risco para OG foi significativamente maior em pacientes tabagistas
com a DG. O mesmo estudo mostrou que risco para a DG foi menor em homens do que em
mulheres (Vestergaard, 2002). Os dados aqui apresentados confirmam a literatura atual que
indica que o tabagismo desempenha um papel importante no risco a DG e maior ainda na

OG (Vestergaard, 2002).

Winsa et al (1993) estudaram 208 pacientes com DG e encontraram que o
numero de pacientes tabagistas com DG foi significativamente maior do que nos individuos
controle. Analisaram também individuos com DG e OG e encontraram que 64% dos

pacientes tabagistas possuiam OG moderada e 71% com OG severa (Winsa et al, 1993).
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Os resultados encontrados neste estudo sugerem que os individuos com
variantes de GSTPI podem ser mais suscetiveis a indugdo da auto-imunidade, talvez pela
acdo de produtos ambientais ou endégenos que dependem da acdo da enzima GSTPI, mas
ndo da GSTM1 ou GSTTI para sua detoxificacdo. As variantes de GSTPI possuem uma
capacidade reduzida na detoxificacdo de substancias envolvidas no estresse oxidativo e na
resposta celular ao dano de DNA (Hayes e Strange, 2000; Cao et al, 2003). O fato de o
tabagismo ter aumentado o risco na associagdo de GSTPI com a DG sugere que alguns dos
mais de 4000 compostos toxicos aspirados ou ingeridos ao se fumar possam estar
implicados no desenvolvimento desta doenga. As enzimas GST sdo sujeitas a regulacdo por

hormonios tiroidianos, além de GH, insulina e hormdnios sexuais (Coecke et al, 2000).

Tanto o T3 como T4 reduzem a atividade das GSTs, sugerindo que o estado de
hipertiroidismo poderia exercer uma influéncia na resposta a drogas antitiroidianas ou até
mesmo ao tratamento com radioiodo (Coecke et al, 2000). No entanto, ndo se encontrou
evidéncia de qualquer relacdo entre o estado tiroidiano, a evolucdo dos pacientes e seu

perfil genotipico para GSTs.

Este estudo demonstrou que as variantes de CYPIAI ml estdo relacionadas a
suscetibilidade a DG. O sistema de enzimas P450 é um dos mais primitivos existentes,
supondo-se que vem se desenvolvendo hd mais de 3,5 bilhdes de anos. Entretanto, durante
o metabolismo oxidativo essas enzimas sdo capazes de gerar compostos toxicos
intermedidrios que podem estar envolvidos no desencadeamento da DG, como os dados
aqui sugerem (Vineis, 2002). As enzimas de CYP, juntamente com o alelo Pro/Pro de
72TP53, talvez participem no metabolismo de algumas toxinas de efeitos cumulativos, ja

que parecem ser mais importantes em individuos acima de 25 anos.

O papel da variante homozigota Pro de TP53 na suscetibilidade a DG € mais
dificil de ser interpretado. Danos no DNA e alteracdes nos mecanismos de apoptose podem
estar associados a doengas auto-imunes tiroidianas, como sugere o achado de anticorpos
anti-p53, que podem ser detectados nos soros de aproximadamente 4 % de pacientes com

suspeitas de doenca autoimune tiroidiana (Fenton et al, 2000).
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O papel da morte celular programada em doengas auto-imunes ainda € muito
pouco entendido, mas € razodvel assumir que a apoptose contribui, pelo menos
parcialmente, na regulacdo da maturacdo e do controle da resposta imune mediada pelos
linfécitos T e B (Duke et al, 1996). O papel das variantes de 7P53 em tumores relacionados
com o tabagismo foi extensivamente investigado e os polimorfismos de 7P53 e GSTs foram
até implicados em doencgas vasculares como aterosclerose (Wang e Wang, 2005) e uma
série de doencgas auto-imunes como lipus (Lee et al, 2005), artrite reumatdide
(Lee et al, 2001; Morinobu et al, 2006), sindrome de Guillain-Barré (Kim et al, 2006;
Stavropoulou et al, 2007; Kuwabara, 2007).

Os resultados deste trabalho indicam que a heranca homozigota ProTP53

também desempenha um papel importante no risco da DG, especialmente entre fumantes.

Virios estudos foram feitos até hoje na tentativa de se descobrir quais os fatores
desencadeadores da DG e da OG e quais os mecanismos responsaveis pela perpetuacdo da
acdo auto-imune. Os polimorfismos de estruturas celulares das células foliculares e do
sistema imunoldgico podem ser fatores importantes nestes fendmenos. Como a heranga da
doenca € atribuida a multiplos genes, a associacdo de diversos polimorfismos especificos

em um mesmo individuo seria necessdria para seu desenvolvimento (Carneiro et al, 2003).

Ja que ndo foi encontrada qualquer associagcdo entre caracteristicas clinicas,
oftalmopatia, cura e ndo cura e os genotipos estudados, supde-se que esses polimorfismos
nao devem ser uteis como indicadores da gravidade da doenga ou da sua resposta ao
tratamento. Por outro lado, considerando que a DG é uma das doengas auto-imunes mais
comuns, as conclusdes obtidas podem contribuir para delinear um modelo poligenético da
suscetibilidade a esta doenga. No futuro, podera servir de base a estudos para sua prevencao
ou diagndstico precoce. Além disso, a heranca dessas enzimas pode ajudar a explicar a

relacdo observada entre o habito de fumar e esta doenga auto-imune.
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6- RESUMO DOS ACHADOS
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Em resumo,

1.

Investigamos a influéncia do gene CYPIAI ml e m2 na suscetibilidade ao

cancer de tirdide;

. Avaliamos a associacdo entre os genes CYPIAI ml e m2 e os genes do

sistema glutationa s-transferase, ji genotipados em nosso laboratério em

cancer de tirdide, e a sua resposta ao tratamento;

. Analisamos a influéncia da heranca polimoérfica dos genes GSTT1, GSTM1,

GSTP1, CYPIAI e 72TP53 na suscetibilidade a doenca de Graves e na sua

resposta ao tratamento.

A partir dos dados obtidos, podemos dizer que:

o

A heranca das variantes do gene CYPIAI ml diminui o risco para o

desenvolvimento de nédulos tiroidianos em 37%;
O gene CYPIAI m2 nao tem relacdo com nédulos tiroidianos;

Nao existe associacdo entre os genétipos de CYPIAI ml ou m2 e os

genétipos de GSTM 1, GSTT1, GSTP1 e TP53 c6don 72;

A presenca das variantes de CYPIAl ml diminui o risco para o
desenvolvimento de nodulos tiroidianos em individuos acima de 45 anos de

idade em 47% (OR= 0.527; 95%CI= 0.306-0.907) (p= 0.0209);

A presenca das variantes CYPIAI ml protege contra o desenvolvimento do
carcinoma papilifero em 43%, e em individuos acima de 45 anos de idade

em 40%;

O habito de fumar nao é um fator de risco independente para o cancer de

tirdide;

Nao existe associacdo entre o gene CYPIAI ml e m2 e a resposta ao

tratamento dos pacientes com nddulos tiroidianos;
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Nao existe relacdao entre os genes GSTMI e GSTTI e a suscetibilidade a

doenca de Graves;

A heranga para as variantes alélicas de GSTPI aumenta o risco para a
doenca de Graves em mais de duas vezes. Este risco aumenta quando

correlacionamos essas variantes ao tabagismo;

A heranca das variantes do gene CYPIAI ml sozinhas ou quando associadas
ao tabagismo aumentam a suscetibilidade a doenga de Graves em quase duas

VEZES;,

A heranca do alelo Pro/Pro de TP53 aumenta o risco para a doenca de
Graves em quase trés vezes e quando associamos ao habito tabagista este

risco aumenta em mais de 4 vezes;

As variantes de GSTP/ sao fatores de risco em individuos com menos de 25
anos de idade enquanto que em individuos acima de 25 anos de idade apenas
as variantes de GSTPI1, CYPIAI ml Pro72TP53 apareceram como fatores

de suscetibilidade a doenga;

7z

O héabito de fumar € um fator de risco independente que aumenta a

suscetibilidade para a oftalmopatia de Graves em mais de duas vezes;

Nenhum dos genétipos estudados estd relacionado ao desenvolvimento da

oftalmopatia de Graves e as caracteristicas clinicas estudadas dos pacientes;

N3o ha nenhuma associa¢do entre os genétipos GSTMI, GSTTI, GSTPI,
CYPIAI ml e TP53 c6don 72 na doenga de Graves;

Nao houve relac@o entre qualquer genétipo e a evoluc@o para cura ou nao

dos pacientes.

Resumo dos Achados

106



7- CONCLUSAO
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Foi demonstrado que o hédbito de fumar se correlaciona inversa e negativamente
com o perfil genotipico para CYPIAI no risco de desenvolvimento de nddulos e cancer da
tirdide de tipo papilifero. Ao contrdrio, o habito de fumar se correlaciona ao risco de

desenvolvimento de doenca de Graves.

N

Um perfil genotipico para genes relacionados a suscetibilidade a doencas
tiroidianas podera selecionar grupos que podem se beneficiar de medidas preventivas e/ou

de intervengdes diagnosticas e terapéuticas.
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Faculdade de Ciéncias Médicas
MITE DE ETICA EM PESQUISA
X Caixa Postal 6111

: 13083-970 Campinas, SP
MR AMP ® (0__19) 3788-8936
fax (0__19) 3788-8925

CEP, 06/06/03
(PARECER 072/98)

PARECER

I-IDENTIFICACAO:

PROJETO: “ESTUDO DO ENVOLVIMENTO DOS ONCOGENES E GENES
SUPRESSORES TUMORAIS NA PATOGENIA DAS NEOPLASIAS DE PELE,
GLANDULA MAMARIA, ADRENOCORTICAL E DA TIROIDE HUMANA”

PESQUISADOR RESPONSAVEL: Laura Sterian Ward

O - PARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP
tomou céenc!a e aprovou a emenda que altera o titulo para “GENES ENVQLVIDOS NA
PATOGENIA DAS NEOPLASIAS”, referente ao protocolo de pesquisa supracitado.

Recomendamos que a cada tipo de novo tipo cincer incluido na pesquisa seja
informado ac CEP/FCM.

Aprovado “ad referendun” em 06 de junho de 2003.

Profa. Dra ammﬁ Bertuzzo
PRESIDENTE DO COMITE D CA EM PESQUISA
FCM / UNICAMP
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- PONTIFICIA UNIVERSIDADE CATOLICA DE CAMPINAS
P l I C CENTRO DE CIENCIAS DA VIDA

COMITE DE ETICA EM PESQUISA
CAMPINAS

PONTIFICIA UNIVERSIDADE CATOUICA

Campinas, 19 de Agosto de 2005 Protocolo 332/04
Prezado Senhor Jo&o Hamiltan Romaldini,

Parecer Projeto: APROVADO

| - Identificagdo: .

Titulo do projeto (completo): “PERFIL GENOTIPICO DE PACIENTES COM DOENCA
DE GRAVES E SUA INFLUENCIA NA RESPOSTA TERAPEUTICA”.

Pesquisador (a) responsavel: JOAO HAMILTON ROMALDINI, ROBERTO BERNARDO
DOS SANTOS E LAURA STERIAN WARD.

Instituigdo onde se realizara. ENDOCRINOLOGIA ~ HOSPITAL E MATERNIDADE
CELSO PIERRO ~ PUC-CAMPINAS.

Data de apresentagédo dos esclarecimentos solicitados pelo CEP: 19/08/05
Apresentar relatério: AO TERMINO DA PESQUISA.

il = Objetivos:

Determinar o perfil genotipico de pacientes com Doenca de Graves com e sem
oftalmologia.

Correlacionar tal perfil com a resposta as diferentes modalidades terapéuticas utilizadas
no tratamento da Doenca de Graves.

Il - Sumario do projeto:

O estudo incluira a avaliagéo dlinica e ocular prospectiva em 150 pacientes com Doenca

de Graves hipertiroidianos. Serdo avaliados também 150 individuos que néo apresentem

Doenga de Graves (grupo controle) ou historia familiar de doenca tiroidiana. Estes

pacientes serdo submetidos a dosagens de TSH e anticorpo antiperoxidase para excluso

de doenca auto-imune tircidiana. Os pacientes serao divididos em 3 grupos:

« Pacientes em remissao anteriormente tratados com drogas antitiroidianas;

« Pacientes submetidos a radioiodoterapia que foram curados com uma unica dose,

« Pacientes submetidos a radioiodoterapia que necessitam de 2 doses ou mais para
serem curados.

Sera analisa a influéncia do perfil genotipico (CTLA-4) na evolugdo (cura) dos diferentes

tratamentos.

Serdo avaliados de acordo com a evolugdo da oftalmopatia, e divididos novamente em 3

grupos:

G1 — Radioiodo associado com prednisona.

G2 — Somente radioiodo.

G3 — Uso de farmaco antitiroidiano.

IV - Parecer do CEP:

Apds andlise da mudanga realizada no projeto (inclusdo de um grupo controle), e dos
esclarecimentos solicitados no parecer de 01.08.05, o parecer ad referendum do Comité
de Etica em Pesquisa é o que segue:

Av. John Boyd Duniop, S/N° Jardim [paussurama Campinas SP - CEP 13059-900
Talefane: MYY40\ 2790 RANA - Eav- NYY10) 31720 ARDA - Amail cnmitedesaticaf®onc-campinas. edu. br
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POMTIFICIA LINIVERSIOADE CATOUCA

Dessa forma, e considerando a ResolugZo no. 196/96 item VIL.13.b, que define as
atribuigGes dos CEPs e classifica os pareceres emitidos aos projetos de pesquisa
envolvendo seres humanos, e, ainda que a documentacdo apresentada atende ac
solicitado, emitiu-se o segundo parecer para a presente modificagdo feita no projeto:
Aprovado.

V - Informagées Complementares

O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu
consentimento em qualquer fase da pesquisa, sem penalizagdo alguma e sem prejuizo ac
seu cuidado (Res. CNS 196/96 — Item [V.1f) e deve receber uma cdpia do Termo de
Consentimento Livre e Esclarecido, na integra, por ele assinado (ltem 1V.2.d).

Incluir no Termo de Consentimento Livre e Esclarecido que o projeto foi avaliado por um
Comité de Etica em Pesquisa, assim como, incluir o telefone do mesmo.

Pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e
descontinuar o estudo somente apds andlise das razdes da descontinuidade pelo CEP
que o aprovou (Res. CNS Item IIl.1.2), exceto quando perceber risco ou dano ndo previsto
ao sujeito participante ou quando constatar a superioridade do regime oferecido a um dos
grupos de pesquisa (ltem V.3.).

O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o
curso normal do estudo (Res. CNS ltem V 4.). E papel do pesquisador assegurar medidas
imediatas adequadas frente a evento adverso grave ocorrido (mesmo que tenha sido em
outro centro) e enviar notificagio ao CEP e a Agéncia Nacional de Vigilancia Sanitana —
ANVISA — junto com seu posicionamento.

Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP de
forma clara e sucinta, identificando a parte do protocolo a ser modificada e suas
justificativas. Em caso de projeto do grupo | ou Il apresentados anteriormente a ANVISA,
o pesquisador ou patrocinador deve envia-las também a mesma junto com o parecer
aprovatério do CEP, para serem juntadas ao protocolo inicial (Res. 251/97, Item 111.2.e.).
Relatérios parciais e final devem ser apresentados ao CEP, de acordo com os prazos
estabelecidos na Resolugdo CNS-MS 196/96.

VI - Data da aprovacao: 19/08/2005

Sendo s6 o que nos cumpre informar, aproveitamos da oportunidade para renovar votos
de estima e considerac¢ao.

Atenciosamente.
%‘&Zﬂ@h uiza “ruz
Coordenadora do C.E.P.S.H.P
PUC-Campinas

Av. John Boyd Dunlop, S/N° Jardim Ipaussurama Campinas SP - CEP 13059-900
Telefone: (0XX19) 3729.6808 - Fax: (0XX19) 3729.6806 - e-mail: comitedeetica@puc-campinas.edu.br
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MINISTERIO DA SAUDE
Conselho Naclonal de Saude
Comissao Macional da Etica em Pesquisa - CONEP

PARECER N° 163/2005

Registro CONEP: 11012 (Este n° deve ser do nas correspondéncias reterentes a este projeto)

Registro CEP: 036/04 Processo n° 25000.151568/2004-51
Projeto de Pesquisa: 'Mutagbes do Gene CTLA 4 e Associagoes com
endocrinopatias auto-imunes”
Pesquisador Responsével: Dr. Adriano Namo Cury (orientando)
Dr. Osmar Monte (orientador)
Instituicao: Irmandade da Santa Casa de Misericordia de Sao Paulo
rea Tematica Especlal: Genética Humana

Ao se proceder a andlise do projeto de pesquisa em questao, em
resposta ao Parecer n° 2411/04, cabem as seguintes consideragoes:

a) as informagbes enviadas relativas a adequagac do Termo de
Consentimento Livre e Esclarecido, atendem aos aspectos fundamentais da Res.
CNS 196/96 sobre diretrizes @ normas regulamentadoras de pesquisas envolvendo
seres humanos,

b) o projeto foi aprovado pelo Comité de Etica em Pesquisa — CEP

da instituigao supracitada.

Diante do exposto, a Comissao Nacional de Etica em Pesquisa —
CONEP, de acordo com as atribuigoes definidas na Res. CNS 196/96,
manifesta-se pela aprovagao do projeto de pesquisa proposto.

Situagao: Projeto aprovado.

Brasilia, 28 de janeiro de 2005.

%/ }éﬁ wll. "’)gez.me-
/' WILLIAM SAAD HOSSNE
Coordenador da CONEP/CNS/MS
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LABORATORIO DE GENETICA MOLECULAR DO CANCER
UNIVERSIDADE ESTADUAL DE CAMPINAS
Faculdade de Ciéncias Médicas
Departamento de Clinica Médica

TERMO DE CONSENTIMENTO

Projeto de Pesquisa em Doencas Cronicas da Tiréide
Orientadora: Prof® Laura Sterian Ward

Paciente ou responsével pelo paciente

2316 (S (oo TP
TeIEfONE. ..o

Concordo em doar sangue para pesquisa de genes (contidos no DNA) que podem
estar envolvidos em doencas tiroidianas. Sei que se trata de uma pesquisa cientifica e
concordo que os dados de meu caso, registrados no meu prontudrio médico, sejam usados
para avaliar a importancia dos genes, sabendo que meu nome assim como meus dados
clinicos e de laboratério ndo serdo individualmente citados e que nenhum momento meu
diagndstico ou tratamento serdo prejudicados por tal doacdo. Também sei que esta pesquisa
pode trazer beneficios para a cura ou o tratamento das doencas tiroidianas no futuro,
mesmo que eu ndo me beneficie disso agora. Nao terei nenhum gasto com a doa¢do do meu
material para esta pesquisa e sei que poderei cancelar minha decisdo e deixar de participar
em qualquer momento. Também ndo serei submetido a qualquer procedimento que nao faca
parte da rotina de meu tratamento normal, sob a orientacao de meu médico habitual.

Estou consciente da importancia de minha participagdo da qual posso desistir em
qualquer momento. Fui informado de que este projeto estd aprovado pelo Comité de Etica

em pesquisa e sei que poderei obter todas as informacdes que desejar e necessitar no fone:
(19) 3521-8954.

Prof* Dra. Laura Sterian Ward — Coordenacdo do GEMOCA - Medicina Interna
Cl Méd./ FCM — UNICAMP Cidade Universitaria CEP: 13081-970 Campinas, Sao Paulo.
019 — 3521-8954 e-mail: ward @unicamp.br
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Smoking and susceptibility to thyroid

cancer: an inverse association with CYP1A1

allelic variants

Natassia E Bufalo, Janaina L Leite, Ana C T Guilhen, Elaine C Moratri,
Fabiana Granja, Ligia V M Assumpcao and Laura S Ward

Laboratory of Cancer Molecular Genetics, Medical Sciences School, State University of Campinas — UNICAMP, Sao Paulo, Brazil

(Requests for offprints should be addressed to L S Ward who is now at Tessalia Vieira de Camargo 126, 13084-970 Campinas, Sao
Paulo, Brazil; Email: ward @ unicamp.br)

Abstract

In contrast to most human malignancies, epidemiologic studies have frequently reported a
reduced risk of differentiated thyroid cancer in tobacco consumers. Cytochrome P4501A1
(CYP1AT) gene variants may be related to an increased capacity to activate polycyclic aromatic
hydrocarbons, producing highly reactive electrophilic intermediates that might damage DNA.
Hence, the germline inheritance of a wild-type CYP1A1 gene may decrease the susceptibility for
thyroid cancer. The present study was designed to investigate CYP1A1 (m1 and m2) role in
thyroid tumorigenesis and its connection with GSTM1, GSTT1, GSTP1, GSTO1, and codon 72 of
p53 genotypes. A total of 248 patients with thyroid nodules, including 67 benign goiters, 13
follicular adenomas, 136 papillary carcinomas, and 32 follicular carcinomas, and 277 controls with
similar ethnic backgrounds were interviewed on their lifetime dietary and occupational histories,
smoking habit, previous diseases, and other anamnestic data. DNA was extracted from a blood
sample and submitted to PCR-restriction fragment length polymorphism assays. The wild-type
CYP1A1m1 genotype was more frequent among papillary carcinoma patients (74.26%) than in
the control population (62.45%; P=0.0147), reducing the risk for this type of cancer (odds ratio=
0.564; 95% confidence interval=0.357—-0.894). A multiple logistic regression analysis showed an
inverse correlation between cigarette smoking (P=0.0385) and CYP1A1 germline inheritance
(P=0.0237) with the susceptibility to papillary carcinomas. We were not able to find any
correlation between smoking, clinical features, parameters of aggressiveness at diagnosis or
during follow-up, and any of the GST or CYP genotypes considered separately or in different
combinations. We suggest that CYP1A1 genotype might be associated with the reported reduced
risk to papillary carcinomas among smokers.

Endocrine-Related Cancer (2006) 13 1185-1193

Introduction

Epidemiologic studies show that 80-90% of all cancers
are related to environmental factors, such as smoking,
occupational, and dietary exposures (Doll & Peto
1981). It is well established that highly penetrant genes
explain less than 5% of all cancers, but the proportion
attributable to genetic polymorphisms of low penetrant
genes, such as the ones involved in xenobiotic
metabolism, and their interactions with environmental
exposures are much less clear (Vineis 2002).
Cigarette smoking is directly responsible for
approximately 90% of lung cancer cases, and is the

Endocrine-Related Cancer (2006) 13 1185-1193
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leading cause of cancer-related deaths in the world
(International Agency for Research on Cancer 2002,
Levitz et al. 2004). Smoking is causally associated
with oral cavity, laryngeal, oropharyngeal, and
hypopharyngeal cancer and increases the risk of
leukemia, sinonasal, nasopharyngeal, and esophageal
cancer (International Agency for Research on Cancer
2002). Furthermore, cigarette smoking has been
proved as a risk factor for developing cancer of the
stomach and pancreas (International Agency for
Research on Cancer 2002). Interestingly, the risk for
thyroid cancer has been frequently reported as
decreased in both men and women smokers, in the
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two major histological groups (papillary and follicular
cancers) from all geographic regions (Mack et al. 2003).

Most procarcinogens in tobacco products require
biotransformation and metabolic activation before they
are able to react with DNA. This metabolic activation
is generally initiated by phase I enzymes (Levitz et al.
2004). Biotransformation involves two stages: phase I,
mainly controlled by enzymatic activity from cyto-
chrome P-450 (CYP) family, and phase II, catalyzed by
conjugation enzymes such as  glutathione
S-transferases (GST) and others. Phase I enzymes
promote the activation of procarcinogens for the
genotoxic electrophilic intermediaries. Phase 1I
enzymes generally act as inactivating enzymes
catalyzing the binding of intermediary metabolites
into more hydrophilic products, thus facilitating their
elimination (Vineis 2002). Therefore, the coordinated
expression and regulation of both phases I and II
enzymes and their metabolic equilibrium in the target
organ cells can be important factors in determining the
susceptibility to cancer as related to carcinogen
exposure (Kawajiri et al. 1993, Vineis 2002).

CYPIAI gene encodes for the enzyme aryl hydro-
carbon hydroxylase (AHH), which plays a key role in
phase I metabolism of estrogen and polycyclic
aromatic hydrocarbons, such as those found in
cigarette smoke, transforming them into carcinogens
(Trell et al. 1985, Kawajiri et al. 1993). CYPIAI gene
is located in chromosome 15q22-24 and various
patterns of restriction fragment length polymorphism
(RFLP) for this gene have been described. Two genetic
polymorphisms of the CYPIAI gene have been
reported to be associated with differences in the
activity of the AHH enzyme activity — an isoleucine
to valine substitution in exon 7 (m2 polymorphism)
and a thymine/cytosine point mutation in the Mspl
restriction site (ml polymorphism; Autrup 2000).
Cytochrome P4501A1 (CYPIAI) ml and m2 gene
variants have been shown to be in close linkage
disequilibrium and to be associated with a more
inducible form of CYPIAI (Wu et al. 2002). The
ensuing higher levels of the corresponding enzymes
would result in an increased capacity to activate
polycyclic aromatic hydrocarbons, producing highly
reactive electrophilic intermediates that might damage
DNA (Kawajiri et al. 1990).

We previously demonstrated that GSTT1, GSTM1,
GSTP1, but not GSTOI, increased the risk of thyroid
cancer (Morari et al. 2002, Granja et al. 2004a,b,
2005). We also showed that the Pro/Pro variant of
codon 72 of p53, associated with a reduced p53 ability
to activate apoptosis, could increase the risk for both
papillary and follicular carcinomas (Granja et al.
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2004a,b). We hypothesized that the combination of
increased metabolic activation and decreased detox-
ification, together with an impaired cellular apoptotic
function could lead to a high risk of thyroid
carcinogenesis. Hence, the inverse epidemiologic
association observed in the literature between smoking
and thyroid cancer could be related to the germline
inheritance of these genotypes. In addition, we aimed
to further explore the influence of these genotypes on
thyroid cancer patients’ outcomes.

Material and methods
Patients

This case-control prospective study was approved by
the Ethics Committee of the Medical Sciences School —
State University of Campinas (FCM-Unicamp), and an
informed written consent was obtained from all
individuals. Patients consecutively referred to our
Teaching Hospital — Medical Sciences School of the
State University of Campinas for thyroid nodule
evaluation between the years 1999 and 2005, were
submitted to a careful clinical examination. The study
population was composed of 80 cases of benign thyroid
lesions, including 67 multinodular goiters and 13
follicular adenomas, as well as 168 cases of malignant
thyroid tumors, including 136 papillary carcinomas
and 32 follicular carcinomas. Differentiation stage and
grade of the tumors were obtained from surgical and
pathological records. Experienced pathologists of the
Teaching Hospital confirmed all diagnoses. All cases
were managed according to a standard protocol. The
diagnosis of thyroid carcinoma was either established
or suspected by fine-needle aspiration cytological
study and/or by the histological analysis of thyroid
tissues from patients who were referred to surgery due
to thyroid nodules, presenting clinical or epidemiolo-
gical suspicion of cancer. All patients were submitted
to total or near-total thyroidectomy. Patients with
preoperatively or intraoperatively palpable neck node
metastases underwent regional neck dissection. Total
body "*'I scans were performed, 4-6 weeks after the
operations. All patients received 100 mCi '*'I. Long-
term levothyroxine suppressive doses were adminis-
tered following total body scan, in order to keep serum
thyrotropin (thyroid-stimulating hormone; TSH) at low
normal levels.

Data on lifetime occupational history, dietary habits,
alcohol and drug consumption, medical history with
emphasis on previous and/or present thyroid diseases,
and other anamnestic data were obtained through
interviews using a structured questionnaire.
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Individuals with history of previous thyroid disease,
accidental or medical radiation exposure, and ante-
cedents of other malignancies were excluded. Skin
color was determined by the interviewer, in accordance
with the Brazilian Institute of Geography and Statistics
(http://www.ibge.gov.br/english/), but, due to the
difficulty in classifying our highly heterogeneous
population, we further grouped individuals into whites
and non-whites . Cigarette smoking habit was recorded
but, due to the limited reliable data obtained on the
duration of smoking, age started smoking, quantity
smoked, and years since stopped smoking, the patients
were grouped in never-smokers and ever-smokers
categories. This last group included individuals who
consumed at least 20 packages 20 cigarettes per pack
for 1 year in the last 5 years. All data, including nodule
size, tumor histological features, and laboratory
examinations, were confirmed in the patients’ records.

Follow-up

Cancer patients were followed with periodic total
body scans, serum TSH, and thyroglobulin (Tg)
measurements according to a routine follow-up
protocol that included X-ray, ultrasonography,
computer tomography scan, and other eventual
procedures to detect distant metastasis for a period
of 12-341 months (mean+s.0.=30+69 months).
Patients with high serum Tg levels (>2 mg/dl)
and/or suspicious total body scans were submitted
to a thorough image search. We defined tumors as
recurrent and/or presenting long distance metastasis
according to the above parameters.

Controls

A control group of 277 healthy individuals who were
matched on the basis of gender, age, and ethnicity was
selected from the general population of our region,
considered to have a normal iodine intake. The history
obtained from these subjects included demographic
and ethnic background, diet routine, lifetime occu-
pational history, smoking history, general health
conditions, and previous diseases. Individuals with
history of previous thyroid disease, radiation exposure,
specific environment or occupational exposure risks,
and antecedents of malignancy were excluded.

Identification of genotypes

Blood specimens were obtained from all patients and
control individuals. Genomic DNA was extracted
from frozen specimens and leukocytes were separated
from whole blood using a standard proteinase

www.endocrinology-journals.org

Endocrine-Related Cancer (2006) 13 1185-1193

K-phenol-chloroform protocol. CYPIAI genotypes at
the m1 and m2 sites were analyzed by PCR followed
by RFLP methods. Genotyping was conducted with
blinding to case/control status. The primers for the m1
site were M1F (5'-CAG TGA AGA GGT GTA GCC
GCT-3') and MIR (5-TAG GAG TCT TGT CTC
ATG CCT-3'), which produce a 340 bp fragment. The
primers for m2 were 5'-TTC CAC CCG TTG CAG
CAG GAT AGC C-3' and 5-CTG TCT CCC TCT
GGT TAC AGG AAG-3', which generate a 204 bp
fragment. These fragments were amplified separately
but under similar conditions as follows: 25 pl volumes
of a mixture containing 100 ng DNA, 10 uM of each
primer, 10 mM Tris—HCI (pH 8.0), 0.1 mM of each
diNTP, 2.0 mM MgCl,, and 0.5U Taq DNA
polymerase. Amplifications were carried out for 35
cycles of 94 °C for 50 s, annealing temperatures of
60 °C for 45 s for m1 and 64 °C for m2 followed by
72 °C for 1 min, with an initial denaturation step of
94 °C for 5 min and a final extension step of 72 °C for
10 min using a Termocycler MJ PTC-200 PCR
System. The PCR fragments were visualized in
ethidium bromide-stained gels. The restriction
enzyme Mspl was used to identify the ml poly-
morphism according to the manufacturer’s protocol
(Fermentas UAB, Vilnius, Lithuania). The wild-type
allele has a single band representing the entire 340 bp
fragment and the variant allele results in two
fragments of 200 and 140 bp. The restriction enzyme
BseMI was used to identify the m2 polymorphism.
The wild-type allele has two fragments of 149 and
55 bp. The homozygote variant generates a single
band representing the entire 204 bp fragment and the
heterozygote variant presents the three bands, accor-
ding to the manufacturer’s protocol (Fermentas Life
Sciences). The restricted products were analyzed by
electrophoresis in 3% agarose gels containing ethi-
dium bromide. RFLP results of CYPIAI ml and m2
were confirmed by DNA sequencing of PCR products
using ABI prism big dye sequencing kit (Perkin-
Elmer, Warrington, Cheshire, UK) with an automated
sequencer (ABI PRISM 377; Perkin-Elmer).

Part of the 277 control individuals and 248 thyroid
nodule patients had participated in other studies
previously carried out at our laboratory and were
already genotyped for GSTMI, GSTTI, GSTPI,
GSTOI, and 72 p53 (Morari et al. 2002, Granja et al.
2004a,b, 2005). Seventy-seven thyroid nodule patients
and 66 control individuals had a complete evaluation of
all the risk factors considered, including CYPIAI,
GSTTI1, GSTMI, GSTPI, GSTOIl, and 72 p53

genotyping.
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Statistical analysis

The statistical analysis was conducted using SAS
statistical software (Statistical Analysis System, ver-
sion 8.1, Cary, NC, USA, 1999-2000). Associations
were assessed using 2X2 or 2Xn contingency table
analysis and Chi-squared (x?) or Fisher’s (F) exact
tests were used to examine homogeneity between cases
and controls regarding gender, color, previous thyroid
disease, thyroid nodule size, use of medication,
cigarette smoking, extent of the disease, and geno-
types. The Kruskal-Wallis (KW) test was used to
compare the ages among the groups. The Mann—
Whitney or Wilcoxon tests were used to compare the
age among the different genotype groups. The
observed genotype frequencies were compared with
those calculated using Hardy—Weinberg disequili-
brium theory. The odds ratio (OR) and 95% CI
provided a measure of the strength of association,
e.g. indicating the increase in odds of a given thyroid
nodule, demonstrating a particular genotype compared
with the control population. In order to further explore
the significance of CYPIAI genotypes in different
ranges of age, we performed a univariate logistic
regression analysis in patients under and over 45 years
old after adjusting for gender. Logistic regression was
used to evaluate the effect of all genotypes, after
adjusting for other potential confounders such as age,
gender, color, tobacco, and both alcohol and medi-
cation consumption. A multivariate logistic regression
model was applied using the nodules diagnosis
(malignant or benign) and the type of tumor (papillary
or follicular carcinoma) as dependent variables and all
genotypes and clinical risk factors, including gender,
age, and cigarette smoking as explicative variables. All
tests were conducted at the P=0.05 level of
significance.

Results

Table 1 summarizes clinical characteristics and
parameters of aggressiveness at diagnosis and during
follow-up of the thyroid cancer patients. There were no
differences between the control individuals and the
thyroid disease patients regarding age (43 =34 vs 46 +
94 years), gender (84 males and 193 females vs 57
males and 191 females) and color (230 white and 47
non-white versus 203 white and 45 non-white
individuals). Also, cigarette-smoking habits were
similar in control individuals and patients (28% ever
smokers and 72% never smokers versus 33% ever
smokers and 67% never smokers). The demographic
and lifestyle characteristics of the subjects from both
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thyroid nodules and control groups, including alcohol
consumption, red meat, vegetables and fat intake,
education, and exercise were similar.

The proportion of CYPIAIml and CYPIAIm2
different genotypes Hardy—Weinberg equilibrium was
tested in the population of 525 individuals genotyped in
this study. Both variants were in equilibrium. The
overall proportions of the CYPIAI genotypes in the
control population and in the benign and malignant
thyroid disease patients are presented in Table 2. The
wild-type CYPIAIml gene was present more frequently
among patients with thyroid nodules (72.18%) than in
the control individuals (62.45%) (x* P=0.0160).
There was no association between CYPIAImI or
CYPIAIm?2 genotypes and GSTT1, GSTM1, GSTO1 or
72p53 genotypes, although a trend towards an associ-
ation between CYPIAIm2 and GSTMI null genotype
was observed (XZ; P=0.0535). There was no associ-
ation of CYPIAI genotype and gender. When thyroid
nodule patients under or over 45 years of age were
analyzed separately, we observed that CYPIAI was
associated to thyroid nodules only in patients over 45
years old. In these patients, 72p53 variants were also
more frequent than in controls (x% P=0.0111). The
presence of a normal CYPIAImI allele decreased the
risk for a thyroid nodule by 47% (OR=0.527; 95%
CI=0.306-0.907), while Arg/Pro or Pro/Pro variants
of p53 increased the risk for a thyroid nodule more
than four times (OR =4.287; 95% confidence interval
(CI)=1.395-13.176). Multiple logistic regression
analysis adjusted for gender confirmed CYPIAIml
effect on individuals over 45 years old (P=0.0351;
OR=0.514; 95% CI=0.277-0.954).

We observed that papillary carcinomas presented
CYPIA1 wild-type genotype more frequently (74.26%)
than controls (62.45%) (P=0.0147). Indeed, the
presence of a germline variant CYPIAIml genotype
protects against the risk to develop a papillary
carcinoma (OR=0.564; 95% CI=0.357-0.894). Con-
sidering patients under and above 45 years of age, we
found CYPIAImI wild-type genotype to be more
frequent among thyroid cancer older patients (78.04%)
than in the controls (60.52%) (P=0.0128). The
presence of a variant CYPIAIml allele protects against
thyroid cancer (OR=0.5936; 95% CI=0.3869—
0.9114). The association between CYPIAIml geno-
type and thyroid cancer risk is due to papillary
carcinomas, as it disappeared in the relatively small
group of follicular carcinomas. In addition, the
association of CYPIAIml to papillary carcinomas
occurs only in patients over 45 years old, who
presented CYPIAImI wild-type allele in 82.53% of
the cases, compared with only 60.52% of the controls
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Table 1 Percentage distribution of thyroid carcinoma patients according to their histology and smoke habits comparing clinical
features, including age (X +s.p. in years), gender (F, female; M, male), color (W, white; NW, non-white); the presence of lymph node
involvement, distant metastasis, and the stage at the time of the diagnosis; the diagnosis of recurrence and/or distant metastasis

during the follow-up, and the molecular profile of papillary (PC) and follicular (FC) patients

PC FC
Smoker Non-smoker Smoker Non-smoker
Clinical characteristics
Age (X£s.p.) 42+12 45+16.4 54.4+16.5 45.7+21.2
Sex F (%) 65 93 67 96
M (%) 35 7 33 4
Color W (%) 89 82 83 82
NW (%) 11 18 17 18
Diagnosis
Lymph node (%) 16 12 8 9
Distant metastasis (%) 2 3 14 12
Stage 1+11 (%) 67 66 51 53
H+1V (%) 33 34 49 47
Follow-up
% of recurrence and/or distant 14 10 23 21
metastasis
Molecular date
CYP1A1 M1 T/T (%) 73 76 67 54
M1 T/C C/C (%) 27 24 33 46
CYP1A1 M2 lle/lle (%) 62 68 67 46
M2 lle/Val Val/Val (%) 38 32 33 54
GSTMH1 Positive (%) 47 64 80 61
Negative (%) 53 36 20 39
GSTT1 Positive (%) 87 82 90 73
Negative (%) 13 18 10 27
GSTP1 lle/lle (%) 65 67 92 67
lle/Val Val/Val (%) 35 33 8 33
GSTO1 Ala/Ala (%) 81 84 76 87
Ala/Asp Asp/Asp (%) 19 16 24 13
72p53 Arg/Arg (%) 50 55 67 25
Arg/Pro Pro/Pro (%) 50 45 33 75

(P=0.0025). The chance of an individual over 45
years old harboring a variant CYPIAIml allele to
develop a papillary carcinoma is reduced by 64%
(OR=0.4571; 95% CI=0.2589-0.8068). Also, 72p53
variants were overrepresented in the papillary
carcinoma patients (P=0.0008), increasing the risk
for this malignancy over thrice (OR=3.522; 95%
CI=1.686-7.357). A similar analysis revealed that
GSTPI variants were overrepresented in the group of
follicular carcinoma patients (72.22%) compared with
control individuals (40.39%) (P=0.0367), increasing the
risk for this tumor 3.2 times (OR; 95% CI=1.075-9.529).

The multivariate logistic regression analysis of the
249 thyroid nodules and 200 control individuals
data corrected for gender and age showed a signifi-
cant influence of CYPIAI genotypes (P=0.0078;
OR=1.836; 95% CI=1.173-2.872) on the risk for
thyroid nodules. However, smoking was not an
independent risk factor for thyroid cancer (P=0.0941).
The same multivariate logistic regression analysis model
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performed in the 168 malignant nodules revealed that
CYPIAI genotype was associated with the risk of
papillary carcinoma (P=0.0063, OR=2.243; 95%
CI=1.256—4.008) but not of follicular carcinoma.
Again, smoking was neither a risk nor a protection factor
against papillary (P=0.1570) or follicular carcinomas
(P=0.730).

To further investigate the role of CYPIAI genotype
and other susceptibility factors, we performed a
multivariate logistic regression analysis corrected for
gender and age, considering only the 77 thyroid tumors
and 66 controls that had a complete evaluation of all
clinical and pathologic risk factors and a complete
genotyping  analysis, including CYPIAImI,
CYPIAIm2, GSTMI, GSTTI, GSTOI1, GSTPI, and
72p53. Only CYPIAImI (P=0.0373) and smoking
habits (P=0.0348) had an inverse significant associ-
ation with thyroid cancer risk. This association was
maintained, with both CYPIAIml (P=0.0237) and
smoking habits (P=0.0385), in the analysis of the 47
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Table 2 Distribution of CYP1A1(m1and m2), GSTM1, GSTT1, GSTP1, GSTO1 and p53codon72 wild-type and variant (homo and heterozygous) genotypes among all thyroid nodules,

papillary carcinomas, follicular carcinomas, and benign nodule cases and control group individuals

All thyroid nodules Papillary Follicular Benign
Control
Individuals; Cases; N OR Cases; N OR Cases; N OR Cases; N OR
N (%) (%) (95%Cl) P (%) (95%Cl) P (%) (95%Cl) P (%) (95%Cl) P
CYP1ATm1
Wild-type (T/T) 173 (62.45) 179 (72.18) 0.629 0.0160 101 (74.26) 0.564 0.0147 19 (59.38) 1.148 0.7210 59 (73.75)  0.5921 0.0832
(0.431; (0.357; (0.538; (0.3401;
0.917) 0.894) 2.447) 1.031)
Polymorphic 104 (37.55) 69 (27.82) 35 (25.74) 13 (40.63) 21 (26.25)
(T/C-C/C)
CYP1ATm2
Wild-type (lle/lle) 180 (64.98) 161 (64.92) 1.033 0.8618 90 (66.18)  0.960 0.8545 16 (50.00) 2.026 0.0650 55 (68.75) 0.8435 0.6226
(0.716; (0.620; (0.957; (0.4948;
1.492) 1.487) 4.291) 1.438)
Polymorphic 97 (35.02) 87 (35.08) 46 (33.82) 16 (50.00) 25 (31.25)
(lle/Val—Val/Val)
GSTM1
Positive 114 (55.88) 124 (58.49) 1.046 0.8246 70 (60.87) 1.134 0.6055 17 (62.96) 1.282 0.5625 37 (52.86) 1.130 0.7643
(0.702; (0.703; (0.553; (0.6552;
1.560) 1.830) 2.976) 1.948)
Negative 90 (44.12) 88 (41.51) 45 (39.13) 10 (37.04) 33 (47.14)
GSTTH
Positive 157 (76.96) 150 (78.53) 1.088 0.7346 77 (81.05) 1.218 0.5320 17 (77.27)  0.954 0.9315 56 (75.68) 1.074 0.9494
(0.670; (0.656; (0.329; (0.5757;
1.767) 2.264) 2.765) 2.002)
Negative 47 (23.04) 41 (21.47) 18 (18.95) 5 (22.73) 18 (24.32)
GSTP1
Wild-type (lle/lle) 121 (59.61) 113 (62.78) 0.766 0.2265 60 (64.52) 0.789 0.3769 5(27.78) 3.200 0.0367 48 (69.57) 0.6456 0.1836
(0.497; (0.466; (1.075; (0.3598;
1.180) 1.335) 9.529) 1.158)
Polymorphic 82 (40.39) 67 (37.22) 33 (35.48) 13 (72.22) 21 (30.43)
(lle/Val—Val/Val)
GSTO1
Wild-type (Ala/Ala) 159 (86.41) 91 (82.73) 1.486 0.2688 53 (84.13) 1.379 0.4533 6 (75.00) 2.011 0.7002 32 (82.05) 1.391 0.6496
(0.737; (0.595; (0.175; (0.5542;
2.997) 3.197) 13.705) 3.492)
Polymorphic 25 (13.59) 19 (17.27) 10 (15.87) 4 (25.00) 7 (17.95)
Ala/Asp—Asp/Asp
condon72 of p53
Arg/Arg 35 (30.17) 56 (51.85) 2.430 0.0056 37 (58.73) 3.522 0.0008 2 (25.00) 0.494 0.8278 17 (45.95)  0.5084 0.1177
(1.297; (1.686; (0.029; (0.2381;
4.552) 7.357) 4.248) 1.085)
Pro/Pro+ Arg/Arg 81 (69.83) 52 (48.15) 26 (41.27) 6 (75.00) 20 (54.05)
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papillary carcinomas that had all genotypes studied,
but not in the follicular carcinomas.

There were no differences between thyroid follicular
adenomas and carcinomas concerning any of the
studied risk factors. There was no association between
any of the studied genotypes, either considered alone
or in combination, and the histology or any parameter
of aggressiveness at diagnosis or during follow-up.

Discussion

A continuous increase in the incidence of thyroid
cancer has been registered during the past decades in
Brazil as well all over the world (Parkin et al. 1997,
Haselkorn et al. 2000, Liu et al. 2001, Burgess 2002,
Coeli et al. 2005, Reynolds et al. 2005). This fact is
certainly due in part to the larger use of better
diagnostic tools such as the cytology obtained through
fine-needle aspiration biopsy and ultrasonography.
However, the incidence continues to increase in well-
developed regions, and the major difficulty in under-
standing the reason is the fact that the causes for well-
differentiated thyroid cancer are not yet fully known.
Likewise, other tumors, thyroid cancer is related to
environmental factors but, in addition to the exposure
to ionizing radiation, no other physical, chemical, or
biologic factor has been proven to cause thyroid cancer
thus far (Ron er al. 1995, Jacob et al. 2006).

A series of polymorphisms in germline DNA have
been investigated in an effort to delineate polygenic
models of cancer susceptibility. Such models are
particularly interesting in thyroid cancer. Indeed, thyroid
nodules are detected by ultrasonography in up to 67% of
the population, but few are malignant and require
surgical treatment (Castro & Gharib 2005). Therefore,
screening tools designed to identify individuals at risk for
thyroid cancer, select persons for specific preventive or
diagnostic interventions, and determine which patients
with thyroid nodules are most likely to benefit from
specific therapies, are an upmost necessity. Genes
involved in xenobiotic metabolism may be interesting
for this sort of screening. The interindividual variability
in the ability to biotransform potentially toxic substances
has been associated with greater or lesser susceptibility to
toxicity or cancer risk. Individuals incapable of
adequately detoxifying a toxic agent or a metabolic
carcinogen would undergo greater DNA and cell
damage, with the formation of adducts or chemical
elements bound to the DNA and protein macromolecules,
causing genomic instability. Consequently, these indi-
viduals would be at greater risk of developing tumors
(Wogan et al. 2004).

www.endocrinology-journals.org
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A series of studies conducted in different populations
have found a correlation between CYPIAI polymorph-
isms and different types of cancer. Consistent evidences
for association between CYP polymorphisms and many
human tumors have been reported, generally connecting
a higher activity of phase I oxidative pathway to
enhanced carcinogenesis (Vineis 2002, Agundez 2004).
Controversial findings suggest that colorectal and
prostate cancers may be associated with CYP poly-
morphisms, whereas no evidences for a relevant
association with breast or bladder cancers have been
reported (Vineis 2002, Agundez 2004). Our data
demonstrated an inverse significant association between
CYPIAIm! and smoking habits in the risk of thyroid
cancer. To our knowledge, this is the first report on
CYPIAI influence on thyroid tumorigenesis. Interest-
ingly, we found CYPIAI wild-type allele to be more
frequent both in thyroid nodules and in papillary
carcinomas than in the control population, suggesting
that cigarette smoking and other metabolites that depend
on CYPIAI activation are neither implicated in the risk of
thyroid goitrogenesis nor in the following processes that
lead to thyroid malignancy. This observation fits very
well with the epidemiologic observations that were not
able to associate cigarette smoking with thyroid cancer or
which even found a lower risk for thyroid cancer among
smokers. Indeed, 12 out of 13 case-control studies that
examined the association between cigarette smoking and
thyroid cancer found the risk of thyroid cancer to be
decreased by 40% among smokers (Mack et al. 2003).
Cohort studies, including a recent prospective Canadian
one, were not able to demonstrate any association
between smoking history and the risk of thyroid cancer
(Iribarren et al. 2001, Navarro Silvera et al. 2005).

On the other hand, our data demonstrated that
CYPIAI influenced thyroid nodules and papillary
carcinoma risk only in individuals over 45 years old,
suggesting that the pathogenesis of thyroid tumors
could be related to the continuous exposure to one or
more carcinogenic products metabolized by phase I
oxidative enzymes. Since the enzymes encoded by
detoxifying genes are substrate and tissue specific, and
they act in conjunction, it is very difficult to explain the
role each one plays. Different environmental factors
could also be implicated in the pathogenesis of
follicular carcinomas, explaining why we were not
able to establish any significant association between
CYP genotypes, smoking, and the risk for this type of
tumor. However, the relatively small number of
follicular carcinomas included in this study prevents
any further consideration.

We did not find any additive or combined effect
of the phase I and phase II genes studied in the
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risk for thyroid cancer or in the patients outcome,
but we observed a distinct profile of susceptibility
genes in different ranges of ages, confirming our
previous observations on the role of 72 p53 and
GSTs in thyroid cancer risk (Morari et al. 2002,
Granja et al. 2004a,b, 2005).

In conclusion, we demonstrated an inverse associ-
ation between germline CYPIAI inheritance and
smoking with the risk of thyroid nodules and papillary
carcinomas that may help to explain the reduced risk of
differentiated thyroid cancer in tobacco consumers
observed in epidemiologic studies.
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Identifying a Risk Profile for Thyroid Cancer

ABSTRACT

The large use of simple and effective diagnostic tools has significantly con-
tributed to the increase in diagnosis of thyroid cancer over the past years. How-
ever, there is compelling evidence that most micropapillary carcinomas have an
indolent behavior and may never evolve into clinical cancers. Therefore, there is
an urgent need for new tools able to predict which thyroid cancers will remain
silent, and which thyroid cancers will present an aggressive behavior. There are
a number of well-established clinical predictors of malignancy and recent stud-
ies have suggested that some of the patient’s laboratory data and image meth-
ods may be useful. Molecular markers have also been increasingly tested and
some of them appear to be very promising, such as BRAF, a few GST genes and
p53 polymorphisms. In addition, modern tools, such as immunocytochemical
markers, and the measure of the fractal nature of chromatin organization may
increase the specificity of the pathological diagnosis of malignancy and help
ascertain the prognosis. Guidelines designed to select nodules for further evalu-
ation, as well as new methods aimed at distinguishing carcinomas of higher
aggressiveness among the usually indolent thyroid tumors are an utmost neces-
sity. (Arq Bras Endocrinol Metab 2007;51/5:713-722)

Keywords: Predisposition factors; Environment; Susceptibility genes; Outcome

RESUMO

Identificando um Perfil de Risco para Cancer de Tirdide.

0O uso cada vez mais freqliente de métodos diagnodsticos simples e efetivos tem
contribuido significativamente para um aumento no diagnostico de cancer da
tiréide nos ultimos anos. Entretanto, existem importantes evidéncias de que
muitos dos microcarcinomas papiliferos tém um comportamento indolente e
podem nunca evoluir para canceres clinicos. Existe, portanto, uma necessidade
urgente de desenvolver novas ferramentas capazes de predizer quais os tumores
tiroidianos que permanecerao silenciosos e quais desenvolverao comportamen-
to agressivo. H4 uma série de marcadores clinicos de evolugao bem estabeleci-
dos e alguns estudos recentes sugerem que dados laboratoriais e métodos de
imagem podem ser Uteis. Marcadores moleculares também vém sendo ativa-
mente investigados e alguns, como BRAF, os genes GST e polimorfismos de p53,
parecem promissores. Além disso, marcadores imunocitoquimicos e a medida da
natureza fractal da cromatina podem aumentar a especificidade do diagndstico
anatomopatoldgico e ajudar a predizer o progndstico. Existe uma necessidade
imperiosa de elaborarmos diretrizes destinadas a selecionar os nodulos que
merecem prosseguimento em sua avaliagdo, assim como novos métodos
capazes de identificar lesoes mais agressivas entre os geralmente indolentes
tumores tiroidianos. (Arq Bras Endocrinol Metab 2007;51/5:713-722)

Descritores: Fatores de predisposicao; Meio ambiente; Genes de susceptibilidade;
Evolucao

RECENT IMPROVEMENTS IN MEDICAL technology have increased the detec-
ion of nodular thyroids, raising the incidence of incidental nodules to epi-
demic levels. Indeed, thyroid nodules may be detected in as much as 16% of
imaging studies performed for other purposes on neck and chest computer
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tomography scans, magnetic resonance, carotid Doppler
studies and, especially, ultrasonography (1). The physi-
cian, encountering one of these lesions, is faced with a
dilemma on which is the best course of management of
this incidental finding (2). Fine-needle cytology has been
more frequently indicated in view of the anxiety of most
patients and the lack of reliable parameters of malignan-
cy, this is certainly one of the causes of the increase in
thyroid cancer detection we have been observing over
the past decades (3). Aggressive evaluation of nodular
thyroids has consequently contributed to a sharp increase
in the number of small papillary carcinomas operated (3).
However, there is compelling evidence that most of these
tumors would never evolve clinically.

THYROID CANCER BIOLOGY

Microcarcinomas, defined by the World Health Organi-
zation as carcinomas 1.0 ¢cm or less in diameter, have
been described in 1% to 35.6% of autopsy studies and
5.5% to 10.5% of thyroid glands removed due to causes
other than malignancy (4-11). Considering that thyroid
cancer incidence in Brazil, as in most countries, presents
in no more than 0.3% of men and 1% of women, a great
part of microcarcinomas detected by ultrasonography in
autopsies or surgical specimens will probably never evolve
into clinical cancers (3,12). Searching for indicators of
the clinical evolution of papillary microcarcinomas, we
studied a total of 32 lesions identified during autopsy and
in surgical specimen material. These lesions were found
in 7.8% of the 166 consecutive autopsies examined and
7.2% of 261 thyroids that were surgically removed due to
thyroid diseases in general, with a higher incidence
between the ages of 30 and 49 years (13). Both genders
were similarly affected: 9.3% of men and 8.8% of women
in autopsy series, and 6.2% of men and 7.3% of women
in surgical series, suggesting that hormonal factors may
favor the subsequent development of clinical lesions in
women (14). Indeed, the higher incidence of thyroid

carcinoma in women during reproductive years com-
pared to men, and the increased risk associated with the
therapeutic use of estrogens have suggested a patho-
genetic role exerted by these steroids in the development
of thyroid cancer (14). In addition, gender is a significant
prognostic marker, since women with differentiated thy-
roid carcinomas show a better survival than men in our
own data and that of others (15,16). Recent studies have
provided a new insight into the molecular mechanisms
through which estrogens may induce the progression of
thyroid cancer, demonstrating that the G protein-cou-
pled receptor 30 (GPR30) and the mitogen-activated
protein kinase (MAPK) pathway mediate both the up-
regulation of c-fos and the growth response to 17f-estra-
diol (E2), genistein (G), and 4-hydroxyta-moxifen
(OHT) in thyroid cancer cell cultures (17).

In addition to estrogens, other factors may cer-
tainly take part in the thyroid cancer pathogenetic
process. It is reasonable to think that risk factors of
thyroid cancer may also define tumor behavior and, in
consequence, their outcome. The American Joint
Committee on Cancer and International Union
Against Cancer, together with the National Compre-
hensive Network (AJCC/UICC and NCCN), sum-
marized the risk factors for metastases, recurrence and
fatal outcome, taking into account patient and tumor
data, as demonstrated in table 1 (18).

Unfortunately, most prognostic factors depend
on tumor examination, preventing any other action
before surgical intervention. Prognostic classification
and risk group stratification have improved during the
last two decades with a deeper understanding of the
biology of well-differentiated thyroid tumors. Howev-
er, level 1 evidence is not yet available, there are no
prospective randomized trials based on a variety of
treatments, mainly total versus less than total thy-
roidectomy and surgery versus observation for papil-
lary microcarcinomas. Decisions on thyroid cancer
management are based mainly on retrospective studies
used to define staging systems. The most common

Table 1. Prognostic factors for metastasis, recurrence and death risk from differentiated thyroid carcinomas (18).

Patients

Age < 15 years or age > 45 years
Male gender
History of familial thyroid cancer

Tumor

Tumor: large (> 2 cm)
Localization: multifocal, bilateral
Local tumor invasion: beyond the capsule

Subtypes: tall, columnar and Hirthle cell

Nuclear atypia and tumor necrosis: accentuated

Vascular invasion: present

Cervical or mediastinal lymph nodes

Distant metastases

Low or no iodide uptake by the tumor and/or the metastases
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staging system, TNM (tumor, node, metastasis),
which adheres to the biology of tumors, has been
extensively reviewed over the years (19), and has been
successfully used for over 65 years in thyroid cancer
patients (20). However, the literature still lacks an
analysis of the TNM and other scoring systems (OSU,
ACES, AMES, etc.), as well as accuracy and utility
concerning papillary microcarcinomas. Our data indi-
cated that extrathyroidal extension and lymph node
metastases, which are important TNM elements, do
not correlate with outcomes of patients with papillary
microcarcinomas (21). In a cohort of 68 patients with
papillary microcarcinomas followed-up for 103
months (15 to 289 months), we observed no deaths
but a relatively high number (19.1% of the cases) of
unfavorable events, such as local recurrence and even
long-distance metastasis (21). These patients respond-
ed well to the therapeutic measures: 50% of TNM III
or IV PMC patients remained free of disease during
the follow-up. Therefore, TNM alone was not able to
predict favorable or unfavorable outcome of these
patients, as demonstrated in figure 1.

In addition, the independent value for each para-
meter needs to be determined in a multivariate analysis
of all risk factors for each individual patient (22). More-
over, the influence of good number risk factors for dif-
ferentiated thyroid cancer on the prognostics of these
tumors has not been investigated. A population-based
nested case-control study of the 5,554 differentiated
thyroid cancer patients diagnosed in Sweden from 1958
to 1978 investigated the cause of death of thyroid can-
cer patients matched by age at diagnosis, gender, and
period calendar controls (23). The authors aimed to
investigate how factors such as smoking, number of
children, previous thyroid disorders, previous radiother-
apy toward the neck, family history of thyroid diseases

PTC
250 ~
200"
-
100"
s0{7"
THM I THM -
N=240 palienls H=118 palienls
O Favarable O Unfavarable

and malignancies influenced survival. The analysis of the
595 cases and controls showed that smokers had a bor-
derline significant increased risk of dying from differen-
tiated thyroid cancer. Previous radiotherapy towards the
neck region had no prognostic implication. A family his-
tory of differentiated thyroid cancer influenced prog-
nostics although not significantly in a few cases (23).
The remaining risk factors studied did not influence sur-
vival. The authors concluded that smokers appeared to
have a worse prognostic compared to nonsmokers, and
a family history of thyroid cancer had a non-significant
negative effect on survival (23). Our data on micropap-
illary carcinomas showed a similar trend (13). Although
associated nodular goiter was observed in 54% of autop-
sies and 26% of surgical specimens, and Hashimoto’s
thyroiditis was observed only in surgical material (15%
of the cases), we were not able to correlate risk of malig-
nancy with any concomitant lesion and we could not
find risk factors for clinical evolution evaluation (13).
However, we observed that the smallest papillary micro-
carcinomas appeared most frequently as nonencapsulat-
ed nonsclerosing tumors without inflammatory infiltrate
or fibrosis, suggesting that they could represent the
early stages of development thereby raising questions
concerning the role of the immune system in delaying
the progression of these tumors (13). There is evidence
that oncogene-induced cytokine secretion is important
for the development and progression of thyroid carci-
nomas in genetically permissive hosts (24). We demon-
strated earlier that the odds for patients with a previous
history of thyroid autoimmune disease (p< 0.02) or
with thyroid autoantibodies (p< 0.001) having a worse
outcome were lower than for patients with no evidence
of autoimmune activity, suggesting that autoimmune
activity against the gland may exert a protective effect
on the outcome of patients with differentiated thyroid

PMC

THM Il THB BV
N=56 patients M=13 paticnts
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Figure 1. Graphical comparison between TNM classification system and outcomes, defined as favorable or unfavorable, in 68
papillary thyroid microcarcinomas with less than 1 cm in diameter (PMC), and in 358 papillary thyroid carcinomas larger than

1 cm (PTC non-PMC).
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carcinoma (25). Markers of immune activation against
the neoplastic tissue may be useful.

The literature is quite intriguing regarding the
influence of smoking habits on thyroid cancer. Many
epidemiologic observations were not able to associate
cigarette smoking with thyroid cancer and some even
found a lower risk for thyroid cancer among smokers.
Twelve out of 13 case-control studies that examined the
association between cigarette smoking and thyroid can-
cer found the risk of thyroid cancer to be decreased by
40% among smokers (26). Cohort studies, including a
prospective Canadian one, were unable to demonstrate
any association between smoking history and the risk of
thyroid cancer (27). In addition, we were not able to
find any correlation between smoking, clinical features,
parameters of aggressiveness at diagnosis or during fol-
low-up of 248 patients with thyroid nodules, including
67 benign goiters, 13 follicular adenomas, 136 papillary
carcinomas and 32 follicular carcinomas, and 277 con-
trols with similar ethnic backgrounds (28). Why would
smoke influence the outcome of thyroid cancer patients
in the Swedish study (23)? It is possible that other
effects of the many toxic compounds existing in ciga-
rette smoke, on other organs or systems, besides the
thyroid, were responsible for this influence. Neverthe-
less, the role of smoke on thyroid cancer outcome
remains to be elucidated. Likewise, the influence of the
genetic profile and environmental factors on thyroid
cancer biology remains largely unknown.

It has been proposed that incidental cancer
found by histological examination of goiters would hold
lower potential aggressiveness than cancers detected by
fine-needle aspiration considering prognostic features,
such as multifocality, lymph node metastasis and extra-
capsular invasion (29). On the other hand, there are
many reports on the aggressive behavior of papillary
microcarcinomas, which evolve not only with lymphatic
regional metastases, but also with blood-borne lung,
bone and brain metastases (30,31).

What do you know about differentiated thyroid
cancer and how can you use this knowledge in order
to define susceptibility profile and outcome for differ-
entiated thyroid cancer?

ENVIRONMENTAL AND GENETIC RISK FACTORS
FOR DIFFERENTIATED THYROID CARCINOMAS

Thyroid cancer is the most frequent endocrine cancer
with a geographic variation in its incidence and mani-
festations (32). While it does not account for more
than 1% of all human cancers in most countries, in
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other regions such as the Middle East, thyroid cancer
is the second most common neoplasm among women
(33). Brazilian data also show a highly distinctive inci-
dence of thyroid tumors in different regions of the
country (12). This great variation in incidence reflects
differences not only in the access to health care and
possibly diverse methods or thoroughness of thyroid
examination, but also in environmental and genetic
characteristics of the populations studied.

Exposure to ionizing radiation, especially dur-
ing childhood, remains the only factor clearly associat-
ed with benign and malignant thyroid tumors in
humans (34), although there is strong epidemiological
evidence pointing towards the involvement of geo-
graphic, ethnic and dietary factors in the risk of spo-
radic thyroid cancer (32,34,35).

The most relevant genetic alterations identi-
fied so far in the different progression stages of thy-
roid tumors include RAS mutations in follicular
tumors (36), RET gene rearrangements and BRAF
mutations in papillary carcinomas (37,38), PPARy-
PAX8 mutations in follicular carcinomas (39), and
p53 mutations in poorly differentiated and anaplastic
carcinoma (40). There is compelling epidemiologic,
experimental and clinical evidences that exposure to
ionizing radiation may trigger a series of abnormali-
ties related to these genes’ activation or inactivation,
aside from producing genetic instability (41). A low-
level genomic instability may even be a feature of
papillary thyroid carcinoma (42). However, we still
do not understand why some individuals exposed to
ionizing radiation develop thyroid cancer whereas
others do not. The age at exposure has been shown
to be a critical risk factor for developing thyroid car-
cinoma after exposure to fallout from Chernobyl,
with those under the age of 1 showing a much
greater risk than older children. There is a rapid
decline to a level of relatively low risk for young
adults (43,44). A similar situation was portrayed in
Nagasaki and Hiroshima, where atomic bomb sur-
vivors displayed one of the highest solid tumor risk
estimates (45). The likely reasons for this age-related
risk include iodine radioisotope intake, radioiodine
uptake, and biological sensitivity factors. The exis-
tence of biological sensitivity factors is confirmed by
the finding of a similar, although less marked age-
related, sensitivity to thyroid carcinomas after expo-
sure to external radiation (46). Two main reasons for
this sensitivity could be either the mitotic rate at the
time of radiation exposure or the number of mitoses
that occur in the progeny of the mutated cell, or per-
haps both (47).
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What other environmental factors may also con-
tribute to the increasing incidence of cancer, not only
in regions affected by fallout but in other countries as
well?

Iodine has long been recognized as an important
factor in thyroid cancer pathogenesis. Iodine-deficient
thyroid glands will of course show a high radioactive io-
dine uptake, leading to the prediction that risk of deve-
loping thyroid carcinoma after exposure to radiation
would be greater in areas with greater iodine deficiency.
In fact, the type and consequent aggressiveness of thy-
roid tumors seem to be related to the population’s io-
dine intake, although a clear relationship between io-
dine supply to the population and sporadic thyroid can-
cer incidence, as well as its alleged physiopathology are
still unclear (48). This issue is discussed by Nobel and
Medeiros-Neto in another article of this same journal.

Some of the genes related to thyroid carcino-
genesis have been related to tumor aggressiveness and,
hence, to prognostics. Many studies, using both
immunocytochemical and genetic analyses, have
shown that p53 mutations are highly prevalent in
poorly differentiated and undifferentiated thyroid car-
cinomas, as well as in thyroid cancer cell lines (40,49).
However, these mutations are not found in benign
tumors and are infrequent in well-differentiated can-
cers, suggesting that mutational inactivation of p53
occurs at a late stage of thyroid tumor progression and
may represent a key event in the progression from dif-
ferentiated to anaplastic carcinomas (50,51). Prelimi-
nary data of our group using immunohistochemistry
for p53 in 34 papillary carcinomas, including 21 cases
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Figure 2. Kaplan-Meier survival curve (estimated probability
of survival) of 50 differentiated thyroid cancer patients that
were either immunohistochemically p53 positive or negative
followed-up for 120 months.
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of the classical histological type, 7 tall cell variants and
6 of the follicular variant type; 16 follicular carcino-
mas; 4 medullary and 3 anaplastic carcinomas did not
confirm a relationship between the expression of p53
and prognostics. However, the Kaplan-Meier survival
curve of these patients, displayed in figure 2, suggests
that a longer follow-up and/or a larger cohort may
prove p53 to be a reliable immunohistochemical, and
perhaps even a immunocytochemical, prognostic mar-
ker. Furthermore, we tested the gene MUC, which
was described as overexpressed in aggressive thyroid
carcinomas (52). MUCI overexpression is a key mol-
ecular event in the pathogenesis of aggressive thyroid
tumors (53). In malignancy, MUCI looses its polar-
ized expression, redistributes, and is expressed on the
whole cell surface. This redistribution shields other cell
surface molecules from their ligands and interferes
with integrin-mediated adhesion to the extracellular
matrix and with cadherin-mediated cell-cell adhesion.
Increased MUCI expression thereby promotes cellular
dissociation and oncogenic progression (53). MUCI1
upregulation also protects tumor cells from immune
recognition and destruction by the cellular arm of the
immune system. Moreover, it has been shown to
inhibit human T-cell proliferation, thereby contribu-
ting to cancer-propagated immunosuppression (53).
Previous studies from Wreesmann et al. identified
MUCI expression in thyroid slides (52). We were able
to reproduce this technique, but in the 50 difterenti-
ated thyroid tumors studied in a preliminary protocol,
we were not able to associate MUC expression with
the patients’ outcome (figure 3).
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Figure 3. Kaplan-Meier survival curve (estimated probabili-
ty of survival) of 50 differentiated thyroid cancer patients that
were either immunohistochemically MUC positive or nega-
tive followed-up for 120 months.
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We also investigated a gene that encodes a key
protein for thyroid cancer detection and treatment and
therefore related to patients’ outcome: NIS. The sodi-
um iodide symporter (NIS) protein expression and
functional integrity is essential to assure a radioiodine
uptake high enough to detect and destroy any tumoral
thyroid tissue. The absence of radioiodide uptake is
associated with high recurrence rate and reduced sur-
vival (54). We previously demonstrated that a low
expression of NIS mRNA levels, quantified by real-
time PCR, identifies aggressive thyroid tumors (55).
Unfortunately, we were not able to find any relation-
ship between NIS protein expression and patients’
outcome in the same cohort mentioned above. Once
again, the Kaplan-Meier survival curve of these
patients, displayed in figure 4, suggested that a longer
follow-up and /or a larger cohort may prove NIS to be
a useful immunohistochemical and perhaps even
immunocytochemical prognostic marker, although
our preliminary data were not statistically significant in
terms of outcome prediction.

Other genes directly related to thyroid tumorige-
nesis have actively been investigated as potential pro-
gnostic markers. One of the most exciting is BRAF. In
vitro and in vivo models have demonstrated that over-
expression of activated BRAF induces malignant trans-
formation and aggressive tumor behavior, further dis-
cussed in another article of this issue. BRAF and other
RAF kinases are frequently activated by other thyroid
oncogenes and are important mediators of their biolo-
gical effects, including dedifferentiation and prolifera-
tion. Two large studies showed that BRAF mutation
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Figure 4. Kaplan-Meier survival curve (estimated probability
of survival) of 50 differentiated thyroid cancer patients that
were either immunohistochemically NIS positive or negative
followed-up for 120 months.
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predicts a poorer clinical prognosis for papillary thyroid
cancer (56,57). However, a recent study from the Pisa
group challenged these studies. A review of 61 papillary
thyroid carcinoma patients with BRAF mutations, fol-
lowed-up for 6 years, did not show evidence of any
prognostic utility for BRAF (58).

In addition to the genes directly related to thy-
roid follicular cell differentiation, low-penetrance
genes or rather polymorphisms in such genes could be
of great significance to understand the tumorigenic
processes of thyroid carcinomas.

DETOXIFICATION SYSTEMS AND THYROID
CARCINOMA SUSCEPTIBILITY

As discussed, the thyroid cancer etiology is markedly
uncertain. A wide variety of drugs, pesticides, goitrogenic
xenobiotics and chemicals have been shown to increase
the incidence of thyroid tumors in rodents (59-61).
However, chemicals have seldom been associated with
human thyroid cancer, in contrast to lung, bladder, and
many other cancers. No increase in the human thyroid
cancer risk has ever been consistently observed with any
drug (62,63). On the other hand, there is compelling
evidence that environmental factors, besides ionizing
radiation, influence cancer incidence. Thyroid cancer is
the fastest growing type of cancer in the USA with a 6.3%
increase during the period of 1997-2003 and we have
data suggesting that in Brazil it is not different (12,64).
However, the rate of increase as well as the incidence of
thyroid cancer varies in different geographic and ethnic
group regions, including individuals exposed to well-
defined factors, such as ionizing radiation (44-47,64-67).
The question may be posed as to why some individuals
are more susceptible to environmental aggressions? The
biochemical basis for this susceptibility is related to
genetic polymorphisms that normally occur in the gener-
al population regarding genes involved in the predisposi-
tion to a specific cancer, in the metabolic activation or
detoxification of environmental genotoxins, as well as in
controlling DNA repair or cellular damage (67-72).
Several polymorphic genes, encoding for enzymes
involved in the biotransformation of carcinogens, have
been studied as possible cancer risk modifiers. One of the
most primitive defense mechanisms against environmen-
tal carcinogens is a supergene family of dimeric enzymes
that are expressed in probably all life forms, the glu-
tathione S-transferase (73). These enzymes catalyze the
conjugation of glutathione to a variety of electrophiles,
including arene oxides, inorganic arsenic, unsaturated
carbonyls, organic halides and other substrates or oxida-
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tive stress products (74). We demonstrated that the
inheritance of null forms of genes codifying some of
these enzymes (75), as well as of polymorphic gene vari-
ants that produce less active forms of enzymes (76),
increase the susceptibility to thyroid differentiated can-
cer. Other polymorphic gene systems of defense may be
involved in thyroid cancer risk. Preliminary data from
our group showed that N-acetyl transferase 2 genes as
well are involved in thyroid cancer risk (77).

Among the genes involved in cellular repair,
p53 polymorphism is one of the most interesting. This
polymorphism has been shown to have varying ethnic
and geographical distribution, like most genetic
human polymorphisms. It has been reported to be a
potential genetic risk factor for many types of cancer,
and we as well as others have demonstrated that it is
also involved in thyroid cancer risk (78,79).

Many other systems may possibly be involved in
the complex interaction between human beings and
environment that ultimately leads to cancer. A series of
promising reports identifying polymorphisms in
germline DNA have been published in an effort to delin-
cate polygenic models of thyroid cancer susceptibility
and prognosis (80-82). Such models are particularly
interesting since they may help select individuals for spe-
cific chemopreventive interventions and determine
which patients with nodules or with microcarcinomas are
most likely to benefit from specific therapies. Unfortu-
nately, these studies have produced inconsistent results
mostly derived from small samples but also from popula-
tion stratification secondary to ethnic diversity, hetero-
geneity of the therapeutic measures employed as well as
consideration being limited to only one rather than com-
binations of polymorphisms. In addition, an important
limitation in case-control studies is the fact that some
population controls may have undetected thyroid lesions
that could mislead the interpretation of the observed
associations. Our studies have the advantage of using the
Brazilian population, which presents a highly heteroge-
neous cthnic composition. Nonetheless, larger cohorts
and metanalysis are needed. Hopetully, a panel of mole-
cular markers will be able to identify early on life those at
risk for thyroid cancer, hence helping define preventive
strategies for these individuals in a near future.

PREDICTORS OF THYROID OUTCOME

The thyroid cancer patient needs to be reevaluated at
each clinical appointment. As stated in the Guidelines
also published in this issue of the ABEM, this evalua-
tion outlines the patient’s outcome and defines further
strategies.
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Laboratory data

Thyroid hormone suppression lessens disease progres-
sion in high-risk papillary thyroid carcinoma (83).
Recent data indicate that thyroid hormone suppressive
therapy that yields serum TSH levels in the subnormal
range also improves overall survival of patients with
stage 1I differentiated thyroid cancer, but no addition-
al improvement is associated with further degrees of
thyroid hormone suppression (84). These data rein-
force our Guideline recommendations: more aggres-
sive thyroid hormone suppressive therapy is warranted
in high-risk patients, whereas less aggressive thyroid
hormone suppressive therapy aimed to maintain TSH
levels slightly below normal is indicated in low-risk
patients. Moreover, TSH levels may be considered of
prognostic significance, and add value to thyroglobu-
lin (Tg) measurement, which remains the most impor-
tant predictor of outcome currently available for oper-
ated thyroid cancer patients (85-87).

Images

Nodule appearance on ultrasonography, together with
ultrasound-guided fine-needle aspiration cytology,
and neck exam during thyroid cancer follow-up are
cornerstones of the current management of thyroid
lesions. As more comprehensively discussed elsewhere
in this issue of the ABE&M, ultrasonography is supe-
rior to other imaging methods, such as magnetic reso-
nance imaging or computed tomography scan, except
in particular cases (88,89).

More recently, 18E-FDG PET /CT has emerged
as a promising imaging modality to evaluate thyroid
malignancies, as extensively discussed in another man-
uscript of this issue of the ABE&M. PET and
PET/CT are highly sensitive for Tg and/or radioio-
dine negative-scan thyroids, primary, poorly differenti-
ated or anaplastic tumors, and metastatic lesions (90).
However, their role as predictors of thyroid tumor
aggressiveness remains to be evaluated.

Fractal dimension

Cell structural and biochemical features change with
increasing aggressiveness of a neoplasia. Morphomet-
ric and texture analyses of whole tissue sections or
individual cells are simple, reproducible and inexpen-
sive. Staining can be done on routine slides. Patholo-
gists have proposed the fractal dimension of nuclear
chromatin as a prognostic factor in some tumors, such
as lymphoblastic leukemia (91), myelodysplastic syn-
dromes (92) and laryngeal carcinoma (93). This is a
promising method that may estimate patients’ out-
come early on a cytological fine-needle aspirate, since
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it has also been used for fine-needle aspirates from
breast cytology (94). Recent data suggest that this
technique may be applied to thyroid and possibly be
useful in predicting aggressiveness (95).

CONCLUSION

Screening tools designed to identify individuals at risk for
thyroid nodule cancer are of extreme necessity. Some
clinical and epidemiologic features, among other factors,
have proved to be important in the identification of indi-
viduals at risk. However, an appropriate management
algorithm should balance sensitivity in detecting malig-
nancy against the costs of an additional evaluation, which
poses considerable costs to the patient and to society
(96,97). Likewise, the management of patients diagnosed
with thyroid tumors demands the understanding of the
factors that drive follicular cells towards a non-return path
of dedifferentiation. New promising tools have been
developed and hopefully we will soon be able to sort out
aggressive cases from the vast majority of indolent thyroid
cancers that, perhaps in a not so distant future, will be
merely observed without invasive intervention.
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Abstract Purpose. A series of polymorphisms in
germ-line DNA have been investigated in an effort to
delineate polygenic models of cancer susceptibility and
prognosis. As low-penetrance susceptibility genes may
combine additively or multiplicatively and contribute
to cancer incidence and to the response to chemother-
apy, we studied GSTT1, GSTM1, GSTO2, GSTPI and
codon 72 of p53 genotype profiles in ovarian cancer
patients. Methods. We compared 69 ovarian cancer
patients with 222 control healthy women paired for
ethnic and life-style characteristics. Outcome was eval-
uated in 29 stage III and IV patients submitted to a
platinum-based chemotherapy followed-up for 6-
29 months (17 + 9 months). Results. GSTT1, GSTM1,
GSTO2 and GSTPI genes presented a similar geno-
type distribution, but codon 72 of p53 gene wild-type
variant was less frequent in ovarian cancer patients
than in controls (3% P = 0.0004). Conclusions. We were
unable to demonstrate any association between the
GST genotypes studied and the risk of ovarian cancer
but the inheritance of a heterozygous Arg/Pro geno-
type of p53 increased the risk of ovarian cancer more
than 2.5 times (OR =2.571; 95% CI = 1.453-4.550).
There was no association of the studied genes to any
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clinical or pathological feature of the patients or to
their response to chemotherapy.
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Introduction

Genetic polymorphisms in genes involved in DNA
repair, cell cycle control, apoptosis or metabolic
enzymes may determine individual susceptibility to
cancer and the response to treatment (Beckman et al.
1994). A common germline single nucleotide polymor-
phism in the proline-rich domain of exon 4 of p53 gene
produces an arginine to proline change at aminoacid
position 72. The resulting codon 72 variants have been
reportedly associated with various types of cancer, like
cervico-uterine (Koushik et al. 2004), breast (Buyru
et al. 2003), thyroid (Granja et al. 2004), head and neck
cancer (Shen et al. 2002) among others. However, not
all investigations have been consistent and this hypoth-
esized association remains controversial (Oren 2003;
Drummond et al. 2002). Also, there is disagreement on
which of the haplotypes represent a risk factor. For
instance, p53 Arg homozygosity is considered a risk
factor for cervical cancer (Qie et al. 2002), while pro-
line homozygotes were related to a higher risk of naso-
pharyngeal carcinomas (Tsai et al. 2002), lung (Wang
et al. 1999a; Granja et al. 2004) and hepatocellular car-
cinomas (Yu etal. 1999), and the Arg/Pro genotype
was associated with an increased susceptibility for
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smoke-induced lung adenocarcinoma (Fan et al. 2000).
These divergent findings have been attributed, at least
in part, to the fact that distribution of the three geno-
types (Arg/Arg, Arg/Pro and Pro/Pro) depends largely
on the ethnic population (Harris et al. 1986; Weston
etal. 1994; Birgander et al. 1995; Buller etal. 1997,
Weston and Godbold 1997; Yung et al. 1997; Rosen-
thal et al. 1998; Klaes etal. 1999; Ngan et al. 1999;
Zehbe et al. 1999; Wang et al. 1999a, b). An important
drawback in these studies is the fact that most surveys
are not able to gather a number of patients large
enough to demonstrate a change in risk that might be
small.

The role of codon 72 of p53 polymorphism in the
prognosis of cancer patients is even more conflicting.
Dong et al., studying pancreatic cancer, concluded that
the polymorphism at codon 72 did not show any signifi-
cant effect on the pathology, prognosis and efficacy of
adjuvant chemotherapy of the pancreatic cancers
(Dong et al. 2003). Wu et al. also did not find any par-
ticular correlation between codon 72 polymorphism
and testicular or prostate cancer grade or stage of each
type of tumor (Wu et al. 1995). However, Wang et al.
demonstrated p53 polymorphism to be related to the
prognosis of lung cancer (Wang et al. 1999a).

There are relatively few reports of the influence of
p53 codon 72 variants in ovarian cancer risk and treat-
ment response. Most reports did not find any difference
between the distribution of the three allelic types
between control and patients (Buller et al. 1997; Hog-
dall etal. 2002; Wang et al. 2004). However, Buller
et al. found the median survival for the Arg/Arg geno-
type to be significantly longer than Arg/Pro and Pro/
Pro genotypes (Buller etal. 1997). More recently,
Wang et al. did not find any correlation between TP53
codon 72 polymorphism and any clinico-pathological
parameter; neither could he determine any influence of
this polymorphism in the susceptibility to ovarian can-
cer or the outcome of the patients (Wang et al. 2004).

Besides p53, several other polymorphic genes have
been studied as possible ovary cancer risk modifiers.
Genes encoding for enzymes involved in the biotrans-
formation of carcinogens are particularly interesting as
susceptibility factors since their activity is essential for
cell protection. Phase II glutathione-S-transferase
(GST) system consists of a large multigenic group of
detoxifying enzymes that catalyze the conjugation of
toxic and mutagenic compounds with glutathione
(Mannervik 1985). Deletion variants or null alleles
exist for the GSTT1 and GSTM1 genes and these pres-
ent biochemically as a failure to express protein (Board
1981; Seidegard et al. 1988; Pemble et al. 1994). Indi-
vidual or combined null inheritance for GSTT1 and
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GSTM1 have been related to an increased risk to a
long list of carcinogens and, consequently, to the sus-
ceptibility to various tumors (Mannervik 1985; Clapper
2000; Knudsen et al. 2001). Another important gene of
the GST family, GSTP1, presents a single nucleotide
polymorphism at exon 5 that has been demonstrated to
produce a variant enzyme with lower activity and lesser
capability of effective detoxification. This variant allele
has been associated with a propensity to several neo-
plasms (Hu et al. 1997; Johansson et al. 1998). Because
GSTP1 is also involved in the metabolism and subse-
quent removal of anticancer drugs, high levels of
GSTP1 in tumors may contribute to drug resistance in
several different cancers (Gilbert et al. 1993; Russo
et al. 1994; Gaffey et al. 1995). Also, a recently charac-
terized gene, GSTO, has been related to the ability of
cells containing ryanodine receptors (RyR) to resist
apoptosis induced by Ca+2 mobilization (Dulhunty
et al. 2001). GSTO?2 presents a polymorphism involv-
ing an A to G transition at nucleotide position 424 in
exon 4 that might be associated to a lower activity of
the variant enzyme in a substrate-dependent manner
that may help explain the variation between individu-
als in their susceptibility to oxidative stress and inor-
ganic arsenic (Tanaka-Kagawa et al. 2003; Whitbread
et al. 2003). Arsenic is a well-known environmental
carcinogen and contamination of drinking water with
inorganic arsenic is a worldwide health problem; but
few studies have looked for the relationship of GSTO
polymorphisms to cancer so far (Granja et al. 2005).

In addition, GSTs are implicated in the resistance to
a number of drugs, including some that may be used to
treat ovarian cancer, like platinum-based compounds,
adriamycin, cyclophosphamide and etoposide (Ban
etal. 1996). Reports on the effects of GST polymor-
phisms in the response to treatment and ovarian cancer
survival have been contradictory (Howells et al. 1998;
Lallas et al. 2000; Medeiros et al. 2003). An early study
found that the combined null inheritance for GSTM1
and GSTTI was associated with survival and mediated
through p53 expression in ovarian cancer (Howells
et al. 2001).

We hypothesized that GSTs and p53 could combine
additively or multiplicatively and contribute to cancer
incidence and to its response to chemotherapy. Hence,
the aim of this study was to investigate the combined
effect of these genes in ovarian cancer, their associa-
tion to hormones and other clinical, epidemiological
and pathological markers of susceptibility. We also
aimed to evaluate a possible utility of polymorphism
genotyping of these genes in the prediction of the
ovarian cancer patient’s response to chemotherapy
and outcome.
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Materials and methods
Subjects

The study was approved by the Ethics Committee of
the University Hospital — School of Medicine of the
State University of Campinas—Sao Paulo, and
informed written consent was obtained from all indi-
viduals. A total of 69 unrelated women with histologi-
cally confirmed invasive epithelial ovarian tumors
followed-up in our outpatient clinic at the University
Hospital were enrolled in the study. All patients had
undergone primary surgery and chemotherapy
between 1998 and 2004 according to a same-standard
protocol that includes extended total hysterectomy,
bilateral salpingo-oophorectomy, omentectomy and
resection of metastatic tumors. Systematic pelvic and
para-aortic lymph node dissection was employed when
the optimal cytoreduction (residual tumor < 2 cm) was
achieved. All data, including stage and grade of differ-
entiation of the tumors, were obtained from surgical
and pathological reports from the patients’ records.
Experienced pathologists of the University Hospital
confirmed all diagnoses. Grade of tumor was deter-
mined according to architectural pattern and mitosis
index.

A control group of 222 healthy women was selected
from the general population of our region. There were
150 blood donors and 72 individuals recruited among
co-workers and volunteers from the State University of
Campinas. Individuals with history of previous ovarian
cancer or any other neoplasia were excluded as well as
women with a family history of gynecological cancers.
Data on general health conditions, gynecological and
medical history with emphasis on the use of estrogens,
reproductive life and previous and/or current malig-
nant diseases were obtained through interviews, using
a structured questionnaire that included a lifestyle
inquiry on occupational and professional history; ciga-
rette smoking habit; dietary habits including red meat,
vegetables and fat intake; and alcohol and drug con-
sumption. Cigarette smoking habit was recorded and
the patients were grouped into never-smokers and
ever-smokers categories. Color was determined
according to each individual’s description of her own
skin color. All patients were classified as whites and,
therefore, the control group was composed only of
white individuals. Disease stage was determined
according to the International Federation of Gynecolo-
gists and Obstetricians (FIGO) staging scheme and
included 17 stage I, 8 stage II, 35 stage III and 9 stage
IV patients.

Outcome evaluation

In order to evaluate the response to therapy and sur-
vival, we focused on a more homogeneous group of 29
patients with epithelial ovarian carcinoma stages III
and IV who were found to have residual tumor over
2 cm after the first laparotomy, and/or had high serum
levels of the tumor marker CA125 (> 35 U/ml) after
surgery. These patients did not present any other con-
comitant neoplasm, were followed-up for 6-29 months
(17 £ 9 months) and received a platinum-based (cis-
platin or carboplatin) three-agent chemotherapy.
Additional agents were cyclophosphamide (n=19),
epirubicin (n =10), taxol (n=7) and adriamycin
(n =5). Response to chemotherapy was determined by
the disappearance of clinically detectable tumor and a
50% or more reduction in CA125 level maintained for
over 6 months after the last chemotherapy -cycle.
Patients were considered responsive to chemotherapy
when the tumor disappeared completely on image
methods or at a second-look laparotomy and a 50% of
more reduction in the CA125 levels was maintained for
over 6 months. Non-response was defined as the need
of chemotherapy drugs changing due to clinical recur-
rence or disease-related death during the period of
6 months after chemotherapy. Patients with stable dis-
ease were also considered non-responsive. Survival
was defined as the time interval from diagnosis to
death. The cause of death was determined from the
patients’ records.

Polymorphism analysis

Genomic DNA was extracted from a peripheral blood
sample using a standard proteinase K and phenol-chlo-
roform protocol. A multiplex-PCR assay was used to
simultaneously amplify the GSTT1, GSTM1 and beta-
globin genes as an internal positive control as
described previously (Morari et al. 2002). GSTP1 vari-
ants were studied using a PCR-restriction fragment
length polymorphism analysis (PCR-RFLP). The prim-
ers used were forward 5" CCA GGC TGG GGC TCA
CAG ACA GC 3’ and reverse 5 GGT CAG CCC
AAG CCA CCT GAG G 3'. In brief, PCR was per-
formed in 25 pl volumes of a mixture containing 100 ng
DNA, 50 nM of each primer, 10 mM Tris-HCI (pH
8.0), 100 uM of each dinucleotide triphosphate, 2.0 mM
MgCl, and 0.5 U Taq DNA polymerase. Amplifica-
tions were carried out for 35 cycles of 94°C for 45,
annealing temperatures 62.4°C for 50 s and 72°C for
1 min, with an initial denaturation step of 94°C for
2 min and a final extension step of 72°C for 7 min using
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a MJ PTC-200 PCR system. Thirteen microliter of
each PCR product was subsequently submitted to
Alw261 overnight digestion. The digests were eletro-
phoresed in 3% agarose gels stained with ethidium
bromide and photographed under ultraviolet light. The
identity of the allele was established based on the
restriction patterns. The transition polymorphism A-G
in the GSTO2 (asnl42asp) codon 142 was demon-
strated using the following primers: 5 ACT GAG
AAC CGG AACCACAG3 and 5" GTA CCT CTT
CCA GGT TG 3’; annealing temperature was 62°C
(45 s). PCR products were digested with the restriction
enzyme Mbol at 37°C for 16 h and visualized on 3%
agarose gel stained with ethidium bromide. The diges-
tion products reveal three different patterns: The A/A
homozygote of normal sequence was 280 bp fragment,
whereas A/G heterozygosity was 280, 250 and 30 bp,
and G/G homozygote of polymorphic sequence 242
and 48 fragments bp.

For the determination of the polymorphism at
codon 72 of the p53 gene, two sets of primers were
used, one to amplify the Arg allele and the other to
amplify the Pro allele, according to the procedure
described by Storey etal. (1998) and previously
employed in our laboratory (Granja et al. 2004).

Statistical analysis

Statistical analysis was conducted using SAS statistical
software (Statistical Analysis System, Version 8.1,
Cary, NC, USA, 1999-2000). Chi-square (x*) and
Fisher’s (F) exact tests were used to examine homoge-
neity between cases and controls regarding color, pre-
vious diseases, use of estrogen, number of pregnancies
and cigarette smoking. Kruskal-Wallis (KW) test was
used to compare age among groups. Pearson-y” test
was also used to assess association between genotypes
and clinical variables. Univariate analysis using two-
sided chi-square tests was performed to compare the
genotype and allele frequencies between cases and
controls. The observed genotype frequencies were
compared with those calculated from Hardy—Weinberg
disequilibrium theory (p? +2pq + g% where p is the fre-
quency of the variant allele and ¢ = 1-p). The crude
odds ratio (OR) and the 95% confidence intervals (CI)
were calculated by logistic regression analysis. Multiple
and univariate logistic regressions were used to evalu-
ate the effect of genotypes, after adjusting for other
potential confounders like age, tobacco and estrogen
consumption. Comparison between overall survival
rates in the patients with stages III and IV were calcu-
lated using the Kaplan—Meier survival curve and the
log-rank test. The Cox proportional hazard regression
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model for multivariate analysis was used to analyze the
individual effects of factors on survival. Survival analy-
sis was done using Kaplan-Meier method. All tests
were conducted at the P = 0.05 level of significance.

Results

There were no differences between the controls and
the ovarian cancer patients regarding age (32-98 years
old, 54.1 154 years vs. 24-73 years old, 52.6 +
11.9 years), demographic and lifestyle characteristics,
including alcohol consumption, red meat, vegetables
and fat intake, education, and exercise — data not
shown.

Regarding histology, the majority of the tumors
were classified as serous (n =37, 53.6%), 13 (18.8%)
were mucinous, 11 (15.9%) endometrioid and 8
(11.5%) undifferentiated. The median overall survival
was 2years (mean &+ standard error: 83.48 +
13.20 months). Gynecological and medical history,
contraception, number of pregnancies, smoking habits
and family history were not associated with survival.
Neither was the type of primary chemotherapy or any
of the subsequent chemotherapy schemes.

The proportion of GSTP1, GSTO2 and codon 72 of
p53 different haplotypes Hardy—Weinberg equilibrium
was tested in the population of 291 individuals geno-
typed in this study. GSTP1 and GSTO?2, but not codon
72 of p53 variants, were in equilibrium.

Table 1 shows the overall distribution of genotypes
in both control and patients groups. There was no asso-
ciation between GSTT1 and GSTMI1 null genotypes,
either considered individually or in combination, and
the risk of ovarian cancer. Also, there was no differ-
ence between GSTP1 and GSTO?2 variants’ incidence
in the control population and the ovarian cancer
patients. However, the wild-type homozygous Arg/Arg
variant of codon 72 of p53 gene was underrepresented
in ovarian cancer patients (33.33%) compared to the
control population (52.70%) (x% P =0.0004). Indeed,
46 out of the 69 ovarian cancer patients (66.67%) pre-
sented an Arg/Pro haplotype that appeared in only
40.99% of the controls. Also, the Pro/Pro haplotype
was not found among ovarian cancer patients although
it was detected in 14 control individuals (6.31% of the
control population). Univariate logistic regression
analysis showed that the Arg/Pro genotype was an
independent factor of risk for ovarian cancer
(P =0.0012) and this risk was confirmed to be 2.571
times higher in individuals with this genotype, by a
multivariate logistic regression analysis (OR =2.571;
95% CI = 1.453-4.550).
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Table 1 Comparison among the distribution of the different
studied genotypes in the control population (n = 222 individuals)
and the ovarian cancer cases (1 = 69 patients)

Gene Genotype Cases Controls Odds  P-value
ratio
n % n %
GSTP1  TIle 105 val
Tle/Tle 33 478 98 44.1
Tle/val 26 377 94 423 0.821 0.5110
Val/val 10 145 30 135 0.990 0.9806
GSTO2  Asnl42asp
Asn/asn 24 348 87 392
Asn/asp 37 53.6 104 46.8 1290 0.3960
Asplasp 8 116 31 14.0 0936 0.8844
GSTT1/  Pos/pos 26 37.7 98 44.1
GSTM1 Pos/neg 35 507 81 36.5 0.1133 1.551
Neg/pos 5 72 24 108 0.1239 0.531
Neg/neg 3 43 19 85
pS3 Arg72Pro
Arg/arg 23 333 117 527
Arg/pro 46 667 91 41.0 2571 0.012

pro/pro 0 0 14 63

Among the group of 29 patients submitted to che-
motherapy, 16 received six cycles of chemotherapy
after the primary surgery, four patients received three
cycles after the primary surgery followed by a second-
look laparotomy and nine patients received neoadju-
vant chemotherapy. None of the GST or the p53 poly-
morphisms, either alone or in combination, were found
to be associated with patient age, disease stage, tumor
grade or histological type. We were unable to demon-
strate any significant association between any of the
genetic parameters studied, either alone or in combina-
tion, or in analysis adjusted for patient age, stage, his-
tological grade or histological type and the patients’
outcome or their response to treatment. Additional
analysis also did not demonstrate any association
between genotypes and outcome with the different
therapeutic regimens used. None of the studied poly-
morphisms were found to be predictive of response to
treatment. Also, we were not able to find any associa-
tion between GSTP1 variant alleles and the combined
or isolated null genotype for GSTM1 and GSTT1 or
any codon 72 of p53 haplotypes.

Discussion

Although ovarian cancer is the main cause of death
among women with gynecological malignancies, other
than the involvement of hormonal and reproductive
factors, little is known of its etiology. Epidemiologic
studies found a correlation to eggs, milk and diary
products in general to the incidence of ovarian cancer

(Kushi et al. 1999) suggesting an influence of the estro-
gen and progesterone contents of animal-derived food
we consume (Ganmaa and Sato 2005). Also, asbestos,
talc (Langseth and Kjaerheim 2004) and suspended
particulate matter (Iwai et al. 2005) were hypothesized
to influence the development of ovarian cancer.

Genes that are involved in a person’s propensity
toward carcinogenic exposure and/or modulation of
therapeutic outcome may be implicated in both cancer
risk and its prognostics. Therefore, at the level of risk
assessment, germline polymorphisms in glutathione
genes are very interesting candidate genes. Also, poly-
morphisms affecting genes with important effects on
tumor behavior are candidates for both tumor suscepti-
bility and outcome markers. It is conceivable that low-
penetrance susceptibility genes combine additively or
multiplicatively and contribute to cancer incidence and
to its response to chemotherapy. However, the study of
low-penetrance genes has produced inconsistent
results mostly derived from small samples and also
from population stratification secondary to ethnic
diversity, and consideration limited to only one rather
than combinations of polymorphisms. Ovarian cancer
is a relatively rare malignancy, and our study, like most
previous reports, has a relatively small sample. How-
ever, we studied the three variants of codon 72 of p53
gene. In addition, we examined the association of this
gene haplotypes to the genes encoding for GSTT1,
GTM1, GSTP1 and GSTO?2 enzymes in the Brazilian
population whose highly heterogeneous composition
might help dilute ethnic bias. Response to treatment
and outcome were analyzed only in a homogeneous
sample of grade III and IV patients treated with a
three-agent platinum-based chemotherapy.

Our results concur with almost all previous studies
that did not observe any association between the
GSTT1 and GSTM1 null variants and ovarian cancer
(Coughlin and Hall 2002). Concurring with the Spurdle
et al. data, we also did not find any difference in the dis-
tribution of GSTP1 gene haplotypes between ovarian
cancer cases and controls (Spurdle et al. 2001). More
recently, a study of 215 patients followed-up for a
median of 31 months found patients with GSTM1 and
GSTP1 variant alleles to have a reduction in the risk of
disease progression and a better overall survival (Bee-
ghly et al. 2005). Also, we were not able to reproduce
Howells’ data on GSTP1 variants and the patients’ out-
comes, perhaps because we studied a small but more
homogeneous group of patients (Howells et al. 2001).

Considered together with previous reports, our data
provide compelling evidence against any important
role of GSTTI, GSTMI1, GSTPOI and GSTO2 as sus-
ceptibility factors for ovarian cancer, with the possible
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exception of GSTMI and GSTTI in endometrioid and
endometrioid/clear cell ovarian cancers (Baxter et al.
2001; Spurdle et al. 2001). We demonstrated that Arg/
Pro genotype of p53 was an independent factor of risk
for ovarian cancer although it was not related to the
response to treatment. A recent report found no differ-
ence in the genotype or allele prevalence between 68
ovarian cancer patients and 95 healthy control Japa-
nese women (Ueda et al. 2005). In contrast, Agorastos
et al. have found the Arg/Arg to increase the risk for
Greek ovarian cancer patients than in healthy controls
(odds ratio 4.16 at P =0.0058) (Agorastos et al. 2004).
Other authors also advocate a role for codon 72 of p53
in the susceptibility and/or the aggressiveness of ovar-
ian tumors (Hogdall et al. 2002; Pegoraro et al. 2003;
Wang et al. 2004)

TP53 protein with Pro is structurally different from
TP53 protein with Arg (Matlashewski et al. 1987).
Although both polymorphs of p53 are endowed with
both apoptosis and DNA-repair properties, they have
different efficiencies (Siddique and Sabapathy, 2006).
TP53 variants enhance the binding of p73 and neutral-
ize p73-induced apoptosis (Marin et al. 2000; Bergama-
schi et al. 2003). The Arg variant has a greater ability
to localize to the mitocondria; this localization is
accompanied by release of cytochrome c into cytosol
(Dumont et al. 2003). Recently, p53 Pro/Pro homozyg-
otes were showed to increase significantly the risk of
estrogen receptor (ER) positive breast cancer
(adjusted OR =2.04, P =0.04) as compared with Arg/
Arg homozygotes (Noma et al. 2004). Regarding ovar-
ian cancer, Buller et al. reported that Arg/Arg Mid-
western American patients developed ovarian cancer
at an earlier age than the others. In addition, they
found Pro allele loss to be preferred in the tumors, and
any tumor with a retained Pro allele to be more prone
to p53 sequence variants (Buller etal. 1997). Wang
et al. found no indications of the codon 72 polymor-
phism influencing the susceptibility of developing ovar-
ian cancer (Wang etal, 1999a, b). However, in
agreement with Buller et al., they confirmed a prefer-
ential tendency of Pro tumor genotype to harbor TP53
sequence variants, and samples with the Pro tumor
genotype had more severe changes like deletion, inser-
tion, nonsense or splice variants (Buller et al. 1997).
These findings suggest that the polymorphism at codon
72 may have a role in ovarian cancer susceptibility, but
this effect may be dependent on the properties of geno-
toxic or cytotoxic agents.

We could not demonstrate any correlation between
the frequency of the three genotypes (Pro/Pro, Arg/
Arg and Arg/Pro) and clinical data, stage or histologi-
cal type of the tumor, concurring with the few studies
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that have analyzed the relationship between the distri-
bution of codon 72 polymorphisms and clinicopatho-
logical parameters (Hogdall et al. 2002; Wang et al.
2004). Also, there was no correlation between any of
the studied genotypes; neither did they show any asso-
ciation with the response to chemotherapy or the
patients’ outcomes.
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Summary

Objective Cigarette smoking is a well-recognized risk factor of
Graves’ disease and, particularly, Graves’ ophthalmopathy. Hence,
germline polymorphisms of detoxification genes and genes
belonging to the major DNA repair—apoptosis pathways might have
an important role in disease susceptibility. In addition, as some of
these genes are regulated by thyroid hormones, they may affect the
patients’ outcomes. We aimed to assess the influence of the GST, CYP
and TP53 gene polymorphisms in the risk of Graves’ disease and
its outcome.

Design Prospective case-control study.

Patients A PCR-based strategy was used for GSTTI, GSTMI,
GSTPI, CYPIAI and TP53 codon 72 genotypes in a group of 400
Graves’ disease patients, and to compare them to 574 control
individuals with similar environmental exposure features.

Results GSTMI and GSTTI genotypes were equally distributed in
cases and controls, repectively. However, GSTPI (P <0-0001),
CYPIAI (P<0-0033) and Pro/ProTP53 (P <0-0035) variants
appeared more frequently in Graves’ disease patients than in
controls. A multivariate analysis indicated that cigarette smoking
and inheritance of GSTPI, CYPIAI and Pro/ProTP53 variants were
important risk factors for Graves disease, but only smoking
appeared as an independent risk factor for Graves’ ophthalmopathy.
There was no association between clinical features, including
ophthalmopathy or treatment outcome, and the studied genotypes.
Conclusion We concluded that GSTPI, CYPIAI and TP53, but
not GSTTI and GSTM1 germline polymorphisms, may be associated
with smoking-related Graves’ disease susceptibility and configure a
risk profile for the disease. However, these polymorphisms do not
influence the patients’ response to treatment.
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Introduction

It is widely accepted that Graves’ disease is an autoimmune disorder,
involving a complex interchange of multiple genetic, environmental
exogenous and endogenous elements required for the right com-
bination to trigger thyroid autoimmunity."™ Environmental factors
such as smoking, stress, bacterial and viral infections, and a large
variety of drugs may be responsible for as much as 21% of the
susceptibility of developing Graves’ disease.'™

The biochemical basis for genetic susceptibility to environmental
hazards or endogenously produced toxins is related to genetic
polymorphisms that normally occur in the general population, and
involves a series of genes: genes implicated in the predisposition to
a specific disease, in the metabolic activation or detoxification
of genotoxins and in controlling DNA repair or cellular damage.’
Polymorphic genes encoding for enzymes involved in the
biotransformation of xenobiotics have been extensively investi-
gated, in particular regarding their role as cancer risk modifiers.
Recently, a series of studies have been focusing on the importance
of these genes in the inflammatory reaction process and in various
autoimmune conditions, including multiple sclerosis, systemic lupus
erythematosus, Guillain—Barré syndrome and rheumatoid
arthritis.”™"'

Cigarette smoking is a well-recognized risk factor for the
development of Graves’ disease and even more so for Graves’
ophthalmopathy.'” Cytochrome P4501A1 (CYPIA1) enzymes play a
key role in phase I metabolism of polycyclic aromatic hydrocarbons
and other toxic components of cigarette smoke which are subsequently
detoxified by phase II enzymes such as the glutathione S-transferases
(GST). When these enzymes are not able to avoid cellular damages,
the TP53 gene plays an important role by recognizing and repairing
DNA injuries.

The GST supergene family encodes a series of dimeric enzymes
that catalyze the conjugation of glutathione with a variety of
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electrophilic compounds, including oxidized lipid, DNA and
catechol products generated by reactive oxygen species-induced
damage to intracellular molecules and other potentially detrimental
substrates.'”"* Genetic polymorphisms have been demonstrated for
GSTM1I, GSTTI and GSTPI genes are localized on chromosomes
1p13.3,22q11.2 and 11q13, respectively. Homozygous deletion
individuals, who are classified as GSTM1I null or GSTTI null, exhibit
absence of enzymatic activity and are hypothesized to be at increased
risk for toxic effects of a wide variety of environmental or
endogenous exposures.'”” The GSTPI gene is located on chromosome
11 and presents an A to G transition resulting in a codon Ile105Val
amino acid substitution (RS1695), which modifies heat stability and
specific activity of the Val-containing isoform.'® These gene variants
produce enzymes with lower activity and possess less effective
capability of detoxifying toxins than the wild-type GSTP1."” GST
enzymes are subject to regulation by several hormones including the
thyroid hormones."® Both T3 and T4 have been shown to reduce the
GST activity, raising the possibility that the state of hyperthyroidism
may exert an influence on the response to antithyroid drugs or even
to radioiodine treatment."®

Cytochrome P450 1A1 (CYPIAI) gene, located on chromosome
15q22 encodes for the enzyme aryl hydrocarbon hydroxylase, which
plays a key role in phase I metabolism of polycyclic aromatic hydro-
carbons, transforming them into carcinogens.'’ A thymine—cytosine
transition in the CYPIAI MsplI restriction site has been shown to be
associated with a more inducible form of CYP1A1.” The higher levels
of the corresponding enzymes would result in an increased capacity
to activate polycyclic aromatic hydrocarbons, producing highly
reactive electrophilic intermediates that might damage DNA.*'

The TP53 gene is located on chromosome 17p13-1 and its
encoding p53 protein participates in the processes of cell-cycle arrest

. 2223
and apoptosis.

Apoptosis not only prevents tumour generation,
but also normally regulates the maturation and control of both
T- and B-cell immune responses, the basic pathogenetic components
of autoimmune thyroid diseases, by removing autoreactive or
nonreactive immune elements.”* A common germline single
nucleotide polymorphism in the proline-rich domain of exon 4 of
P53 gene produces an arginine to proline change at amino acid posi-
tion 72 (RS1042522). The resulting codon 72 variants reduce p53
ability to activate apoptosis and have been reported to be associated
with some autoimmune diseases, including systemic lupus erythe-
matosus and rheumatoid arthritis.”**

Although the role of many polymorphisms of genes related to
toxins’ metabolism has been extensively investigated regarding
thyroid cancer susceptibility, their influence on thyroid autoimmune
disease risk is still largely unknown.” >’ Hence, this study was
designed to assess the influence of GSTTI, GSTM1, GSTP1, CYPI1Al
and 72TP53 polymorphic inheritance on Graves’ disease susceptibility

and response to treatment.

Materials and methods

This prospective case-control study was approved by the Research
Ethics Committee of the School of Medical Sciences — State University
of Campinas (FCM — UNICAMP), Santa Casa of Sao Paulo Hospital
(Santa Casa), and the Pontifical Catholic University of Campinas

Teaching Hospital (PUCC), Brazil. The informed written consent
was obtained from all 974 enrolled individuals. Individuals with
history of previous specific environmental or occupational exposure
risks, and antecedents of autoimmune diseases other than Graves’
disease were excluded. We also excluded individuals, who were taking
medications that could interfere with thyroid function evaluation;
who came from areas of suspected iodine deficiency; who had a
history of radiation exposure; who had a recent history (2 months)
of viral and bacterial infections. All controls that had any history or
clinical suspicion of thyroid dysfunction were excluded.

Patients

Four-hundred Brazilian outpatients diagnosed with Graves’ disease
from the FCM — UNICAMP, Santa Casa and PUCC were enrolled
in the study. All patients presented with clinical evidence of
thyrotoxicosis with suppressed serum TSH, high serum free T4
and/or T3 levels, elevated 24-h radioactive iodine (24-h RAIU) or
pertechnetate (Tc) uptake with homogeneous tracer distribution
and diffuse gland enlargement. Patients were carefully examined and
either treated with antithyroid drugs (102 cases with methimazole
and 56 cases with propylthiouracil) or assigned to radioiodine
therapy (232 cases) or surgery (10 cases). Antithyroid drug therapy
was maintained for at least 12 months. Serum TSH and {T4 levels
were assessed every 30—60 days during antithyroid drugs therapy,
and at least three times during the 12 months after radioiodine,
surgical or antithyroid drug treatment. Thyroid function was
assessed at least once a year during the subsequent follow-up. One
hundred and sixty-nine patients presented with clinical evidence
of eye involvement. Ocular examinations were carried out every
2-3 months by a single examiner (RBS), whose examination
included evaluation of soft-tissue changes and measurements of
proptosis. The activity of ophthalmopathy was graded using a
clinical activity score, which took into account seven manifestations
of disease (spontaneous retrobulbar pain, pain with eye movement,
eyelid erythema, eyelid oedema, conjunctival injection, chemosis
and swelling of the caruncle). One point was given for each
manifestation, and the score ranged from 0 (no activity) to 7 (very
high activity).”

Cure for hyperthyroidism was defined as clinical and laboratory
evidence of stable euthyroidism or hypothyroidism in the absence
of antithyroid drugs at least 12 months (average 17 months) after "*'I
therapy, surgery or one or more courses of antithyroid drug therapy
discontinuation.

Controls

We included a control group of 574 healthy individuals selected from
the general population of our region, expected to have normal iodine
ingestion. Considering that Graves disease is more frequent in
women, we selected three females for each male. Unfortunately, we
were neither able to collect blood from children nor match control
and patients’ groups for ethnicity, as most of the control individuals
who agreed to be enrolled were white.

Both patient and control individuals were submitted to a physical
examination and answered a structured questionnaire that included
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demographic and ethnic background, lifetime occupational history,
smoking and dietary habits, physical exercises, drug and medicine
use, general health conditions and previous disease information.
Skin colour was determined by the interviewer, in accordance with
the Brazilian Institute of Geography and Statistics; however, due to
the difficulty in classifying our highly heterogeneous population, we
grouped individuals into white and nonwhite. Cigarette smoking
habit was recorded but, due to the lack of reliability of the data
obtained during the smoking period, age when smoking started,
quantity smoked and years as smoking stopped, the patients were
grouped in never-smoker and ever-smoker categories.

Genotypes identification

Blood was collected into EDTA-containing tubes, and DNA was
extracted from frozen specimens and from leucocytes separated from
whole blood using a standard phenol-chloroform protocol.
Genotyping was conducted with blinding to case-control status.
GSTTI1, GSTM1, GSTPI and CYPIAI genotyping was performed
using the previously described PRC-RFLP methods.”**”!
to determine the polymorphism at codon 72 of the TP53 gene,
we also used a PCR-RFLP method. Primers for TP53 were TP53F
(5’-ATC TACAGT CCC CCT TGC CG-3") and TP53R (5-GCA ACT
GAC CGT GAC AGT CA-3’), which generated a 296-bp fragment.
PCR was performed in 25 pl volumes of a mixture containing 100 ng
DNA, 50 nm of each primer, 10 mm Tris—HCI (pH 8-0), 100 um of
each dinucleotide triphosphate, 2-0 mm MgCl, and 0-5 U Tag DNA
polymerase. Amplifications were carried out for 35 cycles of 94 °C

In order

for 50 s, annealing temperatures were 65 °C for 50 s and 72 °C for
1 min, with an initial denaturation step of 94 °C for 2 min and a final
extension step of 72 °C for 10 min, using a MJ PTC-200 PCR system.
The PCR fragments were analysed by electrophoresis in a 2% agarose
gel stained with ethidium bromide and visualized on a UV-light
transilluminator. The Bsh1236] restriction enzyme was used to iden-
tify the TP53 codon 72 (Arg/Pro) polymorphism, according to the
manufacturer’s protocol (Fermentas UAB, Vilnius, Lithuania). The
wild-type (Arg/Arg) allele yielded two fragments of 169 and 127 bp.
The homozygote variant (Pro/Pro) generated a single band, repre-
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senting the entire 296 bp fragment and the heterozygote (Arg/Pro)
variant presented the three bands. The restricted product was
analysed by electrophoresis in 3% agarose gel containing ethidium
bromide. RFLP results of TP53 codon 72 were confirmed by DNA
sequencing of PCR products, using the ABI prism big dye sequencing
kit (Perkin-Elmer, Warrington, Cheshire, UK) with an automated
sequencer (ABI PRISM 377; Perkin-Elmer).

Statistical analysis

The statistical analysis was conducted using the sas statistical
software (Statistical Analysis System, version 8-1, Cary, NC, 1999—
2000). Associations were assessed using 2 X 2 or 2 X n contingency
table analysis; and the XZ or Fisher’s (F) exact test was used to examine
homogeneity between cases and controls regarding gender, ethnicity,
medication use, cigarette smoking habit and genotypes. The
Kruskal-Wallis (KW) test was used to compare the ages among the
groups. The Mann—-Whitney or Wilcoxon test was used to compare
the age and goiter size among the different genotype groups. The
observed genotype frequencies were compared to those calculated
using the Hardy—Weinberg disequilibrium theory. The sample size
and power calculation for each gene were calculated using the ps
software version 2-1-31. The odds ratio (OR) and 95% CI provided
the measure of association strength, for example, indicating
the increase in odds of a given thyroid nodule, demonstrating a
particular genotype compared to the control population. Variables
that were significantly associated with Graves’ disease incidence or
outcome by univariate analysis were entered into a multiple logistic
regression model, in order to evaluate the effect of all genotypes
and clinical risk factors, including sex, age and cigarette smoking
asindependent predictors. A stepwise regression analysis was applied
to further identify risk factors of Graves’ disease or Graves’ ophthal-
mopathy. All tests were conducted at the P = 0-05 significance level.

Results

Table 1 summarizes patients and controls clinical characteristics.
There were no differences regarding dietary habits, physical exercises,

Table 1. Percentage distribution of GD patients (cases) and controls according to smoke habits comparing clinical characteristics, including age (X + SD in

years), gender, ethnicity (white, nonwhite), ophthalmopathy and cure rate

Cases Controls
Clinical Characteristics Smoking Nonsmoking Total Smoking Nonsmoking Total
Age 40-1 £10-2 37 £12-60 355+ 137 42-03 £ 14-35 43-40 £ 1779 43-3 £157
Gender Female 7353 8171 75 575 66-45 69-52
Male 26-47 1829 25 42-5 33-55 30-48
Ethnics White 67-65 68 68-75 74-8 82-74 84-50
Nonwhite 32-35 32 31-25 252 17-26 15-50
Ophthalmopathy Positive 46-77 27-48 48-63 - - -
Negative 5323 72-52 51-37 - - -
Rate of cure Cure 37-06 3929 77-87 - - -
Noncure 62-94 60-71 22-13 - - -
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Table 2. Distribution of GSTM1I and GSTT1 genotypes inheritance (present = positive; absent = negative); GSTPI and CYPIAImI genotypes (wild-type,
heterozygous and homozygous variants) and TP53 codon 72 (wild-type = Arg/Arg, heterozygous = Arg/Pro,homozygous = Pro/Pro) among 400 Graves’ disease
cases and 574 control individuals. The odds ratio (OR) was calculated in relation to the positive or to the wild-type genotype adjusted for sex, age and ethnicity.

The power calculation (PC) is presented in percentage

All cases
Control Cases
PC
N (%) N (%) (%) OR 95% CI P
GSTM1 Positive 275 56-35 239 59-75 16 0-895 0-675-1-186 0-4390
Negative 213 4365 161 40-25
GSTT1 Positive 385 78-89 320 80-00 0-5 0-955 0-677-1-349 0-7951
Negative 103 21-11 80 20-00
GSTPI1 Wild-type 290 59-43 169 4225 99 2:074 1-559-2-760 <0-0001
Heterozygous 153 31-35 186 46-50
Homozygous 45 9-22 45 11-25
CYPIAImI Wild-type 173 62-45 52 44-44 87 1-971 1-254-3-098 0-0033
Heterozygous 96 34-66 61 52-14
Homozygous 8 2-89 4 3:42
TP53 codon 72 Arg/Arg 139 4498 121 44-65 97 2:984 1-433-6-217 0-0035
Arg/Pro 158 51-13 115 42-44
Pro/Pro 12 3-88 35 12-92

or gender (P = 0-0612); however, GD patients and controls differed
regarding age (P <0-0001) and ethnicity (P <0-0001). Cigarette
smoking habits were also different between control individuals and
patients (29-26% ever-smokers and 70-74% never-smokers vs.
36:82% ever-smokers and 63:18% never-smokers) (P = 0-0397;
OR = 1-409; 95% CI = 1-:023—1-940). By the end of the minimum
12-month period of follow-up, 39 patients were still under treatment;
274 (75:9%) individuals considered cured, and 87 patients were still
hyperthyroid.

Table 2 summarizes data of the overall proportions of the GSTM1,
GSTTI1, GSTPI, CYPIAI and 72TP53 genotypes in the control
population and in the patients with Graves’ disease. Unfortunately,
the power calculation for GSTM1 and GSTT1I genes was very low.
A multivariate logistic regression analysis corrected for sex, age
and ethnicity showed that the inheritance of a variant GSTP]I allele
increased the risk of Graves’ disease by over two times. When data
were also corrected for smoking, the odds of developing Graves’
disease were increased: OR =2-125, 95% CI=1-521-2-969 (P <
0-0001). CYPIAImI variants inheritance also increased the Graves’
disease susceptibility in almost two times. Correction for smoking
slightly reduced the odds (OR=1-884; 95% CI=1-187-2-990;
P =0-:0072). The inheritance of a Pro/Pro allele of 72TP53 increased
the risk of Graves’ disease in almost three times, and even more when
the multivariate logistic regression analysis was adjusted for
smoking: OR = 4-685; 95% CI = 1-707-12-861; P = 0-0027.

In order to further examine the role of the investigated genotypes
and other susceptibility factors to Graves’ disease, we applied
a stepwise regression analysis that confirmed the inheritance of
GSTPI variants (OR = 1-881; 95% CI = 1-201-2-946; P = 0-0058)
and Pro/Pro allele of 72TP53 (OR = 5-784; 95% CI = 1-688—19-816;
P =0-0052) as significant risk factors.

Considering that Graves disease is typically more frequent in
young adults, we compared the genotypes of patients under and over
25 years of age. A multiple logistic regression analysis adjusted for
age, sex and ethnicity identified the GSTPI genotype as a risk factor
in individuals under 25 years old (OR = 17-798; 95% CI = 6-125—
51-719; P <0-0001); while in individuals over 25 years, GSTPI
(OR=1-684; 95% CI =1-244-2-279; P =0-0007), CYPIAI
(OR =2-096; 95% CI =1-283-3-424; P =0-0031) and Pro/Pro
72TP53 (OR = 2-609; 95% CI = 1-207-5-638; P = 0-0147) appeared
as susceptibility factors to the disease.

A multivariate logistic regression analysis corrected for sex
identified smoking habits as an independent risk factor that
increased the susceptibility to Graves’ ophthalmopathy by over two
times (OR = 2-243; 95% CI = 1-325-3-797; P = 0-0026). None of
the studied genotypes were related to the development of Graves’
ophthalmopathy risk, intensity as measured by the clinical activity
score, or outcome.

There was no association among GSTM1, GSTTI, GSTPI,
CYPIAImI and TP53 codon 72 genotypes. Moreover, we were
unable to find any association between any of the investigated
genotypes and the patients’ clinical features — including goiter size,
thyroid hormone levels and the presence of antithyroid antibodies
— or the cure rate.

Discussion

Graves’ disease is considered a multifactorial condition in which the
development of the autoimmune response against thyroid antigens
is facilitated by a particular, but still largely known, polygenic
background. Environmental factors probably trigger the develop-
ment of the disease in genetically susceptible individuals, as indicated
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by the low concordance rate in monozygotic twins, among other
evidences.'™
Some chemicals of environmental concern have been demonstrated
to alter the immune system in different species.”” In humans, exposure
to environmental xenobiotics, including smoking, has been proposed
as one of the initiating factors that lead to the loss of tolerance to
1,7-11,25,26,34-37
Our data

are in accordance with the current literature, indicating that

self-proteins in genetically susceptible hosts.

smoking plays an important role in the risk of developing
Graves’ disease, and even more so, Graves’ ophthalmopathy.

GST enzymes are specific substrates, but their mechanism for
acting is still largely unclear.*” Our data suggest that individuals
with GSTPI variants may be more susceptible to the effect of auto-
immunity-inducing environmental or endogenous products that
depend on GSTPI but not GSTM1I or GSTT1I substrate detoxification.
In addition to a reduced ability in the detoxification of damaging
materials capable of producing oxidative stress, the GSTPI poly-
morphism affects cellular response to DNA damage, and hence,
may modify individual sensitivity to genotoxins."*** The fact that
cigarette smoking increased the odds of GSTPI associated with the
risk for Graves’ disease suggests that some of more than 4000 toxic
compounds aspirated or ingested during cigarette smoking may be
involved in the development of this disease.

CYPIAIm]I variants were also found to be related to susceptibility
to Graves’ disease. Whereas over 3-5 billion years ago P450 enzymes
were undoubtedly designed as necessary components of signal
transduction pathways, during the past billion years most P450
enzymes have usually been responsible for the detoxification of
numerous toxic compounds. During such oxidative metabolism,
these enzymes are also capable of working in an ambivalent manner,
generating toxic intermediates. We recently demonstrated that the
CYPIAI genotype might be associated with the reduced risk of
papillary carcinomas reported among smokers.”” Our present results
suggest that the inheritance of CYPIAI variants increases the
susceptibility to Graves’ disease, but that OR is decreased among
smokers, reinforcing our previous observation in thyroid cancer.”
CYP enzymes, together with Pro/Pro 72TP53, may participate in the
metabolism of some toxins of cumulative effects, as they appear to
be more important in individuals over 25-years-old.

The role of the Pro homozygous variant of TP53 in Graves’ disease
susceptibility is more difficult to interpret. Increased DNA damage
and apoptosis may be associated with autoimmune thyroid disease,
as well as the finding that anti-p53 antibodies may be detected in
the sera from approximately 4% of patients suspected of having
autoimmune thyroid disease.” The role of programmed cell death
in autoimmune thyroid diseases is still poorly understood, but it is
reasonable to assume that apoptosis contributes, at least partially, in
regulating the maturation and control of the immune response
mediated by both T- and B-lymphocytes.** Proline is a hydrophobic
amino acid that reduces the ability of p53 to activate apoptosis, and
also increases the susceptibility to thyroid cancers.* The role of TP53
variants in smoke-related tumours has been widely investigated, and
p53 polymorphisms have been even implicated in vascular disease
severity, such as atherosclerosis.” Our data indicate that ProTP53
homozygous inheritance also plays an important role in the risk of
Graves’ disease, especially among smokers.

© 2007 The Authors
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As we found no association among clinical features, ophthal-
mopathy, cure rate and the studied genotypes, we assumed that
this polymorphism profiling might not be useful as an indicator of
disease severity or outcome. On the other hand, considering that
Graves’ disease is one of the most widely spread and common
autoimmune illnesses, our data may contribute to delineate a
polygenic model of susceptibility to this disease and, hopefully, for
prevention. Furthermore, the inheritance of these enzymes may help
explain the observed relationship between smoking habits and this
autoimmune disease.
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