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RESUMO



O desenvolvimento de métodos moleculares de rastreamento de individuos com risco de
desenvolver cancer entre os portadores de nddulos na tir6ide é uma questdo urgente de
Saude Publica. O objetivo deste trabalho € analisar a utilidade do perfil genotipico de
GSTP1, GSTOI e p53 na identificacdo de risco para cancer de tirdide e na sua resposta
terapéutica. Comparamos amostras de sangue periférico de 157 controles com
142 individuos com nddulos: 44 benignos (30 bocios e 14 adenomas foliculares- AF) e
98 malignos (77 carcinomas papiliferos- CP e 21 carcinomas foliculares- CF). Todos os
pacientes foram tratados e seguidos de acordo com o mesmo protocolo. Os pacientes com
cancer da tirdide apresentavam mais freqiientemente os polimorfismos de GSTP1
(cancer = 27.5% versus controle = 5.7% - p<0.0001) e os polimorfismos do cédon 72 de
pS3 (cancer =12.2% versus controle =2% - p<0.001) do que na populacido controle. Nao
houve diferenca entre pacientes e controles em relacdo ao perfil do gene GSTO. Estes
gendtipos variantes conferiram um aumento de risco para cancer de tirdide de mais de
7 vezes, tanto para GSTP1 (Odds ratio= 7.415; 95% CI: 2.472-22.243) como para o cédon
72 de p53 (Odds ratio=7.023; 95% CI: 1.928-25.588). Os polimorfismos em GSTP1 e
codon 72 p53 identificam cincer com sensibilidade de 75% e 80% e especificidade de 68%
e 63%, respectivamente. Andlise de regressdo logistica ajustada para sexo, idade e cor,
mostra que estes polimorfismos de GSTP1 e p53, mas nao os de GSTOI, sao fatores
independentes de risco para malignidade. Nao houve correlacdo entre o perfil genotipico
para qualquer gene e a resposta a terapia ou evolu¢do dos pacientes com cancer. Sugerimos
que o uso desses marcadores moleculares, combinado com as cldssicas caracteristicas
clinico-epidemioldgicas associadas a susceptibilidade ao cancer da tiréide, pode ser util no
rastreamento de malignidade entre os portadores de nddulos tiroidianos da populacdo

brasileira.
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I ABSTRACT
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Evaluation of the potential use of GSTP1, GSTO1 and p53 genotype profiles as

markers of thyroid cancer predisposition and response to treatment.

The development of screening tools designed to identify individuals at risk for thyroid
odule cancer is of utmost necessity. The aim of the present research is to evaluate the utility
of GSTP1, GSTOI1 and p53 genotype profiles as markers of risk to thyroid cancer and its
response to treatment. We compared peripheral blood samples from 157 controls to 144
patients with thyroid nodules: 44 benign (30 hyperplasias and 14 folicular adenomas - AF)
and 98 malignant (77 papillary carcinomas - PC and 21 folicular carcinomas - FC). All
patients were managed according to a standard protocol. Thyroid carcinoma patients
presented more frequently GSTP1 (cancer = 27.5% versus controls = 5.7% - p<0.0001) and
codon 72 of p53 (cancer =12.2% versus controls =2% - p<0.001) polymorphisms than the
control population. There was no difference between cancer and controls regarding GSTO
gene. These variant genotypes increased the risk for thyroid cancer more than 7 times for
GSTP1 (Odds ratio= 7.415; 95% CI: 2.472-22.243) and codon 72 of p53 (Odds
ratio=7.023; 95% CI: 1.928-25.588). GSTP1 and codon 72 p53 polymorphisms identify
thyroid cancer with a sensitivity of 75% and 80% and specificity of 68% and 63%,
respectively. Logistic regression analysis adjusted for gender, age and color demonstrated
that GSTP1 and p53, but not GSTO1 polymorphisms are independent factors of risk for
malignancy. There was no correlation between any genetic profile and the response to
treatment or the outcome of cancer patients. Our data indicates that the use of these
molecular markers, together with the classic clinico-epidemiologic features associated to
thyroid cancer susceptibility may be useful in screening thyroid nodules malignancy in

Brazilian population.

Abstract
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Noédulos tiroidianos e cincer

Nodulos de tir6ide sdo extremamente comuns. Estima-se que 10% da populacdo
venha a desenvolver um nddulo palpdvel durante a vida e véarios dados indicam que este
nimero deve ser ainda maior em nosso pais, onde, até ha poucas décadas atrds, ainda havia
extensas dreas carentes de aporte adequado de iodo na alimentagdo (WELKER & ORLOV,
2003; KNOBEL & MEDEIROS-NETO, 2004; TOMIMORI et al, 1995;
FURLANETTO et al, 2000). Dois grandes estudos populacionais, o de Whickham na
Inglaterra e o de Framingham nos Estados Unidos, descrevem, respectivamente, nédulos
solitarios palpaveis em 5,3% das mulheres e 0,8% dos homens, e 6,4% das mulheres e
1,6% dos homens (TUNBRIDGE et al, 1977, VANDER et al, 1954). No entanto, a
prevaléncia verdadeira dos nddulos de tirdide deve ser muito maior se considerarmos dados
de autépsia como os da Clinica Mayo, que mostram a presenga de nddulos de tiréide em
50,5% de 821 autdpsias realizadas consecutivamente em pacientes que apresentavam a
tiréide clinicamente normal (MORTENSEN et al, 1955). Mais recentemente, o uso da
ultra-sonografia como método acessivel a grandes populacdes e de custo relativamente
pequeno em nosso meio, vem aumentando sensivelmente o nimero de pacientes com
nédulos ndo palpdveis ja que a ultra-sonografia diagnostica nédulos em até 67% da

populacdo (CHOW et al, 2003; HEGEDUS et al, 2003; TAN & GHARIB, 1997).

A maioria dos nddulos tiroidianos € causada por doencas benignas, como
nddulos coldides, cistos e neoplasias foliculares benignas, de modo que menos de 5% dos
pacientes sdo portadores de cancer de tirdide (TAN & GHARIB, 1997; HEGEDUS et al,
2003). A neoplasia da tiréide nao responde por mais do que 1% de todas as neoplasias
malignas, correspondendo a cerca de 0.5% das neoplasias descritas em homens e 1.5%
daquelas que aparecem em mulheres (NATIONAL CANCER DATA; AMERICAN
CANCER SOCIETY, 2003; JEMAL et al, 2004). Por outro lado, a incidéncia do cancer da
tiréide vem aumentando no mundo todo, de acordo com estatisticas recentes (NATIONAL
CANCER DATA, acessado em 06/2005). Nos Estados Unidos da América, o cincer de
tir6ide € aquele que apresenta o maior crescimento anual de incidéncia em mulheres (mais
de 100% de aumento na incidéncia de 1975 a 2002), colocando-se em segundo lugar no

computo geral (NATIONAL CANCER DATA, acessado em 06/2005; WARD et al, 2004).
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Embora a citologia obtida através da pungao aspirativa por agulha fina (PAAF)
seja um excelente método diagndstico, de reconhecido bom custo-efetividade também em
nosso meio, fazer a selecdo de malignidade por PAAF torna-se impraticivel a nivel
populacional e seu custo proibitivo se estivermos frente a percentagens assustadoras como
as representadas pela prevaléncia do nédulo (WARD et al, 1993; WELKER &
ORLOYV, 2003; CASTRO & GHARIB, 2000).

Outro ponto critico a ser considerado é a implicacdo do diagnéstico de
malignidade na conduta a ser tomada. Apesar de sua baixa incidéncia e progndstico
favoravel, o cancer de tir6ide € uma doenca mortal em cerca de 10% dos tumores bem
diferenciados, 50% dos tumores pouco diferenciados e medulares e em 100% dos tumores

anapldsicos (BHATTACHARYA, 2003).

Com a popularizacdo do uso da ultra-sonografia e de outros métodos de
imagem no Brasil, assim como em todo o mundo, aumentou de maneira considerdvel o
nimero de diagndsticos de nédulos nao palpaveis da tiréide, levando a identificacdo de um
nimero crescente de microcarcinomas (CHOW et al, 2003). Estes tumores, definidos pela
OMS como carcinomas com até 1 cm de didmetro, vem sendo descritos em 1% a 35,6% das
autopsias e em 5,5% a 10,5% das tiréides operadas por outras causas que nao a suspeita de
malignidade (FRANSSILA & HARACH, 1986; HARACH et al, 1985; LANG et al, 1988;
MITSELOU et al, 2002; MARTINEZ-TELLO et al 1993; NOGUCHI et al 1996;
HEFER et al, 1995). Um grande estudo nacional em 145.043 autdpsias realizadas durante
um periodo de 6 décadas mostrou elevada freqiiéncia de lesdes tiroidianas (8.38%), das
quais a grande maioria foi benigna: 91,62% (BISI et al, 1998). No entanto, se, a
semelhanca de outros paises, nossa incidéncia de cancer da tiréide varia entre 0,5 € 0,9%
dos homens e 1,9 a 3,0% das mulheres, uma grande parte dos microcarcinomas detectados
por ultra-sonografia, em autépsias ou em pecas cirtrgicas, provavelmente nunca evolui
para cancer clinico (CASELLA & FUSCO, 2004). Seguindo pacientes com diagndstico de
microcarcinomas sem intervir cirurgicamente, Ito e colaboradores mostraram que cerca de
70% destas lesdes permanece do mesmo tamanho ou até diminui de tamanho em um
periodo de cerca de 4 anos (ITO et al, 2004). Por outro lado, ndo faltam relatos de casos de

microcarcinomas papiliferos de comportamento agressivo, que evoluem nao s6 com
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metdstases regionais linfaticas, mas também sangiiineas para pulmdes, ossos e cérebro
(HEFER et al, 1995; LIVOLSI, 1996; KUSUNOKI & MURATA, 2004). Assim, frente a
um carcinoma tiroidiano, seja ele detectado clinicamente ou apenas um achado de
ultra-sonografia ou de cirurgia realizada por patologias benignas da glandula, €
fundamental para o clinico possuir parametros que lhe permitam decidir por maior

investiga¢do ou conduta mais agressiva.

Parametros de risco para cancer da tiréide

Naturalmente, para estabelecer parametros de risco, necessitamos conhecer os
fatores que causam ou que estdo implicados no maior risco de desenvolvimento de tumores

tiroidianos. O que sabemos a respeito?

O unico fator clinico, claramente associado a presenca de nédulos malignos e
benignos tumorais na tirdide, ¢ a exposicdo a radiacdo ionizante, particularmente na
infancia (SCHLUMBERGER, 2000, WELKER & ORLOV et al, 2003; BOONE et al,
2003; CHOW et al, 2003; FIGGE, 1999; MACK et al, 2003; RON, 1996;
PRESTON-MARTIN et al, 2003). O risco de apresentar um nddulo tiroidiano benigno ou
maligno aumentou quase 10 vezes em criancas de menos de 10 anos expostas a radiagao
proveniente do bombardeio nuclear de Hiroshima e Nagasaki durante a 2* Guerra Mundial
(THOMPSON et al, 1994). O risco de desenvolver um tumor tiroidiano apresenta nitida

correlacdo com a dose de radiagdo a qual criangas foram expostas na Bielortssia apds a

explosdo do reator nuclear de Chernobyl (CARDIS et al, 2005).

A elevada freqiiéncia de cancer em familiares de pacientes com cancer da
tir6ide sugere que um fator hereditario predisponente seja importante, mas nao hd davidas
de que fatores de exposi¢do ambiental devem contribuir para o aparecimento do tumor em
determinados individuos e ndo em outros com o mesmo perfil genético (HALL & HOLM,
1998). Mais ainda, as variagdes de incidéncia do cancer da tiréide em diferentes areas
geograficas e em diferentes grupos étnicos sugerem que a influéncia de fatores ambientais

no risco do desenvolvimento do cancer esporddico da tir6ide seja bastante importante
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(RON et al, 1987; MEMON et al, 2002; HASELKOM et al, 2003; MACK et al 2002;
FRIEDMAN & URY, 1983). Assim, por exemplo, em certas regides como no Oriente
Médio, o cancer da tiréide é a segunda neoplasia mais freqiiente entre as mulheres
(MEMON et al, 2004). No Kuwait, ele responde por 8% de todos os canceres
(MEMON et al, 2002). Na Nova Caledodnia, no sul do Pacifico, atinge 35 casos por 100.000

habitantes (TRUONG et al, 2005).

O CDT - Carcinoma diferenciado da tir6ide € diagnosticado de 2 a 3 vezes mais
freqiientemente em mulheres do que em homens, sugerindo que hormonios sexuais ou
genes ligados ao cromossomo X possam estar envolvidos na patogenia da doenca
(WELKER & ORLOV, 2003; SCHLUMBERGER, 2000; BOONE et al, 2003;
CHOW et al, 2003; FIGGE, 1999; MACK et al, 2003; RON, 1996; PRESTON-MARTIN
et al, 2003; TRUONG et al, 2005). Realmente, varios compostos estrogénicos tém efeito
direto sobre células foliculares; alguns podem produzir metabdlitos que reagem com o
DNA e, portanto, poderiam ser carcinogénicos (FURLANETO et al, 2000, YAGER, 2000).
No entanto, estudos de caso-controle em populagdes de mulheres portadoras de cancer
papilifero da tir6ide ndo identificou o uso de hormonios exégenos como fator de risco
(ROSSING et al, 1998; TRUONG et al, 2005). Entretanto, acredita-se que fatores
reprodutivos e/ou hormonais estdo relacionados a maior incidéncia de tumores tiroidianos

entre as mulheres (TRUONG et al, 2005).

O carcinoma folicular € mais comum em regides com aporte insuficiente em
iodo, enquanto que dareas suficientes em iodo apresentam incidéncia muito maior de
carcinomas papiliferos (WELKER & ORLOV, 2003; SCHLUMBERGER, 2000; BOONE
et al 2003; CHOW et al, 2003; FIGGE, 1999; MACK et al, 2003; RON, 1996;
PRESTON-MARTIN et al, 2003). O papel do iodo na etiopatogenia do cancer da tirdide
pode estar relacionado com a sua influéncia sobre a expressdo de fatores de crescimento,
oncogenes ou genes supressores tumorais sensiveis ao iodo, ou ainda atuando na
manuten¢do da estabilidade genética das células foliculares (ESZLINGER et al, 2001;
ESZLINGER et al, 2004; VAISH et al, 2004).

Ao contrario de grande parte dos tumores no ser humano, o cigarro ndo € fator

de risco para o cancer da tiréide (MACK et al, 2003).
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Histéria de bdécio ou de ndédulos benignos (em particular, o diagndstico de
adenoma prévio), principalmente em mulheres, ao contrdrio, parece ser fator de risco
importante em grandes séries (CHOW et al, 2003; FIGGE, 1999; MELLEMGAARD et al,
1998; FROM et al, 2000; MACK et al, 2003; PRESTON-MARTIN et al, 2003).

Relatos de casos e pequenas casuisticas sugeriam que a presenca de
auto-anticorpos poderia representar fator de risco para cancer diferenciado da tirdide
(STOCKER et al, 2002; ZARDO et al, 1999; SINGH et al, 1999). Entretanto, nao existe
evidencia de associacdo entre anticorpos destruidores ou estimuladores de tir6ide e cincer,
em nenhuma grande série. Ao contrdrio, nossos dados sugerem que anticorpos possam
proteger os portadores de carcinomas diferenciados da tiréide, proporcionando-lhes melhor
evolucdo clinica (SOUZA et al, 2003). Histéria de hipertiroidismo prévio ndo eleva
significantemente o risco para CDT e tampouco existem evidéncias de aumento de risco em
mulheres usando terapia de reposicdo hormonal para menopausa (CHOW et al, 2003;

FIGGE, 1999; MACK et al, 2003; RON, 1996; PRESTON-MARTIN et al, 2003).

Sédo suspeitos todos os nddulos que crescem rapidamente ou que continuam
crescendo mesmo sob terapia supressiva com levotiroxina, os ndédulos muito duros e
aderidos, os que sdo acompanhados de ganglios cervicais ou de sintomas de compressao
(como dispnéia) ou infiltracdo de outros 6rgaos (como rouquidao ou tosse) (WELKER &
ORLOV, 2003; SCHLUMBERGER, 2000; BOONE et al, 2003; CHOW et al, 2003;
FIGGE, 1999; MACK et al, 2003; RON, 1996; PRESTON-MARTIN et al, 2003).

Agentes carcinogénicos e sistemas de defesa

Cancer € um processo evolutivo causado pela interacdo gene-meio ambiente
(VINEIS, 2003). Somos constantemente expostos a uma crescente lista de compostos
quimicos carcinogénicos, virus transformadores de células, UV e a radiacdo ionizante, entre
outros agentes toxicos encontrados no meio ambiente (SCHOTTENFELD &
BEEBE-DIMMER, 2005). Além disso, compostos eletrofilicos, radicais livres e uma série

de produtos de nosso proprio metabolismo podem causar danos a nossas células quando
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inapropriadamente metabolizados, inadequadamente eliminados ou produzidos em excesso

(VINEIS, 2004; CARBONE et al, 2004).

Presume-se que influéncias ambientais contribuam com mais de 80% dos
fatores envolvidos no surgimento do cancer esporddico, podendo-se incluir nestas
influéncias ambientais comportamentos sociais como tabagismo, consumo de alimentos e
bebidas, ambiente de trabalho (polui¢do), agentes quimicos industriais, exposicao a raios
UV, entre outros (PALLI et al, 2000). Acredita-se que seres humanos chegam a consumir
1,5 g de pesticidas naturais por dia, na forma de fendis provenientes de plantas e
flavondides de alimentos, entre outras substancias toxicas. Esses compostos sao
reconhecidos como potentes carcinégenos em murinos (AMES et al, 1990; AMES &
GOLD, 1990; GOLDMAN & SHIELDS, 2003; THILLY, 2003). O contato com esses
agentes carcinogénicos € provavelmente responsdvel por uma elevada freqiiéncia de
mutacdes no DNA (NIELSEN et al, 1996; BODIWALA et al, 2003; GOLDMAN &
SHIELDS, 2003; THILLY, 2003). Individuos expostos a poluentes do ar, como oficiais de
policia, motoristas de Onibus, vendedores de rua e residentes em dreas urbanizadas
altamente poluidas tendem a apresentar elevada freqiiéncia de modificagcdes no DNA
(NIELSEN et al, 1996). Alteragdes cromossomicas foram encontradas em tecidos de
mucosa do célon, bexiga, nariz, pulmao e em mama destes individuos, sugerindo que estes
altos niveis de anormalidades possam ser preditivos para o aparecimento de cancer

(PELUSO et al, 1997; PERERA et al, 1995; TANG et al, 1995).

Agentes quimicos carcinogénicos sdo, geralmente, substancias pouco soldveis
em 4gua sendo, portanto, dificilmente eliminadas pelos rins, fezes ou perspiracao
(AUTRUP, 2000). Para garantir a sobrevida das células for¢adas a constante exposi¢cdo a
carcindgenos ambientais, muitos mecanismos de defesa foram evolutivamente selecionados
pelos seres vivos. Uma série de sistemas enzimdticos estdo encarregadas de metabolizar e
eliminar estas substancias, reconhecendo-se duas fases diferentes neste processo. Uma
primeira fase, denominada de fase I, envolve oxidacdo inicial de compostos toxicos pelo
citocromo P450. Segue-se a chamada fase II, em que geralmente acontece uma reaciao de
conjugacdo catalisada por uma série de enzimas, entre as quais, a familia das glutationa

S-transferase (GST) (MANNERVIK & DANIELSON, 1988).
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A probabilidade de desenvolvimento do cancer depende da resposta natural de
cada organismo as diferentes exposi¢Oes a agentes agressores diversos. Os seres humanos
possuem diferentes susceptibilidades a diferentes carcinégenos (LICHTENSTEIN et al,
2000; VINEIS et al 2003). A base bioquimica para tal variacdo de susceptibilidade aos
diversos agressores ambientais estd relacionada a polimorfismos genéticos que
normalmente ocorrem na populacio, em especial nos genes envolvidos na predisposi¢ao
especifica para cancer, ativagdo metabdlica ou detoxificacdo de agentes toxicos ambientais,
controle do reparo de DNA ou dano celular (VINEIS, 2003; LICHTENSTEIN et al 2000;
VINEIS et al 2001; AUTRUP, 2000; CLAPPER, 2000).

Muitos polimorfismos de genes que codificam enzimas envolvidas na
biotransformacao de carcindgenos vém sendo bem estudados em busca de uma possivel

associacao com o risco para o desenvolvimento de cancer.

O sistema Glutationa S-Transferase

O sistema Glutationa S-Transferase (GST) consiste em um grande grupo
multigénico de enzimas de detoxificagdo essenciais para a protecdo celular e que agem
através da conjugacdo dos compostos toxicos com a glutationa (MANNERVIK, 1985). Seis
classes das isoenzimas vem sendo consideradas como de grande importancia em humanos:
alpha (GSTA), mu (GSTM), pi (GSTP), sigma (GSTS) e theta (GSTT). Individuos que
possuem a delecdo em homozigose das enzimas GSTT1 e GSTM 1 ndo possuem as enzimas
de detoxificacdo respectivas, mu e theta, o que os torna mais susceptiveis a acdo deletéria
de agentes ambientais carcinogénicos (CLAPPER, 2000; MANNERVIK, 1985;
KNUDSEN et al, 2001). N6s demonstramos que a auséncia de GSTT] e GSTM1 aumentam

o risco para o desenvolvimento de cancer de tirdide em 2,6 vezes (MORARI et al, 2002).

No entanto, a enzima considerada mais importante na detoxificacdo de
carcindgenos em tecidos de cabeca e pescogo € a GSTP (MULDER et al, 1995). Os niveis
de expressdo de GSTPI sao extensivamente estudados em relagdo a malignidade associada

ao tabaco, tendo-se encontrado uma expressdo aumentada de GSTP em vdrias lesdes
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neoplésicas e pré-neopldsicas, incluindo tumores de cabeca e pesco¢o, mama, prostata e
pulmidao (OUDE OPHUIS et al, 2003; GUDMUNDSDOTTIR et al, 2001; GSUR et al,
2001; STUCKER et al, 2002). Uma troca de bases, em que uma adenosina (A) € substituida
por uma guanina (G) no éxon 5 do gene GSTPI, resulta na troca do aminodcido isoleucina
por uma valina na posicao 105 da seqiiéncia génica (Ilel05 Val). Esta substitui¢do
seqiiencial produz uma isoforma do gene GSTP denominada isoforma Val, a qual causa
uma alteracdo da estabilidade e da especificidade da atividade enzimatica
(JOHANSSON et al, 1998). Assim, esta variante enzimdtica possui menor atividade e
menor capacidades de detoxificagdo dos carcinégenos quando comparada com a enzima
codificada pelo gene tipo selvagem, denominado GSTPIAA (JOHANSSON et al, 1998;
HU et al, 1997).

Mais recentemente, uma nova classe de enzima dentre a familia das GSTs
humanas, nomeada de GST 6mega (GSTO), foi identificada por anélise de ESTs (Expressed
Sequence Tag) a partir de um banco de dados e alinhamento de sequéncias (BOARD et al,
2000; YIN et al, 2001). A importancia da GSTO ainda nao estd completamente elucidada.
No entanto, Dulhunty e colaboradores demonstraram que a enzima GSTO1 modula os
receptores de rianodina (RyR) que sdo os canais de célcio no reticulo endoplasmético de
vdarias células, sugerindo que ela desempenharia um papel importante na protecdo das
células contendo RyR2 da indugdo a apoptose pela mobilizacio de Ca*™
(DULHUNTY et al, 2001). A enzima GSTOI1 poderia, portanto, a exemplo de outras
GSTs, proteger células cancerigenas contra a apoptose causada por mobiliza¢io de Ca** de

reservas RyR-sensiveis (Xie et al, 2005).

Um polimorfismo genético na seqii€ncia codificadora de GSTO! foi descrito na
base 419. Este polimorfismo causa uma troca do aminodcido alanina pelo aspartato
(A140D) na porcao 140 do exon 4 (Ala 140 Asp) (WHITBREAD et al, 2003,
TANAKA-KAGAWA et al, 2003). Esta variacao cria uma troca de aminodcido hidrofébico
para um hidrofilico, resultando em uma menor atividade da enzima variante substrato
dependente que deve estar implicada na variacdo entre individuos na susceptibilidade ao
estresse oxidativo e ao metabolismo do arsénico inorganico (WHITBREAD et al, 2003;

TANAKA-KAGAWA et al, 2003). O arsénico € um reconhecido carcindgeno ambiental,
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relacionado com o cancer de bexiga (CHEN et al, 2005), cancer de pulmiao (AHSAN &
THOMAS, 2004), cancer de pele (GAWKRODGER , 2004) e outros.

Se, por um lado, as GSTs sdo responsdveis por prover ao organismo uma
protecdo contra agentes toxicos ambientais, por outro elas também conferem uma
resisténcia celular a medicamentos e outros compostos quimicos que eventualmente sio
utilizados no tratamento do cancer. Assim, a expressdo maior das GSTs também pode
contribuir a resisténcia a drogas anti-neopldsicas, como por exemplo o clorambucil, um
quimioterdpico empregado no tratamento de varios canceres (HAYES er al, 1995).
Portanto, o perfil das GSTs também pode ter um valor progndstico, estando associado com
a resposta terapéutica em muitas doengas humanas (REAVEY-CANTWELL et al, 2001;
FERRUZZI et al, 2003; BUSER et al, 1997).

O Gene p53

Carcinégenos que ndo siao eliminados pelos nossos sistemas de detoxificacio
podem danificar nosso material genético. A caracteristica destes danos genéticos € que eles
conferem uma vantagem de crescimento a célula danificada e lhe permitem transmitir as
suas células filhas esta vantagem, originando um clone de células que escapa dos controles
normais de crescimento e diferenciacio (WARD, 1998). No entanto, como regra geral, um
unico gene alterado geralmente ndo € capaz de conferir um fendtipo tumoral. Sdo
necessarios varios danos genéticos que se adicionam e sobrepdem até levar a célula
danificada a tornar-se independente dos controles do ciclo celular e capaz de escapar dos
varios mecanismos de controle que detectam e reparam ou eliminam células danificadas,
impedindo-as de passar para as cé€lulas filhas tais danos (WARD, 1998). No ser humano,
medidas indiretas baseadas na prevaléncia de tumores em diferentes faixas etdrias permite
inferir que sdo necessdrias cerca de cinco a seis mutagdes sucessivas para que uma célula se

torne maligna e agressiva (WEINBERG, 1989).

No entanto, possuimos uma série de mecanismos de detec¢do e defesa contra
estes danos a nivel celular. Uma extensa e ativa rede de genes é capaz de detectar minimas
anormalidades, como mutagdes em uma tnica base na seqiiéncia de DNA, corrigi-las ou, na

impossibilidade de tal correcdo, impedir o prosseguimento do ciclo celular.
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De modo geral, considera-se que as anomalias genéticas ocorrem, ou sao
fixadas, durante a replicacio do DNA ou a mitose (O'NEILL, 2000). Todos os dias,
milhdes de células do organismo adulto normal se dividem. Uma mutacdo nio detectada
e/ou reparada adequadamente pode ser transmitida na divisdo celular, iniciando a formagao
de um clone de células com vantagens sobre as demais. As barreiras mais primarias ao
desenvolvimento do clone de células tumorais sdo os proprios pontos de controle do ciclo

de divisdo celular. Na Figura 1, esquematizamos alguns destes pontos de controle.

Pontos de controle do ciclo celular. O ciclo celular ¢ composto de uma
seqiliéncia ordenada de fases. A célula diferenciada se encontra em GO, onde ela atingiu sua
diferenciagdo terminal e estd quiescente. Se a célula estd destinada a proliferar, ela entra em
G1, periodo em que aumenta de tamanho e prepara as proteinas de que necessita para a
sintese de DNA. Durante esta fase, a célula € sensivel as condi¢cdes ambientais. Se elas nao
forem favoraveis, a divisdo celular para em G1. No entanto, se ultrapassar o ponto R (ponto
de restricdo), a divisdo celular ocorrerd independente de condi¢des ambientais. Na fase S
sintetiza-se 0 DNA que serd replicado durante a fase G2. No inicio de G2 existe outro
ponto de controle importante, onde se verificard a qualidade do DNA replicado.
Finalmente, na fase mitética (M), o DNA duplicado serd eqiiitativamente dividido entre as
duas células filhas. A mitose serd impedida se, na checagem da mitose, forem constatadas

anormalidades na divisdo dos cromossomas.
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A divisao celular normal é positivamente regulada ou estimulada através de
vias sinalizadoras. Estas vias respondem a fatores extra-celulares os quais agem através de
uma seqiiéncia de sinais. Por exemplo: receptores — proteina G — proteino-quinases —
fatores de transcri¢do. A progressdo pelo ciclo celular a seguir €, em parte, controlada, por
uma série de proteinas chamadas “quinases dependentes de ciclinas” (CDKs),
particularmente nas transicdes de fases, tanto de Gl para S quanto de G2 para M
(ARNOLD et al, 1989). Os niveis de ciclinas oscilam durante as fases do ciclo,
determinando o momento apropriado de sua ligacdo com as CDKs. Este grupo de enzimas,
por sua vez, fosforila uma série de substratos chave que permitirdo a progressdo de uma

fase a outra do ciclo celular (O'NEILL, 2000).

Mecanismo de controle do avango do ciclo celular. A associacdo das ciclinas
D ou E com suas respectiva quinases foram um complexo ativo que, por sua vez, promove
a fosforilagdo da proteina Rb. Uma vez fosforilada, Rb libera um complexo fator de
transcricdo chamado E2F-DP1. Ao ser ativado, este fator, por sua vez, promove a
transcri¢do de genes que serdo importantes na fase de sintese (S) para produzir nucleotideos
e enzimas necessarias para a replicacdo do material genético. Isso permite o avango do

ciclo celular.
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A semelhanca dos fatores estimuladores que levam & producio de
ciclinas/CDKs, os reguladores negativos ativardo inibidores das CDKs: as CDKIs.
Podemos distinguir duas grandes familias de CDKIs, de acordo com seu mecanismo de
acdo, homologia e CDK alvo: 1) o grupo do p21, p27 e p57 e 2) o grupo do pl6, p15, pl8e
pl19 (O'NEILL, 2000).

Fatores de estimulo e bloqueio do ciclo celular. As ciclinas sdo reguladoras
das subunidades das CDKs. Diferentes ciclinas se associam a diferentes CDKs, podendo
associar-se a mais de uma CDK nas diferentes fases do ciclo celular. A atividade
ciclina/CDK ¢é bloqueada por uma série de inibidores especificos. Eles podem ser
agrupados em familias como a do p21/p27/p57 que bloqueia multiplos complexos
ciclina/CDKs e na familia p16/p15/p18/p19 que inibe os complexos CDK4/CDK6. Alguns
fatores podem parar o ciclo em G1, como os danos causados ao DNA que, ativando o p53,
induzem a producdo de p2I. Outros fatores podem atuar através de diferentes grupos de
inibidores do ciclo, como TGF-B que induz producio tanto de p/5 como de p27. Assim, o
ciclo celular é bloqueado para permitir o reparo dos danos detectados e impedir que eles se

propaguem para as células filhas e déem origem a um clone de células tumorais.

O gene p53 € um dos atores principais no controle da correta divisdo celular,
funcionando, em parte, como regulador da transcri¢ao celular (MENDOZA-RODRIGUEZ
& CERBON, 2001). Existem evidencias de que p53 pode interferir na diferenciacdo da
célula tiroidiana. A introdu¢do de um gene p53 mutado dificulta de forma importante a
expressao de genes de diferenciacio nas células CPC13 de tir6ide (BATTISTA et al, 1995).
Ao contrdrio, a reintroducdo do gene p53 normal em um carcinoma indiferenciado leva a

re-expressdo de marcadores caracteristicos de diferenciacao tiroidiana (FAGIN et al, 1996).

O gene p53 também € muito importante na destruicao de células que ndo podem
ser reparadas. O proprio gene induz uma cascata de sinais que levam estas células a

apoptose (ATTARDI, 2005; BROWN & ATTARDI, 2005).

Mutagdes no gene p53 ou inadequado funcionamento da proteina p53 vém
sendo observados em pacientes com varios tipos de malignidades, incluindo a glandula

tiride (LEVINE, 1997; FARID, 2001). Muitos estudos com imunohistoquimica e anélises
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genéticas tem demonstrado que mutacdes em pS53 sao altamente prevalentes em carcinomas
de tiréide pouco diferenciados e indiferenciados, assim como em linhagens celulares de
cancer de tirdide (FAGIN et al, 1993; JOSSART et al, 1996). Estas mesmas mutagdes nao
sdo encontradas em tumores benignos e nio sao freqiientes nos tumores bem diferenciados,
sugerindo que a mutagdo inativadora de p53 ocorre em um estdgio mais tardio da
progressao dos tumores tiroidianos (DOBASHI ef al, 1994; ASAKAWA & KOBAYASHI,
2002; HORIE et al, 2001).

As caracteristicas estruturais de p53 (codons 61-94) tem sido bem preservados
durante a evolucdo exceto no exon 4 onde um polimorfismo comum resulta em uma troca
do amino4cido prolina pelo arginina na posi¢do 72 (ARA et al, 1990). Este polimorfismo
tem sido demonstrado em associacdo com vdrios tumores, mas o seu papel ainda € muito
controverso. Como muitos polimorfismos, o do codon 72 possui distribui¢cao geografica e
variabilidade étnica, sendo demonstrado como um fator genético de risco para o cancer
cervico- uterino (SIFUENTES ALVAREZ & REYES ROMERO, 2003), cancer de mama
(BUYRU et al, 2003), pulmdao (PAPADAKIS et al, 2002), cancer de cabeca e pescoco
(SHEN et al, 2002), entre outros. Entretanto, nem todas as investigacdes tém sido
consistentes e sua influéncia na predisposi¢do a tumores tem permanecido controversa
(OREN, 2003; DRUMMOND et al, 2002). A variante arginina do codon 72 de p53 (CGC)
induz a apoptose de forma mais rdpida, suprimindo assim a transformacdo maligna de
maneira mais eficiente que a variante prolina (CCC) (DUMONT et al, 2003). A presenca
da variante Arg em homozigoze € considerada um fator de risco para cancer cervical
(QIE et al, 2002), enquanto os homozigotos prolina sdo relacionados ao aumento do risco
de carcinomas nasofaringeais (TSAI et al, 2002), pulmonares (WANG et al, 1999) e
carcinomas hepatocelulares (YU et al, 1999). O gendtipo Arg/Pro estd associado ao
aumento da susceptibilidade em adenocarcinomas de pulmio induzidos pelo cigarro

(FAN et al, 2000).

Boltze examinou pacientes caucasianos com carcinomas tiroidianos e concluiu
que o gendtipo Pro do cédon 72 era um fator potencial no risco de desenvolvimento de

tumores indiferenciados (BOLTZE et al,2002). Entretanto, por ter enfocado o papel do
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gendtipo em tumores agressivos, nao incluiu em seu estudo pacientes com patologias

benignas nem comparou a influéncia do genétipo em CP e CF (BOLTZE et al, 2002).

Hipoéteses

Com base nas consideragdes acima, formulamos as seguintes hipoteses:

a) individuos que herdaram o gene GSTP/ em uma de suas formas variantes
(GSTP1 AB e GSTP1 BB) poderiam apresentar um risco aumentado para o
cancer de tiride em comparacao com os individuos que possuem o gene de

tipo selvagem GSTPIAA.

b) individuos que herdaram o gene GSTOI em uma de suas formas variantes
(GSTO) poderiam apresentar um risco aumentado para o cancer de tiréide
em compara¢cdo com os individuos que possuem o gene de tipo selvagem

GSTOl.

¢) individuos que herdaram o gene p53 em uma de suas formas variantes para o
codon 72 poderiam apresentar um risco aumentado para o cancer de tirdide
em comparagdo com os individuos que possuem o gene p53 de tipo

selvagem.

d) estes polimorfismos poderiam estar associados de forma a atuar
aditivamente, aumentando o risco para cancer de tirdide quando presentes

em conjunto.

e) estes polimorfismos poderiam influir, em separado ou aditivamente, na

resposta a terapia com radioiodo dos pacientes com carcinoma de tiréide.
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Relacionamos a influéncia de polimorfismos dos genes envolvidos na protecao
contra agentes carcinogénicos externos e contra anormalidades produzidas por estes agentes

no ciclo celular sobre o desencadeamento do cancer da tiréide.

1. Analisar a influéncia de polimorfismos dos genes envolvidos na prote¢ao
contra agentes carcinogénicos externos e contra anormalidades produzidas
por estes agentes no ciclo celular sobre a resposta dos pacientes com cancer

da tiréide a terapia.

2. Avaliar o uso do padrao de heranca para estes genes na predi¢do de risco
para cincer da tir6ide em portadores de nddulos tiroidianos de qualquer

etiologia.

3. Avaliar o uso do padrao de heranga para estes genes na predi¢do de evolucao

dos diferentes tipos de cancer da tirdide.
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Conduzimos um estudo prospectivo caso-controle para compararmos a
proporcao dos genétipos de GSTPI, GSTOI e os polimorfismos do cédon 72 de p53 em

pacientes com nddulos tiroidianos benignos e malignos.
Casuistica
Pacientes

Os pacientes selecionados para este estudo foram consecutivamente atendidos
na Disciplina de Endocrinologia do Hospital das Clinicas da UNICAMP durante os anos de
2001 a 2003, no Ambulatério de Cancer da Tirdide, sob coordenacdo da profa Dra. Ligia
Vera Montalli da Assumpcao. Os pacientes foram inscritos no estudo apds concordarem em
participar do mesmo e assinarem o Termo de Consentimento Informado, conforme as

normas do Comité de Etica em Pesquisa da FCM/ UNICAMP.

Utilizamos material coletado de 44 pacientes com diagndstico de nddulos
tiroidianos benignos (30 bocio e 14 adenomas foliculares) e de 98 pacientes com nddulos
malignos (77 carcinomas papiliferos e 21 carcinomas foliculares). Patologistas experientes
da UNICAMP, capitaneados pela Profa Dra Patricia Sabino Matos, especialista em
Patologia Endo6crina do Departamento de Anatomia Patolégica da FCM/UNICAMP,

confirmaram todos os diagnodsticos.

Todos os pacientes seguem um protocolo padrdo implantado hd mais de 25
anos no Ambulatério de Cancer da Tirdide, do qual constam, além dos dados de
identificacdo, a idade ao diagndstico, sexo, cor, dados clinicos pré-cirirgicos, exames
realizados (ultra—som, cintilografia da tiréide, bidpsia aspirativa), dados referentes a
cirurgia e dados do exame andtomo-patolégico (medida do tumor, tipo histolégico, grau de
diferenciagdo, presencga de linfonodos metastaticos). Nenhum dos pacientes possuia histdria
de exposicdo acidental ou médica a radiacdo ionizante. Todos os dados, incluindo os
diagnosticos de outras patologias concomitantes, foram confirmados nos prontuarios dos

pacientes.

Todos os individuos que procuram o Ambulatério de Cancer da Tir6ide com
diagnéstico de carcinoma da tiride ou a suspeita do mesmo na citologia da pungdo

aspirativa realizada com agulha fina sdo tratados de acordo com um protocolo padrio.
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Todos os pacientes sdo submetidos a tiroidectomia total ou quase total. Os pacientes com
diagndstico pré-operatério de nddulos mestastaticos no pescoco ou nos quais ganglios
suspeitos sdo visualmente identificados no intra-operatério sdo submetidos a disseccao

regional do pescoco.

Seguimento

O tempo de seguimento dos pacientes incluidos neste estudo foi de 12 - 342
meses (31 - 67 meses). Todos os pacientes com cancer sdo seguidos com exames periddicos
para a deteccdo precoce de metéstases, TSH sérico e tireoglobulina medidos de acordo com
a rotina do protocolo de seguimento que inclui raios-X, ultra-sonografia, tomografia
computadorizada e outros eventuais procedimentos para a deteccio de metdstases a

distancia.

Depois de 4 a 6 semanas da cirurgia, os pacientes sdo submetidos ao

. 131
rastreamento de corpo inteiro com I

(PCI). Todos os pacientes recebem cerca de
100 mCi de radiodo apds o que se realiza nova PCI. Em seguida, sdo prescritas doses
supressivas de levotiroxina para manter os niveis de hormonio tirotréfico (TSH) suprimido.
Cerca de 6 meses apds a cirurgia, estes pacientes sdo revistos e pede-se dosagem de
Tiroglobulina sérica (Tg). Cerca de 1 ano apds a cirurgia, todos os pacientes sao
submetidos a uma nova PCI, desta vez apds suspensdo da levotiroxina, acompanhada de
nova dosagem de Tg. Na suspeita de qualquer les@o recidivante ou na presenca de niveis de
Tg sérica elevados (>2mg/dl), os pacientes sdo amplamente investigados através de
métodos de imagem que incluem ultra-sonografias, RX, tomografias computadorizadas,
cintilografia com talio, PET scan ou o que for mais apropriado de acordo com a suspeita
clinica. N6s definimos a evolucdo como "livre de doenga" em individuos que mantém
niveis de Tg abaixo de 1ng/dL e ndo possuem qualquer evidéncia de recorréncia, enquanto
que os pacientes com recorréncia sdo divididos naqueles com "recorréncia local", quando

se detectam restos tiroidianos ou recidivas no leito tiroidiano ou ganglios cervicais, e

naqueles com "metdstases" na presenca de metdstases a distancia.
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Estadio

O estadio e o grau de diferenciacdo dos tumores foram obtidos pelos dados
patologicos obtidos do material cirdrgico. O estadiamento tumoral foi baseado no
estadiamento clinico de De Groot (DeGROOT, 1995). Esta classificacdo se baseia no
classico método do TNM, isto €, no tamanho do tumor (T), acometimento de nddulos
cervicais (N) e metastases a distancia (M), mas leva em conta a idade, classificando de
forma diferente os pacientes abaixo e acima dos 45 anos. Esta classificagdo considera no
estadio 1 os pacientes em que o tumor é de foco tinico ou multiplo mas restrito a tir6ide;
estadio 2 aqueles em que o tumor apresenta acometimento restrito a ganglios cervicais; no
estadio 3 o tumor apresenta metdstases restritas a regido cervical; no estadio 4 o tumor

apresenta metastases a distancia. A Tabela 1 mostra como esta classificacdo qualifica os

pacientes com cancer da tirdide.

Tabela 1- Critérios clinicopatoldgicos utilizados no estadiamento dos Carcinomas

Diferenciados da Tiréide pelo sistema do Estadio.

Idade < 45 anos Idade > 45 anos
Estadio I Qualquer T, qualquer N, MO T1, NO, MO
Estadio I1 Qualquer T, qualquer N, M1 T2, NO, MO
T3, NO, MO
Estadio III T4, NO, MO
Qualquer T, N1, MO
Estadio IV Qualquer T, qualquer N, M1

Coletamos sangue periférico de todos os pacientes. Adicionalmente, amostras
de tecido tiroidiano foram obtidas de 83 portadores de neoplasia operados. O tecido foi
obtido no momento cirurgico e instantaneamente congelado em nitrogénio liquido para
posterior armazenamento em freezer — 80°C até o seu processamento. Amostras de tecidos
e de sangue periférico dos mesmos pacientes foram comparadas em 35 casos de tumores
malignos para observar se havia concordancia entre os dados. Além disso, obtivemos tecido

tiroidiano contra-lateral ou de local nao acometido por neoplasia em 27 casos.
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Controles

Obtivemos um grupo controle composto por 157 individuos saudéveis
(115 mulheres e 42 homens) com idade de 16 a 81 anos (47% 18 anos) selecionados da
populacdo da regido de Campinas, doadores de sangue do Hemocentro e voluntérios. Para
obtermos um grupo controle compardavel com o dos portadores de neoplasia tiroidiana,
selecionamos 3 mulheres para cada 2 homens ja que o cancer de tirdide € mais freqiiente

em mulheres que em homens.

Todos os controles, assim como o0s pacientes com patologias tiroidianas
benignas e malignas, foram classificados em brancos e ndo-brancos. Dados das condi¢des
de saide e histéria médica com énfase em patologias tiroidianas anteriores ou correntes
foram obtidos por entrevista usando um questiondrio padrdo. O uso de determinados
alimentos foi cuidadosamente avaliado, em particular o uso dos alimentos bociogénicos
como os vegetais contendo glucosideos cianogénicos (muitas formas de repolho,
couve-flor, brécolis e outros membros da familia dos cruciferas). Também se questionou o
uso de drogas que podem interferir na fungdo tiroidiana, assim como o uso de outras
medicacdes para doencgas concomitantes, consumo de dlcool e hébitos tabagistas, incluindo
a duracdo do tabagismo, o inicio do hébito, a quantidade de cigarros e a data de abandono
do hébito. Os pacientes foram agrupados em ndo fumantes e fumantes pra fins estatisticos

ja que estes dados foram considerados pouco confidveis.

Individuos com histéria prévia de doenca tiroidiana, exposicdo a radiacdo ou

outros antecedentes de malignidade foram excluidos.

Métodos
Anélise dos polimorfismos das GSTs

As amostras de sangue coletadas dos 142 pacientes e 157 individuos saudaveis
foram processadas e seu DNA gendmico extraido apds a lise de hemdcias. Para obter a
separacdao dos leucdécitos, usamos o protocolo padrdo fenol-cloroférmio-proteinase K. As
amostras de tecido foram processadas de acordo com um protocolo padrio para extragdo de

DNA também baseado no método do fenol-cloroférmio — proteinase K. Visualizamos os
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polimorfismos do gene GSTPI e GSTOI usando uma PCR (polymerase chain reaction)
seguido de SSCP (single strand conformation polymorphism analysis). As mutagdes assim

rastreadas foram confirmadas pelo seqiienciamento de algumas amostras.

Os primers usados na reacdo de PCR idealizada para detectar o polimorfismo
de GSTPl foram desenhados a partir de sua seqiiéncia génica -
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=0
2204206&dopt=GenBank (GRANIJA et al, 2004-B). Para a andlise dos polimorfismos de
GSTO] utilizamos primers previamente descritos (WHITBREAD et al, 2003).

Tabela 2- Seqiiéncias dos primers usados nas reacdes de PCR para GSTs

GSTP1 sense 5’ - TCTATGGGAAGGACCAGCAGG -3’

anti sense 5" ~GCCCAACCTGGTGCAGATG -3’

GSTO1 sense 5" -TCTAGGTGCCATCCTTG -3’

anti sense 5’ - TGATAGCTAGGAGAAATAATTACCTC-3’

Em ambas as reacdes de PCR foram usados 100ng de DNA gen6mico, 50 nM
de cada primer, 100mM Tris-HCL (ph8, 0), 100uM de dNTP (dATP, dTTP, dCTP, dGTP),
2,0 mM MgCI2 e 0,5 U Tag DNA polimerase para um volume final de 25ul. A
amplificacdo foi feita em termociclador programado para realizar desnaturagao a 92°C por
2 minutos, seguida por 35 ciclos. As temperaturas de anelamento utilizadas foram 63°C
para os primers de GSTPI e 56°C para os primers de GSTOI por 50 segundos com
extensdo de 72 °C por 1 minuto e uma extensdo final de 72°C por 7 min. Usamos o
termociclador MJ PTC-200. Os produtos obtidos na reagdo de amplificacdo por PCR foram
submetidos a eletroforese em gel de agarose a 2%, corados com brometo de etideo e

visualizados no transiluminador por um sistema Kodak de visualizacdo e fotografia.

A seguir, submetemos os produtos de PCR a uma eletroforese em gel de
poliacrilamida a 6%, misturamos uma solucao de 95% de formamida, 0,05% de azul de
bromofenol, 0,05% de xileno cianol e 50 mM de NaOH. Apds uma desnaturacao prévia a

94°C por 10 minutos, a eletroforese foi conduzida entre 2 a 5 Watts em temperatura
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ambiente, "overnight". Os géis foram posteriormente corados com nitrato de prata e
fotografados para catalogacdo. Dezessete amostras que apresentaram migracdes suspeitas
foram seqiienciadas usando o Kit ABI prism big dye sequencing (Perkin Elmer,
Warrington, Cheshire UK) e os primers sense, em um seqiienciador ABI 377 Prism DNA
sequencer (Perkin Elmer). Controles positivos e negativos foram incluidos em todas as
reacoes de PCR e todas as corridas de SSCP para detectarmos possiveis problemas de

contaminagao.
Analise dos polimorfismos do c6don 72 de p53

Para a determinagdo do polimorfismo do cdédon 72 do gene p53 utilizamos
2 pares de primers: um amplifica o alelo da arginina (Arg) e o outro o alelo da prolina

(Pro), de acordo com o descrito por Storey (STOREY et al, 1998).

Tabela 3- Seqiiéncias dos primers usados nas reacdes de PCR para o c6don 72 de p53

pS3Arg sense 5" = TCCCCCTTGCCGTCCCAA -3’

anti sense 5’ -CTGGCCAGGGGCCACGC -3’

p53Pro sense 5’ - GCCAGAGGCTGCTCCCCC -3’

anti sense 5’ -CGTGCAAGTCACAGACTT -3’

A deteccdo dos polimorfismos € feita em duas reacdes de PCR diferentes. Em
ambas as reagdes utilizamos 100ng de DNA gendmico, 50 nM de cada primer, 100mM
Tris-HCL (ph8, 0), 100uM de dNTP (dATP, dTTP, dCTP,dGTP), 2,0 mM MgCl2 e 0,5 U
Taq DNA polimerase para um volume final de 25ul. Para amplificacdo, utilizamos uma
desnaturacdo de 94°C por 3 minutos, 35 ciclos de 94°C por 45 segundos. As temperaturas
de anelamento utilizadas foram 68°C para os primers de Arg e 53°C para os primers de Pro
por 45 segundos e 72°C por 1 minuto com uma extensao final de 72°C por 10 min em um
termociclador MJ PTC-200. Os produtos obtidos na reagdo de amplificacdo por PCR foram
submetidos a eletroforese em gel de agarose a 2%, corados com brometo de etideo e

visualizados no transiluminador por um sistema Kodak de visualizacdo e fotografia.
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O produto de PCR do alelo Arg possui 141pb e o produto do alelo Pro possui

177pb. Os individuos heterozigotos possuem a amplificacdo dos dois produtos de PCR

enquanto que as amostras homozigotas apresentam somente um dos dois produtos

(figura 2).

Figura 3-
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Gel de agarose a 2%, representando os resultados da PCR com os primers do

alelo arginina (Arg) e um gel com os primers do alelo prolina (Pro). As amostras
sdo pertencentes aos mesmos individuos. Observamos que nas amostras 1,3 € 6
hd somente a amplificacio do alelo arginina, j4 as amostras 2 e 5 o0s
heterozigotos com a amplificacdo dos dois fragmentos e a amostra 4 sé
amplificou prolina, sendo portanto o paciente homozigoto para prolina;

M marcador de peso molecular 100pb (Invitrogen- Brasil Ltda).
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Selecionamos 4 amostras homozigotas Pro, 4 amostras homozigotas Arg e 10
amostras heterozigotas Arg/Pro para serem seqiienciadas e assim confirmamos os
correspondentes gendtipos. O seqiiénciamento das amostras foi realizado utilizando-se um
produto de PCR amplificado com os primers sense da arginina (5 —
TCCCCCTTGCCGTCCCAA - 3) e o antisense da prolina (5° -
CGTGCAAGTCACAGACTT - 3’), através dos quais amplificamos um fragmento de 279
pares de bases que abriga a regido do polimorfismo. Todas as condi¢des para a PCR foram
semelhantes, assim como o ciclo, fazendo-se apenas uma modificacdo na temperatura de

anelamento (60,8°C) (Figura 3).

L1 2 345 6 C
Figura 4- Gel de agarose 2% das amostras amplificadas do c6don 72 de p53 para posterior
seqiiénciamento das amostras. A PCR foi realizada com o primer pS3Arg sense

e o primer pS3Pro anti sense.

Analise estatistica

A analise estatistica foi realizada utilizando o software SAS (Statistical
Analyses System), versdo 8.1, Cary, NC, USA, 1999-2000. Testes exatos de qui-quadrado
(x2) e o teste de Fisher (F) foram usados para examinar a homogeneidade entre os casos e
os controles com relacdo a raca, cor, doencas tiroidianas prévias, uso de medicacdes e
fumo. A comparacdo entre o estadiamento dos carcinomas papiliferos e foliculares foi
realizada usando-se o teste de Fisher. O teste de Kruskal-Wallis (KW) foi usado para
comparar a idade entre os grupos. Os testes de Mann-Whitney ou Wilcoxon foram usados
para comparar a idade entre diferentes grupos genotipicos. O odds ratio (OR) e o
coeficiente de intervalo de 95% (confidence interval -CI) permitiram estimar a for¢a de

associacdo entre cada varidvel e o comportamento benigno ou maligno. Utilizamos uma
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andlise de regressao logistica para avaliar os efeitos dos genétipos, depois de ajustados para
1dade, sexo, cor, fumo, consumo de dlcool ou medicamentos na determinagdo de risco para
malignidade e na determinacdo da resposta terapéutica e evolucdo 4 longo prazo. As
interacOes entre as varidveis ambientais e 0s genétipos também foram avaliados. Todos os

testes foram realizados com p=0,05 como nivel de significancia.
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Nao encontramos diferencgas entre o grupo controle e os pacientes com doencgas
tiroidianas em relacdo a idade (47£21 anos vs 49+14 anos), sexo (42 homens e
115 mulheres vs 37 homens e 61 mulheres), cor (72 brancos e 60 ndo brancos vs
54 brancos e 44 nao brancos), ingestdo de medicamentos (39 controles vs 29 pacientes),
fumo (61 controles vs 46 pacientes), consumo de alcool (61 controles vs 46 pacientes) e os

diferentes tipos de dietas.

Na tabela 4 resumimos as caracteristicas clinicas, os parametros de

agressividade, o diagndstico e o tempo de seguimento dos pacientes com cancer de tirdide.

Pacientes com carcinoma folicular (CF) s@o mais velhos que os pacientes com
carcinoma papilifero (CP) (KW; p=0,0012) embora os grupos nao sejam diferentes quanto
a cor, raga, habitos de fumo, uso de medicamentos ou doenga benigna da tirdide

preexistente.

A ocorréncia de linfonodos cervicais acometidos ja no momento do diagndstico
¢ mais freqiiente em CP (40%), do que em CF (14%), (F; p<0,05). No entanto, pacientes
com CF apresentam mais metdstase a distancia no momento do diagnéstico (48%) do que
os CP (10%), (F; p<0,001). Os dados do seguimento dos pacientes ndo mostraram
diferengas entre CP e CF no aparecimento de metdstase a distancia e/ou recorréncia e
tumor, embora pacientes com CF apresentem recorréncia ou metdstase em 48% dos casos e
os pacientes com CP em apenas 26% dos casos (F; P= 0,11). Dois pacientes morreram

durante o periodo de observacao por condi¢do relacionada diretamente ao cancer da tirdide.
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Tabela 4- Distribuicao dos pacientes com carcinoma de tiréide de acordo com a histologia, caracteristicas clinicas incluindo idade
(em anos), sexo (F, feminino; , masculino), cor (B, branco; NB, nao branco), histéria prévia de doenca benigna tiroidiana,
tabagismo, uso de medicacdes, presenca de linfonodo comprometido e metéstase a distincia no diagndstico ou recorréncia

e/ou metdstase durante o seguimento.

Caracteristicas Clinicas Presenca de Seguimento
Metastase ao
Diagnostico
Idade Sexo Cor Doencga Tabagismo Uso de Linfonodo Distancia Recorréncia ou metastase a
tiroidiana prévia medicamento distancia
M F B | NB
CP 28 | 66 | 61 16 18 37 21 30 08 20
44+15
CF 09 | 14 | 15 | 06 09 09 08 03 10 10
56+12




Tabela 5- Comparacdo estatistica dos grupos e propor¢des dos genétipos de GSTPI na populacdo controle e nos pacientes com

doencas tiroidianas malignas e benignas.

N.° de N (%)
Casos OR (95% CI) Valor de P
AA AB BB
Controles 157 148 4 5
(94.2%) (2.5%) (3.1%)
Bécio 30 26 1 3 AAvs AB 1.423 (0.1528 - 13.250) 0.56
(86.6%) (3.3%) (10%) AA vs BB 3.415(0.7688 — 15.172) 0.12
AB vs BB 2.400 (0.1751 — 32.900) 1.00
N*vs AB 2.530 (0.7251 - 8.827) 0.23
Adenoma 14 11 1 2 AA vs AB 3.364 (0.3455 — 32.750) 0.32
folicular (78.5%) (7.1%) (14.2%) AA vs BB 5.382(0.9344 —30.999) 0.09
AB vs BB 1.600 (0.1036 — 24.720) 1.00
N*vs AB 4485 (1.059 — 18.994 ) 0.06
Carcinoma 77 57 13 7 AAvs AB 8.439 (2.641 — 26.968) <0.0001
papilifero (74%) (16.8%) (9%) AAvs BB 3.635(1.108 — 11.924) 0.0444
AB vs BB  0.430 (0.086 —2.143) 0.4223
Nvs AB 7.092(2.307 - 21.802) <0.0001
Carcinoma 21 14 6 1 AA vs AB 15.85(3.993 — 62.973) 0.0002
folicular (66.6%) (28.5%) (4.7%) AA vs BB 2.114 (0.2305 — 19.397) 0.4345
ABvs BB 0.133 (0.01103 - 1.612) 0.1451
N*vs AB 9.625 (2.484 — 37.291) <0.0001
N, Normal

PV A, Variantes alélicas



O grafico 1 representa a comparacdo estatistica da prevaléncia de GSTPI
normal e de suas variantes alélicas entre os grupos. A presenca das variantes alélicas de
GSTPI niao foi diferente entre os adenomas foliculares (21.3%) e os carcinomas foliculares

(33.2%) (p=0.704).

O perfil genotipico de GSTPI demonstrou ser absolutamente idéntico nas

amostras de tecidos normais € nos tumores, assim como nas amostras de sangue periférico.

Pacientes com nddulos benignos, e, sobretudo, pacientes com CP e CF
demonstram uma presenca significativamente maior das variantes alélicas de GSTPI
quando comparados com a populagdo controle (Xz, p<0.0001). No grupo de pacientes com
ndédulos malignos da tir6ide predominam os individuos heterozigotos para GSTPIAB (21%)
sobre os homozigotos GSTPIBB (9%), enquanto que na populacdo controle a prevaléncia
de hetero e homozigotos é de 2,5 e 3%, respectivamente (x>, p<0.0001). O risco para
desenvolver cancer de tiréide em individuos com as variantes de GSTPI, depois de
ajustados para a raca, a idade, o fumo e o uso de drogas, aumenta 7 vezes (OR=7.092; CI
2.307 — 21.802) para carcinoma papilifero e mais de 9 vezes (OR=9.625; CI 2.484 —

37.291) para carcinoma folicular.

Nao encontramos associacdo entre genotipo e as caracteristicas clinicas dos
pacientes, paradmetros tumorais, agressividade ao diagnostico ou o comportamento durante

0 seguimento.
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Tabela 6- Perfil dos gendtipos de GSTOI dos ndédulos benignos e dos carcinomas

tiroidianos, quando comparados com a populacgdo controle.

A140/A140 A140/D140 D140/D140
Nodulos benignos 41 8 3
N=52 (78.8%) (15.4%) (5.8%)
Carcinomas tiroidianos 74 17 2
N=93 (79.6%) (18.3%) (2.1%)
Controles 146 19 8
N=173 (84.4%) (11%) (4.6%)

Em relagdo ao gene GSTOI, ndo observamos diferencas entre a incidéncia de

heterozigotos e homozigotos em nddulos benignos, malignos e na populacao controle.
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Variantes
alélicas

N 173 52 76 17

Grifico 2- Propor¢des dos gendtipos de GSTO1 selvagem e variantes na populagio controle e nos

pacientes com doengas tiroidianas benignas e malignas.

A freqiiéncia das variantes de GSTOI! encontrada em nossa populacdo foi
similar, a de outros estudos (f = 0.156) e a freqiiéncia descrita em australianos (f= 0.335),
japoneses (f= 0.118), chineses (f= 0.165), mexicanos (f= 0.118) e africanos (f= 0.081)
(WHITBREAD et al, 2003; CERDA-FLORES et al, 2002).
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Tabela 7- Perfil dos gen6tipos do cédon 72 de p53 na populagdo controle e em pacientes

com doengas tiroidianas benignas e malignas.

Controles Nédulos Benignos Nédulos Malignos
N Bécio Adenoma Carcinoma Carcinoma
(%) folicular papilifero folicular
Arg/Arg 51 18 5 28 9
(33.3%) (60%) (35.7%) (36.3%) (42.9%)
Arg/Pro 99 11 9 41 8
(64.7%) (36.6%) (64.2%) (53.2%) (38%)
Pro/Pro 3 1 0 8 4
(1.9%) (3.3%) (10.3%) (19%)
Total de casos 153 30 14 77 21

Em relacdo ao codon 72 do gene p53, apresentamos os dados resumidos de
todas as propor¢coes dos gendtipos encontrados na tabela 7. Os pacientes com nddulos
benignos e, em particular, os pacientes com CP e CF, demonstraram uma maior prevaléncia
do gendtipo Pro/Pro (x*, p=0.0015). O risco para o cancer de tiréide, depois do ajuste dos
dados para racga, idade, fumo, consumo de dlcool e medicamentos aumentou mais de
7 vezes (OR=7,023; CI 1,928 — 25.588) em individuos com o genétipo Pro/Pro quando
comparado com os outros gendtipos. O risco para carcinoma do tipo papilifero aumentou
mais de 5 vezes (OR=5,299; CI 2,3344 — 40.436)(p=0.0074) e o risco para carcinoma do
tipo folicular aumentou quase 10 vezes (OR=9,714; CI 2,334 — 39.425)(p=0.0043) em
individuos que apresentam o genétipo Pro/Pro quando comparados com os outros

genotipos.

O grafico 3 representa a distribuicdo dos grupos estudados em relagdo a
prevaléncia percentual do genétipo Pro/Pro. O genétipo Pro/Pro ndo apareceu em nenhum
dos 14 casos de adenomas foliculares, mas ocorreu em 19% dos carcinomas foliculares. O

genotipo Arg/Pro incide de maneira similar em todos os grupos.
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Grafico 3- Anadlise estatistica da prevaléncia do genétipo Pro/Pro do c6édon 72 de p53
(colunas da frente) em comparacdo com os outros gendtipos (coluna de tras)
na populacdo controle (C) e nos pacientes com nddulos benignos (NB),

carcinoma papilifero (CP) e carcinomas foliculares (CF).
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Nossos dados, tanto de GSTP quanto de GSTO e p53 nao estdo de acordo com o

equilibrio de Hardy-Weinberg, nem em pacientes com cancer nem na populacdo controle.

Para que um a populacdo esteja no equilibrio de Hardy-Weinberg deve
obedecer a algumas regras: os acasalamentos entre os individuos dessa populacdo devem
ser aleatorios e nao seletivos; a populagdo ndo deve estar sujeita a migracdes nem a
mutacdes constantes. Assim as freqiiéncias e razdes genotipicas nessa populagcdo serao
constantes de geracdo para geracdo. Notemos que as suposi¢des para a validade da lei sdao
muito restritas, € que na maioria dos casos ela s6 pode ser aplicada a populagdes tedricas.
(UZUANI & BINER,1997) No caso da populacdo brasileira, com suas multiplas e
sucessivas ondas de imigra¢do das mais variadas origens, o equilibrio de Hardy-Weinberg

deve levar ainda algum tempo para ser atingido.
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Identificar os individuos que possuem um risco aumentado para o cancer ¢
importante para planejar e implementar politicas de prevencao e estratégias de conduta ndo
apenas em nivel de saide publica, mas também para cada paciente em particular. Assim
como em outros paises, temos verificado um grande aumento no nimero de individuos
identificados como portadores de nédulos de tiréide gragas ao maior acesso da populagao
ao sistema de saude e, sobretudo, a métodos diagndsticos ndo-invasivos, simples, rapidos e
de custo relativamente baixo em nosso meio, como € a ultra-sonografia (CHOW et al,
2003; HEGEDUS, 2003; TAN & GHARIB, 1997). Esta crescente populagdo faz prever que
devamos ter, nos proximos anos, uma imensa massa de individuos buscando

aconselhamento médico para seus nddulos de tiréide. O que faremos com estes pacientes?

O uso de marcadores moleculares de risco, identificados através de um simples
exame em sangue periférico, poderia auxiliar no rastreamento de malignidade. Poderiamos,
por exemplo, programar ultra-sonografias periddicas e/ou obter citologia de ndédulos de
maior risco. Ao contrério, pacientes com nddulos de baixo risco de malignidade poderiam
ser acompanhados apenas clinicamente ou de forma menos intensa, poupando grandes
somas de dinheiro ao sistema de saude e diminuindo consideravelmente o impacto
psicolégico do risco de malignidade que pesa sobre os portadores de nddulos e seus

médicos.

Uma série de fatores clinicos e epidemiolégicos vem sendo utilizada na selecao
dos pacientes de risco para cancer da tirdide entre os portadores de nddulos tiroidianos
(WELKER & ORLOV, 2003; LIVOLSI, 1990; CHOW et al, 2003; FIGGE, 1999; MACK
et al, 2003). Infelizmente, nenhum destes fatores € suficientemente confidvel para afastar o

risco de cancer ou predizé-lo com certeza.

Marcadores moleculares podem ser aplicados a um grande nimero de
individuos em qualquer fase de sua vida. Poderiam assim, se tornar uma importante arma
de rastreamento, identificando individuos com risco maior para o cancer dentre a vasta
maioria de nddulos benignos. Tal rastreamento poderia baratear sensivelmente o custo do
diagnodstico do cancer da tiréide e ser de grande impacto social. Mais ainda, poderia
identificar individuos com maior risco de desenvolver cincer em situagdes médicas como o
uso de radiacdo ionizante, além de prover aconselhamento adequado em relacdo a fatores

de risco reconhecidos epidemiologicamente como a injestao de iodo.
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Os estudos de marcadores de polimorfismos pontuais ou de uma unica base
(single nucleotide polymorphysms - SNPs) vém se tornando populares gracas as suas
propriedades que os transformam em instrumentos simples e baratos para a analise genética
de diferentes doencas (KIRK et al, 2002). A esmagadora quantidade de dados advindos de
estudos com polimorfismos génicos vem indicando a sua importancia na compreensdo dos
principais fatores implicados no desenvolvimento do cancer (VINEIS et al, 2003). Os
polimorfismos que existem nas enzimas responsdveis pelo metabolismo de drogas e de
substancias toxicas ajudam a compreender a susceptibilidade individual aos carcindégenos
quimicos e ajudam a explicar as variagdes da incidéncia do céncer de tiréide em todo o

mundo (STRANGE & FRYER, 1999).

Para podermos estudar a base genética para a susceptibilidade ao cincer da
tir6ide, deveriamos conhecer os fatores que podem desencadear a doencga. Infelizmente,
pouco se sabe sobre os fatores de susceptibilidade ao cancer de tirdide. A exposi¢do a
radiacdo ionizante, principalmente em criangas, € o Unico fator ambiental reconhecido
como capaz de levar a formacdo de tumores benignos e malignos da tirdide, embora
deficiéncia de iodo também tenha sido ligada ao desencadeamento de tumores por este
mecanismo (SCHLUMBERGER et al, 1999; RONCKERS er al, 2005). Radicais livres
produzidos pela irradiacdo ionizante aumentam o estresse oxidativo, formando produtos
que reagem com o DNA e podem induzir mutagdes (SARASIN, 1999). Além disso, a
exposicao a radiacdo ionizante induz instabilidade genética que aumenta consideravelmente
o risco de novas e sucessivas mutagdes poderem se acumular e levar a célula atingida a
progredir em dire¢do a formacdo de um clone de células tumorais (NIKIFOROV et al,
1998; BOUNACER et al, 2000; TALINI 2002). A exposi¢do a radiacdo ionizante sem
davida pode causar cancer. No entanto, ndo explica a maior parte dos casos de tumores
esporadicos. Por outro lado, em populacdes expostas a mesma quantidade de radiacdo na
mesma faixa etdria, alguns individuos desenvolvem cancer enquanto que outros nao.
Seguramente outros fatores genético-ambientais influenciam a etiopatogenia dos tumores

tiroidianos.

Infelizmente, os dados disponiveis sobre produtos carcinogénicos e a glandula
da tiréide sao relativamente escassos e bastante conflitantes. Muitos produtos sao capazes

de induzir neoplasia tiroidiana em roedores, alguns especificamente relacionados ao sexo
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dos animais (MIYAWAKI et al, 2003). Especula-se que a acdo destes produtos se deva ao
estimulo prolongado da célula folicular pelo TSH, provavelmente envolvendo inativacao da
peroxidase tiroidiana por espécies reativas resultantes do metabolismo destes produtos
(MIYAWAKI, 2003; TAMURA et al, 1999; O'BRIEN, 2000). Assim, estes produtos
téxicos formariam compostos intermedidrios reativos que se ligariam a aminodcidos
criticos para a atividade da peroxidase (O'BRIEN, 2000). A inativacdo da acdo da
tireoperoxidase leva a queda na produgdo de hormonios tiroidianos e dai, a um aumento do
TSH hipofisério, o qual causa aumento da tireoperoxidase e também da sintese de NADPH
oxidase (O'BRIEN, 2000). Mais ainda € possivel que estas espécies intermedidrias reativas
possam reagir com outras moléculas levando a produtos de peroxidacdo lipidica que
reagem com 0 DNA (O'BRIEN, 2000). Com isso, a célula folicular recebe um estimulo de
crescimento prolongado que pode selecionar células que ja apresentam vantagens
proliferativas, por exemplo, por apresentarem variantes génicas que dificultam o
reconhecimento de anormalidades no DNA ou impedem a adequada apoptose das células

defeituosas.

Um amplo rastreamento com mais de 200 drogas revelou que apenas duas, a
griseofulvina e a senna, estavam associadas com o aumento do risco de carcinomas
tiroidianos em humanos (FRIEDMAN & URY, 1983). A ingestio de alimentos
bociogénicos nao estd associada com o aumento do risco de carcinomas tiroidianos de
acordo com um estudo caso—controle de Ron et al, 1987. No entanto, um estudo baseado no
aumento da incidéncia de cancer de tiride nas mulheres do sudeste da Asia que vivem nos
Estados Unidos, comparados com norte americanas de outras ascendéncias, concluiu que o
consumo de carotendides e isoflavonas na alimentacdo baseada em soja das primeiras
contribui para a maior incidéncia de cancer da tir6ide (HASELKORN et al, 2003;
MACK et al, 2002).

Um dos mais importantes mecanismos de defesa contra os carcindgenos
ambientais € uma familia de genes que codificam enzimas diméricas que sao
provavelmente expressas em todas as formas de vida, as enzimas do sistema glutationa
S-transferase (MANNERVIK, 1985). Individuos com as formas variantes do gene GSTP1
produzem uma enzima com uma capacidade de detoxificacdo diminuida para uma extensa

lista de carcindgenos ambientais. Individuos com auséncia dos genes GSTMI e GSTT!
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também sdo mais susceptiveis aos efeitos de uma grande série de carcinégenos.
Infelizmente, dados da literatura a respeito do papel das enzimas do sistema GST em cancer
de tir6ide sdo bastante escassos. Um estudo recente ndo foi capaz de correlacionar
polimorfismos dos genes GSTMI, GSTTI e GSTPI com o risco de cancer de tiréide
(HERNANDEZ et al, 2003). Os autores usaram restricdo enzimdtica para a andlise dos
polimorfismos mas, infelizmente, ndo parearam casos e controles em relacdo a idade e ao
sexo (HERNANDEZ et al, 2003). Ao contrario, com o auxilio de uma grande populacao
controle e de bom nimero de casos, todos eles bem controlados, pareados para idade e
sexo, nds demonstramos anteriormente que o gendtipo nulo combinado de GSTTI e
GSTM1 aumenta o risco de lesdes malignas da tiréide em (MORARI et al, 2002). Em
adicdo, o presente estudo mostrou que a prevaléncia das variantes de GSTPI em lesdes
malignas, carcinomas foliculares 33% e em carcinomas papiliferos 26%, sao
significativamente mais alta que na populagio controle 5% (x* ;p<0,001). Deste modo, as
variantes de GSTPI aumentam o risco estimado para carcinoma papilifero 5,7 vezes e para
carcinoma folicular 8,2 vezes (GRANJA et al, 2004-B). Mais recentemente, Gaspar et al,
2004, corroborando nossos achados, mostrou que uma combinacao destes 3 alelos de risco:
a auséncia de GSTM e de GSTT, combinada com a variante Ile/lle de GSTPI, aumenta o
risco de cancer diferenciado da tiréide quase 3 vezes (OR=2.91). Este aumento ocorre as
custas de aumento de risco para o CP mas ndo para o CF nos dados de Gaspar, contrariando
nossos achados que sugerem uma importancia maior do perfil genotipico de GSTPI para o
desenvolvimento de carcinomas foliculares (GASPAR et al, 2004; GRANJA et al,
2004-B).

Estudos de polimorfismos freqiientemente apresentam diferentes resultados
relacionados ao sexo, a idade e a etnia das populacdes estudadas (GARTE et al, 2001). Em
contraste com a populacdo espanhola estudada por Hernandez et al, e a populagdo
portuguesa estudada por Gaspar et al, a populacdo brasileira possui alta heterogeneidade ja
que é composta por imigrantes da Europa, Africa e Asia mesclados com indigenas da
populacdo nativa. Nossos habitos alimentares, baseado em arroz e feijao, também diferem
dos europeus. Além disso, muitas condi¢des sociais e culturais contribuem para a exposi¢ao

a diferentes fatores ambientais que podem ser muito importantes e que podem explicar as
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diferencas entre nossos resultados e os de Herandez e de Gaspar (HERNANDEZ et al,
2003; GASPAR et al, 2004).

E interessante notar que entre os portadores de céncer de tiréide, quando
comparamos com a populacdo controle, individuos com o genétipo heterozigoto AB sao
mais freqiientes que homozigotos BB do gene GSTPI. Os dois genétipos variantes de
GSTPI (AB e BB) produzem enzimas com uma diminuida atividade especifica e afinidade
aos componentes eletrofilicos (ALI-OSMAN et al, 1997). No entanto “experimentos in
vitro” demonstraram que esta afinidade e atividade diferem em muitos substratos
eletrofilicos (ALI-OSMAN et al, 1997). Uma série de dados obtidos em amostras de
tecidos e experimentos com cultura de células usando um considerdvel nimero de
compostos diferentes mostra que realmente a acdo toxica € tecido e/ou cé€lula especifico
(PAL et al, 2000; WATSON et al, 1998; VAN LIESHOUT et al, 1999). Assim, é possivel
que os heterozigotos AB de GSTP1 sejam mais propensos a sofrer a acdo de determinados

produtos téxicos que lesam particularmente a célula folicular tiroidiana.

Portanto, nos sugerimos que o polimorfismo de GSTPI ¢ um importante fator
de susceptibilidade dos individuos aos efeitos toxicos de fatores ambientais relacionados ao
processo de carcinogénese tiroidiana (GRANJA et al, 2004-B). Infelizmente, ndo
encontramos nenhuma associagdo entre os fatores clinicos, histolégicos ou os parametros
de agressividade medidos por qualquer tipo de estadiamento ou sistema de classificagdo de
agressividade ao diagndstico ou durante o seguimento com os genétipos de GSTPI. Assim,
presumimos que o perfil genotipico de GSTPI ndo deva ser util como um indicador de
progndstico para carcinomas diferenciados da tiréide. Por outro lado, estes dados sugerem
que uma genotipagem relativamente simples, como € a de GSTPI, pode ser utilizada para o

rastreamento de malignidade dos ndédulos tiroidianos.

Também ndo encontramos correlacdo entre os gendtipos anteriormente ja
estudados por nés nestes pacientes (GSTM e GSTT) com o de GSTP, contrariamente aos
dados Gaspar et al, o qual demonstrou que a combinagdo dos genétipos para GSTM1I,
GSTTI e GSTPI AA leva a um significante aumento do risco para tumores papiliferos
(MORARI et al, 2002; GASPAR et al, 2004). Novamente, a explicagdo desta discrepancia

pode residir nas diferentes populacdes estudadas. Também nao podemos excluir a
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influéncia de outros polimorfismos de GSTPI ainda nao estudados, ou a existéncia de
“linkage” de GSTP com outros genes envolvidos em estagios mais tardios da carcinogénese

tiroidiana.

A recente caracterizacdo de uma nova classe de genes, a GSTO, também atraiu
nossa atencao (BOARD et al,2000). As variantes génicas da GSTO! codificam enzimas que
apresentam reduzida atividade enzimdtica e baixa capacidade de detoxificagdo do arsénico
inorganico (WHITBREAD et al, 2003). O arsénico é um carcindgeno ambiental bem
conhecido e a contamina¢do da dgua potavel com o arsénico inorganico € um problema de
saide mundial (WHITBREAD et al, 2003). A detoxificacdo do arsénico inorganico € feita
principalmente através do processo de metilacio (WHITBREAD et al, 2003). Variacdes na
capacidade individual de metilagdo sdo bem correlacionadas com a intolerancia ou a maior
susceptibilidade aos efeitos toxicos do arsénico (HIRAKAWA et al, 2002). Infelizmente,
nossos dados, mostram que o gene GSTO e as suas variantes nao apresentam correlagdo
com o risco de malignidade em nddulos tiroidianos ou com as caracteristicas clinicas e
patoldgicas do cancer da tir6ide (GRANJA et al, 2005). Por outro lado, nosso estudo do
GSTO mostrou que a populagdo brasileira possui uma freqiiéncia das variantes do gene
similar (f=0.156) aquelas freqiiéncias descritas em australianos (f= 0.335), Japoneses
(f= 0.118), chineses (f= 0.165), mexicanos (f= 0.118) a africanos (f= 0.081)
(WHITBREAD et al, 2003; CERDA-FLORES et al, 2002). Estes dados de distribuicao
genotipica em nossa populacdo vém ajudando a tragar um perfil que poderd ser util para o
célculo do risco para diferentes condicdes médicas e para propor acdes preventivas em

individuos expostos aos agentes téxicos ambientais.

Finalmente, estudamos o polimorfismo do cédon 72 de p53. Esse polimorfismo
¢ particularmente interessante desde que se vem demonstrando que a variante Pro 72 possui
uma habilidade marcadamente reduzida de induzir a apoptose em comparagdo com a
variante Arg 72. Uma das causas desta reducdo na capacidade apoptdtica advém do fato de
que a variante Pro ndo é capaz de se localizar na mitocondria, ao contrdrio da variante Arg.
Com isso, a variante Pro ndo deve ser capaz de promover uma liberacdo eficiente de
citocromo c oxidase para o citosol (DUMONT et al, 2003). Esta liberacdo, essencial para o
processo da apoptose, protegeria da destruicao células que podem apresentar uma vantagem

de crescimento sobre as demais (DUMONT et al, 2003). A associa¢do do polimorfismo do
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cédon 72 de p53 com maior susceptibilidade a muitos tipos de cancer vem sendo bem
documentada na literatura (BUYRU et al, 2003; PAPADAKIS et al, 2002; SHEN et al,
2002; DRUMMOND et al, 2002; DONG et al, 2003; WU et al, 1995; WANG et al, 1999;
QIE et al, 2002; TSAI et al, 2002; FAN et al, 2000; YU et al, 1999). No entanto, existe um
unico estudo da relac@o entre o polimorfismo do c6don 72 de p53 e o cancer de tirdide
(BOLTZE et al, 2002). Boltze conseguiu reunir 22 carcinomas anapladsicos que foram
comparados com 21 carcinomas papiliferos. Os seus dados, de forma similar aos nossos,
mostram que o homozigoto prolina é um potente fator de risco para cancer de tirdide. No
entanto, em contraste com o trabalho de Boltze, nds encontramos a variante Pro 72 também
em carcinomas tiroidianos bem diferenciados € mesmo em um caso de hiperplasia benigna.
Além disso, estudamos um nimero consideravelmente maior de pacientes com carcinomas
diferenciados da tir6ide, o que nos permitiu avaliar o diferente impacto da variante Pro
72 em carcinomas papiliferos e foliculares. Mostramos que o gendétipo Pro/Pro confere um
risco bem maior para o desenvolvimento de carcinoma folicular (OR=9,714) do que para

carcinoma papilifero (OR=5,299) (GRANIJA et al, 2004-A).

Infelizmente, novamente ndo fomos capazes de identificar qualquer associacao
entre o perfil genotipico destas variantes com qualquer caracteristica clinica ou histoldgica
de agressividade do tumor nem tampouco com sua evolu¢ao ou sua resposta ao tratamento

(GRANIJA et al, 2004-A).

Nossos dados, tanto de GSTP quanto de GSTO e p53 ndo estdo em equilibrio
alélico na populagcdo, ou seja, ndo estdo de acordo com o principio de equilibrio de
Hardy-Weinberg, nem em pacientes com cancer nem na populagdo controle.
Evidentemente, este desequilibrio pode indicar a existéncia de relacio entre estes genes € o
desenvolvimento do céancer da tir6ide, apoiando nossas hipdteses. Entretanto, outros
2 fatores importantes podem concorrer para este fato: o tamanho relativamente pequeno do
grupo estudado e a alta heterogenidade da populacdo brasileira, composta de imigrantes
europeus, africanos, asidticos e a populacao indigena. Temos uma populagdo relativamente
jovem, em que sucessivas migracdes e imigracdes influenciam o perfil genético. O fato de

ndo haver equilibrio alélico nem na populacdo controle favorece esta tltima possibilidade.
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Conduzimos um estudo prospectivo de tipo caso-controle para comparar a
proporcao de variantes conhecidas dos genodtipos de GSTPI, GSTO1 e o polimorfismo do
codon 72 de p53 entre pacientes com nddulos tiroidianos benignos, malignos € um grupo
controle pareado para idade, sexo, raca, hdbitos, uso de medicamentos e proveniéncia.
Nossos dados sugerem que o perfil genotipico de p53 e de GSTP1, mas ndo o de GSTOI,

pode ser usado para o rastreamento de malignidade em pacientes com nddulos tiroidianos.

Grandes estudos e/ou meta-analises de dados provenientes de outras populacdes
deverdao confirmar nossos dados e possibilitar uma compreensio melhor dos fatores

envolvidos na etiopatogenia do cancer da tirdide.

Estudos populacionais sdo necessdrios para avaliar o custo-beneficio dos
métodos que utilizam o sangue periférico, empregando estes SNPs como marcadores de

malignidade para nédulos tiroidianos.
Concluimos a partir dos dados obtidos neste trabalho:

e Sugerimos que o polimorfismo (I1105V) de GSTPI estd associado com uma

susceptibilidade aumentada ao desenvolvimento do cancer de tirdide.

e Sugerimos que o polimorfismo (Alal40Asp) de GSTO1 nao esté relacionado
com o aumento da susceptibilidade ao desenvolvimento do cancer de tirdide.
Nossos dados sd@o semelhantes aos de outros estudos deste polimorfismo
realizados na populagdo Australiana, Japonesa, Chinesa, Mexicana e

Africanos estudado por Whitbread e colaboradores,2003.

e Sugerimos que o gendtipo Pro/ Pro do codon 72 de p53 estd associado com

uma susceptibilidade aumentada ao desenvolvimento do cancer de tirdide.

¢ Quando relacionamos e associamos os diferentes gendtipos do sistema GST
e genotipo Pro/ Pro de p53 entre si, ndo observamos associacdo entre os
gendtipos com a susceptibilidade aumentada ao desenvolvimento do cancer
de tir6ide. Quando relacionamos e associamos os diferentes gendtipos do
sistema GST e gendtipo Pro/ Pro de p53 ndo observamos associagdo com 0s
fatores progndsticos, o grau de agressividade e nem com a resposta

terapéutica destes pacientes.
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Em conclusdo, nés sugerimos que uma combinacdo desses SNP’s com as
caracteristicas clinico-epidemioldgicas pode ser muito interessante para identificar risco de
malignidade para cancer da tiride. Esta pode ser uma arma interessante para rastrear a
presenca de cancer entre os individuos portadores de nddulos tiroidianos, diagnosticando o
cancer mais precocemente, definindo grupos de maior e de menor risco que poderdo ser
acompanhado de mais perto ou com maior frequéncia, com ultra-sonografias periddicas ou

mais pungdes aspirativas.
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Abstract

Screening tools are of utmost necessity in order to identify individuals at risk for thyroid nodule cancer. The polymorphic
inheritance of human drug-metabolizing enzymes, such as those encoded by the Glutathione-S-Transferase (GST) system,
plays an important role in the development of most human cancers. GSTP1 enzyme is the most important detoxification enzyme
in human head and neck tissues. An aminoacid substitution (1105V) in the GSTP1 gene result in two genotypes, GSTPIAB and
GSTP1BB. Those produce a variant enzyme with lower activity and less capability of effective detoxification of carcinogens
than the wild type GSTP1AA. In order to look for the influence of GSTP1 enzymes inheritance pattern on thyroid cancer risk we
used a PCR-SSCP-sequencing approach to compare the genotypes of 98 malignant nodules, including 77 papillary carcinomas
(PC) and 21 follicular carcinomas (FC), to 44 benign nodules and to 157 healthy control individuals. Individuals with history of
previous thyroid disease, exposure to radiation and antecedents of malignancy were excluded. Patients with PC and FC showed
a significant over-representation of the variants of GSTPI allele compared to the control population (p < 0.0001). The risk for
thyroid cancer in individuals with the variant GSTP1 enzymes, after adjusting for gender, age, tobacco and drugs use, increased
7,092 (CI: 2,307-21,802) and 9,625 (CI: 2.484-37.291) times for PC and FC, respectively. We suggest that GST genotype may
be associated with an increased susceptibility to thyroid cancer. GSTPI profiling from peripheral blood may be a simple and
useful tool in the screening for thyroid nodule malignancy. Glutathione-S-Transferase system; GSTP; Thyroid cancer;
Screening.
© 2004 Elsevier Ltd. All rights reserved.
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frequent at ultrasonographic screening, mainly in
iodine-deficient communities. Malignant nodules,
however, are a small minority among them, making
the choice to address all nodules to fine-needle biopsy
impractical and cost ineffective [1,2]. On the other
hand, despite the low incidence and favorable
prognosis, thyroid cancer can be a mortal disease:
mortality ranges from 10% of well-differentiated
tumors, to 50% of poorly differentiated and medullary
and to 100% of anaplastic tumors, respectively [3].
Although clinical and epidemiological features are
helpful, there are still no accepted serological markers
that can guide the identification of patients at risk for
malignancy among individuals with thyroid nodules.

Cancer is an evolutionary process caused by a
gene-environment interaction [4]. We are constantly
exposed to an increasing list of chemical carcinogens,
cell-transforming viruses, UV and ionizing radiation,
among many other environmental mutagens. How-
ever, the likelihood of developing cancer in response
to natural hazards varies considerably. Individual
differences in the susceptibility to carcinogens play an
essential role in the development of sporadic cancer
[5,6]. The biochemical basis for this susceptibility is
related to genetic polymorphisms that normally occur
in the general population, regarding genes involved in
predisposition to a specific cancer, in the metabolic
activation or detoxification of environmental geno-
toxins, and in controlling DNA repair or cellular
damage [4-8].

Several polymorphic genes, encoding for enzymes
involved in the biotransformation of carcinogens,
have been studied as possible cancer risk modifiers.
The Glutathione-S-Transferase (GST) system consists
of a large multigenic group of detoxifying enzymes
whose activity, catalyzing the conjugation of toxic
and mutagenic compounds with glutathione, is
essential for cell protection [9]. Five classes of
isoenzymes have been considered important in
humans: alpha, mu (GSTM1), pi (GSTP1), sigma
and theta (GSTT1). At present, genetic polymorph-
isms have been demonstrated for GSTM1, GSTT1, and
GSTP1 genes. Individuals who are deletion homo-
zygotes, classified as GSTMI null or GSTTI null,
exhibit absence of enzymatic activity and are
hypothesized to be at increased risk for the carcino-
genic effects of a wide variety of environmental
exposures [8—10]. In a recent publication, we

demonstrated that the combined null GSTMI and
GSTTI genotypes increase the risk for thyroid cancer
2.6 times [11].

The most important detoxification enzyme in head
and neck tissues, in a quantitative sense, is GSTP1
[12]. GSTP1 enzyme level has been extensively
studied in relation to tobacco-associated malignancies
and found overexpressed in many preneoplastic and
neoplastic lesions, including head and neck, breast,
prostate and lung tumors [13-16]. Regarding the
gene, a functional significance has been demonstrated
for an exon 5 A-G transition resulting in a codon
Ile105Val amino acid substitution, which modifies
heat stability and specific activity of the Val contain-
ing isoform [17]. The resulting enzyme variants
present lower activity and less capability of effective
detoxification of carcinogens than the wild type
GSTP1 AA [17,18]. In addition, GST profile may
have a prognostic value since it is associated with the
response to therapy in many human malignancies
[19-21].

The primary objective of this study was to test the
hypothesis that individuals with an inherited GSTPI
variant (GSTPIAB and GSTPIBB) are at increased
risk of thyroid cancer in comparison to the wild-type
GSTP profile. We also aimed to evaluate a possible
utility of GST profiling in the outcome prediction for
thyroid cancer patients. For these purposes, we
conducted a prospective case control study in which
we compared the proportion of GSTPI genotypes
between a group of patients with benign and
malignant thyroid nodules and a control group.
Heterogeneity of risk according to clinical and
morphological subtypes of thyroid tumors and their
correspondent genotype was also explored.

2. Material and methods
2.1. Subjects

The study was approved by the Ethics Committee
of the University Hospital-School of Medicine of the
State University of Campinas, and informed written
consent was obtained from all individuals. A control
group of 157 healthy individuals (42 males and 115
females, 16—81 years old, 47 = 18 years old) was
selected from the general population of our region.
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There were 115 blood donors and 42 volunteers
recruited among co-workers and volunteers from the
State University of Campinas. In order to obtain a
comparable control group with respect to gender
proportion and age range, we selected 2—3 women for
every man presenting to donate blood, because
thyroid cancer occurs more frequently in women
than in men. Data on lifetime occupational history,
smoking history, general health conditions, previous
diseases and other anamnestic data were obtained
through interviews. Individuals with history of
previous thyroid disease, radiation exposure and
antecedents of malignancy were excluded.

One hundred forty-two patients that consecutively
sought medical attention for thyroid disease evalu-
ation at the outpatient clinic of the University
Hospital, during the years 2001-2003, were enrolled
in the study after they agreed to participate. The study
population included 44 benign thyroid nodules-30
goiters and 14 follicular adenomas-and 98 malignant
nodules, including 77 papillary carcinomas and 21
follicular carcinomas. Stage and grade of differen-
tiation of the tumors were obtained from surgical and
pathological records. Experienced pathologists of the
University 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 that were referred to surgery
because of thyroid nodules presenting clinical or
epidemiological suspicion of cancer. All patients were
submitted to total or near-total thyroidectomy.
Patients with preoperatively or intraoperatively palp-
able neck node metastases underwent regional neck
dissection. Four to six weeks after the operations,
whole body '*'T scans were performed. All patients
received 30—100 mCi "*'I. Long-term levothyroxine
suppressive doses were given following a whole body
scan, in order to keep serum thyrotropin (TSH) levels
at low normal.

Patients were classified into whites and non-
whites. Data on general health conditions and medical
history with emphasis on previous and/or current
thyroid diseases were obtained through interviews,
using a structured questionnaire administered by the
same interviewers (ECM, LVMA, LSW). The use of
drugs and certain foods was also carefully assessed, in

particular nutritional goitrogens like vegetables con-
taining cyanogenic glucosides (most forms of
cabbage, cauliflower, broccoli, and other members
of the cruciferous family) and drugs that could
interfere with thyroid function, as well as medication
for other concomitant diseases. Cigarette smoking
habit was recorded but, because of the few 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 each pack) for 1 year during the previous 5
years. None of the patients had a history of accidental
or medical radiation exposure. All data, including
pathological diagnoses, were confirmed in the
patients’ records. A peripheral blood sample was
collected from all 142 patients. Also, thyroid tissue
samples were obtained at surgery from 83 out of these
patients, snap frozen in liquid N, immediately after
surgery and kept at — 80° C until processed. We were
able to obtain cancer tissue samples and autologous
blood specimens and/or normal thyroid tissue from
the contralateral lobe in 35 cases of malignant tumors.

2.2. Follow-up

Cancer patients were followed with periodic whole
body scans, serum TSH and thyroglobulin (Tg)
measurements according to a routine follow-up
protocol that included X-ray, ultrasonography, com-
puter tomography scan and other eventual procedures
to detect distant metastasis for a period of 12-342
months (31 = 67 months). Patients with high serum
Tg levels (>2 mg/dl) and/or suspicious whole 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.

2.3. Polymorphism analysis

A peripheral blood sample was collected from all
142 patients Genomic DNA was extracted from
leukocytes separated from whole blood using a
standard proteinase K-phenol-chloroform protocol.
GSTPI variants were studied using a PCR-SSCP-
sequencing approach. The primers used were forward
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5'-  TCTATGGGAAGGACCAGCAGG-3' and
reverse 5'-GCCCAACCTGGTGCAGATG -3'. PCR
was performed in 25 wl volumes of a mixture
containing 100 ng DNA, 50 nM of each primer,
10 mM Tris—HCI (pH 8.0), 100 uM of each dinucleo-
tide triphosphate, 2.0 mM MgC12 and 0.5 U Tag DNA
polymerase. Amplifications were carried out for 35
cycles of 94 °C for 45 s, annealing temperatures 63 °C
for 50s and 72°C for 1 min, with an initial
denaturation step of 94°C for 2min and a final
extension step of 72 °C for 7 min using a MJ PTC-200
PCR system. The PCR products were mixed with 95%
formamide, 0.05% bromophenol blue, 0.05% xylene
cyanol and 50 mM NaOH, denatured at 94 °C for
10 min, and loaded onto 0.4 mm/30/45 cm polyacryl-
amide gels. The electrophoresis was conducted at
2-5 W at room temperature overnight. The gels were
then stained with silver nitrate. Forty-five samples
suspected of presenting aberrant migrating bands, as
exemplified in Fig. 1, were directly sequenced using
the ABI prism big dye sequencing kit (Perkin Elmer,
Warrington, Cheshire, UK) using the ABI 377 Prism
DNA Sequencer (Perkin Elmer). Also 10 samples,
four from the control group and six samples from
patients with a normal banding pattern, were directly
sequenced. Forty three out of the 45 suspicious
samples confirmed to be variants of the wild type
GSTP sequence that was present in all 10 control
sequenced samples. Positive and negative control
samples were included in all PCRs and SSCPs runs to

|
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detect possible contamination problems, gel loading
and typing inconsistencies.

2.4. Statistical analysis

Statistical analysis was conducted using SAS
statistical software (Statistical Analysis System,
version 8.1, Cary, NC, USA, 1999-2000) Chi-
square ()(2) or Fisher’s (F) exact tests were used to
examine homogeneity between cases and controls
regarding gender, color, previous thyroid disease,
use of medication and cigarette smoking. Also,
extent of disease was compared between papillary
and follicular carcinomas using Fisher’s test.
Kruskal-Wallis (KW) test was used to compare
age among groups. Mann—Whitney or Wilcoxon
tests were used to compare age among different
genotype groups. The odds ratio (OR) and 95% CI
provide a measure of the strength of association, e.g.
indicating the increase in odds of a given benign or
malignant thyroid nodule demonstrating a particular
genotype compared to the control population.
Logistic regression was used to evaluate the effect
of genotypes, after adjusting for other potential
confounders like age, sex, color, tobacco, alcohol
and medication consumption. Interactions between
environmental variables and genotypes were also
assessed. All tests were conducted at the P = 0.05

level of significance.

& 9 10 11 12 13

Fig. 1. Polyacrylamide gel electrophoresis for single-strand conformation polymorphysm (SSCP) analysis, representative of our results for
GSTP1 gene screening for polymorphisms. The gel was loaded with 6 samples from PC - lanes 1-6, and 7 samples from FC patients—lanes 7—
13. The arrows indicate samples that display an aberrant eletrophoretic run in lanes 1, 9 and 12. All samples were sequenced directly and lanes 1
and 9 confirmed to be heterozygous GSTP1 variants while lane 12 was an homozygous GSTP1 variant.
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3. Results

There were no differences between the control and
the thyroid disease patients regarding age (47 £ 21
years vs. 49 * 14 years); gender (42 males and 115
females vs. 37 males and 61 females); color (72 white
and 60 non-white vs. 54 white and 44 non-white
individuals); drug ingestion (39 control individuals vs.
29 patients); smoking (61 control individuals vs. 46
patients); alcohol consumption (61 control individuals
vs. 46 patients) and dietary patterns.

Table 1 summarizes clinical characteristics and
parameters of aggressiveness at diagnosis and during
follow-up of the thyroid cancer patients. Patients with
FC were older than the patients with PC (KW;
P = 0.0012). Nevertheless, there were no differences
among the patients regarding color, gender distri-
bution, smoking habit, the use of drugs or preexisting
benign thyroid diseases. The occurrence of lymph
node involvement at the time of diagnosis was more
frequent among PC (40%) than FC (14%)
(F; P <0.05). However, these last tumors already
presented long distance metastasis at the time of
diagnosis (48%) more frequently than papillary
carcinomas (10%) (F; P < 0.001). Follow-up data
did not evidence differences between PC and FC
concerning distant metastasis and/or recurrence of the
tumor although FC patients presented evidence of
recurrence and/or metastasis in 48% of the cases
against 26% of the PC ones (F; P=0.11). Two
patients died during the period of observation. Table 2
summarizes data of the overall proportions of the
GSTP1 genotypes in the control population and in
the benign and malignant thyroid disease patients.

Table 1

Fig. 2 represents the statistic comparison among
groups regarding the prevalence of GSTPI normal and
variant alleles. The presence of GSTPI variant alleles
did not differ in FA (21.3%) and in FC (33.2%)
(P = 0.704). GSTP1 gene profile proved to be exactly
the same in the tumor and normal tissue samples, as
well as in the corresponding peripheral blood samples
in all tested samples.

Patients with benign nodules and, in particular, PC
and FC patients, showed a significant over-represen-
tation of the variants of GSTPI genotype compared to
the control population (xy2, P < 0.0001). The inci-
dence of heterozygous GSTPIAB individuals (21%)
was higher than that of homozygous GSTPIBB
patients (9%) in the group of patients with malignant
thyroid nodules than in the control population (2.5 and
3%, respectively) (x2, P < 0.0001). The risk for
thyroid cancer in individuals with the variant GSTP1
enzymes, after adjusting for gender, age, tobacco and
drugs, was increased 7,092 (OR; CI: 2,307-21,802)
and 9,625 (OR; CI: 2.484—-37.291) times for PC and
FC, respectively. There was no association between
genotype and the patients’ clinical features, tumor
parameters of aggressiveness at diagnosis or behavior
during follow-up.

4. Discussion

Most of the nodules diagnosed by ultrasonography
or palpation will prove to be benign since thyroid
cancer is responsible for only 0.6—1.6%, respectively,
of all kinds of cancers that occur in men and women in
the USA [1,2]. However, variations of thyroid cancer

Distribution of thyroid carcinoma patients according to their histology, clinical features including age (X = SD in years), gender (F, female; M,
male), color (W, white, NW, non-white), history of previous thyroid benign diseases, smoking habits, use of medication, presence of lymph
node involvement and distant metastasis at the time of diagnosis and diagnosis of recurrence and/or distant metastasis during follow-up

Clinical characteristics

Diagnosis (Presence of ~ Follow-up

metastasis)
Age (X = SD) Sex Color Previous Smokers  Use of Lymph node Distant Recurrence
thyroid disease medication and/or distant metastasis
M F W NW
PC 44 =*15 28 49 42 35 18 37 21 30 8 20
FC 56 %12 9 12 12 9 9 9 3 10 10
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Comparison of GSTP! genotype distribution in the normal population and in benign (goiter and follicular adenoma) and malignant (papillary

and follicular) thyroid patients

No. of. cases N (%) OR (95%CI) P-value
AA AB BB
Controls 157 148 (94.2%) 4 (2.5%) 5(3.1%)
Benign nodules
Goiter 30 26 (86.6%) 1(3.3%) 3 (10%) AA vs. AB 1.423 (0.1528-13.250) 0.56
AA vs. BB 3.415 (0.7688-15.172) 0.12
AB vs. BB 2.400 (0.1751-32.900) 1.00
N* vs. A 2.530 (0.7251-8.827) 0.23
Follicular adenoma 14 11 (78.5%) 1 (7.1%) 2 (14.2%) AA vs. AB 3.364 (0.3455-32.750) 0.32
AA vs. BB 5.382 (0.9344-30.999) 0.09
AB vs. BB 1.600 (0.1036-24.720) 1.00
N* vs. VA® 4.485 (1.059—18.994) 0.06
Malignant nodules
Papillar carcinoma 77 57 (74%) 13 (16.8%) 7 (9%) AA vs. AB 8.439 (2.641-26.968) <0.0001
AA vs. BB 3.635 (1.108-11.924) 0.0444
AB vs. BB 0.430 (0.086-2.143) 0.4223
N? vs. VAP 7.092 (2.307-21.802) <0.0001
Follicular carcinoma 21 14 (66.6%) 6 (28.5%) 1 (4.7%) AA vs. AB 15.85 (3.993-62.973) 0.0002
AA vs. BB 2.114 (0.2305-19.397) 0.4345
AB vs. BB 0.133 (0.01103-1.612) 0.1451
N vs. VA® 9.625 (2.484-37.291) <0.0001

% N, Normal.

b VA, Variant alleles.

80+

60

40+

204

0

N=15’II

N=3q

N=14|

N=7‘7I

Fig. 2. Graphic representation of the statistic analysis of the prevalence of the wild type (lighter columns) and the variant alleles (darker columns)
of GSTP1 gene in the control population, in the patients with goiter, follicular adenomas (FA), papillary (PC) and follicular (FC) carcinomas.
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incidence in different geographic and ethnic groups
suggest that environmental factors may influence the
thyroid tumorigenesis process. For instance, thyroid
cancer is the second most common neoplasm among
women in several countries in the Middle West,
accounting for more than 8% of all cancers in Kuwait
[22]. Indeed, the environment has the principal role in
causing human sporadic cancer [4—6]. Numerous
specific rearrangements are being discovered in
thyroid cancer suggesting activation of DNA repair
programs after environmentally induced genetic
alterations [23]. Unfortunately, available data regard-
ing carcinogenic products and the thyroid gland are
conflicting. Several chemicals produce thyroid neo-
plasia in rodents, but a broad screening of more than
200 drugs revealed that just two, griseofulvin and
senna, were associated with increased risk of thyroid
carcinoma in humans [24]. Nutritional goitrogens
intake was not associated with increased risk of
thyroid carcinoma in humans in a population-based
case-control study published earlier [25]. However, a
recent study designed to understand why thyroid
cancer incidence rates are higher among Southeast
Asian women living in the United States than among
other United States women concluded that consump-
tion of carotenoids and of isoflavones from soy-based
foods may contribute to the rate differences, corro-
borating other data that suggest a role for dietary
variables in thyroid carcinogenesis [26,27]. There is
no epidemiological evidence of increased risk of
thyroid cancer in smokers. On the contrary, recent
data suggest a protective effect of smoking and
alcohol consumption, perhaps involving an effect on
thyroid stimulating hormone, estrogen metabolism, or
other mechanisms. [25,28].

Individuals with GSTPI variant genes produce
enzymes with diminished ability to detoxify a wide
range of environmental carcinogens. Also, individuals
lacking GSTM1 or GSTT1 genes are more susceptible
to the effects of a large series of carcinogens.
However, literature data regarding the role of
detoxifying enzymes in thyroid tumors are scarce.
A recent study was not able to relate polymorphisms
of GSTM1, GSTT1 and GSTPI genes to cancer risk
using restriction length polymorphism analysis [29].
In contrast, we demonstrated earlier a high prevalence
of the combined null genotype for GSTTI and GSTM 1
in malignant lesions compared to benign nodules

and a large control population [11]. In addition, the
present study demonstrates that GSTPI variants also
play a determinant independent role in the suscepti-
bility to thyroid cancer since an estimated 7.0 fold
greater risk of PC and 9.6 fold risk of FC was
observed in individuals with GSTPI variants. The
different results we obtained may be due, in part, to
our genotyping protocol since we used a different
methodological approach, PCR-SSCP-sequencing.
Also, there are major differences in the ethnic
populations studied. In contrast to the Spanish popu-
lation studied by Hernandez et al, Brazilian popu-
lation is of high heterogeneity, composed of
immigrants from Europe, Africa, Asia, and indi-
genous populations. Our alimentary habits, based on
rice and beans, also differ from European ones.
Likewise, many social and cultural conditions may
contribute to different exposition to distinct environ-
mental factors that may be important, since very little
is known concerning the susceptibility factors for
thyroid cancer.

Interestingly, in the group of patients with thyroid
cancer, among patients presenting variants of the
GSTPI gene, individuals with heterozygous AB
genotype were more frequent than BB genotype,
compared to the control population. Both GSTP1
variants produce enzymes with decreased specific
activity and affinity for eletrophilic compounds [30].
However, ‘in vitro experiments’ demonstrated their
activity and affinity to differ from several electrophilic
substrates [30]. These data were corroborated by
many studies in tissue samples and cell culture
experiments using a considerable number of different
toxic compounds [31-33]. Therefore, we may
hypothesize that GSTPI polymorphism is an impor-
tant factor in differential susceptibility of individuals
to the toxic effects of some environmental pollutant
related to the process of thyroid carcinogenesis.

Our data indicate a prevalence of GSTPI variants
in malignant lesions, FC (33%) and PC (26%),
significantly higher than in the control population
(5%) (Xz; P < 0.001). Since we were not able to find
any association between clinical features, histology,
and parameters of aggressiveness at diagnosis or
during follow-up and the GSTPI genotype, we
presume that GSTPI profiling may not be useful as
a prognostic factor for nodules that are already
diagnosed as carcinomas. On the other hand, these
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data suggest that a relatively simple GSTPI profile
may be useful in the screening for thyroid nodule
malignancy. Larger ongoing studies may confirm
these preliminary data and are necessary to ascertain
the cost-effectiveness of this serological screening
method.
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Abstract

A common germline polymorphism of p53 gene produces an Arginine to Proline change at aminoacid position 72. The
resulting codon 72 variants have been reported associated with tumor susceptibility since they reduce p53 ability to activate
apoptosis. Codon 72 polymorphism may play a role in subside vulnerability to different carcinogens and might account for
ethnic variations in cancer frequency. Using an allele-specific polymerase chain reaction (PCR), we tested peripheral blood
samples from 98 patients with thyroid cancer, including 21 follicular (FC) and 77 papillary carcinomas (PC), 44 patients with
benign nodules, including 14 follicular adenomas and 30 goiters and 153 healthy individuals from the same geographical
region. Data on lifetime occupational history, smoking history, general health conditions, previous diseases and other
anamnestic data were obtained through interviews. Patients with FC (Pro/Pro = 19.0%, Arg/Arg = 42.9%, Arg/Pro = 38%)
and with PC (Pro/Pro = 10.3%, Arg/Arg = 36.36%, Arg/Pro = 53.24%) showed a significant overrepresentation of codon 72
variants compared to the control population (Pro/Pro = 1.9%, Arg/Arg = 33.3%, Arg/Pro = 64.7%) (P = 0.0015). The
Pro/Pro genotype, after adjusting for gender, age, tobacco and drugs, was associated with a markedly higher risk of FC
(OR =9.714; CI: 2.334-40.436) and of PC (OR = 5.299; CI: 2.334-40.436). These results provide evidence that p53
polymorphism is implicated in thyroid carcinogenesis and that individuals harboring the Pro/Pro genotype have an increased
risk of developing thyroid cancer.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

A mutated p53 gene or a malfunctioning p53
protein has been observed in patients with most types
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of malignancies, including the thyroid gland [1,2].
The structural features of p53 (codons 61-94) have
been well preserved throughout evolution except at
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exon 4, where a common polymorphism results in
either proline or arginine at amino-acid position 72
[3]. This polymorphism occurs in the proline-rich
domain of exon 4, which is necessary for the protein
to fully induce apoptosis [4].

Many studies, both with immunocytochemical and
genetic analyses, have shown that p53 mutations are
highly prevalent in poorly differentiated and undiffer-
entiated thyroid carcinomas, as well as thyroid cancer
cell lines [5,6]. However, they are not found in benign
tumors and are infrequent in well-differentiated
cancers, suggesting that mutational inactivation of
p53 occurs at a late stage of thyroid tumor progression
[7-9]. These data suggest that mutational inactivation
of the p53 gene may be a key event in the progression
from differentiated to anaplastic carcinoma [4,8,9].
There is also evidence that p53 may interfere with
thyroid cell differentiation. Introduction of a mutated
p53 markedly impairs the differentiated gene
expression of PCC13 thyroid cells [10]. By contrast,
wild-type p53 reintroduction into poorly differen-
tiated thyroid carcinoma cell line leads to cell growth
arrest and re-expression of the characteristic differ-
entiated markers of the thyroid cell [11,12].

The role of p53 polymorphism in various tumors is
still controversial. This polymorphism has been shown
to have varying ethnic and geographical distribution.
It has been reported to be a potential genetic risk factor
for some types of cancer, like cervico-uterine [13],
breast cancer [14], lung [15], head and neck cancer
[16], among others. However, not all investigations
have been consistent and this hypothesized association
remains controversial [17,18]. The role of this single
nucleotide polymorphism (SNP) in the prognosis of
these patients is even more conflicting. Dong et al.
studying pancreatic cancer, concluded that the poly-
morphism at codon 72 did not show any significant
effect on the pathology, prognosis, and efficacy of
adjuvant chemotherapy of the pancreatic cancers [19].
Wu et al. also did not find any particular correlation
between codon 72 polymorphism and testicular or
prostate cancer grade or stage of each type of tumor
[20]. However, Wang et al. demonstrated p53
polymorphism to be related to the prognosis of lung
cancer [21]. Also, he found different p53 genotypes to
be associated with increased susceptibility for differ-
ent subgroups of lung cancer [21]. In fact, p53 Arg
homozygosity is considered a risk factor for cervical

cancer [22], while proline homozygotes were related
to a higher risk of nasopharyngeal carcinomas [23],
lung [21], and hepatocellular carcinomas [25], and the
Arg/Pro genotype was associated to an increased
susceptibility for smoke-induced lung adenocarci-
noma [24].

In the unique report on codon 72 polymorphism we
were able to find regarding thyroid tumors, Botze et al.
examined Caucasian thyroid carcinoma patients and
concluded that Pro72 genotype was a potential risk
factor favoring the development of undifferentiated
thyroid carcinomas [26]. In order to further investi-
gate the role of codon 72 of p53 polymorphism in
thyroid tumorigenesis, especially in the well-differ-
entiated types, we conducted a prospective case-
control study in Brazilian patients with thyroid
nodules including 98 cases of well-differentiated
tumors and 44 benign thyroid nodules. We also
aimed to evaluate a possible utility of p53 poly-
morphism genotyping in the prediction of thyroid
cancer patient’s outcome.

2. Material and methods
2.1. Subjects

The study was approved by the Ethics Committee
of the University Hospital, School of Medicine of
the State University of Campinas (HC-FCM/UNI-
CAMP), and informed written consent was obtained
from all individuals. Because of the highly hetero-
geneous ethnic composition of the Brazilian popu-
lation we included a control group of 153 healthy
individuals (52 males and 101 females, 16—81 years
old, 47 = 21 years old) selected from the general
population of our region, considered to have a
normal iodine intake. There were 115 blood donors
and 42 volunteers recruited among co-workers and
volunteers from the State University of Campinas
(UNICAMP). All individuals were classified into
white and non-white. In order to obtain a compar-
able control group with respect to gender proportion
and the range of ages, we selected 2 to 3 women for
every man that presented himself to donate blood,
because thyroid cancer occurs more frequently in
women than in men. Also, we selected some more
individuals classified as white. Data on lifetime
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Table 1

153

Distribution of thyroid carcinoma patients according to their histology, clinical features including age (X = SD in years), gender (F, female;
M, male), color (W, white; NW, non-white), the history of previous thyroid benign diseases, smoke habits, use of medicines, the presence of
lymph node involvement and distant metastasis by the time of the diagnosis and the diagnosis of recurrence and/or distant metastasis during

the follow-up

Clinical characteristics Diagnosis (Presence of Follow-up

metastasis)

Age (X =SD)  Sex Color Previous  Smokers  Use of Lymph node  Distant  Recurrence and/or
thyroid medicines distant metastasis
disease

M F W NW
PC 44=*15 11 66 61 16 18 37 21 30 20
FC 56 =12 5 4 15 6 9 9 8 3 10 10

occupational history, smoking history, general
health conditions, previous diseases and other
anamnestic data were obtained through interviews.
Individuals with history of previous thyroid disease,
exposure to radiation and antecedents of malignancy
were excluded.

One hundred forty two patients consecutively
referred to the outpatient clinic of the University
Hospital (HC-FCM/UNICAMP) for thyroid disease
evaluation, during the years of 2001-2003, that
agreed to participate, were enrolled in the study.
The study population was composed of 44 benign
thyroid nodules including 30 goiters and 14 follicular
adenomas (FA) and 98 malignant nodules, including
77 papillary carcinomas (PC) and 21 follicular
carcinomas (FC). Experienced pathologists of the
University Hospital confirmed all diagnoses. All cases
were managed according to a standard protocol. The
diagnosis of thyroid carcinoma was established or
suspected by fine-needle aspiration cytological study
and/or by the histological analysis of thyroid tissues
from patients that were sent to surgery because of
thyroid nodules that presented clinical or epidemio-
logical suspicion of cancer. All patients were
submitted to total or near-total thyroidectomy.
Patients with neck node metastases palpable pre-
operatively or intraoperatively underwent regional
neck dissection. Four to six weeks after the oper-
ations, whole body '*'I scans were performed. All
patients received 30—100 mCi '*'I. Long-term
levothyroxine suppressive doses were given after the
whole body scans in order to keep serum thyrotropin
(TSH) levels at low normal.

Hospital records were reviewed and clinical data
like age, gender, fine-needle aspiration cytological
results, thyroid function tests, primary tumor size
and operative findings were compiled. Tumor stage
and degree of differentiation were obtained from
surgical and pathological records. Tumor staging
was based on clinical staging of DeGroot (1995).
Stage 1 is a tumor with single or multiple
intrathyroidal foci. Stage 2 is a tumor with limited
cervical metastasis only. Histopathologically
proven cervical lymph node metastases were
identified in all the patients. Stage 3 is a thyroid
tumor with local cervical metastasis or fixed
cervical metastasis. Stage 4 is a lesion metastasis
outside the neck. Clinical and pathological features
of the patients with thyroid carcinomas are detailed
in Table 1.

Data on general health conditions and medical
history with emphasis on previous and/or current
thyroid diseases were obtained through interviews.
The use of drugs was also carefully assessed, in
particular nutritional goitrogens, drugs that could
interfere with thyroid function, as well as medi-
cines for other concomitant diseases. Cigarette
smoking habit was recorded but, because of the
few 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 cat-
egories. None of the patients had a history of
accidental or medical radiation exposure. All data,
including pathological diagnoses, were confirmed in
the patients’ records.



154 F. Granja et al. / Cancer Letters 210 (2004) 151-157

2.2. Follow-up

Cancer patients were followed with periodic whole
body scans, serum TSH and Tg measurements
according to a routine follow-up protocol that
includes X-ray, ultrasonography, computer tomogra-
phy scan and other eventual procedures to detect
distant metastasis for a period of 12—-382 months
(28 = 57 months). Patients with high serum thyro-
globulin levels >2 mg/dL) and/or suspicious whole
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.

2.3. Polymorphism analysis

A peripheral blood sample was collected from all
patients Genomic DNA was extracted from leuko-
cytes separated from whole blood using a standard
proteinase K-phenol—chloroform protocol. 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
et al. [27] (Fig. 1). The detection of the two
polymorphic variants was done in two different
tubes. PCR was performed in 25 pl volumes of a
mixture containing 100 ng DNA, 50nM of each
primer, 10 mM Tris—HCI (pH 8.0), 100 uM of each
dinucleotide triphosphate, 2.0 mM MgCl2 and 0.5 U
Platinum® Taq DNA polymerase. Amplifications
were carried out for 35 cycles of 94 °C for 45,
annealing temperatures 68 °C for the Arg allele and
53 °C for the Pro allele for 45 s and 72 °C for 1 min,
with an initial denaturation step of 94 °C for 3 min and
a final extension step of 72 °C for 10 min using a MJ
PTC-200 PCR system. The PCR fragments were
analyzed by electrophoresis in a 2% agarose gel
stained with ethidium bromide and visualized ona UV
light transilluminator. The PCR product of the Arg
allele was 141 bp, while the product of the Pro allele
was 177 bp. Heterozygous specimens had both PCR
products, while homozygous samples exhibited only
one of the two products. Positive and negative control
samples were included in all PCRs to detect possible
contamination problems. PCR procedures were
repeated at least two times in all doubtful or unclear

bands. Four samples that presented pattern runs of
homozygozity for Arg, four samples Pro homozygous
and five Arg/Pro heterozygous were directly
sequenced employing the ABI prism big dye sequen-
cing kit (Perkin Elmer, Warrington, Cheshire, UK)
using the ABI 377 Prism DNA Sequencer (Perkin
Elmer) in order to confirm the corresponding
genotype. Sequencing controls were run on PCR
products obtained with primers forward 5'-
TCCCCCTTGCCGTCCCAA-3" (ArgF) and reverse
5'-CGTGCAAGTCACAGACTT-3' (ProR) that
amplified a 279 bp fragment harboring the region of
the polymorphism at 60.8 °C (figure not showed).

2.4. Statistical analysis

Statistical analysis was conducted using SAS
statistical software (Statistical Analysis System,
version 8.1 (SAS Institute Inc, Cary, NC, USA,
1999-2000) Chi-square (y?) or Fisher’s (F) exact
tests were used to examine homogeneity between
cases and controls regarding gender, color, previous
thyroid disease, use of medicines and cigarette
smoking. Also, extent of disease was compared

.
o

Proline
- 177 bp
L 12 3456¢60C¢C
i |
: Arginine

| 141bp
Fig. 1. 2% agarose gel electrophoresis representative of our results
for the p53 gene screening for polymorphisms. The gel was loaded
with two samples from FC—Ilanes 1 and 2, and 4 samples from PC
patients—lanes 3—6. Lane 1 (L) was loaded with a molecular size
marker. Lane 7 (C) was loaded with a PCR mixture that did not
include DNA (negative control). The arrows indicate samples that
display an eletrophoretic run suggestive of Pro/Pro homozygosis in
lane 2, Arg/Arg homozygosis in lanes 1 and 3 and Arg/Pro
heterozygosis in lanes 4, 5 and 6. The six samples were sequenced
directly and confirmed to be the predicted p53 variants for codon 72.
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Table 2

Camparison among the different p53 codon 72 genotypes in the control population and in the benign and malignant thyroid disease patients

Controls Benign nodules Malignant nodules

N (%) Goiter FA PC FC
Arg/Arg 51 (33.3%) 18 (60%) 5 (35.7%) 28 (36.3%) 9 (42.9%)
Arg/Pro 99 (64.7%) 11 (36.6%) 9 (64.2%) 41 (53.2%) 8 (38%)
Pro/Pro 3 (1.9%) 1 (3.3%) 0 8 (10.3%) 4 (19%)
Total of cases 153 30 14 71 21

between papillary and follicular carcinomas using
Fisher’s test. Kruskal—Wallis (KW) test was used to
compare age among groups. Mann—Whitney or
Wilcoxon tests were used to compare age among
different genotype groups. The odds ratio (OR) and
95% confidence interval (CI) provide a measure of the
strength of association, e.g. indicating the increase in
odds of a given benign or malignant thyroid nodule
demonstrating a particular genotype compared to the
control population. All tests were conducted at the
P = 0.05 level of significance.

3. Results

There were no differences between the control and
the thyroid disease patients regarding age (47 £ 21
years versus 49 = 14 years); gender (52 males and
101 females versus 37 males and 61 females); color
(72 white and 60 non-white versus 54 white and 44
non-white individuals); drug ingestion (39 control
individuals versus 29 patients); smoking (61 control
individuals versus 46 patients); alcohol consumption
(61 control individuals versus 46 patients) and dietary
patterns.

Table 1 summarizes clinical characteristics and
parameters of aggressiveness at diagnosis and during
follow-up of the thyroid cancer patients. Patients with
FC were older than the patients with PC (KW;
P = 0.0012). Nevertheless, there were no differences
among the patients regarding color, gender distri-
bution, smoking habit, the use of drugs or preexisting
benign thyroid diseases. The occurrence of lymph
node involvement at the time of the diagnosis was
more frequent among PC (40%) than FC (14%)
patients (F; P < 0.05). However, these last tumors

already presented long distance metastasis at the time
of the diagnosis (48%) more frequently than papillary
carcinomas (10%) (F; P < 0.001). Follow-up data did
not evidence differences between PC and FC
concerning distant metastasis and/or recurrence of
the tumor although FC patients presented evidence of
recurrence and/or metastasis in 48% of the cases
against 26% of the PC ones (F; P=0.11). Two
patients died during the period of observation.

Table 2 summarizes data of the overall proportions
of the p53 codon 72 genotypes in the control
population and in the benign and malignant thyroid
disease patients.

Patients with benign nodules and, in particular, PC
and FC patients, showed a significant over-represen-
tation of the Pro/Pro genotypes (x>, P = 0.0015).
The risk for thyroid cancer, after adjusting for gender,
age, tobacco, alcohol and medicines, was more than
seven times higher (Odds ratio = 7.023, 95% CI:
1.928-25.588) in individuals with the Pro/Pro
genotype compared to the other genotypes.

%o
100-
804

/
60-/
%

 p=0,0074

40

201 7

3

0 21.

Fig. 2. Graphic representation of the statistic analysis of the
prevalence of the Pro homozygous (front columns) and the other
alleles (columns in the back) of codon 72 of the p53 gene in the
control population, in patients with benign nodules, papillary (PC)
and follicular (FC) carcinomas.
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An estimated 5.299 fold greater risk of PC (OR; CI:
2.334-40.436) (P = 0.0074) and 9.714 fold of FC
(OR; CI: 2.334-40.436) (P = 0.0043) was observed
in individuals that presented the Pro/Pro genotypes
compared to the other genotypes. Fig. 2 represents the
percentage of Pro/Pro cases in the groups studied.
Pro/Pro genotype was never demonstrated among the
14 FA cases examined, but occurred in 19% of the FC.
The incidence of individuals with the Arg/Pro
genotype did not differ among groups.

We were not able to find any correlation between
genotype and other possible risk factors, like age,
gender, smoke habits, use of medicine or antecedents.
Also, there was no association between genotype and
the patients’ clinical features, tumor parameters of
aggressiveness at diagnosis or behavior during
follow-up.

4. Discussion

Single nucleotide polymorphisms are the most
abundant types of DNA sequence variation in the
human genome, and as heritable variable landmarks
they are useful markers for genome mapping [28].
The SNP marker has gained increasing popularity for
its quick, accurate, and inexpensive properties for
genetic analysis of different diseases [29]. Indeed, a
overwhelming amount of data have been indicating
the importance of hosts factors in cancer development
[30]. The polymorphism of p53 at codon 72 is very
interesting since it has been demonstrated that Pro72
variants have an ability to induce apoptosis markedly
poorer than does the Arg 72 variant. One source of
this inferior apoptotic potential is the greater ability of
the Arg variant to localize to themitocondria; this
localization is accompanied by release of cytochrome
¢ into cytosol [4].

An association of the p53 codon 72 polymorphism
with several cancers susceptibilities has been reported
[13-16,18-25]. However, there is only one report
about the relationship between the p53 codon 72
polymorphism and thyroid cancer [26]. In this paper,
Boltze et al. focused on the undifferentiated carci-
nomas studying just 21 papillary carcinomas, the most
frequent type of differentiated thyroid tumors. Our
data confirm that homozygous proline, but not
heterozygous proline/arginine at codon 72 of p53, is

a potential risk factor for thyroid cancer. In contrast to
Boltze et al. we also found Pro72 variants in well-
differentiated thyroid carcinomas and even in one
benign goiter. In addition, Boltze et al. did not present
data on patients follow-up, preventing any conclusion
on eventual correlations between genotype, the effect
on pathology and prognostic of the thyroid well-
differentiated carcinomas. Our data suggest that there
correlations do not exist.

Thyroid cancer is responsible for only 0.6—1.6%,
respectively, of all kinds of cancers that occur in men
and women in the USA; in contrast, thyroid nodules
occur in more than 5% of the population [31].
Although clinical and epidemiological features are
helpful, there are still no accepted serological markers
that can guide the identification of patients at risk
for malignancy among individuals with thyroid
nodules [31,32].

Acting in concert with individual susceptibility,
environmental factors such as smoking, diet, and
pollutants play the principal role in causing sporadic
role in most human cancers [30,33]. The etiology of
thyroid cancer is markedly uncertain. Exposure to
ionizing radiation, especially in childhood, remains
the only factor clearly associated with benign and
malignant thyroid tumors in humans [33]. However,
there is strong epidemiological evidence pointing
toward the involvement of geographic, ethnic and
dietary factors in the risk of sporadic thyroid cancer
[33]. We demonstrated previously that GSTT! and
GSTMI combined null inheritance was associated
with a 2.6 fold increase in the susceptibility to thyroid
cancer [34]. The homozygous Pro 72 variant of p53
increased the risk of PC more than five times and of
FC more than nine times. We suggest that p53
genotype profiling, together with other susceptibility
factors, may be useful in the screening for thyroid
nodule malignancy.
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GSTO polymorphism analysis in thyroid nodules suggest that
GSTO1 variants do not influence the risk for malignancy
F Granja, E C Morari, LV M Assumpgéo and L S Ward

A new class of glutathione S-transferase enzymes named
omega (GSTO) has been recently identified and shown to
be expressed in a wide range of human tissues. A genetic
polymorphism of the GSTO7 gene causing an alanine-to-
aspartate (A140D) substitution in amino acid 140 produces
a variant with lowered enzyme activities in the biotrans-
formation of inorganic arsenic, a common contaminant of
drinking water in many regions of the world and a well-
known carcinogen. In order to investigate the role of
GSTO1 inheritance pattern on thyroid cancer risk we used a
polymerase chain reaction-single strand conformation
polymorphism (PCR-SSCP)-sequencing approach to com-
pare the genotypes of 173 (87 women, 86 men; 18-81
years old; 47 = 18 years old) healthy control individuals with
those of 145 patients with thyroid nodules (84 women, 61
men; 17-81 years old; 49 + 14 years old) including 17
follicular carcinomas, 76 papillary carcinomas, 21 follicular
adenomas and 31 multinodular goiters. The incidence of
GSTOT1 variants was similar in the control population and

Introduction

The aetiology of thyroid cancer is mostly uncertain. The
only factor clearly associated with benign and malignant
thyroid tumours in humans is the exposure to ionizing
radiation (Schlumberger, 2000). However, variations of
thyroid cancer incidence in different geographic and
ethnic groups suggest that environmental factors may
influence the risk of sporadic thyroid cancer (Friedman
and Ury, 1983; Ron & al., 1987; Mack e al., 2002;
Haselkorn ez 4/., 2003). Although no increase in the risk of
human thyroid cancer has ever been consistently
observed with any chemical or drug, a wide variety of
drugs, pesticides, goitrogenic xenobiotics and chemicals
have been shown to increase the incidence of thyroid
tumours in rodents (McClain, 1992; Hayes and Strange,
1995). Genetic polymorphisms of genes encoding for
enzymes involved in the biotransformation of carcinogens
form the biochemical basis for cancer susceptibility.

One of the most important mechanisms of defence
against environmental carcinogens is a supergene family
of dimeric enzymes that are expressed in probably all life
forms (Mannervik, 1985). These enzymes catalyse the
conjugation of glutathione to a variety of electophiles,
including arene oxides, unsaturated carbonyls, organic
hialides and other substrates (Strange and Fryer, 1999).
Three classes of isoenzymes have been studied in the
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population with the benign and malignant nodules. There
was no association between genotype and the patients’
clinical features, tumour parameters of aggressiveness at
diagnosis or behaviour during follow-up. We conclude that
GSTO1 variants do not influence the risk for thyroid
nodules or their pathologic and clinical characteristic-
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Brazilian population with thyroid nodules: GSTMI,
GSTTI and GSTPI. We demonstrated previously that
GSTT1 and GSTM1I null inheritance was associated with a
2.6-fold increase in the susceptibility to thyroid cancer
(Morari ez al., 2002). More recently, we found a relatively
large odds ratio for GS7PI/ variants association with
thyroid cancer, implying that the allelic variants of GS7P/
may exert a substantial biological effect (Granja ez /.,
2004).

Recently, a new class of human GST, named GST omega
(GSTO) was identified by analysis of the expressed
sequence tag (EST) database and by sequence align-
ments (Board e al, 2000; Yin e al, 2001). The
physiological importance of GSTO has not yet been fully
elucidated. However, Dulhunty ez @/. (2001) report that
GSTO1 enzyme modulates ryanodine receptors (RyR)
which are calcium channels in the endoplasmic reticulum
of various cells, and suggest a novel role in protecting
cells containing RyR2 from apoptosis induced by Ca*™*
mobilization. A genetic polymorphism of the GS70/ gene
was described at base 419 causing an alanine-to-aspartate
(A140D) substitution in amino acid 140 of exon 4
(Ala140Asp) (Tanaka-Kagawa ez /., 2003; Whitbread ez
al., 2003). This variation creates a non-conservative amino
acid change from a hydrophobic to a hydrophilic residue
that results in a lower activity of the variant enzyme in a
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substrate-dependent manner that may help explain the
variation between individuals in their susceptibility to
oxidative stress and inorganic arsenic (Tanaka-Kagawa e7
al., 2003; Whitbread ¢z a/., 2003).

The primary objective of this study was to verify a
possible role of the GSTO gene and its variants in the
susceptibility to thyroid cancer, its clinical and patholo-
gical characteristics and its response to therapy. For these
purposes, we conducted a prospective case control study
in which we compared the proportion of GS7TOI
genotypes in patients with benign and malignant thyroid
nodules with a control population group. Heterogeneity
of risk according to clinical and morphological subtypes of
thyroid tumours and their correspondent genotype was
also explored.

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, and informed written consent
was obtained from all individuals. A control group of 173
healthy individuals (86 men and 87 women, 18-81 years
old, 47 =18 vyears old) was selected from the general
population of our region. There were 131 blood donors
and 42 volunteers recruited among co-workers and
volunteers from the State University of Campinas. Data
on lifetime occupational history, smoking history, general
health conditions, previous diseases, alcohol and medica-
tion consumption and other anamnestic data were
obtained through interviews. Individuals with history of
previous thyroid disease, radiation exposure and ante-
cedents of malignancy were excluded.

The study population included 52 benign thyroid nodules
(31 multinodular goitres and 21 follicular adenomas) and
93 malignant nodules, including 76 papillary carcinomas
and 17 follicular carcinomas. Stage and grade of
differentiation of the tumours were obtained from
surgical and pathological records. Experienced patholo-
gists of the University 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 that were referred to surgery because of thyroid
nodules presenting clinical or epidemiological suspicion
of cancer. All patients were submitted to total or near-
total thyroidectomy. Patients with preoperatively or
intraoperatively palpable neck node metastases under-
went regional neck dissection. Four to six weeks after the
operations, whole body "*'T scans were performed. All
patients received 30-100mCi iodine-131. Long-term
levothyroxine suppressive doses were given following a

whole body scan, in order to keep serum thyrotropin
(TSH) levels at low normal.

Patients were classified into white and non-white groups.
Data on general health conditions and medical history
with emphasis on previous and/or current thyroid diseases
were obtained through interviews, using a structured
questionnaire. Cigarette smoking habit was recorded and
the patients were grouped in never-smokers and ever-
smokers categories. None of the patients had a history of
accidental or medical radiation exposure. All data,
including pathological diagnoses, were confirmed in the
patients’ records. A peripheral blood sample was collected
from all 142 patients. Also, thyroid tissue samples were
obtained at surgery from 83 out of these patients, snap
frozen in liquid N, immediately after surgery and kept at

—80°C until processed. We were able to obtain cancer
tissue samples and autologous blood specimens and/or
normal thyroid tissue from the contralateral lobe in 35
cases of malignant tumours.

Follow-up

Cancer patients were followed with periodic whole 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 12-342 months (31 = 67 months). Patients with
high serum Tg levels ( > 2 mg/dl) and/or suspicious whole
body scans were submitted to a thorough image search.
We defined tumours as recurrent and/or presenting long
distance metastasis according to the above parameters.

Polymorphism analysis

Genomic DNA was extracted using a standard proteinase
K and phenol-chloroform protocol. GSTO! variants were
studied using a polymerase chain reaction-single strand
conformation polymorphism (PCR-SSCP)-sequencing
approach. The corresponding primers used were pre-
viously described (Whitbread e «/, 2003). PCR was
performed in 25ul volumes of a mixture containing
100 ng DNA, 50 nmol/l of each primer, 10 mmol/l Tris—
HCI (pH 8.0), 100 umol/l of each dinucleotide tripho-
sphate, 2.0 mmol/l MgCl, and 0.5U Taq DNA polymer-
ase. Amplifications were carried out for 35 cycles of 94°C
for 30s, annealing temperature was 56°C seconds and
72°C for 1 min, with an initial denaturation step of 94°C
for 2min and a final extension step of 72°C for 7 min
using an MJ PTC-200 PCR system. The PCR products
were mixed with 95% formamide, 0.05% bromophenol
blue, 0.05% xylene cyanol and 50 mmol/l NaOH, dena-
tured at 94°C for 10°min, and loaded onto 0.4 mm/30 cm/
45cm  polyacrylamide gels. The electrophoresis was
conducted at 2-5W at room temperature overnight.
The gels were then stained with silver nitrate. Forty-five
samples suspected of presenting aberrant migrating



bands were directly sequenced using the ABI prism big
dye sequencing kit (Perkin Elmer, Warrington, Cheshire,
UK) using the ABI 377 Prism DNA Sequencer (Perkin
Elmer). Also 10 samples, four from the control group and
six from patients with a normal banding pattern, were
directly sequenced. Positive and negative control samples
were included in all PCR and SSCP runs to detect
possible contamination problems, gel loading and typing
inconsistencies.

Statistical analysis

Statistical analysis was conducted using SAS statistical
software (Statistical Analysis System, version 8.1, Cary,
NC, USA, 1999-2000). Based on the allele frequency of
GSTOI previously described, we estimated a size sample
of 95 cases to be enough to retain high statistical power.
Chi-squared or Fisher’s exact tests were used to examine
homogeneity between cases and controls regarding
gender, colour, previous thyroid disease, use of medica-
tion and cigarette smoking. Also, extent of disease was
compared between papillary and follicular carcinomas
using Fisher’s test. Kruskal-Wallis test was used to
compare age among groups. Mann—Whitney or Wilcoxon
tests were used to compare age among different genotype
groups. The odds ratio (OR) and 95% confidence interval
(95% CI) provide a measure of the strength of associa-
tion, e.g. indicating the increase in odds of a given benign
or malignant thyroid nodule demonstrating a particular
genotype compared with the control population. Logistic
regression was used to evaluate the effect of genotypes,
after adjusting for other potential confounders like age,
sex, colour, tobacco, and alcohol and medication con-
sumption. Interactions between environmental variables
and genotypes were also assessed. All tests were
conducted at the P = 0.05 level of significance.

Results

There were no differences between the control and the
thyroid disease patients regarding age (47 = 18 vyears
versus 49 * 14 years), gender (86 men and 87 women
versus 61 men and 84 women and colour (113 white and
60 non-white versus 98 white and 47 non-white
individuals). Patients with benign nodules (A140/
D140 = 15.4%, A140/A140 = 78.8%, D140/D140 = 5.8%),
thyroid carcinomas (A140/D140 = 18.3%,  A140/
A140 = 79.6%, D140/D140 =2.1%) did not show a
significant over-representation of the variants of GS70/
genotype compared with the control population (A140/
D140 = 11%, A140/A140 = 84.4%, D140/D140 = 4.6%).
There were no differences between the incidences of
heterozygous GSTO! or homozygous GSTO!I genotypes in
the benign, the malignant nodules and the control
population. Figure 1 represents data on the overall
proportions of the GS70I1 genotypes in the control
population and in the benign and malignant thyroid
disease patients. There was no association between
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Graphic representation of the prevalence of GSTO1 gene variant
alleles (first row columns), and GSTO1 gene wild type (second row
columns) in the control population, in the patients with benign thyroid
diseases, papillary (PC) and follicular (FC) carcinomas.

genotype and the patients’ clinical features, tumour
parameters of aggressiveness at diagnosis or behaviour
during follow-up.

Discussion

Thyroid nodules are very frequent among the general
population, in contrast to thyroid cancer (Schlumberger,
2000). Identification of those individuals who are at an
increased risk for cancer is important for planning and
implementing proper prevention and management stra-
tegies. Although diagnostic tools such as fine-needle
aspiration cytology are available for identifying malig-
nancy, this procedure is not appropriate to large popula-
tions. Conversely, molecular markers could be applied to
large number of individuals and conceivably recognize
individuals at risk for cancer among the vast majority of
benign nodules.

Very little is known concerning the susceptibility factors
for thyroid cancer. However, variations of thyroid cancer
incidence in different geographic and ethnic groups
suggest that exposition to distinct environmental factors
may be very important in thyroid tumorigenesis process
(Mack ez al., 2002; Memon et al., 2002). For example,
thyroid cancer is the second most common neoplasm
among women in several countries in the Middle West,
accounting for more than 8% of all cancers in Kuwait (Yu
et al., 2000). Polymorphisms of human drug-metabolizing
enzymes influence individual susceptibility to chemical
carcinogens and may help explain the variations of thyroid
cancer incidence around the world (Strange and Fryer,
1999). The recent characterization of the GS70 class of
genes allowed us to study their possible role in thyroid
tumorigenesis. Since GS7TO! variants present reduced
enzyme activities and lower capacity to biotransform
inorganic arsenic, genetic polymorphisms of the GS70
gene could have a role in thyroid tumorigenesis. Arsenic is
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a notorious environmental carcinogen and contamination
of drinking water with inorganic arsenic is a world-wide
health problem. Methylation is considered as a principal
pathway for detoxification of inorganic arsenic and a
marked variation in methylation capacity, and, therefore,
susceptibility to arsenic has been demonstrated among
individuals (Hirakawa er @/, 2002). Unfortunately, our
data do not support an important role for the GS70 gene
or its variants in the risk for thyroid nodules or their
pathologic and clinical characteristics.

We demonstrated that Brazilian population has a similar
frequency of GSTO! variants (f=0.156) as the one
described in Australian (f = 0.335), Japanese (f=0.118),
Chinese (f=0.165), Mexican (f=0.118) and African
(f=0.081) populations (Cerda-Flores ez al., 2002; Whit-
bread ez al., 2003). Although we did not demonstrate the
GSTO! genotype to have a role in thyroid tumours, it may
influence susceptibility to other tumours. Data on the
genotype distribution of GS7 genes in the Brazilian
population may help to outline risk assessment and
preventive actions in individuals exposed to environ-
mental carcinogens.
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Abstract

Susceptibility to chemical carcinogens plays an important
role in the development of most cancers. Several
polymorphisms of human drug-metabolizing enzymes
influence this individual susceptibility. The genes that
encode the isoenzymes of the glutathione s-transferase
(GST) system present a polymorphic inheritance. The
GST mu 1 (GSTM1) and GST theta 1 (GSTTI) genes
have a null allele variant in which the entire gene is
absent. The null genotype for both enzymes has been
associated with many different types of tumors. To look
for the influence of the inheritance pattern of these
enzymes on thyroid cancer risk, we used a triplex PCR
that included B-globin gene as a DNA quality control to
compare 300 normal individuals of our population to 116
goiter patients. There were 49 cases of benign and 67
cases of malignant nodules: 50 papillary and 17 follicular
carcinomas. Comparison between thyroid tumor
specimens and normal corresponding samples of 35
cancer patients demonstrated identical patterns,
suggesting that the GST system is not involved in the
process of follicular dedifferentiation. There was no
statistical difference between the prevalence of the deleted
alleles in the normal individuals and in the goiter
patients. However, papillary carcinoma patients (10%)
and follicular carcinoma patients (17 %) presented a
higher prevalence of the null genotype than the normal
population individuals (5%; P < 0.05). We found a 2.6
increased risk of thyroid cancer in individuals with the
GSTTI and GSTM1 combined null inheritance, suggesting
that this genotype may be associated with an increased
susceptibility to thyroid cancer.

Introduction

The majority of human tumors is considered to be a result of the
interaction between environmental factors and personal genetic
susceptibility (1, 2). However, people vary greatly in their
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likelihood of developing cancer in response to natural hazards.
Individual differences in susceptibility to carcinogens play
an essential role in the development of sporadic cancer. The
biochemical basis for this susceptibility is related to genetic
polymorphisms that normally occur in the general population
regarding genes involved in predisposition to a specific cancer,
in the metabolic activation or detoxification of environmental
genotoxins, and in controlling DNA repair or cellular dam-
age (3-9).

The etiology of thyroid cancer is markedly uncertain.
Exposure to ionizing radiation, especially in childhood, remains
the only factor clearly associated with benign and malignant
thyroid tumors in humans (6). However, there is strong epide-
miological evidence pointing toward the involvement of geo-
graphic, ethnic, and dietary factors in the risk of sporadic
thyroid cancer (7). A variety of drugs, pesticides, goitrogenic
xenobiotics, and chemicals have been shown to increase the
incidence of thyroid tumors in rodents (§—-10). However, chem-
icals have seldom been associated with human thyroid cancer,
in contrast to lung, bladder, and many other cancers. No in-
crease in the risk of human thyroid cancer has ever been
consistently observed with any drug (6, 7, 11). On the contrary,
a number of studies have reported a reduced risk of thyroid
cancer in women who smoke cigarettes (12, 13).

The GST? system consists of a large multigenic group of
detoxifying enzymes, the activity of which, catalyzing the con-
jugation of toxic and mutagenic compounds with glutathione, is
essential for cell protection (14). Conversely, this important
service may be disadvantageous during chemotherapy where
GSTs have been associated with multidrug resistance of tumor
cells (15, 16). At present, five classes of isoenzymes have been
identified: alpha, mu, pi, sigma, and theta. The genes that
encode the GST enzyme system are polymorphic in the general
population (14—-17). Both the GSTM1 and GSTT1 genes have a
null variant allele in which the entire gene is absent. Persons
with homozygous deletions of either the GSTMI or the GSTT!
locus have no functional activity of the respective enzyme.
Epidemiological studies suggest that individuals who are ho-
mozygous null have an increased risk of developing cancer at
a number of sites like lung, bladder, colon, and breast (18).

The primary objective of this study was to test the hypoth-
esis that individuals with an inherited homozygous deletion of
the GSTTI and/or the GSTM genes are at an increased risk of
thyroid cancer. We conducted a prospective case control study
in which we compared the proportion of GSTTI and GSTMI
null genotypes between a group of patients with benign and
malignant thyroid tumors and a control group. Heterogeneity
of risk according to clinical and morphological subtypes of

3 The abbreviations used are: GST, glutathione S-transferase; GSTT1, GST T1
locus; GSTM1, GST M1 locus; HC-FCM/UNICAMP, University Hospital—
School of Medicine of the State University of Campinas; FC, follicular carci-
noma; PC, papillary carcinoma.
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Table 1  Distribution of thyroid carcinoma patients according to their histology, clinical features including age (X = SD in years), gender (F, female; M, male), color
(W, white; NW, non-white), the history of previous thyroid benign diseases, smoke habits, use of medicines, the presence of lymph node involvement and
distant metastasis by the time of the diagnosis, and the diagnosis of recurrence and/or distant metastasis during the follow-up

Clinical characteristics

Diagnosis (presence

of metastasis) Follow-up

Histol Sex Color
istology Ace Previous Smokers Use of
& M F W NW thyroid disease ) medicines Lymph Distant Recurrence and/or
node distant metastasis
PCs 42 =13 12 38 34 16 4 13 11 23 8 15
FCs 57 =17 7 10 10 7 1 4 3 9

thyroid tumors and their correspondent genotype was also
explored.

Materials and Methods

Subjects. The study was approved by the Ethics Committee of
the HC-FCM/UNICAMP, and informed written consent was
obtained from a total of 416 individuals from our region,
considered to have a normal iodine intake. Because of the
highly heterogeneous ethnic composition of the Brazilian pop-
ulation, we included a large control group of 300 individuals
(99 males and 201 females, 1678 years old, 35 = 23 years old)
selected from the general population. To obtain a comparable
control group with respect to gender proportion and the range
of ages, we selected two to three women for every man who
presented himself to donate blood, because thyroid cancer oc-
curs more frequently in women than in men. Data on lifetime
occupational history, smoking history, general health condi-
tions, previous diseases, and other anamnestic data were ob-
tained through interviews. Individuals with history of previous
thyroid disease, exposure to radiation, and antecedents of ma-
lignancy were excluded. There were 252 healthy blood donors
(78 males and 174 females, 1860 years old, 31 * 21 years
old), who provided a representative group of the general pop-
ulation that seeks medical assistance in this region, and 48
volunteers (21 males and 27 females, 1678 years old, 36 = 25
years old) recruited among students and co-workers from the
State University of Campinas. One hundred sixteen patients
consecutively referred to the outpatient clinic of the University
Hospital (HC-FCM/UNICAMP) for thyroid disease evaluation,
who agreed to participate, were enrolled in the study. The study
population included 49 cases of benign thyroid lesions [multi-
nodular goiter (38 cases, 3 males and 35 females, 12-71 years
old, 45 = 15 years old) and follicular adenomas (11 cases, 2
males and 9 females, 22-77 years old, 43 = 17 years old)] and
67 cases of thyroid tumors [50 papillary carcinomas (1672
years old) and 17 follicular carcinomas (45-79 years old)].
Stage and grade of differentiation of the tumors were obtained
from surgical and pathological records. Diagnoses were con-
firmed by experienced pathologists of the University Hospital
(HC-FCM/UNICAMP). Patients were classified into whites
and nonwhites. Clinical features of the patients with thyroid
carcinomas are detailed in Table 1.

Data on general health conditions and medical history with
emphasis on previous and/or current thyroid diseases were
obtained through interviews. The use of drugs was also care-
fully assessed, in particular nutritional goitrogens, drugs that
could interfere with thyroid function, as well as medicines for
other concomitant diseases. Cigarette smoking habit was re-
corded but—because of the few 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 each pack) for 1 year in the last 5 years. None of the
patients had a history of accidental or medical radiation expo-
sure. All data, including pathological diagnoses, were con-
firmed in the patients’ records. A peripheral blood sample was
collected from all 116 patients. Also, thyroid tissue samples
were obtained at surgery from 83 of these patients, snap frozen
in liquid nitrogen immediately after surgery, and kept at —80°C
until processed. We were able to obtain both cancer tissue
samples and autologous blood specimens and/or normal thyroid
tissue from the contralateral lobe in 35 cases of malignant
tumors.

Patients were followed with periodic whole body scans,
serum thyrotropin and thyroglobulin measurements according
to a routine follow-up protocol that includes X-ray, ultrasonog-
raphy, computer tomography scan, and other eventual proce-
dures to detect distant metastasis for a period of 12-214 months
(23 = 58 months). Patients with high serum thyroglobulin
levels (>2 mg/dl) and/or suspicious whole 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.

Methods. Genomic DNA was extracted from frozen speci-
mens and from leukocytes separated from whole blood using a
standard proteinase K-phenol-chloroform protocol. A tissue
sample was collected from the central portion of the tumor to
minimize the possibility of contamination of normal tissue.

A multiplex-PCR assay was used to simultaneously am-
plify the GSTTI and GSTM1 genes. B-Globin gene coamplified
as an internal positive control in a total volume of 50 ul
containing 25 mm KCl; 10 mm Tris-HCI (pH 8.4); 1.5 mm
MgCl,; 0.1 mm each of dATP, dCTP, dGTP and dTTP; 500 ng
of genomic DNA; and 2 units of Taqg DNA polymerase recom-
binant (Life Technologies, Inc.). A fragment of 273 bp was
obtained using 120 ng of each primer (sense and antisense) for
GSTM1 gene amplification, 150 ng of each primer for the
GSTT1I gene that amplified a fragment of 480 bp, and 95 ng of
each primer for the 3-globin gene that amplified a fragment of
630 bp (19). The reaction involved 35 cycles of incubation with
denaturing at 94°C for 1 min, primer annealing at 62°C for 1
min, and extension at 72°C for 1 min. The PCR fragments were
visualized into an ethidium bromide-stained 2% agarose gel as
273-bp and 480-bp products, corresponding to the normal pres-
ence of the allele of GSTMI and GSTTI genes, respectively. A
630-bp PCR fragment was obtained from the 3-globin gene as
shown in Fig. 1.

Statistical Analysis. The analysis was conducted using statis-
tical software (Statistical Analysis System, version 8.1, 1999 —
2000; SAS Institute, Inc., Cary, NC). X2 or Fisher’s exact tests
were used to examine homogeneity between cases and controls
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Fig. 1. Ethidium bromide-stained 2% agarose gel illus-
trating the multiplex PCR used for detection of null alleles
of GSTM1 and GSTTI. The products of 273 and 480 bp
correspond to the normal presence of the allele for the
GSTM1 and GSTT1 genes, respectively. The 630-bp PCR
fragment corresponds to a f-globin gene fragment, in-
cluding exon 3 and introns 2 and 3, that was used as a
control for the DNA sample. Lane I, DNA size marker
ladder of 100 bp; Lanes 2—4, results from the amplifica-
tion of DNA extracted from peripheral blood of PCs;
Lanes 5 and 6, FCs.

B- globin
GSTT1
GSTMI1

Table 2 Comparison among the distribution of the different GSTTI and GSTM1 genotypes in the normal population and the thyroid benign and malignant
(papillary and follicular) patients

Genotype Population Benign goiter Papillary Follicular
n % n % n % n %
GSTT1— GSTM1— 15 5 4 8 5 10 3 18
GSTT1— GSTMI + 52 17 6 12 5 10 4 24
GSTTI1+ GSTM1— 111 37 20 41 20 40 5 29
GSTTI1+ GSTMI + 122 41 19 39 20 40 5 29
Total 300 49 50 17

regarding gender, color, previous thyroid disease, use of med-
icines, and cigarette smoking. Also, extent of disease was
compared between PCs and FCs using Fisher’s exact test. The
Kruskal-Wallis test was used to compare age among groups.
The Mann-Whitney or Wilcoxon tests were used to compare
age among different genotype groups. The odds ratio and 95%
confidence interval provide a measure of the strength of asso-
ciation (e.g., indicating the increase in odds of a given benign
or malignant thyroid tumor demonstrating a particular genotype
compared with the control population). All tests were con-
ducted 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. Patients with FCs were older than the patients
with PCs (Kruskal-Wallis, P = 0.0012). Nevertheless, there
were no differences among the patients regarding color, gender
distribution, smoking habit, the use of drugs, or preexisting
benign thyroid diseases. The occurrence of lymph node in-
volvement at the time of the diagnosis was more frequent
among PC (39%) than FC (6%; x*, P < 0.05). However, these
last tumors already presented long distance metastasis at the
time of the diagnosis (53%) more frequently than PCs (16%;
x>, P < 0.02). Follow-up data did not evidence differences
between PC and FC concerning distant metastasis and/or re-
currence of the tumor, although FC patients presented evidence
of recurrence and/or metastasis in 50% of the cases against 30%
of the PC cases (x>, P = 0.13). No patients died during the
period of observation. Table 2 summarizes data of the overall
proportions of the GSTTI and GSTM1 genotypes in the control
population and in the benign and malignant thyroid disease
patients.

GSMTI and GSTT1I gene profiles proved to be exactly the
same in the tumor and normal tissue samples, as well as in the
corresponding peripheral blood samples in all tested samples.

The combined absence of both the GSTT and GSTM 1 genes
was more frequent in thyroid carcinomas (12%) than in the control
population (5%; Fisher’s exact test, P < 0.05) but did not distin-
guish benign from malignant tumors (Fisher’s exact test, P = 0.55)
or patients with benign thyroid tumors from the control population
(Fisher’s exact test, P = 0.32). There was no association between
genotype and the patients’ clinical features, tumor parameters of
aggressiveness at diagnosis, or behavior during follow-up. Also,
no relationship was found between the GSTMI and the GSTT]
allele null genotypes and benign or malignant thyroid tumors. The
combined GSTTI and GSTMI null genotype presented an odds
ratio of 2.576 (95% confidence interval, 1.044—6.355) in thyroid
cancer patients.

Discussion

The recognition of factors designed to identify people at risk of
developing cancer is essential for good medical practice. Five to
10% of the population presents detectable nodules during their life
span, mainly in iodine-deficient communities (6, 7, 20). However,
most of these nodules will prove to be benign because thyroid
cancer is responsible for only 0.6% to 1.6%, respectively, of all
kinds of cancers that occur in men and women in the United States
(6, 7). The environment has the principal role in causing sporadic
cancer (2). Acting in concert with individual susceptibility, envi-
ronmental factors such as smoking, diet, and pollutants play a role
in most human cancers (1).

Variations of thyroid cancer incidence in different geo-
graphic and ethnic groups suggest that environmental factors
may influence the thyroid tumorigenesis process, but available
data regarding carcinogenic products are conflicting. Several
chemicals produce thyroid neoplasia in rodents, generally act-
ing through two basic mechanisms. The first involves a direct
carcinogenic effect activating oncogenes, inactivating tumor
suppressor genes, and producing specific alterations in the
expression and function of genes involved in cell growth,
differentiation, and life span. The second involves chemicals
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that, through a variety of mechanisms, disrupt thyroid function
and produce neoplasia secondary to hormone imbalance (21).
However, there are important species-specific differences in
thyroid gland physiology between humans and rodents. Broad
screening of more than 200 drugs for carcinogenicity revealed
that just two, griseofulvin and senna, were associated with
increased risk of thyroid carcinoma in humans (22). Spirono-
lactone and vitamin D, but not calcium supplements, were
found to be significantly associated with thyroid cancer, mostly
medullary carcinoma (23). Nutritional goitrogens intake, like
vegetables containing cyanogenic glucosides (most forms of
cabbage, cauliflower, broccoli, and other members of the cru-
ciferous family), was not associated with increased risk of
thyroid carcinoma in humans and may even exert a protective
effect (23). There is no epidemiological evidence of increased
risk of thyroid cancer in smokers. On the contrary, recent data
suggest a protective effect of smoking, perhaps involving an
effect on thyroid-stimulating hormone and estrogen metabolism
(12, 13).

Individuals with a homozygous deletion of the GSTT! and
GSTM1 genes lack enzymatic conjugation of foreign com-
pounds with glutathione. This results in diminished ability to
detoxify many environmental carcinogens, including 1.3-buta-
diene, ethylene oxide, epoxybutanes, and monohalomethanes.
Absence of GSTT1 and of GSTMI1 activity in blood, corre-
sponding to the GSTTI and GSTM null genotypes, have been
associated with carcinogen-induced and background chromo-
somal changes in some case-control studies in lung, bladder,
and colon cancers, particularly mediating the risk of smoke-
related cancers (24-26). We were not able to find any literature
data regarding the role of detoxifying enzymes in thyroid tu-
mors. Therefore, we carried out a study of benign and malig-
nant thyroid lesions involving the GSTT/ and GSTM1I genes.
We studied a large control group that presented a genotype
profile similar to that previously described in our population,
confirming its high heterogeneity (27, 28). Our data on thyroid
nodules indicate a high prevalence of the combined null gen-
otype in malignant lesions in FC (17%) and PC (10%), signif-
icantly higher than in the control population (P < 0.05). We
were not able to find any association between clinical features,
histology, parameters of aggressiveness at diagnosis or during
follow-up, and the genotype. Moreover, genotypes of tumor
and normal autologous cells were always identical, indicating
that GST gene inheritance does not play any role in the follic-
ular cell transformation process. However, an estimated 2.6-
fold greater risk of malignant thyroid nodules was observed in
individuals with combined null genotypes. These data suggest
that individuals with GSTTI and GSTMI combined null inher-
itance may be genetically predisposed for an increased risk of
developing thyroid cancer.
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Lack of mutation in exon 10 of p53
gene in thyroid tumors
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Ausencia de mutaciones del exon 10
del gen p53 en tumores tiroideos

Antecedentes: p53 es una proteina nuclear que tiene un rol impor-
tante en la regulacion de la proliferacion celular y comanda cascadas de sefializacion para la
reparacién de ADN y apoptosis. En muchos tipos de cdncer, hay una alta frecuencia de muta-
ciones de p53. Estas mutaciones también son muy prevalentes en el cdncer indiferenciado de
tiroides, pero no se encuentran en tumores benignos y son infrecuentes en el cincer bien diferen-
ciado. La mayor parte de las mutaciones se localizan en los exones 5 a 8 del gen. Recientemente
se ha descrito una mutacién de la linea germinal del exén 10 en el codén 337 del p53, en nifios
brasilefios con tumores suprarrenales. Objetivo: Buscar mutaciones del codén 337, del exén 10
de p53 en tumores tiroideos. Material y métodos: Se estudiaron 74 tumores tiroideos (5 carci-
nomas foliculares incluyendo 3 altamente invasivos, 22 carcinomas papilares incluyendo 6 vari-
antes con células altas, 11 adenomas foliculares, 1 carcinoma medular y 35 bocios benignos). El
ADN se extrajo de una seccion central de los tumores y desde tejidos tiroideo normal contralateral
o sangre en 38 pacientes. Los productos de PCR para el exén 10 de p53 fueron examinados por
andlisis de conformacién de polimorfismos de hebra simple. Se secuenciaron 2 muestras en que se
sospechd la presencia de bandas con migracion aberrante y 3 productos de PCR adicionales pro-
venientes de muestras de tumor con patrones normales de polimorfismo, pero no se detectaron
mutaciones. Resultados: En todas las muestras estudiadas, no se detectaron mutaciones. Con-
clusiones: El exén de p53 no presenta mutaciones en los tumores tiroideos. Esto sugiere que esta
mutacion es especifica para tumores suprarrenales. (Rev Méd Chile 2004; 132: 1513-6)

Recibido el 11 de mayo, 2004. Aceptado en versién corregida el 25 de octubre, 2004.
Laboratory of Cancer Molecular Genetics, Department of Medicine, Faculty of Medical
Sciences, State University of Campinas (FCM/UNICAMP), Campinas, Sao Paulo, Brazil.
aBiologist. Postgraduate doctoral student.

he tumor suppressor gene p53 is a transcrip-

tion factor that acts in cell cycle regulation,
inducing cell cycle arrest or cell death in response
to DNA-damaging agents, such as viral infection,
radiation and chemotherapeutics'. The p53 protein
resides primarily in the nucleus, binds to specific
DNA sequences, and functions at least in part as a
transcriptional regulator?. Inactivated p53 muta-
tions have been described in some 50% of human
cancers and are believed to be a major determinant

of the phenotype of many forms of cancer!=3.

Address for correspondence: Laura S Ward. Olympio
Pattaro 45, 13085-045 Campinas, Sdo Paulo, Brazil. F/Fax:
55-19-3788.7878 or 3289.4107. E-mail: ward@unicamp.br

Several studies, both with immunocytochemical
and genetic analyses, have shown that p53 mutatio-
ns are highly prevalent in poorly differentiated and
undifferentiated thyroid carcinomas, as well as
thyroid cancer cell lines*®. However, they are not
found in benign tumors and are infrequent in well-
differentiated cancers, suggesting that mutational
inactivation of p53 occurs at a late stage of thyroid
tumor progression’. These data suggest that mutatio-
nal inactivation of the p53 gene may be a key event
in the progression from differentiated to anaplastic
carcinoma®’. There is also evidence that p53 may
interfere with thyroid cell differentiation. Introduc-
tion of a mutated p53 markedly impairs the differen-
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tiated gene expression of PCC13 thyroid cells®. By
contrast, wild-type p53 reintroduction into an undi-
fferentiated thyroid carcinoma cell line leads to
reexpression of thyroid peroxidase, a characteristic
differentiated marker of the thyroid cell®.

Typically, mutations in p53 gene are located in
exons 5-8, a highly conserved DNA binding domain
of p53. Recently, a distinct nucleotide substitution in
the exon 10 of p53 was identified at a high frequency,
77 to 97% of children with benign and malignant
adrenocortical sporadic tumors investigated by 2
distinct groups!%11. This germline mutation leading to
an Arg337His mutation of exon 10 was also identified
in asymptomatic relatives of the patients but in none
of the unrelated controls, suggesting that the mutation
is a risk factor associated with adrenocortical tumors
rather than a benign polymorphism commonly found
in southern Brazil!011.

Sporadic tumors often appear to have the same
gene mutations as their familial counterparts. Many
germline mutations have been demonstrated to be
associated with sporadic tumors, including thyroid
cancer'>16, We recently showed that a polymor-
phism at codon 72 of exon 4 of p53 was associated
with sporadic thyroid carcinomas!”.

Because of the high prevalence of the codon 337
of exon 10 of p53 mutation in southern Brazilian
population and the possibility that this polymor-
phism could be also associated to other cancers, we
designed this study to screen a large amount of
samples for this p53 mutation in thyroid tumors.

MATERIAL AND METHODS

Subjects. The Ethics Committee of the University
Hospital - School of Medicine of the State Universi-
ty of Campinas (HC-FCM/UNICAMP) approved the
study and informed written consent was obtained
from a total of 74 subjects (55 females, 19 males, 16
to 81 years old, 4921 years old) that were
consecutively referred to thyroid surgery because
of thyroid nodules that presented clinical or epide-
miological suspicion of cancer. The diagnosis of
thyroid carcinoma was established by fine-needle
aspiration cytological study and confirmed by the
histological analysis of thyroid tissues. There were
28 thyroid malignant tumors: 5 follicular carcino-
mas (3 widely invasive and 2 minimally invasive);
22 papillary carcinomas (14 of the classic variant, 2
follicular variants, 6 tall cell variants) and 1 medu-

llary carcinoma. Other 46 cases (35 females, 11
males, 21 to 75 years old, 47119 years old) of
benign goitres included 19 follicular adenomas, 22
multinodular goitres and 5 Basedow-Graves disea-
se. Thyroid tissue samples were obtained at the
time of surgery at the University Hospital and
immediately frozen in liquid N2. Besides collecting
a central portion of all tumors, we obtained
samples from the contra lateral normal thyroid lobe
of 26 patients with thyroid cancer. In addition,
peripheral blood samples were collected from 18
different patients with benign goitres. Tumor stage
and degree of differentiation were obtained from
surgical and pathological records. Experienced pa-
thologists of the University Hospital of the Faculty
of Medical Sciences of the State University of
Campinas (UNICAMP) confirmed all diagnoses.

Methods. Genomic DNA was extracted from frozen
tumors using a standard phenol-chloroform method.
We used the same primers described by Latronico et
alll. PCR was performed in 25 pl volumes of a
mixture containing 100 ng DNA, 50 nM of each
primer (5-CTGAGGCACAAGAATCAC-3' and 5-TCC-
TATGGCTTTCCAACC-3"), 10 mM Tris- HCl (pH 8.0),
1.5 mM Mg(C12, 100 uM of each dinucleotide triphos-
phate and 0.5 U Taq DNA polymerase. Amplifications
were carried out for 35 cycles of 94°C for 45 seconds,
62°C for 45 seconds 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 a Perkin-Elmer
9600 GeneAMp PCR system. The amplified 447 bp
DNA fragments were examined on a 2% agarose gel,
containing ethidium bromide. After confirming ampli-
fication, the samples were mixed with 95% formami-
de, 0.05% bromophenol blue, 0.05% xylene cyanol
and 50 mM NaOH, denatured at 94°C for 10 min, and
loaded on to 6% polyacrylamide gels. The electropho-
resis was conducted at 2-5 W at room temperature
overnight. The gel was then stained with silver nitrate.
DNA samples homo and heterozygous for the
Arg337His mutation, obtained from adrenocortical
tumors, were used as positive controls of the gels.

ResuLrs

Figure 1 depicts an example of our results. All
samples showed the same pattern of running, with
no significant differences. Two samples suspected
of presenting aberrant migrating bands were exci-
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sed from the gel and purified using a commercial
kit according to the manufacturer’s instructions
(Life Technologies, Paisley, UK). PCR products
were sequenced with the ABI prism big dye
sequencing kit (Perkin Elmer, Warrington, Cheshi-
re, UK) using an ABI 377 Prism DNA Sequencer
(Perkin Elmer). In all cases a wild-type sequence
was found. In addition, we directly sequenced 3
additional PCR products from tumor samples with
normal SSCP patterns, and all were wild type.

Discussion

The p53 gene is one of the best studied tumor
suppressor genes, located on chromosome
17p13.1. Its mutation has been reported mainly in
aggressive forms of tumors, especially anaplastic
carcinomas'®. Tt has been found in up to 40% of
dedifferentiated and undifferentiated thyroid carci-
nomas and in less than 10% of the differentiated
thyroid tumors!'®. However, mutant p53 protein has
also been detected in follicular and papillary
carcinomas?’. More recently, p53 mutant protein
was also demonstrated in 11 out of 66 nodular
hyperplasia cases (16.7%) and in 7 out of 50 (14%)
cases of follicular adenomas?!.

Although somatic mutations of p53 are the most
common genetic changes observed to date, the
frequency of germline p53 mutations is found to be
very low in sporadic malignant tumors®. It has been
postulated that de nowo germline p53 mutations may
occur in a substantial population of patients in the
pediatric age group, who die of their disease and do
not propagate the mutation??23, On the other hand,

recent reports suggest that germline p53 splicing
mutations have been described infrequently in the
literature because the method of mutation detection,
in many studies, does not include all splice junctio-
ns24. The low figures reported in the literature might
also reflect the use of less-sensitive mutation detec-
tion methods and, certainly, the fact that most
researches focused on exons 5-8, within the DNA-
binding domain of p53, instead of screening all 11
exons of TP53%% Indeed, because 85% of p53
mutations are expected to occur in exons 5 through
8, thyroid tumor screening efforts, in almost all
reports, were restricted to these regions of the gene
(http: /www.iarc.fr/p53 /; http://cancergenetics.org/
p53.htm).

The spectrum and frequency of cancers asso-
ciated with germline p53 mutations are uncertain.
Some cancers like breast carcinoma, soft tissue
sarcomas, osteosarcoma, brain tumors, adrenocor-
tical carcinoma, Wilms’ tumor and phyllodes tu-
mor are strongly associated with germline p53
mutations while carcinoma of pancreas is modera-
tely associated and leukaemia and neuroblastoma
are weakly associated?>.

Screening exon 10 by PCR-SSCP and by direct
sequencing, we did not find mutations in a large
number of thyroid samples. These results support
the concept that germline TP53 mutations do not
simply increase general cancer risk. Instead, they
promote tissue-specific effects. Although our re-
sults are constrained by the fact that we did not
screen poorly differentiated or undifferentiated
tumors, they suggest that the Arg337His germline
mutation described in Brazilian children is restric-
ted to adrenocortical tumors.

) S o

FiGure 1. Gel of single-stranded conformation polymorphism analysis of PCR products (PCR-SSCP) representative
of our results for exon 10 of p53 gene screening for mutations. Lanes 1 and 2 were loaded with the positive
controls for the homo- and the heterozygous Arg337His mutation of exon 10 of the p53 gene, respectively. Lanes
3-7 and 8-12 were loaded with PCR products from follicular and papillary carcinomas, respectively.
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