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Introducio

I.1 — Variabilidade genética no metabolismo de xenobidticos

Diariamente os organismos entram em contato com grande quantidade de substancias
quimicas de diversas fontes ambientais — os xenobidticos (Hasler et al. 1999, Lang &
Pelkonen 1999). Muitos destes compostos sdo lipofilicos € podem se acumular no organismo
atingindo concentracdes toxicas ou mesmo letais (Lang & Pelkonen 1999). O acumulo e a
toxicidade sdo evitados através de enzimas que os reconhecem e que os metabolizam a formas
hidrofilicas que sdo facilmente eliminadas do organismo (Hasler et al. 1999, Wilkinson &

Clapper 1997).

Duas classes de enzimas participam deste processo, as de fase I (as enzimas de
ativacdo) e as de fase Il (as enzimas de detoxificagdo). As de fase I, representadas
principalmente pela superfamilia citocromo P450 (CYP450), realizam o metabolismo
oxidativo através da inser¢do de um atomo de oxigénio num Xxenobidtico, tornando-o
altamente eletrofilico. As de fase II, como a familia glutationa S-transferase (GST), por
exemplo, conjugam os reativos intermedidrios eletrofilicos formados pelo metabolismo
oxidativo da fase I com glutationa, tornando-os mais soluveis em agua e mais facilmente
eliminaveis do organismo. Dependendo da estrutura do composto inicial, a reagdao de fase I
pode ser suficiente para torna-lo solivel em &4gua e eliminid-lo do organismo sem a
necessidade da reacdo de fase II (Guengerich & Shimada 1998, Nebert 1991, Nebert & Roe
2001, Puga et al. 1997, Venitt 1994). Em algumas situagdes a toxicidade da molécula ¢
reduzida durante a fase I, em outras sdo gerados metabdlitos secundarios capazes de induzir
dano ao ADN (Venitt 1994, Wilkinson & Clapper 1997). Estas substancias apresentam a
capacidade de formar ligacdes com o ADN, produzindo produtos quimicamente estaveis
conhecidos como adutos (adducts). A formacao de adutos é caracteristico de substancias
carcinogénicas, podendo levar a delegdes, adigdes e substituicdes de bases (Nebert 1991,
Venitt 1994). Estas alteragdes genéticas sdao, no entanto, evitadas por proteinas codificadas
pelos genes supressores de tumor, entre estes o 7P53, cuja fungdo ¢ manter a estabilidade
genOmica através da interrupgdo do ciclo celular permitindo que o ADN seja reparado por
enzimas especificas, além de induzir a transcri¢do de genes que regulam a apotose quando nao

for possivel corrigir o erro genético (Agarwal et al. 1998, Miillauer et al. 2001).



O TP53 e alguns dos genes envolvidos no metabolismo de xenobidticos apresentam
uma grande diversidade de alelos e fenotipos com ampla variacdo interpopulacional, cujos
produtos podem ser enzimas inativas ou com atividade reduzida (Aynacioglu et al. 1998,

Ingelman-Sundberg 2001, Rebbeck 1997, Sjilander et al. 1996).

Lang & Pelkonen (1999), consideraram surpreendente que enzimas cuja fungdo ¢
proteger o organismo da a¢do toxica de xenobidticos aumentem a toxicidade dos mesmos em
algumas situagdes. Os autores sugeriram que, sob o ponto de vista evolutivo, estes sistemas
enzimaticos devem ter fornecido uma vantagem adaptiva aos organismos protegendo-os da
acao de substancias externas e potencialmente prejudiciais. A geragcdo de metabolitos toxicos
seria uma conseqliéncia secundaria deste processo. A fungdo primaria das enzimas seria a de

solucionar o problema agudo de acimulo de compostos potencialmente letais ao organismo.

Quanto a diversidade de alelos e fendtipos observada em varios grupos étnicos, Lewis
et al. (1998) e Nebert (1997) sugeriram que seria resultante da selecdo que teria atuado sobre

diferentes tipos de dieta experimentadas pelas populagdes humanas ao longo de sua historia.

1.2 — Genes de fase I: a superfamilia citocromo P450

A super-familia citocromo P450 (CYP) ¢é a principal representante do sistema de
metabolizacdo de fase I (Omura 1999). Além de atuarem sobre os xenobidticos, as CYPs
também participam da metaboliza¢do de substratos enddégenos como os esterdides, acidos

graxos e vitaminas lipossoluveis (Anzenbacher & Anzebacherova 2001, Omura 1999).

As primeiras formas de CYP provavelmente surgiram antes da divergéncia de
procariotos e eucariotos (Lewis et al. 1998) sendo a sua funcdo, possivelmente, de
metabolizar compostos endogenos € nao xenobidticos. As primeiras CYPs capazes de
metabolizar xenobioticos possivelmente surgiram aproximadamente hd 400-500 milhdes de
anos (Lang & Pelkonen 1999). Sugeriu-se que elas apareceram devido a coevolucdo entre
animais e plantas: o consumo de plantas pelos animais atuou como pressao seletiva a favor de
enzimas capazes de metabolizar as toxinas produzidas pelos vegetais (Gonzalez & Nebert

1990, Nebert 1997).

No genoma humano existem aproximadamente 58 genes CYP, subdivididos em 10
familias génicas (Autrup 2000, Ingelman-Sundberg 2001). Porém, a maioria dos xenobioticos

sao metabolizados pelos genes das familias CYPI, CYP2 e CYP3 e destes, os mais



importantes na geracdo de metabolitos secundarios capazes de induzir dano ao ADN sao
CYPIAI, CYPIA2, CYPIBI, CYP2EI e CYP344 (Guengerich & Shimada 1998, Ingelman-
Sundberg 2001, Lucas ef al. 2001).

1.2.1 - CYPIAI

O CYPIAI esté localizado no cromossomo 15g22-q24 e contém sete exons. A enzima
CYPIAI metaboliza varios xenobidticos como as aminas aromaticas ¢ os hidrocarbonetos
policiclicos aromaticos gerando outras substancias toxicas (Corchero ef al. 2001, Guengerich

& Shimada 1998, Jaiswal & Nebert 1986, Nebert 1991).

Foram descritos 12  polimorfismos distribuidos ao longo do gene
(http://www.imm.ki.se/CYPalleles). Entre eles, a mutacao Ile—>Val, no exon 7, ocorre na
regido correspondente ao centro catalitico da enzima. Segundo Kawajiri et al. (1993) e
Kiyohara et al. (1996), o alelo CYPIAI*2C (Val) codifica uma enzima com aumento de
atividade. No entanto, outras investigagdes indicaram nao haver diferenca de atividade entre
as duas formas da proteina (Persson et al. 1997, Zhang et al. 1996), provavelmente devido ao
tipo de substrato que foi utilizado nos diferentes estudos de expressao (Schwarz et al. 2000).
Uma mutagdo na regido 3’, que cria um sitio para Mspl ( alelo CYPIA1*24), foi associada a
maior inducdo da transcricdo (Landi et al. 1994). Mais detalhes destas duas alteracdes sdo

apresentadas na tabela 2.

Tem sido descrito desequilibrio de ligacdo completo entre as mutagoes CYPIAI*24 ¢
CYPIAI*2C em europeus (Cascorbi et al. 1996) mas ndo em afro-americanos (Garte et al.
1996). Os dois alelos apresentam ampla variagdo étnica, sendo que as maiores freqiiéncias de
ambos foram detectadas em populagdes amerindias (Kvitko et al. 2000, Mufioz et al. 1998).
Nas africanas ou delas derivadas, CYPIA41*2C foi observado somente em uma amostra de
afro-americanos, em baixa freqiiéncia (3%), que os autores atribuiram ser provavelmente
devido a mistura interétnica (Garte et al. 1996) e numa de afro-brasileiros (8%) do Rio de

Janeiro (Hamada et al. 1995; Tabela 3).



Tabela 2. Dois polimorfismos do CYP1A41 e suas nomenclaturas.

Residio Alelo Posicdo do Nomenclaturas Nomenclatura
& nucleotideo utilizadas recomendada’
*1A A4889; T6235 wt, *1 CYPIAI*1A
Exon 7, codon 462 *2C A4839G m2, *2B CYPIAI*2C
[ le—>Val ]
. T6235C
3 ’ % % %
Regido 3 24 [ RFLP (Mspl) ] ml, *24 CYPIAI*24
Exon 7 + regido 3’ *2B A4889 ¢ T6235 ml +m2 CYPIAI*2B

! Fonte: http://www.imm.ki.se/CYPalleles.

Tabela 3. Freqiiéncias alélicas (%) de CYPIA1*2A4 e de CYP1A1*2C em varias populacdes.

CYPIAI*24 CYPIAI*2C
Populagdes No. de Freqiiéncia No. de Freqiiéncia Referéncia
amostras amostras
Amerindias 6 72-96 6 59-97 1
Asiaticas 5 31-38 9 18-35 2
Afro-brasileiras — - 1 8 3
Afro-americanas 1 22 1 3 4
Africanas 1 25 2 0 5
Euro-brasileiras - - 1 9 6
Euro-americanas 1 13 2 89 7
Européias 5 7-11 4 2-6 8

1 Amerindias do Brasil: cinco tribos (Kvitko et al. 2000), do Chile: uma populagdo (Muioz et al.
1998). 2 Duzhak et al. (2000), Hayashi et al. (1991), Inoue et al. (2000), Kim et al. (1999), Morita et
al. (1997), Murata et al. (2001), Oyama et al. (1995), Persson et al. (1999), Song et al. (2001). 3 Rio
de janeiro (Hamada et al. 1995). 4 Garte et al. (1996). 5 Garte et al.(1996), Masimirembwa et al.
(1998). 6 Rio de Janeiro (Hamada ef al. 1995). 7 Garte et al. (1996), Park et al. (1997). 8 Aynacioglu
et al. (1998), Esteller et al. (1997).



1.2.2 - CYP2E1I

A enzima CYP2El ¢ toxicologicamente importante devido a capacidade de
metabolizar varios xenobioticos de baixo peso molecular tais como as N-nitrosaminas,

benzeno e butadieno (Guengerich & Shimada 1998).

O gene esta localizado no cromossomo 10q24.3-ter, abrange uma seqiiéncia de ADN
de 11,413 pb e contém nove exons (Umeno et al. 1988). Varios polimorfismos foram
descritos distribuidos ao longo do gene (http://www.imm.ki.se/CYPalleles). Na regido
promotora, a mutagdo — 1053 (C—T, Rsal) ocorre em desequilibrio de ligacdo com a
substitui¢do — 1293 (G—C, Pstl) em algumas populacdes, mas ndo em outras (Kato et al.
1992, Liu et al. 2001). Onde ¢é detectado o desequilibrio completo, sdo descritos os haplétipos
CYP2E1*I1A e CYP2EI*5B, que geralmente sao denominados de alelos. Estudos de expressao
demonstraram que a forma mutante, CYP2E[*5B, resultou em aumento de transcricdo do
RNAm (Watanable et al. 1994). Outras informacgdes sobres estas duas mutagdes sao
apresentadas na tabela 4. Ambos os marcadores foram estudados em diversas populagdes,
com a freqiiéncia de CYP2E*5B variando de 0,2% em aborigenes australianos a 30% na Asia

(Tabela 5).

Tabela 4. Dois polimorfismos na regido promotora do CYP2EI que apresentam alteracdo de

expressao.
) Nomenclaturas Nomenclatura
Localizacao Alelos Mutagao .
utilizadas recomendada
Regido 5°
*14 Pst — Rsal + -1293 G;-1053 C CYP2EI*14
*5B Pst + Rsal — —1293 G—C; - 1053 C>T CYP2EI*5B

! Fonte: http://www.imm.ki.se/CYPalleles. Os sinais mais (+) e menos (-) correspondem a

presenga e a auséncia dos sitios de restricao.
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Tabela 5. Freqiiéncia (%) do haplotipo CYP2EI*5B em diversas populagoes.

No. de

Populagdes amostras CYP2EI*5B  Referéncia
Amerindias 1 25 1
Asiaticas 2 19-30 2
Euro-brasileiras 1 5 3
Euro-americanas 3 2-8 4
Européias 3 3-5 5
Afro-americanas 3 1-2 6
Aborigenes australianos 1 0,2 7

1 Muifoz et al. (1998). 2 Tan et al. (2000), Watanable er al. (1995). 3 Rio de Janeiro
(Hamada et al. 1995). 4 Kato et al. (1992), London et al. (1996), Stephens et al. (1994). 5
Gonzalez et al. (1998), Lucas et al. (1995), Persson et al. (1993). 6 Kato et al. (1992), London
et al. (1996), Stephens et al. (1994). 7 Griese et al. (2001).

1.3 — Genes de fase II: a familia glutationa S-transferase

1.3.1 - GSTM1, GSTTI e GSTPI1

A glutationa S-transferase (GST) corresponde a uma super-familia de enzimas
envolvidas na detoxificacdo de varios xenobioticos nao carcindgenos e carcinogenos (Eaton &
Bammler 1999). As GSTs sdo, geralmente, reconhecidas como enzimas de detoxificacdo, ou

de fase II, devido a capacidade de catalisar a conjugacdo destes compostos com a glutationa

(Ketter 1988, Miller ef al. 1997, Wilce & Parker 1994).

No homem foram identificadas os locos GSTA, GSTM, GSTT, GSTP e GSTZ (Miller et
al. 1997, Strange et al. 1998) sendo os mais analisados, em estudos de populacdes e de

suscetibilidade a doencas ambientais, os genes GSTM1, GSTTI e GSTPI.
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No loco GSTM1, localizado no cromossomo Ipl3.1, foi descrita com, freqiiéncias
polimorficas, uma delecdo do gene, GSTMI (-), que resulta em auséncia completa de
atividade enzimatica (Pearson ef al. 1993, Xu et al. 1998). A delegdo ocorre devido a um
evento de recombinacdo entre duas seqiiéncias homologas localizadas acima (upstream) e
abaixo (downstream) do GSTM1 (Xu et al. 1998). Estes autores sugeriram que a delecdo
resultaria de um evento de recombinacdo antigo, ou de eventos recombinacionais
independentes porque a regido seria um hot spot para recombinagdo. Outro interessante
fenomeno bioldgico observado neste loco foi a presenca da duplicacdo do gene, resultando em

maior atividade da GSTM1 em populagdes da Arabia Saudita (McLellan et al. 1997).

A freqiiéncia da delecdo apresenta variagdo interétnica. Alguns grupos da Polinésia e
da Micronésia sdo monomorficos para a delecdo, asiaticos europeus e euro-derivados
apresentam freqiiéncias intermediarias enquanto que as menores foram detectados em

aborigenes australianos (Tabela 6).

No loco GSTTI, localizado no cromossomo 22q11.2, também foi descrita uma delegao
do gene, GSTT! (—), que resulta em completa auséncia de atividade enzimatica (Pemble et al.
1994, Sprenger et al. 2000). A delecdo ocorre também por recombinacdo entre duas
seqiiéncias homologas localizadas upstream e downstream do GSTTI (Sprenger et al. 2000).
As populagdes humanas apresentam uma grande variacao da freqiiéncia da delecdo GSTT1
(Tabela 6), com a maior freqiiéncia na Asia (64%) e a menor (11%) em indios Parakani da

Amazodnia brasileira.

A enzima GSTPI1 ¢ codificada pelo gene GSTPI, localizado no cromossomo 11q13
(Smith et al. 1995). Até a presente data, dois polimorfismos foram descritos, um no codon
105 do exon 5 que resulta na mudanga do aminoacido Ile—Val e outro, no codon 114 do exon
6, com alteracao de Ala—>Val (Ali-Osman et al. 1997, Zimniak et al. 1994). A mutagdo valina
105 (*V105) ocorre na regido correspondente ao centro catalitico e parece resultar em
redugdo de atividade enzimatica (Ali-osman et al. 1997, Zimniak et al. 1994, Watson et al.
1998). Outras investigacdes, no entanto, verificaram que a forma V105 estd associada com
aumento de atividade catalitica (Hu et al. 1997, Sundberg et al. 1998). Watson et al. (1998),
avaliando estes resultados, sugeriram que estas diferencas devem ser devido ao substrato
utilizado nos diferentes estudos de expressdo. A freqiiéncia do alelo *V705 varia de 11% em

aborigenes australianos a 43% em afro-brasileiros (Tabela 7).
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Tabela 6. Freqiiéncia das delegdes (%) de GSTM1 e GSTTI em varias populagdes.

Populagdes alrjlgé gzs GSTMI alrjlgé gzs GSTTI ~ Referéncia
Amerindias 1 20 1 11 1
Asiaticas 6 40-63 6 45-64 2
Aborigenes australianos 1 13 1 33 3
Ilhas do Pacifico 4 64-100 - - 4
Européias 12 44-63 5 12-25 5
Euro-americanas 5 46-58 3 15-24 6
Euro-brasileiras 1 55 1 18 7
Afro-brasileiras 1 33 2 19-28 8
Afro-americanas 2 20-28 2 22-24 9
Africanas 3 20-30 2 24-37 10

1 Arruda et al. (1998). 2 Duzhak et al. (2000), Houlston (1999), Landi (2000), Miller et al. (1997). 3
Ilett et al. (2000). 4 Lin et al. (1994). 5 Houlston (1999), Landi (2000), Miller et al. (1997), Peluso et
al. (1998), Rossi et al. (1999). 6 Houlston (1999), Miller et al. (1997). 7 Sdo Paulo: Arruda et al.
(1998). 8 Sdo Paulo: Arruda et al. (1998), Rio Grande do Sul: Torres et al. (2001). 8 Chen et al.
(1996), Ford et al. (2000), Nelson et al. (1995). 10 Masimirembwa et al. (1998), Mukanganyama et al.
(1997), Wild et al. (2000).
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Tabela 7. Freqiiéncia do alelo *V7105 do GSTPI em vérias populagoes.

No. de *V105

Populagoes amostras %) Referéncia

Asiaticas 2 19-26  Harris et al. (1998), Watson et al. (1998)
Aborigenes australianos 1 11 Harris et al. (1998)

Afro-americanas 1 42 Watson et al. (1998)

Afro-brasileiras (RS) 1 43 Torres et al. (2001)

Européias 2 28-34  Harries et al. (1997), Matthias et al. (1998)

[

Euro-brasileiras (RS) 28 Torres et al. (2001)

RS: Rio Grande do Sul.

1.4 — Gene supressor de tumor 7P53

O TP53, localizado no cromossomo 17p13.1, ¢ um gene supressor de tumor envolvido
na regulacdo da transcricdo génica, no controle do ciclo celular, no reparo do ADN e na
apoptose (Agarwal et al. 1998, Kubbutat & Vousden 1998, Mcbride ef al. 1986, Miillauer et
al. 2001).

Vérios polimorfismos foram descritos neste gene, sendo trés os mais estudados: uma
duplicacdo de 16-pb no intron 3, com o alelo 4/ correspondendo a auséncia da duplicagdo;
um RFLP para Mspl no intron 6, em que o alelo 4/ corresponde a auséncia do sitio de
restricdo; e um RFLP para BstUI no codon 72 do exon 4 (Sjilander et al. 1996, Weston et al.
1997). Neste caso a substituicdo da segunda base da seqiiéncia CCC codificadora do
aminoacido prolina (alelo 47 ou *Pro), resulta no codon CGC, codificador do aminoacido
arginina (alelo A2) e gerando um sitio de restricdo para BsfUI. Thomas et al. (1999),
demonstraram que as duas formas proteicas possuem varias diferengas bioquimicas
funcionais. Por exemplo, a TP53p,, ativa a transcri¢do de genes relacionados com o controle
do ciclo celular de forma mais eficiente que a TP53 4., enquanto a TP53 4., induz a apoptose

de forma mais eficaz que a TP53p,.
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Beckman et al. (1994) verificaram que o alelo A/ do codon 72 (BstUI) apresentou
variagdo étnica norte-sul e sugeriram que o polimorfismo seria balanceado e mantido por
selecdo natural. Para Sjélander et al. (1996) a variacao interpopulacional deste alelo resultaria
da acdo da seclegdo frente a diferentes condi¢des climaticas. A analise simultanea dos trés
marcadores em diversas populacdes mundiais revelou a ocorréncia de grande variagao
interétnica (Tabela 8). A investigacdo combinada dos trés marcadores demonstrou que os
haplotipos 7-2-2 e 1-1-2 (16bp-BstUI-Mspl) foram os mais freqiientes em populagdes da
Africa, Asia e Europa (Khaliq et al. 2000, Sjilander et al. 1996).

Tabela 8. Freqiiéncia (%) do alelo 4/ dos trés polimorfismos em varias populagdes

mundiais.
TP53*
Populagdes N e Intron 3 Exon 4 Intron 6 Referéneia
amostras
(16-bp) (BstUI) (Mspl)
Africa 1 75 63 19 Sjdlander et al. (1996)
Afro-americanos 1 68 63 33 Weston et al. (1997)
Europa 2 85-89 24-29 105  Sjdlander et al. (1995)
Asia 2 95-98 3847 2-5 Sjdlander et al. (1996)
Paquistdo 9 6790 35-60 20-56  Khaliq et al. (2000)

* O alelo 41 corresponde a auséncia da duplicagdo e dos sitios de restri¢ao.

L.5 — Doenca pulmonar obstrutiva crénica

A doenga pulmonar obstrutiva cronica (DPOC) ¢ considerada como sendo um grave
problema de saude publica no Brasil. No ano de 1999, foi responsavel por 14% das
internacdes hospitalares decorrentes de alteracdes do aparelho respiratério (Menezes 2001).

A DPOC ¢ caracterizada pela presenga de obstrugdo ou limitagdo cronica ao fluxo

aéreo com progressao lenta e irreversivel, devido a diminui¢do da retragdo eldstica pulmonar e
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a obstrucao das vias aéreas periféricas (Murray & Nadel 1994, Viegi ef al. 2001). A doenga €
uma combinagdo de enfisema pulmonar e bronquite cronica (Murray & Nadel 1994,

Kodavanti et al. 1998).

O enfisema se caracteriza pela dilatagdo dos espagos aéreos distais ao bronquiolo
terminal, acompanhado de destrui¢ao de suas paredes alveolares (American Thoracic Society
1995, Kodavanti et al. 1998, Murray & Nadel 1994). A bronquite cronica ¢ caracterizada,
clinicamente, pela presenca de tosse com catarro, na maioria dos dias, por trés meses
seguidos, durante pelo menos dois anos sucessivos, estando afastadas outras causas capazes
de produzir expectoragdo cronica. A obstru¢do bronquica ocorre principalmente nas vias
aéreas periféricas devido ao espessamento da parede bronquiolar, ao muco excessivo e a

destrui¢do bronquiolar (American Thoracic Society 1995, Murray & Nadel 1994).

A doenga se manifesta geralmente entre os 40 e 60 anos de idade e resulta da acdo de
varios fatores de risco ambientais que atuam de forma independente ou sinergistica, sendo o
tabagismo o principal deles, contribuindo com aproximadamente 80 a 90% dos casos (Murray
& Nadel 1994, Silverman & Speizer 1996). Entretanto, somente 10 a 15% das pessoas
tabagistas desenvolvem a DPOC (Barnes 1999, Hanrahan et al. 1996). Uma das dificuldades
encontradas no estudo dos fatores genéticos envolvidos na DPOC ¢ a defini¢dao dos genes que
sdo realmente importantes para a etiologia, uma vez que a mesma, provavelmente, € resultado
da interagcdo de diversos genes que atuam em rotas metabolicas diferentes, associados com
agentes ambientais diversos (Barnes 1999, MacNee & Rahman 2001). A deficiéncia de alfa-
l-antitripsina ¢ a Unica alteragdo genética definida, seguramente, como sendo de risco para
DPOC, porém o numero de pessoas com esta deficiéncia ¢ menor que 1% (Anto et al. 2001,
Dahl et al. 2001, Feldmann et al. 2000, Murray & Nadel 1994). Outros marcadores
investigados incluem locos do sistema antiprotease, do stress oxidativo e das citosinas, por
exemplo (Sakao et al. 2001, Smith & Harrison 1997, Walter et al. 2000, Yamada et al. 2000),

mas os resultados sdo inconclusivos.

Poucos estudos avaliaram os efeitos dos genes de metabolizagdo de xenobidticos
(CYPs ou GSTs) na predisposi¢do a DPOC. Até o presente, investigaram-se as delecdes dos
genes GSTM1 e GSTT1, a alteragdo polimoérfica no exon 5 do GSTPI e duas mutagdes no loco
da hidrolase do epoxido microssomal (mEPHX), uma no exon 3 e outra no exon 4 (Harrison
et al. 1997, Ishii et al. 1999, Smith & Harrison 1997, Yim et al. 2000), tendo sido obtidos
resultados contraditérios. Por exemplo, de acordo com Harrison et al. (1997), em ingleses,

haveria associagdo entre a delegdo do GSTM1 ¢ DPOC. No entanto, em coreanos, as delegdes
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de GSTM1 e GSTTI nao parecem influenciar o desenvolvimento desta doenca (Yim et al.
2000). Por outro lado, a mutacdo no exon 5 do GSTP/ foi considerado como fator de risco a

DPOC em japoneses (Ishii ef al. 1999).

Quanto ao gene 7P53, somente foi analisado o polimorfismo no codon 72 (BstUI) em
pacientes afro e euro-americanos e nao foi encontrada associacdo com a DPOC (Weston et al.

1994).

1.6 — Céancer de pulmio

O Instituto Nacional de Cancer (INCA) estimou para o Brasil, no ano de 2001, a
ocorréncia de cerca 305,000 novos casos de cancer, resultando em aproximadamente 177,000
obitos, sendo o cancer de pulmao a principal causa de 6bitos no sexo masculino e o segundo

mais comum entre as mulheres (INCA).

O carcinoma bronquico ou cancer de pulmao, neoplasia epitelial primaria do pulmao,
representa cerca de 95% dos tumores que envolvem esse 6rgdo. Os 5% restantes incluem
tumores benignos, mesoteliomas e outros tumores que ndo apresentam como causa conhecida
o tabagismo (Carbone 1997, Murray & Nadel 1994). Geralmente ocorre em pessoas com mais
de 40 anos de idade e com pico de incidéncia em torno de 60 anos (Khuder 2001, Murray &
Nadel 1994). O tabagismo ¢ responsavel por aproximadamente 90% dos casos de cancer de
pulmdo. Entretanto, somente 10-15% dos fumantes desenvolvem o tumor (Hecht 1999,
Murray & Nadel 1994). Outras causas relacionadas sdo determinados agentes quimicos (como
0 cromo, arsénico, amianto, berilio, radonio, niquel, cddmio e cloreto de vinila, encontrados
principalmente no ambiente profissional), fatores dietéticos (baixo consumo de frutas e
verduras), variabilidade genética e historia familiar de cancer de pulmao (Ames et al. 1995,

Ames & Gold 1997, Gauderman et al. 1997, Murray & Nadel 1994, Sellers et al. 1998).

E dividido em dois grandes grupos: o carcinoma de pequenas células (SCLC, small-
cell lung cancer) que representa aproximadamente 10-20% das neoplasias de pulmao
(Carbone 1997, Murray & Nadel 1994) e o carcinoma ndo de pequenas células (NSCLC, non-
small-cell lung cancer). Este grupo pode ser subdividido em trés tipos histologicos:
carcinoma de células escamosas (ou carcinoma epidermoide), adenocarcinoma e carcinoma de
grandes células (Carbone 1997, Khuder 2001, Murray & Nadel 1994). Na populacdo do RS, o

mais comum ¢ o carcinoma escamoso com cerca de 47% dos casos, seguido do
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adenocarcinoma (33%), do carcinoma de pequenas células (10%) e do carcinoma de grandes

células (4%), sendo que nos 6% restantes ndo foi possivel determinar o tipo histologico

(Moreira et al. 2001).

O papel de polimorfismos de genes CYPs ¢ GSTs no desenvolvimento de carcinoma
bronquico ¢ uma questdo amplamente discutida na literatura cientifica (Autrup 2000,
Bouchardy et al. 2001, Quifiones et al. 1999, Song et al. 2001). A hipotese basica sugere que
um individuo que produza uma enzima CYP de fase I mais ativa e/ou uma GST de fase II
menos ativa, podera ter maior risco de desenvolver cancer devido a exposi¢ao e/ou acimulo
de produtos que induzem a formacgao de adutos de ADN (Nebert & Roe 2001, Rannug et al.
1995, Rebbeck 1997). Diversos estudos de associagdes entre os polimorfismos dos genes
CYPIAI, CYP2EI, GSTM1, GSTT1, GSTPI e TP53 e cancer de pulmdo foram realizados em
populacdes européias, euro-derivadas e asidticas (Bartsch et al. 2000, Birgander et al. 1995,
Biros et al. 2001, Fan et al. 2000, Gsur et al. 2001, Houlston 1999, Indulski & Lutz 2000,
Murata et al. 1996, 1998, Persson et al. 1999, Pierce et al. 2000, Quifiones ef al. 1999, 2001,
Song et al. 2001, To-Figueras et al. 2001, Wang et al. 1999), mas os resultados ndo sao
conclusivos. Algumas das possiveis explicacdes para as diferengas seriam devido as
interagdes gene/gene, gene/ambiente e a ndo separagdo das amostras por grupo étnico

(Bartsch et al. 2000, Perera 1996, Rebbeck 1997).
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I1. Justificativa e objetivos

As populagdes neo-brasileiras formadas por diferentes grupos étnicos, ja em si
altamente diversificados e os grupos amerindios, bastante heterogéneos, muitos deles vivendo
em condi¢des de semi-isolamento constituem-se em excelente material de pesquisa para os
estudos microevolutivos. A alta incidéncia de doengas pulmonares ambientais (doenca
pulmonar obstrutiva cronica e cancer de pulmdo ndo de pequenas células) na populacdo do
Rio Grande do Sul (RS), torna instigante a avaliacdo dos efeitos de genes envolvidos com a
metabolizacdo de substincias toxicas e controle da divisdo celular na predisposi¢do a estas
patologias. Considerando ainda que muitos dos genes envolvidos no metabolismo de
xenobidticos e no controle do ciclo celular apresentam diferentes alelos polimdrficos com
ampla variagdo interpopulacional, o presente trabalho se propos a analisar a variabilidade dos
genes CYPIAI, CYP2EI, GSTM1, GSTTI, GSTPI e do supressor de tumor 7P53 em sete
populagdes indigenas sul-americanas, em trés grupos afro-brasileiros e em euro-brasileiros do

RS, com os seguintes objetivos:

1. Estimar a diversidade genética e as relagdes intertribais de populagdes amerindias, através

de polimorfismos de CYPIA1, CYP2El, GSTM1, GSTTI e TP53,
2. Avaliar a distribui¢ao do alelo CYP1A41*2C em afro-brasileiros;
3. Estudar a variabilidade genética de grupos euro-brasileiros através destes marcadores;

4. Analisar os possiveis efeitos destes marcadores na predisposicdo a doenga pulmonar

obstrutiva cronica e ao cancer de pulmao nao de pequenas células.
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P33 polymorphisms and haplotypes in South Amerindians and
neo=-Brazilians

Peesner AL Gagicar, Mara H. Hute, Fraxosco M, Saczaro and Tasia A Wioses

Federal Unpversity ol Faa Gramdie do Sul. Pona Alegrs, RS, Hrazil
Hevedivd I Sepreanber P povganed £ e A0

Summary. T ewaluaie the genstic divessity of Brazilian pepelations aad camnibane 1o the
knowkedes af their svclitionary hiztory the stady mresneaed thees VP52 polyinerplinms
(LT ared 8l BFLFS an exen 4 and intren &, respaeciively, and a 16 bp duplication in
inlran 31, The populitions stucied were: 114 Amerincians from five Braxilian [ndinm eribes
Waavikn, Serd, Faed, Wai-Wai and Xavamz], %5 Bere-Brazmlians and 20 Afro-Brazilans,
The palvmarphisens were all analyvesd vsing POR amphilications, Gene Troquencies and
haplolvpe provalences weee calcelated using the ARLEQUIN saftware. The peneiie alfi-
nities al these props with other waorld popolaiens were estimmated by the 2 datanee and
nighbear joising methed, using the MIBAFD compoter progrom., Meo-Braglians {immi-
grants [rom Burope and Africa) generally presented nsore variabelicy than Arenndions,
Afro-Brazilians heing 1he mest vanable populsiea, Smenp Aocomdions, Cavide is the
cnly praup polymorphic fer b three markers. Wai-Wai showed wariahility in &cUT 2ndd
Aisel BFLPs, while the pdher tribes were manamorphic for the i9bp A8 and $Sapl 42
alleles. A rare haploaype (8-2-0 was venfed ancop the Wai-Wai. This haplelype was
sy diseribed inoa Chinese sample eoly, but with low Frequency. Therefore, cither
this combination was lost in the sther iribes by genciiz doft, recombananon, o ather factar,
ar it eeenrs in the Was-Wai and Clanese by isdependent cvents The Gavido also poosented o
haplegypes (2 0= mol ebserved in the other Amesindions: but since it is present in Euras and
Alma-Brazilinns, its oocurrence there is prohnbly diss to interechnic admisiine, The relatioi-
ships af severnl workl pepuelatiens olstined usng FPEF sheates D this macker is wery
clficicns w elustening popuiatzons of the same ethnic group,

1. Imtreduction

The TP gene, located on chromaosome 17, 15 the lumour suppressar gens that
maost regquently muotates in human cancers (Hollstein, Sidransky, Yogelstein e of
10915 Ar least 10 different polvimorplnsms of i bave been described (Weston, Pan,
Kaiezkr er af. 1997 that can be useful to characterize populations (Sjalander,
Birgander, Kiveld e ol 1993, Sjalander, Birgander, Saha e af, 1996b), To date,
several studhes based on nuclear DNA analysis have been conducted on Brazilian
populations (Santos, Ribeiro-dos-5antos, Guerreiro of al. 1993, Hue, Callegan-
Jacgques, Bortolim of af. 1999, Andrade, Commbra, Santes ef af. 20009, but the pro-
pressive aecumulation of more data can help to better understand their evolutionary
mistory. For this purpose TP polymorplisms can be very uselul, due 1o their high
intgr-population heterogeneity. The ethnic background of Brazil is highly heteroge-
necus, being compossd by Amenadians and nee-Brazihans Qmmigrants (rom
Europe and Afmca). Amerindians descend from populations who migrated mainly
rom Astu throngh the Bering Strait, some 20000-40000 vears apo (Salzana and
Callegari-lacques  1988) Portuguese are the main EBuropean ancestors of  Lhe
Brazihan populatien, but other nationalities (Ntalians, Germans and Spaniards)
have also contributed 1o their gene pool (Salzano 19871 Aflricans were foreed to
come Lo Brazl o work as slaves, mainly from Africa’™s West Coast, kol also from

Morzambigque (Salzane 1987],

Artizars of favidee Siodigy IREM DA -4241 poet (155N 1464-53013 gnline 03 0 Taslor & Frazes Lul
bt dx el ook fjourna s
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This paper describes the genetic variability of three TS polymorphisms in three
ethmee groups: five Amerindian tribes [rom Amazonia and Central Brasl, as well as a
Euro- and an Alre-derived sample living in Pecie Alegre. in southern Brazil,

2,  Subjects and methods

Adetal of T4 individuals from five Brazilian Indian tribes were investizated, and
detiled information ahout them are presented m table | The Gavido, Soron and
Lord populations are closely related both culinrally and geographically. They live in
the southwestern region of the Brashan Amazonia. The Wai-Wai Indians live
Further to the north, gmd the Xavante in Central Brazil Blood samples were obtained
by vempuncture, frem individuals who volunteered in the several villages, relmger-
aled shortly alter collection. and sent by air to Porte Alegre under refrigeration,
where TMNA extraction was performed.

The Atro- and Ewre-Brazilian sumples were obtained in Parto Alegre, the capital
of Brazil's southermmast state. The FEura-Reazilans consisted of 95 adulis who cumne
t our laboratery for peteraity testing. Bloods from the 70 Afro-Brazilians were
collected from ambulatory patients who went For routine blood examination 1o
the Santa Casa de Misericordia Hospital

Cienomic IMA was selaled Trom whole blood by the salting out method of
Miller, Dwkes and Polesky {1983 Tor most samples, but the procedure deseribed
by Lahirt and Murnberger {1991) was employed in the Wai-Wai specimens.

The TR polymaorphisms investigated in the present ressarch were: (a) an intron
3 varmation characterized by the absence (A7 allele} or presence (A2 o 2 16-buse pair
thpb duplication { Lagear, Hazard, Bertin e af, 199302 (b) the absence presence {4142
alleles) of o SsrUL restriction site in exon 4. codon 72 (Harris, Brill, Shehat of of
6D, which results in two allernative proteins, proline (A0 or arginine (45, This
substitution seems o predispose A homesygotes o lung or hreast cancer
{3jiilander, Birgander, Hallmans e all 1996a, Wang, Chen, Chen et al. 1999 and
(e i Ml restmictiion site in intron 6. The absence of the site is defined a5 the 47
allele {MeDaniel, Carbone, Takahashi ef afl. 19910 All polymorphisms were analysed
by POR amplilicetions according to Silander of of (19937 a5 described in able 2.
The amphiied fragments were separated on agarose gel electrophoresis and stained
with ethidium bromide,

Adlele and haplotype frequencies were computed using an expectation-maximiza-
ton {EMY} algorithm (Excollier and Slatkin 1993), Hardy-Weinberg equilibrivm was
evaluated by exadl lests using the Markov chain (Guoo and Thompson 1992} all these

Table 1. Chamctermtion of the Brozilan Indien tribes investigated

s, Gl

Ciesgraphic Lirigussbic Presen inclisiluls
Tribes lacatinm Zrimip® pepulaticnd investigzied
Cizavifio GLOEN, IS Tupi-hMond: G0 T,
Sairui R D R T Tupi-Monds SR H
Aol BIF 0T, 0FHS Fupu-Ad e 157 Iz
Woal-Win ATEATW 40y Carih 130 i |

Mavinie SE40°W, 131078 e 7B 14
* Bodrigues (1986 Gineenberg (1537
TRanres (V0L E Callogari-Jucgues, Saleano, Weimer of wl (19960 Saleano, France, Weimer o af, {1997,
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Table 2. PR primers amd comditions cimplesed,

Bleastian Amplilbcation

condilions concditions Privlues
F'.'.I:.'|:'||'-7|:|'_|:.|;| Frisneis iTar all sies] i all suesj SR I|'-|":I
Imitrem 3 1.2 230 g DA, Q470 - Fmin 2417

1md Tris HCI Tompchdaswny (N0 o770

L5kl BlpiCl G0 Lo, 670 2w, Tar 3% oycles

Ambl KO TE - Emin

[k 1% 1rilan

[ocfl ANTH

L5 pnzal primers

A L Ty
J01417
40

Exoni 4 |
[niron & LN

4= 12

- B AGAGACCTOTOGHRAAGDGAL, 2 A ACDGTAGE TOODC THLTTAGG T 3 S TATGAG
CUGOCTHAGHTTUTS 3% 40 3 TACAGGUA TG AT G

calewlations were performed wsing the 1.1 version of the ARLEQUIMN compuler
program {(Schneider, Kueffer, Koessh or af. 1997 Parwise linkage disequilibrium
(0 and Drel (008,00 were ealeulated as suggested by Lewontin (1985). Phenotype
dillerences amaong populations were evaluated by means of Fisher's exact 1251 using
the PEPL computer program {Ciahhnger and Abramson 19935) Haplotype frequensy
dilferences among populitions were estimated using _'|,:! {for the comparison between
Eurc- and Alre-Brazilians) or the Boll and Bentzen (1989) 1es1 (for the differences
Fennd among the Amerindians), also using the PEP] software, Average helerogvg-
osity (46 el 1957), genetic affinities among populations using the [, distance (Mel
1957y, and dendrograms based on the neighbour joning methoed {Saitou and Men
L1987y, were estimated using the NIBAFD computer program (Takezaki 1999). No
rootsirap test was made, sinee senetic distances and the dendrograms were bapsend 0
pne sel of systems (haplotype Treguenciesh only.

i Resolis

The senoivpe and allele (reguency distributions of the three TREF palymorphisms
are presented in able 3. Furo- and Afro-Brazilians generally presented more varia-
Bility than Amerindians, Among the latter, Gavido was the only population poly-
morphic for the three markers: the Wai-Wai showed variabality in both BsrUT and
Mapl RFLPs. while the other tribes were monomorphic for the 16bp A and Mapl
A2 alleles, Al distributions showed pood agreement with Hardy Weinberg expecta-
tions, The differences among the Amenndians were significant for the SsU0 RFLEP
anly, in the comparizons Zoed vs Surei and Zoro vs Xavante (both po< 0005, Adro-
Brazilians presented significant dilferences from Euro-Brazilians in the three poly-
mcrphisms (p = 000, showing o somewhat higher value of 16 bp A2 and whoul bwa
tmes more SxUD A0 and Mapl AF alleles

Table 4 presents the estimaied pairwise haplotype frequencies, as well as D and
£ walwes ebiained for these populations, Some significant dillerenees were verified:
the Ford were different from the Surut and Xavante in relation o 16 bp SseUT and
S U1 Msp] haplotypes (p o< 005) Wai-Wai and Xavante BaU1 Wspl haplolype
distributions were also significantly different (p < 031 Euro- and Alro-Brazlians
showed distinet haplotype Tregquencies in all puirwise combinations (g < LO01)
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Falde 3 P58 penetupe and allsle Mraquencis an seven Brasmhan popalitions.

Mo, ol TP vpe {0
Palymerphic sies inclividlunls . — Adlele frequencies +5E
arel papulaisens esnixd | 1-2 p A
I hpt
CRaviin T | 4 [} L] ALY
Sarui el 1{HI ] [ (EC RN
Hori X2 1Ml i i (MEER RN T
Wai-Wai P | [(H) M 0 000 4 L0
Moaavanbs 15 1K) I ] |00 L T
L Teraziliins (FLS 77 e | L5704 e
Al ra-Biasihans T S E 3 AT 04
PHETE s
Canyila 2 o} ]| ha A i
Surm 20 5 ) =5 (250 L 00T7T
A 1 0 1+ = DU = 000GR
LAUTT LR 2 K] 4 T [0 Lo N o
Mavanne 25 # el ¥ 0 2B 2 0AT
Eurc-Braziliang wa i~ B 14 R = ity
Arro-Hraeil s i Ay a0 it (Bl = (1 s
R
Chiwidio ] ] 4 ] LS+ L0
Surik ut i I (TEL] IRE TR WR LT
Fiare 2 1l ik |G {1000 L Qi
WA W | il 14 A CLITT 4 L0
X hvanle A il Ii T1HD G100 = O
Euri-Eraglinns L L 1 1% | Qo0 Lanll
Adra-Teraziliins i 4 37 a4 0,225 4 0 f153%

PAl e Bures Brzilian vs Alre-Brambion compansons yicldod differenees significene af the g 0000 leve
PThe Hewd s Sunin and Sosd v Kavante oomparisons vielded differences signifant an tle po G005 el

Amoeng Amenindians, anly the 16 bp/AMspl haplotype was found 1o be in linkage
dizequilibriom amaong the Gavido, b Evreee and Alrve-Brosilians presented highly
sigrihcant inkage dissquilibrium valoes in all combinations,

Extended haplotype Tregquencies are presented intable 5 Among the eight possible
haplotypes. only two were verilied in most Amerindians, the exceptions being
Coapvisio umdd Wat-Wal, This last population presented a haplotype (7-2-17 that was
nat present in any of the other samples, while the Gavido showed a combination (2-
=00 which was alse present i Boros amd Afro-Brazilians. The latter showed Hve
commen haplotvpes and a sixth exclusive For each one (2-2-7 for Curo- and 2-2-7 for
Advo-Braziliansh, Stansucal differences i haplotype distributions  were vernfied
between Lord and Surwd (p< 005} Lord and Xoavante {p < 0.05), Wai-Wai and
Favanle (p = 005), as well as between Euros and Afro-Braslians ¢p < 0.001),

The haplotype frequencies observed here were compared with those Tound in
other populations (Spilander er @l 1996b) in figure I Only two arangements
cecurred e all populations, and despate hide dilferences there 1= good aoreement
wrnong populatiions of the same ethnic group. The most Treguent haplotypes, in all
propuliacions, were f200 amd f-0-2

Average heterozygositics and [y senetic distances based on haploivpe frequen-
eies werg estimated for these same world populations and are reported in lable &
Amerindians have low levels of variabihty. the £ valoes ranging from 13% in Zord
Lo 1% i Ravante. Intrapopulation vanability 15 moest marked among the groups of
Alrican ongin (= 71-72%).
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Figure 2. Meighhoar joinng tres based on haplotype [ distances for 11 workl populsiicns.

The relationships among these 11 populations were evaluated through the neigh-
hour joining methed, using the £, distances based on haplotype [requencies (figure
1. There is 2 goad correlation between the clusiering pattern and the cthiic groups.
Amerindians clustered with Asian populations, Afvicans formed the most divergent
cluster. and Europeans cecur inan intermediate position. Essentiadly the same rela-
tonships were oblzined when gene, instead of haplotype frequendcics, have hoen used
in the comparisons (date not shown).
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4. Dhisciesshon

Only two investizations have been published so far considering these three poly-
maorphisms simultancously (Sjalander ed ol 1993 199601, Although 2ome diferences
ocur i phenotypic frequengies, the haplotypes found in Amenndians are the same
as those described for the Chinese (Sjélander o of, 1990b), These data provide an
additenal evidence Tor the widely  held hypothesis of an Asian cngm lor
Amerndians (Salzino and Callegari-lacgues 198E),

The rare (4-2-0) hapletype found n the Wal-Wan has Lo date only been abserved
i one other population (Chunese from Singapore, Sjialander or el 199060), but with o
Jower Treguency (0,021 Twe explunations can be miven [or these resulis: i) flos
haplotvpe was present i the ancesteal Amerindian population, but reached a rela-
tively high frequency in the Wat-Wain and was lost in the other tnbes due 1o genctic
drilt; or (b the 20 haplotype oecurs only in these twe popalations due toinde-
pendent mutatien or recembinatien evenls, ongimated rom the maost Frequent
arrngernents, Only Turther investigations into o Lurger number ol Az and
Amenndian populations can indicate which of the two alternatives is the correct one.

The Gawviio presented haplotvpe 2-0-7 that was nel observed i the other
Amerindians. This arrungement has been alrewdy deseribed, in low Trequency, in
Chinese (Sjalander er af. 199601 and thus could be an Amerindian haploivpe tha
wits lost im the other tnibes. But this haplotype was #lse observed in Eure- and Alro-
Brazilians, and could be present m the Gaviie doee o mterethme adimixiwree.
Mccording 1o Santes, Huetz, Coimlra e el (1995} this iribe shows indications of
ahout 4% of admixture with neo-Braalians,

In relation o the other ethnic groups. although the Afro-Braeluns meestgated
here may have o high degree of European admixtore (39% according to Bortolini,
Weimer, Salrano e afll 1997, whe based their assessment i protem mackersh, the
heterogeneily ahserved betwesn Afro- and Furo-Brazilians is of the same order of
magnitede ws that detected comparing European and Afmcan populations (Sjalander
ef o, 1990k

The haplotype comparison imvelving all populations investigaied se far indicated
that two haplotypes are common 1o all populations (f-7-2 and 7-2-2). According 1o
Watterson and Guess (19771, haplotypes commoen 0 all populations may be older
than thase present in some groups only. Therefore, the 7-0-2 and f-2-7 arrangements
probably predate the geographical dispersal of human beings. Among all populi-
tioms, Migerians and Afro-Brarilians are the most vanable, They present high
number of hapletypes and high frequencies of the probably denved arrangements,
These data corroborate the hypothess of an Alrcan angin for hwmanking
(Screlstad, Bekele, Thrahim or of. 1999, Quintana-Murcl, Semino, Bandelt o af
200007,
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que dans un échnnillon chinais, mads avee wss fréquence hasse. Cetle combinaizon pourrait done avoir cle
perclus par dénve gerdicue, recombimison ou par o aotee facear dans les aulres tribes, ou ben ol o
apparn independamment chez les chines e les WasWai, Les Gaviio présentent également un haphstype
[ 2-8- 8 o observe Cher les ootres armerinedicis, iais domns b mesaee o il est presat] ele? s earo- e afros
brisilicns, sa prdsenes el prahablement le prosdoit Jde edlanges imerethniques. Les assoviations ehienies
par FPET de quekquis populations <hins le mende, indiguent que s marquenr et tnes ellicacs pous
aggleairer des populitions de mime groups ethnigoe.
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ABSTRACT

Polymorphisms at the TP53, cytochrome P-450 (CYP) and glutathione S-transferase
(GST) genes are related to cancer susceptibility and present high diversity in allele

frequencies among ethnic groups. This study informs about CYP2E1, GSTMI, and GSTT1

polymorphisms in seven Amerindian populations (Xavante, Guarani, Aché, Wai Wai, Zoro,

Surui, and Gavido). Polymorphic sites at CYP1A1, and TP53 were also studied in the Aché

and Guarani tribes and compared with previous results about these systems already obtained
in the other populations. The CYP2E1*5B haplotype showed respectively the highest and the
lowest frequencies already observed in human groups. High frequencies of CYP1A1*2A and

CYP1A1*2C alleles and low values of GSTM1*0/*0 and GSTT1*0/*0 genotypes were

observed. These data may be interpreted as being due to genetic drift or selection for these
high-frequency CYP1A1 alleles and against GST null genotypes during America’s
colonization. Average heterozygosity varied from 0.19 (Guarani) to 0.38 (Surui), and 90% of
the total diversity was due to the variability within populations. The relationships between
these Amerindians and with other ethnic groups were evaluated based on D4 distances and the
neighbor-joining method. No correlation could be observed between genetic relationships and
geographic distances or linguistic groups. In the TP53 comparison with other ethnic groups,
Amerindians clustered together and then joined Chinese populations. The cluster analysis
seems to indicate that the Aché tribe might descend from a Gé group that could have first
colonized that Paraguayan region, but had also assimilated some amount of the Guarani gene
pool, maybe through intertribal admixture.

KEY WORDS: genetic diversity; South American Indians; molecular markers
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The cancer process is usually a multistep phenomenon, during which consecutive somatic cell
mutations occur. Genes involved in cell-cycle control, genetic repair systems, or codifying
enzymes for the biotransformation of environmental carcinogens have important roles in it
(Indulski and Lutz, 2000).

TP53 is a tumor suppressor gene with a critical role in cell-cycle control and is frequently
mutated in many human cancers (Sansom and Clarke, 2000). At least three TP53
polymorphisms have been reported as involved in cancer, showing also a high inter-
population heterogeneity in allele and haplotype frequencies: a 16-bp duplication in intron 3,
an amino acid change in exon 4 (72 Arg—Pro), and a Mspl RFLP in intron 6 (Sjélander et al.,
1996; Khaliq et al., 2000; Gaspar et al., 2001).

Cytochrome P-450 (CYP) comprises a superfamily of enzymes that acts on phase I of
xenobiotic metabolic transformation. During these reactions, toxic metabolites are generated
which might be processed by phase II enzymes (Indulski and Lutz, 2000). The CYP1A1 gene
encodes for the CYP1Al enzyme that catalyzes the bioactivation of polyciclic aromatic
hydrocarbons (Indulski and Lutz, 2000). Two CYPIA1 gene polymorphisms have been
extensively studied in relation to cancer susceptibility: a 462 Ile—Val substitution at exon 7
(CYP1A1*2C allele) and an associated 6235 T—C mutation at the 3’ non-coding region
(CYP1A1*2A allele; Hayashi et al., 1991b). The frequencies of these mutations also exhibit
significant interethnic differences (Aynacioglu et al., 1998; Kvitko et al., 2000). CYP2E1
metabolizes several occupational and environmental carcinogens (Indulski and Lutz, 2000).
Two RFLPs in linkage disequilibrium at the regulatory region of the CYP2E1 gene have been
described (Hayashi et al., 1991a). Due to linkage disequilibrium two main arrangements are

usually found: CYP2E1*5B and CYP2E1*1A. Although rare in many populations (Hamada

et al., 1995; Griese et al., 2001), the CYP2E1*5B haplotype is common in Asians (19% to

30%; Morita et al., 1997; Tan et al., 2000), and Amerindians (25%; Mundz et al., 1998).
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Glutatione S-transferases (GST) are a group of phase II enzymes that detoxify
endogenous and exogenous electrophiles, determined by a gene family. Genetic
polymorphisms at these loci seem to be related to a higher risk of cancer development

(Indulski and Lutz, 2000). Two deletions of the GSTM1 or GSTT1 loci which result in no

enzymatic activity have been described; both GSTM1*0/*0 and GSTTI1*0/*0 genotype
frequencies present inter-ethnic variability (Rebbeck, 1997).

This study furnishes data on CYP2E1, GSTM1, and GSTT1 polymorphisms in seven

South Amerindian populations. Polymorphic sites at CYP1A1, and TP53 were also studied in
the Aché and Guarani tribes. Previous results about these systems from other populations
were compiled to allow genetic relationship analyses. A comparison of these Amerindian
populations with other ethnic groups was also made using TP53 haplotypes. The specific
questions posed by us were as follows: 1. Would the population relationships and genetic
variability obtained with these markers, which may be influenced by selection, present the
same pattern as those found with polymorphisms in which this process may not have acted as
strongly? 2. Could we confirm some unusual frequencies that had been previously obtained in

Amerindians for the CYP1A1, GSTMI, and GSTT1 systems? and 3. Since the origin of the

Aché, a recently contacted tribe of Paraguay, is still obscure, would these systems provide a

clue about it?
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SUBJECTS AND METHODS

Samples of 257 individuals were obtained from seven South American Indian tribes
living in Brazil and Paraguay (Table 1 and figure 1). More details about these populations can
be found in Hill and Hurtado (1996) and Hutz et al. (1999).

Genomic DNA was isolated from whole blood by the salting out method of Miller et
al. (1988) or using the procedure described by Lahiri and Nurnberger (1991). This latter
methodology was employed for the Aché and Wai Wai samples.

Table 2 presents the characterization of the CYP1A1, CYP2E1, GSTMI1, GSTT1, and

TP53 polymorphisms investigated here. CYP1A1 was analyzed according to Hayashi et al.

(1991b) and Cascorbi et al. (1996), and TP53 following Sjédlander et al. (1995). For GSTM1,

GSTT1 and CYP2EI typing a multiplex protocol was developed which consisted briefly of
the following procedures: an initial denaturation at 94 °C for 5 min, 6 touchdown cycles
including 1 min at 94 °C, 2 min at 59-54 °C with a decrease of 1° in each cycle, and 1
min at 72 °C, followed by 30 cycles at 94 °C for 1 min, 1 min at 55 °C, and 1 min at 72 °C;
plus a final extension of 5 min at 72 °C. The reaction mixture consisted of 100 ng of genomic

DNA, 15 pmol of GSTM1 and GSTTI1 primers, 7.5 pmol of CYP2E1 primers, 10 mM Tris

HCIL, 4 mM MgCl,, 50 mM KCl, 150 mM dNTPs, and 1.0 U of Taqg DNA polymerase. Primer
sequences were those reported by Kato et al. (1992), Bell et al. (1993), and Pemble et
al.(1994).

Allele frequencies were estimated by gene counting. Haplotypes were derived using the
Multiple Locus Haplotype Analysis program (Long, 1999), which uses the E-M algorithm
(Long et al., 1995; Peterson et al., 1999). Hardy-Weinberg equilibrium fit was evaluated by
exact tests using the Markov Chain (Guo and Thompson, 1992) through the Arlequin software

ver. 2.0 (Schneider et al., 2000). Phenotype differences among populations were tested by
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means of the Roff and Bentzen (1989) y” test using the PEPI computer program (Gahlinger
and Abramson, 1995). Linkage disequilibrium was calculated on basis of the estimated
haplotype frequencies and using the Arlequin software. The D’ value (D/Dpmax) was obtained
as suggested by Lewontin (1988).

Genetic affinities among populations were evaluated through D4 distances (Nei, 1987), and
the neighbor-joining clustering method (Saitou and Nei, 1987), using the NJBAFD computer
program (Takezaki, 1999). This latter software was also employed to estimate the genetic
diversity values. The reliability of the trees was tested by 2,000 bootstrap replications
(Hedges, 1992). The dendrogram comparing Amerindians with the other ethnic groups was
based on TP53 haplotype frequencies only, since data for the other markers were not available

for the other populations.

RESULTS

Table 3 presents GSTMI1*0/*0 and GSTTI*0/*0 genotype frequencies, allele
frequencies for the other genetic systems, as well as the genetic diversity values.
Genotype distribution was consistent with Hardy-Weinberg expectations for all loci and
populations. For the majority of the markers, genotype and allele distributions were highly

heterogeneous among populations, regardless if they were of the same geographic region or

linguistic group. The only exception was TP53, in which 16bp*A1 and Mspl*A2 alleles were
fixed in almost all samples. The average heterozygosity varied from 0.19 (Guarani) to 0.38
(Surui); most of the total diversity (90%) was due to heterogeneity within populations.

As for the CYP2E1 gene, as previously described (Hayashi et al., 1991a) a complete
linkage disequilibrium between the Pstl and Rsal sites was observed and resulted in only

two haplotypes: CYP2EI*1A (Pstl -, Rsal +) and CYP2E1*5B (Pstl +, Rsal -). The
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prevalence of CYP2E1*5B (and of its complementary arrangement) also shows wide
variation among populations — from 2% in the Wai Wai to 42% in the Aché. But these
extreme values are restricted to three populations only, the two above-indicated and the
Xavante (3%), while the other values (19%-33%) are more in accordance with previous Asian
or Asian-derived groups.

Table 4 presents the estimated haplotype frequencies for the CYP1A1 polymorphisms
and the linkage disequilibrium (D’) values. The Aché population was monomorphic for
CYP1A1*2B, the most frequent haplotype in the six other populations. Highly significant
linkage disequilibrium was observed in five of these groups.

The estimated TPS53 haplotypes are given in Table 5. Only two haplotypes were

observed in the Aché and Guarani, as was found for three of the five other Amerindian tribes
previously considered by Gaspar et al. (2001).
The relationships among the seven populations obtained with the DA distances and the
neighbor-joining method are shown in Figure 2. The extremes of this unrooted tree are
occupied on one hand by the Wai Wai (a Carib group from northern Brazil) and Surui (a
Tupi-Mondé tribe from southwestern Amazonia), while on the other the Xavante (a Gé&
speaking population from Central Brazil) and Aché (a Tupi-Guarani speaking group from the
Paraguayan forest) occurs. No clear correlation could be observed between the genetic
relationships and geographic distances or linguistic group.

Figure 3 shows the TP53 relationships obtained considering the Amerindians and
other ethnic groups. Three clusters can be observed, one involving Asian or Asian-derived
(Amerindian) groups, another composed by the two European or European-derived

populations, and a third including Africans, African Brazilians, and Pakistani.
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DISCUSSION

Polymorphisms at the TP53, CYP and GST loci have been described as related to

cancer susceptibility. For example, the GSTMI1*0/*0 and GSTTI1*0/*0 genotypes,

CYPIA1*2A, CYP1A1*2C, and TP53 BstUI*A1l alleles, as well as the CYP2E1*5B

haplotype, have been associated to different tumors in several human populations (Weston et
al., 1997; Indulski and Lutz, 2000). These polymorphisms also present high diversity among
ethnic groups. Trying to explain the differences of allele frequencies observed in genes which
influence the phase I and phase II detoxifying process Nebert (1997) proposed an effect of
natural selection in response to tribal differences in diet. Sjdlander et al. (1996) had already
suggested that population differences on TP53 allele frequencies might result from selective
effects on ecological adaptation to climatic conditions.

Despite extensive changes that most Amerindians have suffered due to contact with other
groups, most of the populations studied here retain many of their previous ecological
conditions, such as nomadism, hunting, gathering, and horticulture (Hill and Hurtado, 1996;
Santos et al., 1996), and are not continuously exposed to environmental chemicals. All the
tribes presently investigated presented high levels of diversity in most of the systems.
Therefore, although they live in small groups, evolutionary factors such as selection or drift
seem not to have significantly decreased their genetic diversity. These data confirm the degree
of variability previously verified in the same populations for other systems (Hutz et al., 1999;
Bogdawa et al., 2000; Battilana et al., 2001).

This investigation confirmed that most Amerindians are monomorphic for both the 16bp*Al
allele in intron 3, and for the presence of the MspI*A2 allele in intron 6 of the TP53 gene.
Beckman et al. (1994) and Sjdlander et al. (1996) found a correlation between the variability
at codon 72 of the TP53 gene and latitude, suggesting a possible role for natural selection

involving climatic adaptation. The Guarani and Aché live in the southern part of South
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America and speak a Tupi-Guarani language, but show TP53 BstUI*A1 gene frequencies of

respectively 9% to 37%. On the other hand, the Zord, Gaviao, and Surui, who live in the north
of South America in about the same area and speak languages classified as a Tupi sub-group,
presented frequencies of the same allele varying from 7% to 25%. Therefore our data do not
show any correlation between the frequencies of this allele and latitude.

As was previously indicated, the CYP2E1*5B distribution presented remarkable (2%-42%)
differences. These are the most extreme values reported so far for any other ethnic group,
except the 0.02% detected among Australian Aborigines (Griese et al. 2001). They are
however restricted to the Wai Wai, Xavante and Aché. When an inspection is made of the
prevalences observed in the other systems studied here, the peculiarities of the Aché stand out
clearly. The figures displayed in Tables 3-5 are not completely independent, but in most cases
the most extreme values were provided by the Aché. The Xavante also presented some
extreme, but less numerous differences, while the Wai Wai conform more to the average.
Similar results were obtained considering blood group plus protein and other nDNA and
mtDNA systems (Callegari-Jacques et al., 1996; Battilana et al., 2001; Coimbra et al., 2001).
Also extremely interesting results are the very high values of the CYPIA1*2A and

CYPIA1*2C alleles and the mostly low frequencies of the GSTM1*0/*0 and GSTT1*0/*0

genotypes. The highest frequency so far described in non-Amerindians for the first two
markers are 33% (Japan; Aynacioglu et al., 1998) and 35% (Siberia; Duzhak et al., 2000),
respectively; which are much lower than the 81%-100% and 54%-100% observed here. Our
values, however, are similar to those observed in the Mapuche of Chile (respectively 83% and
77%; Muiioz et al., 1998). The GSTM1*0/*0 frequencies vary from 22% in Africa to 100% in
Oceania, most of populations presenting values above 30% (review in Rebbeck, 1997). The
values observed here (4%-43%) are in some cases lower, in agreement with a 20% frequency

obtained previously among the Amazonian Parakana Indians (Arruda et al., 1998). The
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GSTT1*0/*0 frequency, on the other hand, is about 16% in Caucasians and above 38% in the
other ethnic groups (Rebbeck, 1997), while the interval observed here was of 0%-30%. The
Parakana studied by Arruda et al. (1998) showed a prevalence of 11% of this genotype.

The enzymes codified by CYP1A1*2A and CYPIAI1*2C alleles have higher catalytic

activities than the products of the wild alleles, producing a larger amount of toxic metabolites
which are mainly detoxified by both the GSTM1 and GSTT1 proteins (Indulski and Lutz,
2000). As the GSTMI1 and GSTTI1 null genotypes have no enzyme activity, toxic products
induced by the action of the CYP enzymes could accumulate in these individuals.

It is possible therefore that CYP1A1*2A and CYP1A1*2C allele frequencies had increased

during America’s colonization just by genetic drift (Cavalli-Sforza et al., 1994), or by
selection in response to new environmental challenges (Nebert, 1997). These high CYP
values could have acted as selective factors reducing GSTM1*0/*0 and GSTTI1*0/*0
frequencies, since the ratio between CYP and GST activities is critical to avoid the
accumulation of toxic reactive intermediates (Rebbeck, 1997).

The origin of Aché population has been controversial, some authors considering them as a
differentiated Guarani group, while others claim that they descend from a Gé group that
preceded the Guarani colonization of Paraguay (Hill and Hurtado, 1996). The cluster analysis
made here seems to support the second hypothesis, since the Aché showed a closer
relationship with the Xavante, a G€ speaking population than with the four Tupi-Guarani
groups included in the analysis. But they clearly differentiated from all the other populations
studied, showing their genetic distinctiveness. Battilana et al. (2001), who examined the
variability of 20 blood group plus protein systems and 12 Alu insertions in the same Aché,
Xavante, and Guarani samples studied here, obtained also indications of the Aché
distinctiveness, although in their data the closest group to cluster with the Aché was the

Guarani. It is therefore possible that the Aché might have descended from a Gé group that had
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first colonized Paraguay, but had also assimilated some amount of the Guarani gene pool,
maybe through intertribal admixture. New data are needed to clarify this point.

The answers to the questions posed in the introduction, therefore, are: 1; Yes, the patterns of
population relationships obtained here show distinctive features (but not the levels of genetic

variability) which may in some way be due to selective process; 2. The unusual Amerindian

CYPIAI1, GSTMI1 and GSTTI frequencies have been confirmed; and 3. Due to the Aché

genetic distinctiveness, their origin still remains an open question.
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TABLE 1. Amerindian groups investigated in the present study, their location and languages

51

Geographical Linguistic No. of
Population Country  Localities Language ' individuals
coordinates group ! investigated
Xavante Brazil Eténitépa 51°40°W, 13°20°S Chavante Gé-Kaingang 33
Guarani Brazil Amambai 55°12°W, 23° 6°’S Guarani Tupi 51
Limao Verde 55°6° W, 23°12° S
Porto Lindo 54°30°W, 23°48’S
Aché Paraguay Arroyo Bandera 55°50°W, 23°30°S Guayaki Tupi 67
Chupa-pou 56°30°W, 24°10°S
Wai Wai Brazil Mapuera village 57°55°W, 0°40°S Parukoto-Charuma Carib 26
Zord Brazil Aripuana Park 60°20°W, 10°20°S Mondé Tupi 28
Surui Brazil Sete de Setembro 61°10°W, 10°50°S Mondé Tupi 21
Gavido Brazil Igarapé Lourdes 61°8°W, 10°10°S Mondé Tupi 31

! According to Rodrigues (1986), Greenberg (1987).
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TABLE 2. Characterization of the CYP1A1, CYP2E1, GSTMI1, GSTTI, and TP53 polymorphisms

52

Loci Gene location Allele or genotype Phenotypes ' Mutation Haplotypes *
CYPIAL® 3’ flanking CYPIA1*2A Mspl + 6325T—>C 1A: *1A-*1A
Exon 7 CYP1A1*2C BsrDI - 462A—G (Ile > Val) 2A: ¥2A-*1A
2C: *1A-*2C
2B: ¥*2A-*2C
CYP2E1° 5’ flanking Pstl —; Rsal + Pstl —; Rsal + - 1293 G; - 1053 C CYP2ET*1A
Pstl +; Rsal — Pstl +; Rsal - - 1293 G—C; - 1053 C—>T CYP2E1*5B
GSTM1 Whole gene GSTMI1*0/*0 No amplification Gene deletion -
GSTT1 Whole gene GSTTI1*0/*0 No amplification Gene deletion -
TP53 Intron 3 *A2 Duplication 16bp duplication 1-1-2: *A1-*A1-*A2
1-2-2: *A1-*A2-*A2
Exon 4 (codon 72) *Al BstUI - 72C—G (Arg—>Pro)
1-2-1: *A1-*A2-*A1
Intron 6 *Al Mspl — A>G 2-1-1: *A2-*A1-*Al

! Plus and minus signs indicate the presence or absence of the indicated restriction site. > CYP1A1 haplotypes: 3’ flanking-exon7;

TP53 haplotypes: intron 3-exon 4-intron 6; only TP53 haplotypes observed in this study were indicated. *> Allele nomenclature as

recommended in http://www.imm.ki.se/CY Palleles.
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TABLE 3. Genotype frequencies (in %) for the GST loci, allele frequencies (in %) for CYP and

TP53, and genetic diversity values (x 100)

Populations
Characteristic
Xavante Guarani Aché WaiWai  Zor6 Surui  Gavido
Genotype or allele
GSTM1*0/*0 18.2 3.9 35.8 26.9 14.3 43.0 12.9
GSTT1*0/*0 30.3 11.8 17.9 0 14.3 0 6.5
CYPIAI*2A ! 95.0 96.1 100 81.0 87.0 96.0 72.0
CYP1A1*2C" 97.0 90.2 100 81.0 76.0 54.0 59.0
CYP2E1*5B 3.0 18.6 42.5 1.9 32.1 333 29.0
TP53 16bp*Al ' 100 100 100 100 100 100 98.1
TP53 BstUI*AL ' 28.0 8.8 36.6 11.9 6.8 25.0 19.2
TP53 Mspl*Al ' 0 0 0 7.1 0 0 1.9
Sample size 33 51 67 26 28 21 31
Genetic diversity
Average heterozygosity 24.4 18.8 34.7 24.4 29.8 38.2 324

Interpopulation

variability

Ggr = SE: 103+ 1.2

! Data from Kvitko et al. (2000) and Gaspar et al. (2001), except for the Aché and Guarani.

53
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TABLE 4. Estimated CYP1A 1 haplotype frequencies (%) and linkage disequilibrium (D’) values

Haplotypes

Populations ' D’ p 2n
1A 2A 2C 2B
Xavante 3.0 3.0 - 94.0 1.00 * 42
Guarani 29 6.9 1.1 89.1 72 * 102
Aché - - - 100 - - 134
Wai Wai 16.0 16.0 5.0 63.0 .60 * 52
Zord 8.0 16.0 5.0 71.0 .50 * 60
Surui 4.0 42.0 - 54.0 1.00 NS 48
Gavido 27.0 14.0 - 59.0 1.00 * 60

" With the exception of the Aché and Guarani, the haplotype frequencies have been previously

published by Kvitko et al. (2000); * = p< 0.001; NS = p>0.05.



TABLE 5. Estimated TP53 haplotype frequencies (%) in seven South Amerindian populations

Haplotypes (16bp-BstUI-Mspl) '

Populations 12 122 121 211 2n
Xavante 28.0 72.0 - - 50
Guarani 7.8 92.2 - - 102
Aché 38.1 61.9 - - 134
Wai Wai 11.9 81.0 7.1 - 42
Zord 6.8 93.2 - - 44
Surui 25.0 75.0 - - 40
Gavido 17.3 80.8 - 1.9 52

! Data from Gaspar et al. (2001), except for the Aché and Guarani.
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Fig. 1. Geographic location of the four groups for which genetic data are reported here. Key
to the population names: ACH: Aché; GAV: Gavido; GUA: Guarani; SUR: Surui; WWA:
Wai Wai; XAV: Xavante; ZOR: Zoro.

Fig. 2. Dendrogram obtained using the neighbor-joining method and the D, distance,

considering the CYP1A1, CYP2E1 and TP53 haplotypes, as well as the GSTM1 and GSTT1

genotype frequencies. Numbers indicate bootstrap values.

Fig. 3. Dendrogram obtained using the neighbor-joining method and D, distances, based on
TP53 haplotype frequencies. The data from Nigerians, Chinese and Swedes were obtained
from Sjdlander et al. (1996); Pakistani, from Khaliq et al. (2000); African and European

Brazilians, from Gaspar et al. (2001).
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Abstract

The genetic variability of the CYPIAI 1462V polymorphism was investigated in four
Brazilian populations: three samples of African ancestry and one group of European descent.
CYPIAI polymorphism was analyzed by two different procedures, i.e. the PCR-RFLP/BsrDI
method and the allele-specific PCR method. The frequency of CYPIA1*2C was 11% in
Brazilians of European descent, which is slightly higher, but not statistically different from
the values observed in European populations. In Brazilians of African ancestry this value was
very high (12 to 15%). This allele was not observed in the only two African populations
investigated thus far. Interethnic admixture with populations of European descent and/or
Amerindian populations and genetic drift although possibly occurring, cannot explain by
themselves only the high values observed here. Our findings suggested that the CYP1A41*2C
allele may possibly be present in Africa, although restricted to some ethnic groups, not yet
investigated. Environment factors of South American might also have acted as selective
factors increasing CYP1A1*2C gene frequency. Our data also suggested that the CYPIA1*2C

allele might possibly have originated in Africa.



63

Most human cancers are related to environmental exposure to genotoxic agents. The
carcinogen biotransformation system contains two main classes of enzymes: phase I, which
mediates oxidative metabolism, and phase II, which conjugates electrophilic substrates with
glutathione (review in Indulski and Lutz 2000).

The CYP1AI gene is a component of the phase I cytochrome P450 superfamily. This
family encodes aromatic hydrocarbon hydroxylase, an enzyme playing a role in the
metabolism of polycyclic aromatic hydrocarbons (Nebert 1991), which are regarded as
important environmental carcinogens (Sram 1998).

Several polymorphisms have been described for this gene and have been associated
with an elevated risk of cancer in some populations (Park et al. 1997; Ishibe et al. 1998).
Among them, a polymorphic site at exon 7, codon 462, alters the protein structure by
replacing an isoleucine with a valine (462V; Hayashi et al. 1991). The 462 Val allele has been
reported to be associated with a higher risk for certain types of cancer (Cascorbi et al. 1996;
Esteller et al. 1997; Garte 1998). However, in other populations no direct evidence supporting
association with cancer susceptibility of this polymorphism was found (Morita et al. 1997;
Marchand et al. 1998).

Such contradictory results may be due to, at least in part, ethnic differences in allele
distributions (Garte 1998; Inoue et al. 2000). The CYPIA1*Val allele is present at higher
frequency in Asians (from 14 to 35%; Zhao et al. 1995; Duzhak et al. 2000) and Amerindians
(from 54 to 97%; Mufioz et al. 1998; Kvitko et al. 2000) and at low frequency in Europeans
(from 2.8 to 5.8%; Cascorbi et al. 1996; Esteller et al. 1997). In the only two African
populations so far investigated this allele was not detected (Garte et al. 1996; Garte 1998;
Masimirembwa et al. 1998).

The determination of the distribution of this polymorphism in a larger number of

populations can help us to understand the effect of this gene in cancer predisposition.
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This investigation describes the distribution of the CYPIAI*Val allele [or
CYPIAI1*2C, according to the recommended nomenclature for the genetic polymorphisms in
human P450 genes (http://www.imm.ki.se/CYPalleles)] in four Brazilian populations of

African and European origin.

Subjects and Methods

Blood samples were obtained from three populations of African ancestry and one
population of European descent, as follows:
1) The African-Brazilians come from:
a) Porto Alegre, the capital of the southernmost Brazilian state (30° 5° S; 51° 10° W) whose
population is about 1,300,000 inhabitants 15% of them of African ancestry and 0.09% of
Amerindian origin (www.ibge.gov.br). The samples were collected from ambulatory patients
seen at two General Public Hospitals for prenatal or presurgical examinations (mean age, 38
years; 68% males).
b) Rio de Janeiro, the capital of the eastern state of Rio de Janeiro (22° 53 S, 43° 17° W)
whose population is about 5,800,000 inhabitants 39% of them of African ancestry and 0.08%
of Amerindian origin (www.ibge.gov.br). The samples were obtained from blood donors of
the Hemoterapy Service at a Public University Hospital (mean age, 34 years; 100% males).
¢) Salvador, the capital of the Brazilian northeastern state of Bahia (12° 55” S; 38° 29 W)
whose population is about 2,400,000 inhabitants 79% of them of African ancestry and 0.16%
of Amerindian origin (www.ibge.gov.br). The samples were obtained from newborn children
at a Public Maternity Hospital and from blood donors at a Public University Hospital (mean
age, 29 years; 86% males).

The distance between Porto Alegre and Salvador is about 3,000 Km, and Rio de

Janeiro is situated between these cities (about 1,500 Km from each one).
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2) The European-Brazilians are from Porto Alegre and the samples were obtained from
unrelated adults who came to our laboratory for paternity investigations (mean age, 31 years;
51% males).

All of the subjects in this study, their relatives or legal tutors were adequately
informed about the aims of this investigation and gave their approval to participate.

Genomic DNA was isolated from blood samples by a standard salting out procedure
(Miller et al. 1988).

CYPI1AI polymorphism was analyzed by two methods: the samples of European and
African descent from Porto Alegre were investigated (a) by the allele-specific methodology
using the primers and PCR conditions indicated by Hayashi et al. (1991); and (b) reanalyzed
by PCR before digestion with BsrDI, using the primers and reaction conditions described by
Cascorbi et al. (1996). All the other samples were tested only by the Cascorbi et al. (1996)
methodology; according these authors, this is a more appropriate technique for the analysis of
this CYP1A1 polymorphism.

Allele frequencies were obtained by gene counting. Hardy-Weinberg equilibrium was
evaluated for each sample by exact tests using the Markov Chain (Guo and Thompson 1992)
and the Arlequin software, ver 2.0 (Schneider et al. 2000). Heterogeneity among populations
was estimated by the Roff and Bentzen (1989) Xz test using the PEPI software (Gahlinger and

Abramson 1995).

Results and Discussion

Table 1 presents the CYP1A41*2C distribution detected in Brazilian samples compared
with data for other world populations. All Brazilian sample distributions were found to be in

accordance to Hardy-Weinberg expectations.
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The frequency of this allele in European-Brazilians was closely similar to that of
another Brazilian population of European descent (Hamada et al. 1995), and slightly higher
than those observed in Europeans (Hirvonen et al. 1992; Esteller et al. 1997), but the
differences were not statistically significant.

All the three African-Brazilian samples here analyzed presented very high values of
the CYP1A1*2C allele (12-15.7%). This was an unexpected result since this mutation had not
been found in the only two African populations (Mali and Zimbabwe) so far investigated
(Garte et al. 1996; Garte 1998; Masimirembwa et al. 1998). As already indicated in the
Material and Methods section, the sample from Porto Alegre was analyzed by two
methodologies and the same results were obtained. Therefore we conclude that
methodological errors are not the reason for such high values.

One of the factors that might explain these results is interethnic admixture with
European-Brazilians and/or Amerindians. However, although possibly present, it cannot
explain by itself only the high frequency observed for the CYPIA1*2C allele for several
reasons. The allele frequency detected in African-Brazilians was higher than that observed in
European-Brazilians or in European samples. Although the frequency of this allele was high
in Brazilian Indians (54-97%; Kvitko et al. 2000), admixture estimates indicated a low
Amerindian contribution to the gene pool of African-Brazilians living in the cities here
investigated [Rio de Janeiro (7%,; Palatnik et al. 2000), Porto Alegre (0-7%; Bortolini et al.
1999), and Salvador (4-11%; Bortolini et al. 1999)]. Demography data also indicated low
values of Amerindian descents in these populations (www.ibge.gov.br).

A second explanation could be genetic drift acting during the formation of Brazilian
populations. However, we can not expected similar effects of drift in the three groups here
analyzed, because they have been formed by different ethnic origins and through several

migrations in different times between the XVIth and [Xth centuries (Salzano 1986).
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A third explanation is the possible occurrence of this allele in African populations who
gave origin to Brazilian groups, but that have not been investigated for this gene. In fact, only
two African populations have been investigated so far (Mali and Zimbabwe) and African
groups are of highly heterogeneous ethnic origin. The Mali population is derived from five
ethnic groups (Minianka, Malinke, Senoufe, Bambara and Peul; Garte et al. 1996; Garte 1998)
whereas the Zimbabwe population is derived from Shona, Ndebele and Venda groups
(Masimirembwa et al. 1998). The African-Brazilians descend from Africans who were forced
to come to Brazil to work as slaves and have a highly heterogeneous ethnic background.
Those from Salvador came mainly from Guinea’s gulf whose population today is mainly
composed of Yoruba, Jege, Hausa and Bantu groups (Souza Andrade 1988). Those from Rio
de Janeiro and Porto Alegre are mainly descendants from Angola and Congo, areas of Bantu
influence (Weimer 1991; Florentino 1997). Therefore, based on these data, we suggest that
the CYPIA1*2C allele may have occurred in Africa before the slave traffic to South America,
being, however, restricted to some ethnic groups.

It is important to point out that the frequency of CYPIAI*2C is also high in native
South American populations (Muioz et al. 1998; Kvitko et al. 2000). It is possible then that
environmental factors of South America such as diet, parasitic diseases or exposure to
different chemicals may also act as selective factors, increasing CYPI1A41*2C frequencies in
South American groups. If selection had been the main microevolutionary force acting in
African Brazilian populations it would have had a very high value to change the gene
frequencies in about 500 years only.

Garte et al. (1996) and Garte (1998), analyzing the world distribution of CYP1A41*2C,
suggested that this allele may have originated after the split between Africans and non-
Africans, and Duzhak et al (2000) found evidences for the origin of this mutation before the

split of Caucasian and Oriental races. Our data suggested, however, an African origin for the



68

CYPIA1*2C allele. Therefore more analyses of this polymorphism in several populations are
needed to clarify this point.

In addition to the differences in population frequencies, the CYPIA1*2C allele has
been reported to be associated with colorectal, lung, endometrial, oral, and breast cancer in
some populations, including those of Southeast Brazil (Sivaraman et al. 1994; Hamada et al.
1995; Esteller et al. 1997; Park et al. 1997; Ishibe et al. 1998). Cancer rates in Brazil are
among the highest in the world (Parkin and Muir 1992). The high incidence of this disease in
Brazil may therefore result from the high frequency of the CYPIA1*2C allele, although this

possibility needs further investigation.
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Table 1. Distribution of CYP1A41*2C ' in several populations (in percentage)

Populations *2C  Sample size Method Reference
Brazil (African-Brazilians)
Porto Alegre 15.7 137 allele-specific/RFLP  This study
Rio de Janeiro 11.7 64 RFLP This study
Rio de Janeiro 8.0 21 allele-specific Hamada et al 1995
Salvador 15.0 30 RFLP This study
Mali 0.0 116 allele-specific Garte et al. 1996; Garte 1998
Zimbabwe 0.0 225 allele-specific Masimirembwa et al. 1998
USA (African-Americans) 3.0 828 allele-specific 2
Brazil (European-Brazilians)
Porto Alegre 11.6 86 allele-specific/RFLP  This study
Rio de Janeiro 8.8 87 allele-specific Hamada et al. 1995
Europe 2.8-5.8 924 Allele-specific/RFLP *

75



Table 1 (cont.)

Populations *2C Sample size Method Reference

Australia 7.0 146 RFLP Sugimura et al. 1998
USA (European-Americans) 6.7-9.0 532 Allele-specific/RFLP *

Brazil (5 Amerindian tribes) 54.0-97.0 131 Allele-specific Kvitko et al. 2000
Chile (Mapuche Indians) 77.0 84 Allele-specific Muiioz et al. 1998
Siberia 35.0 102 Allele-specific Duzhak et al. 2000
Japan 18.0-25.0 1013 Allele-specific/RFLP °

China 14.0 39 RFLP Sugimura et al. 1998
Korea 15.0 48 RFLP Kim et al. 1999
Malaysia 31.0 146 Allele-specific Zhao et al. 1995

76

" Allele nomenclature as recommended in http://www.imm.ki.se/CYPalleles; * Garte et al. (1996); Garte (1998); Taioli et al. (1998); * Hirvonen et al.

(1992); Cascorbi et al. (1996); Esteller et al. (1997); * Garte et al. (1996); Inoue et al. (2000); > Hayashi et al. (1991, 1992); Oyama et al. (1995);

Morita et al. (1997); Sugimura et al. (1998); Inoue et al. (2000).
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Abstract

Gene polymorphisms of phase 1 (CYPIAI and CYP2EIl) and phase Il (GSTMI,
GSTT1, and GSTPI) enzymes, as well as the TP53 tumour suppressor gene were studied in
258 Brazilian subjects of European descent, 97 patients with non-small-cell lung cancer
(NSCLC), 75 patients with chronic obstructive pulmonary disease (COPD), and 86 controls.
No effect of these markers was verified on NSCLC susceptibility. With respect to COPD, the
distribution of CYP1AI, GSTPI and TP53 genotypes was similar to that of the controls.
However, heterozygous CYP2E*14/*5B was about 4 times more frequent in COPD than in
controls [OR= 4.2 (1.1-24.8)] and the GSTTI null phenotype was twice more common in the
COPD group [OR= 2.5 (1.2-4.9)]. The effect of the GSTTI null phenotype on COPD
susceptibility seems to be increased about 4 times due to its interaction with CYP1A1*14/*2A4
[(OR= 3.7 (1.1-14.6)], and GSTPIlle/Val genotypes [OR= 4.0 (1.2-14.6)]. These results
suggest that GSTT1, GSTP, CYP2EI, CYP1AI polymorphisms may be predictive of COPD

susceptibility, at least in this population of European ancestry.
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1. Introduction

Chronic obstructive pulmonary diseases (COPD) and non-small-cell lung cancer
(NSCLC) are directly associated with cigarette smoking. However, only a small proportion of
smokers develop these diseases [1]. Susceptibility to cigarette smoke might be associated with
genetic variability of the genes involved in chemical carcinogen metabolism. A large fraction
of these compounds is biotransformed to more toxic metabolites (by phase I activation
enzymes) or to non-toxic compounds (by phase II detoxification enzymes). The rate of these
competing metabolic pathways is an important determinant of DNA damage [2]. However,
the cellular response to DNA damages is mediated by another group of genes, i.e., the tumour
suppressor genes [3].

Many enzymes involved in either phase I or phase II carcinogen metabolism are
polymorphically expressed, with the alleles presenting different enzymatic activities and some
of them have been associated with cancer susceptibility [2].

Among the tumour suppressor genes, 7P53 has a key and potent role in the cellular
response to DNA damage [4]. An unusual spectrum of 7P53 mutations resulting in loss or
disruption of tumour suppressor function has been described in several human cancer tissues
[4], and some TP53 polymorphisms seem also to be related to cancer susceptibility [3].

The environmental exposure to cigarette carcinogens associated with genetic variants
of tumour suppressor genes and/or with genes of phase I or phase II enzymes has been
hypothesised to pose a differential risk of lung cancer or COPD development [2,3,5].
However the effect of these polymorphisms on lung diseases is far from consensual [6].

This study analysed seven genetic polymorphisms of phase I (CYPIAI, CYP2EI),
phase Il (GSTM1, GSTT1, GSTP1), and TP53 tumour suppressor genes in COPD and NSCLC
patients and in a control sample of European origin, in order to evaluate the role of these

genetic markers in the prediction of susceptibility to these pulmonary pathologies.
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2. Subjects and Methods

A total of 258 European Brazilian subjects were investigated: 97 patients with
NSCLC, 75 individuals with COPD, and 86 controls. Only previously untreated NSCLC
subjects with a cancer diagnosis confirmed by histology (according to WHO guidelines [7])
were analysed. The COPD group consisted of individuals, whose diagnosis was confirmed by
pulmonary function tests and radiography according to the guidelines of the European
Respiratory Society [8]. Patient blood samples were collected from August 1998 to July 2001
at a general hospital (Santa Casa de Misericordia de Porto Alegre, RS, Brazil). Information
about patient smoking habits was obtained and quantified as previously described [9]. The
hospital ethics committee approved this investigation, and the subjects were previously

informed about this research and signed an informed consent sheet.

The control group consisted of adults who came to our laboratory for paternity tests.
This sample is representative of the Porto Alegre population (whose total size is 1.360.033
inhabitants) in terms of sex and age distribution (http://www.ibge.gov.br/). No data about
smoking habits or health conditions were obtained for these individuals. Data about 7P53
polymorphism and CYPIA1*2C allele distribution in this sample have been previously

described [10,11].

Genomic DNA was isolated from whole blood by the salting out method [12]. Seven
polymorphic markers were analysed by PCR-based methods (Table 1). Genotyping of CYP
and 7P53 polymorphisms was performed according to the references indicated in Table 1 and
GSTM1, GSTTI and GSTP1 markers were tested using the primers described in the references
in Table 1 and the reaction conditions used by Gaspar et al. 2001 (A. J. Physical. Anthropol.,
submitted).

Gene frequencies were estimated by gene counting and Hardy-Weinberg equilibrium

was evaluated by the y test for goodness of fit adjusted for small samples when appropriate.
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Heterogeneity between groups was estimated by the Mann-Whitney or Fisher test and the
odds ratio (OR) with 95% confidence interval (CI) was employed to verify possible effects of
genetic markers on lung diseases. The tests were carried out for every independent locus and
considering all combinations of two simultaneous loci. All statistical analyses were performed

using the PEPI computer program, V. 2.0 [19].

3. Results

Table 2 presents data about age and gender of patient and control subjects as
well as patient smoking status and cancer histology classification. No difference was observed
between the NSCLC and COPD groups in relation to smoking status, mean age or sex
distribution. However, the frequency of males was higher in NSCLC and COPD patients
(P<0.001) and they were older than the controls (P<0.001). With respect to tumour histology,
about 50% of NSCLC patients presented adenocarcinoma, while the others had squamous cell
carcinoma.

The genotype distributions and allele frequencies are presented in Table 3. No
deviation from Hardy-Weinberg expectations was verified for each polymorphism or sample
group. Genotype and allele distributions were similar for males and females in all groups
(controls, NSCLC and COPD patients).

The frequencies of TP53*Pro, CYPIAI*24, CYPIAI*2C, CYP2EI*5B, and
GSTPI*Val and of GSTMI null and GSTTI null phenotypes in the control sample were
similar to those verified for European populations [13,18,20-22].

No significant differences in genotype distribution were detected between controls and
NSCLC patients, considering the sample as a whole, the histological cell type groups, and
smoking status.

Genotype distributions for CYPIAI, GSTPI and TP53, were similar among COPD

patients, but the frequency of heterozygous CYP2E1*1A/*5B was about 4 times higher in
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COPD patients than in controls [OR= 4.2 (1.1-24.8)] and the GSTTI null phenotype was
twice more frequent in the COPD group [OR= 2.5 (1.2-4.9)].

The analyses considering two loci indicated two significant associations, both
involving the GSTTI null phenotype (Table 4). Subjects who presented simultaneously the
GSTTI null phenotype and GSTPI lIle/Val genotype as well as the GSTTI null and
CYPIAI*1A/*2A4 genotypes had a risk about four times higher of having COPD [OR= 4.0

(1.2-14.6) and OR= 3.7 (1.1-14.6), respectively].

5. Discussion

The differences observed in age and sex distribution between controls and patients
were in fact expected since both lung cancer and COPD are generally associated with older
ages [1]. Besides the control sample being a representative sample of Porto Alegre population
in relation to sex and age distribution (http://www.ibge.gov.br/), no effect of age or sex was
detected on the genotype distributions and no influence of ageing was verified for these
markers [23-25]. In addition, the allele and genotype frequencies observed in the control
sample for all markers were similar to those verified for populations of European origin
[13,18,20-22].

Previous data about the effect of 7P53, CYP or GST markers on lung cancer are
conflicting. However, in a general way, no associations have been described for European
populations, while positive results have been obtained for Asian groups. These differences are
probably due to ethnic and/or environmental heterogeneity as well as to gene/environment
and gene/gene interactions [3,5,6,20,29].

Data about COPD are scarce and as far as we know this is the first investigation

reporting CYPIAI, CYP2EI, GSTTI, GSTPI and TP53 gene polymorphisms in COPD
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patients in populations of European origin. Studies analysing these genes and COPD risk have
been previously performed in Asian populations [5,26].

Our data suggest that CYP2E1*14/*5B genotype and GSTT1 null phenotype could be
predictive of COPD susceptibility, the effect of GSTT1 null phenotype being increased by its
interaction with the CYPIA1-Mspl or GSTP1 loci. These associations are clearly explained by
the biological role of these enzymes: phase I enzymes (CYP1Al, CYP2EIl) activate
procarcinogens to highly reactive intermediates, with the enzyme generated by CYPIA1*24
and CYP2E]*5B alleles having higher activity on some toxic compounds than the wild allele
[27,28]. The oxygen reactive species generated by phase I enzymes are converted to inactive
derivatives by phase II enzymes (GSTT1 and GSTP1), with the GSTT! null phenotype and
GSTPI1*Val allele presenting absent and lower activity [2,20,29].

The interaction of two phase II deficient enzymes (GSTT1 null and GSTP1 Val) or a
phase I hyperactive enzyme (CYP1A1 2A) and a phase II absent enzyme (GSTT1 null) results
in a larger amount of toxic compounds that might have a role in the initiation or progression
of COPD [20,29-31].

COPD is a complex disease in which multiple loci are involved and only the
joint analysis of several markers could provide new clues for prediction of its occurrence. The
associations verified here denote the importance of the genetic variation of phase I and phase
IT enzyme genes for susceptibility. However more data about other populations are needed to
confirm these findings before these polymorphisms can be used as predictive factors of

COPD risk.
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Table 1. CYP1AI, CYP2E1, GSTM1, GSTT1, GSTP1 and TP53 polymorphisms investigated in this study

92

Loci Gene location Allele or genotype Phenotype * Method Reference
CYP1A1* Mspl) 3’ flanking CYPIA1*2A Msp/ + PCR-RFLP [13,14]
(lle/Val) Exon 7 CYPIA1*2C BsrDI - (Val) PCR-RFLP
CYP2E1” 5’ flanking CYP2EI*14 Pstl — Rsal + PCR-RFLP [15]
CYP2EI*5B Pstl +; Rsal —

GSTMI1* Whole gene GSTM1I (-) No amplification Multiplex-PCR [16]

GSTT1 ¢ Whole gene GSTTI (-) No amplification Multiplex-PCR [17]

GSTPI1 Exon 5 *Ile Bsmal — Multiplex-PCR [18]
FVal Bsmal +

TP53 Exon 4 *Arg BstUI + PCR-RFLP [10]
*Pro BstUI -

a

www.imm.ki.se/CYPalleles; © GSTM1 (-) and GSTTI (-) indicate gene deletion.

Plus and minus signs indicate the presence or absence of the restriction site; ° Allele nomenclature as recommended in http://



Table 2. Main characteristics of the sample

Variable NSCLC (n=97) COPD (n=75) Controls (n=86)
Age (years)
Mean (SD) ' 65.3 (8.6) 64.3 (11.0) 31.8 (9.5)
Range 43-81 41-87 16-59
Gender, n (%) *
Male 67 (69.1) 61 (81.3) 47 (52.2)
Female 30 (30.9) 14 (18.7) 43 (47.8)
Tumour histology (%)
Adenocarcinoma 49 (50.5) — —
Squamous cell carcinoma 48 (49.5) — —
Smoking status, n (%)
<40 pack-years 3 49 (50.5) 30 (40.0) -
> 40 pack-years 48 (49.5) 45 (60.0) -
Mean years smoked (SD) 4 52.7 (36.9) 39.2 (12.6) —
Mean pack-years (SD) * 57.7 (36.9) 60.8 (39.8) —

93

! Mann-Whitney test, NSCLC x Controls (C) and COPD x C: P<0.001; NSCLC x COPD: not

significant (ns). ? Fisher’s exact test, NSCLC x C and COPD x C: P<0.05; NSCLC x COPD:

ns. ° Fisher’s exact test, NSCLC x COPD: ns. 4 Mann-Whitney test, NSCLC x COPD: ns.
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Table 3. CYP1A1l, CYP2EI1, GSTM1, GSTT1, GSTP1, and TP53 genotype (%) and allele

frequencies
Genotype and allele NSCLC NSCLC vs C Co(n(t:r)ols COPD vs C COPD
frequencies (in bold) o OR (95% CI) :786 OR (95% CI) .
CYPIAI (Mspl)
*JA/*1A 67.0 72.1 65.3
*14/*24 289 1.4(0.7-3.0) 22.1 1.6 (0.7-3.5) 333
*24/*24 4.1 0.7(0.02-3.8) 5.8  0.3(0.05-2.5) 1.3
CYPIAI*24 185 .169 .180
CYPIAI (Ile/Val)
*JA/*14 72.2 80.2 78.7
*[A/*2C 247  1.7(0.8-4.0) 16.3 1.3 (0.5-3.2) 21.3
*2C/*2C 3.1 1.0(0.1-8.0) 3.5 - -
CYPIAI*2C 155 116 107
CYP2E]
*TA/*1A 90.7 96.5 86.7
*J1A/*5B 93 2.1(0.6-9.6) 3.5 42(1.1-24.8) * 13.3
CYP2EI*5B 046 017 067
GSTM1
Null 51.5  1.1(0.6-1.9) 50.0 0.6 (0.3-1.1) 37.3
GSTTI
Null 22.7  1.1(0.5-2.2) 22,1 2.5(1.2-49)* 40.0
GSTP1
Te/Tle 423 52.3 46.7
1le/Val 46.4 1.4(0.7-2.7) 40.7 1.3 (0.6-2.6) 46.7
Val/Val 11.3 1.8 (0.6-6.0) 7.0 1.0 (0.2-4.6) 6.6
GSTP1*Val 345 273 300
TP53
Arg/Arg 48.5 43.0 57.3
Arg/Pro 392 0.7(04-1.2) 51.2 0.6 (0.3-1.2) 38.7
Pro/Pro 124 1.9(0.5-7.0) 5.8 0.5 (0.1-2.8) 4.0
TP53*Pro 320 314 233

* Significant associations - CYP2E1*1A/*5B, COPD vs C, P = 0.044; GSTT1 null,

COPD vs C, P =0.022.

Table 4. Combined loci effects comparing COPD and controls (%)



COPD Controls OR
Combined loci
n=75 n=_86 (95% CI)
GSTPI GSTTI'
Ile/Tle (+) 280 39.5
-) 19.0 12.8 2.0 (0.7-6.0)
Ile/Val + 270 33.7 1.1(0.5-2.7)
-) 20.0 7.0 4.0 (1.2-14.6) *
Val/Val (+) 5.0 4.7 1.6 (0.3-9.7)
-) 1.0 2.3 0.8 (0.01-16.5)
CYPIA1 (Mspl)
*14/*14 (+) 413 55.8
-) 24.0 16.3 2.1 (0.8-5.2)
*14/%24 (+) 173 16.3 1.1 (0.4-3.1)
- le.l 5.8 3.7 (1.1-14.6) *
*2A4/*2A (+) 1.3 5.8 0.3 (0.006-3.0)

Y GSTTI (+): GSTTI wild type; GSTTI (-): GSTTI null phenotype.

e Significant associations: GSTT! (—) & GSTP1lle/Val, P = 0.019; GSTTI (-) & CYP1A1*14/*24, P =

0.036.



Table 4. Combined loci effects comparing COPD and controls (%)

COPD Controls OR
Combined loci
n=75 n= 86 (95% CI)
GSTPI GSTTI'
lle/lle (+) 28.0 39.5
) 19.0 12.8 2.0 (0.7-6.0)
Ile/Val () 27.0 33.7 1.1 (0.5-2.7)
-) 20.0 7.0 4.0 (1.2-14.6) *
Val/Val () 5.0 4.7 1.6 (0.3-9.7)
-) 1.0 2.3 0.8 (0.01-16.5)
CYP1A1 (Mspl)
*JA/*1A () 41.3 55.8
-) 24.0 16.3 2.1 (0.8-5.2)
*J1A/*24 (+) 17.3 16.3 1.1(0.4-3.1)
) 16.1 5.8 3.7(1.1-14.6) *
*2A4/*24 () 1.3 5.8 0.3 (0.006-3.0)

" GSTTI (+): GSTTI wild type; GSTTI (-): GSTTI null phenotype.

e Significant associations: GSTTI (-) & GSTPllle/Val, P = 0.019; GSTTI (-) &
CYPIAI*1A/*%24, P = 0.036.



IV. Discussao

Os estudos envolvendo a distribuicao dos polimorfismos de CYPs e GSTs em
neo-brasileiros e amerindios sdo poucos e recentes (Arruda et al. 1998, Gattas &
Soares-Vieira 2000, Kvitko et al. 2000, Mufioz et al. 1998) e nao ha informagdes sobre
marcadores do 7P53 nestas populacdes. Além disso, até a presente data, esta ¢ a
primeira investigacdo a analisar simultaneamente locos codificadores de enzimas
detoxificadoras de fase I (CYP) e de fase I (GST) e da proteina supressora tumoral

TP53 em uma mesma populacao.

Neste estudo verificaram-se, em afro-brasileiros, freqiiéncias de CYPIAI*2C
(12-16%) muito mais altas que as observadas em outras populacdes negras ou
miscigenadas (0—8%; Garte et al. 1996, Hamada et al. 1995, Masimirembwa et al.
1998). O produto da enzima de fase I CYPIAI*2C apresenta maior atividade (Kawajiri
et al. 1993, Kyohara et al. 1996), com a formacdao de maior quantidade de produtos
toxicos (Nebert & Roe 2001, Rebbeck 1997). Dados sobre a incidéncia de doengas
pulmonares ambientais em populagdes afro-brasileiras sdo escassos, mas pode-se
especular que devido as altas freqiiéncias deste alelo tais populagdes poderiam ter

maior predisposi¢ao a patologias ambientais.

Nos amerindios observaram-se freqiiéncias muito elevados de CYP1A1*2A4 (96—
100%) e CYPIAI*2C (90-100%) e mais baixos das dele¢des de GSTM1 (4-43%) e
GSTTI (0-30%). Segundo Landi (2000), Lewis et al. (1998), Xu et al. (1998) estes
marcadores seriam neutros, mas € possivel que os diferentes produtos destes alelos
tenham tido um papel adaptativo, possibilitando a metabolizacdo diferencial de

compostos ambientais de origem natural (Lang & Pelkonen 1999, Miller et al. 2001).

Dados sobre populagdes amerindias indicam que elas vem sofrendo,
gradativamente, um processo de aculturagdo que resulta em mudanga das suas
caracteristicas socioecondmicas, culturais e ecologicas tradicionais (Coimbra Jr. et al.
1994, 2001, Ribas et al. 2001, Santos et al. 1996). Esta aumentando o consumo de sal,
de gorduras saturadas, de alcool e de tabagismo e diminuindo a intensidade de
atividades fisicas (Coimbra Jr. et al. 2001, Gugelmin & Santos 2001). Segundo
Coimbra Jr. & Santos (2000), a escassez de dados sobre a relacao saude-doenca das

populagdes indigenas ndo possibilita uma compreensdo mais abrangente das



conseqiiéncias que este processo estd exercendo sobre o bem-estar destas populagdes.
Os poucos dados disponiveis demonstram um aumento da prevaléncia de hipertensao
arterial, de obesidade, de infec¢do por Paracoccidioides brasilienses, de risco para
doengas cardiovasculares e do surgimento de diabetes mellitus tipo II (Cardoso et al.
2001, Coimbra Jr et al. 1994, 2001, Gugelmin & Santos 2001, Vieira Filho 1994).
Quanto a ocorréncia de cancer, os dados sao ainda mais restritos. No final da década de
1950 ndo se constatou nenhum caso da doenca em populagdes da Amazonia (Campos
1961), mas trés pacientes com cancer foram detectados num grupo de 306 indigenas da
tribo Parkatéjé da Amazdnia, em 1992: um de leucémia linfoblastica, um de
leiomiosarcoma e um de tumor cervical uterino (Vieira Filho 1994). Segundo Koifman
et al. (1998), estes tumores poderiam, talvez, estar associados com exposicdo a
pesticidas, a virus, a campos eletromagnéticos de freqii€ncia baixa ou a outros

xenobidticos presentes no ambiente.

E importante salientar que algumas doengas ambientais se manifestam
geralmente apds a quarta década de vida. Esperar-se-ia entdo que as populagdes
amerindias ndo as desenvolvessem devido a, em geral, ndo atingirem a idade média em
que as doengas se manifestam pois, como povos pré-industriais, sua expectativa de vida
média foi estimada em 20-30 anos (Crawford 1998). Informacgdes especificas sobre a
sobrevida de indigenas sul-americanos sdo poucos, mas nos Yanomani ¢ de
aproximadamente 21 anos (Neel & Weiss 1975), nos Xavante ¢ cerca de 45 anos (que ¢
considerada como sendo alta devido as condi¢des sociais e ambientais desta populagdo;
Callegari-Jacques et al. 2001), e entre os Ache ¢ de 37 anos para os que vivem na
floresta e de 46-50 para os que vivem nas reservas (Hill & Hurtado 1996). Salzano &
Callegari-Jacques (1988) estudando cerca de 70 tribos sul-americanas verificaram que

aproximadamente 42% da populagdo tinha entre 0-14 anos de idade.

Porém estas carateristicas e a exposicdo a fatores de risco estdo mudando
rapidamente e, pelo menos para parte das populagdes indigenas, isto t€m resultado em
aumento na incidéncia de doencgas cronicas (Baruzzi et al. 2001, Cardoso et al. 2001,
Coimbra Jr et al. 1994, 2001, Gugelmin & Santos 2001, Vieira Filho 1994). Estes
achados demonstram a importancia de se conduzir estudos genético-epidemioldgico a
fim de se avaliar a influéncia que os genes envolvidos no metabolismo de xenobioticos
representam no contexto satde-doenca destes povos. Caso eles de fato aumentem, neste

grupo, a suscetibilidade a determinadas doengas ambientais — como ocorre nos euro-



brasileiros do RS — entdo ¢ importante conhecer a variabilidade de outros genes do
metabolismo de xenobiodticos que nao foram incluidos neste estudo. Talvez esta soma de
conhecimentos contribua para uma melhor compreensao dos riscos a saude a que estas
populagdes estardo expostas & medida que estdo sendo alterados seus padrdes de vida

tradicional.

Os resultados deste trabalho sugerem os genes CYPIAI, CYP2EI, GSTTI ¢
GSTP! como sendo fatores predisponentes a COPD mas ndo a NSCLC. E importante
salientar que os pacientes com neoplasia pulmonar, nesta amostra, tinham idade entre 43
e 81 anos, ndo tendo sido possivel avaliar a influéncia destes marcadores na
manifestagdo precoce de tumores. A andlise futura de pacientes pediatricos com alguma
forma de cancer pode ajudar a esclarecer melhor o papel desses polimorfismos como

fatores predisponentes na manifestacdo e/ou progressdo de doencas ambientais.



V. Resumo e conclusoes

As populacdes neo-brasileiras, devido a suas diferentes origens étnicas, e as
tribos amerindias, bastante heterogéneas, muitas vivendo em condi¢des de semi-
isolamento constituem-se em excelente material para os estudos microevolutivos. Na
populagdo do Rio Grande do Sul a incidéncia de doengas pulmonares ambientais
(doenca pulmonar obstrutiva cronica e cancer de pulmao nao de pequenas células) ¢
muito alta. Estes fatores tornam instigante a avaliagdo dos efeitos de genes envolvidos
na metabolizagdo de substancias toxicas ¢ no controle da divisdo celular na
predisposicdo a estas patologias. Muitos dos genes envolvidos nestes processos
apresentam ampla variacdo interpopulacional em freqiiéncias alélicas. Assim, este
trabalho se propde a analisar a variabilidade dos genes CYPIAI, CYP2EI, GSTM]I,
GSTT1, GSTPI e do supressor de tumor 7P53 em sete tribos indigenas sul-americanas,
em trés populagdes afro-brasileiras e em euro-brasileiros do RS, com os seguintes

objetivos:

1. Estimar a diversidade genética e as relacdes intertribais de populagdes amerindias,

através de polimorfismos de CYPIAI, CYP2EIL, GSTM1, GSTTI e TP53;
2. Avaliar a distribuicao do alelo CYPIA1*2C em afro-brasileiros;
3. Estudar, em euro-brasileiros, a variabilidade genética destes locos;

4. Analisar os possiveis efeitos destes marcadores na predisposi¢do a doenca pulmonar

obstrutiva cronica e ao cancer de pulmao nao de pequenas células.

Foram investigados os seguintes polimorfismos:

1) No locoCYPIAI, uma mutacdo de ponto no exon 7 (alelos CYPIAI*IA e
CYPIA1*2C) e outra na regido 3’ (alelos CYPIAI1*14 e CYPIAI*24);

2) No gene CYP2E], duas mutagdes na regido promotora, um RFLP para PstUI e outro
para Rsal (haplotipos CYP2EI*14 e CYP2EI*5B);

3) A delecdo dos genes GSTM1 e GSTT1, correspondendo aos fenotipos GSTMI (—) e
GSTTI (—);



4)

S)

Uma mudanga de base no exon 5 do GSTPI (A—G: *4lal05 — *Vall05);

Trés polimorfismos 7P53, um RFLP para BsfUI no exon 4 e um RFLP para Mspl no
intron 6 ¢ uma duplicacdo de 16pb no intron 3. O alelo A/, dos trés marcadores,

corresponde a auséncia da duplicacdo de 16pb e a auséncia dos sitios de restri¢ao.

A pesquisa envolveu sete populagdes indigenas, trés afro-brasileiras e trés amostras

da populagdo euro-brasileira do RS:

a)

b)

d)

1))

2)

3)

4)

Populagdes indigenas: seis grupos brasileiros, Xavante (n = 33), Guarani (n = 51),
Wai Wai (n = 26), Zord (n = 28), Surui (n = 21), Gaviao (n = 31) e um paraguaio, 0s
Aché (n=67);,

Afro-brasileiros de Porto Alegre, n = 137, Rio de Janeiro, n = 64 e Salvador, n = 30;
Euro-brasileiros da populagdo geral de Porto Alegre, n = 95;

Pacientes euro-brasileiros do RS com doenga pulmonar obstrutiva cronica, n =75 e

cancer de pulmao ndo de pequenas células, n = 97.

Os principais resultados e conclusdes foram:

Nos 3 polimorfismos do 7P53, os amerindios apresentaram freqii€ncias alélicas
similares as observadas na Asia, corroborando a hipdtese de uma origem asitica

para estas populacdes;

Entre os oito haplotipos possiveis para o TP53, somente quatro foram observados
em amerindios. A combinagao /-2-1, previamente detectada em duas populagdes
asiaticas, foi verificada apenas entre os Wai Wai. Ou este haplotipo teria sido
perdido, pelas outras tribos, por deriva genética ou recombinagcdo ou ndo estaria
presente nas populagdes amerindias primitivas que colonizaram a América do Sul,

tendo surgido nos Wai Wai por mutacdo ou recombinagdo nova;

O haplotipo 2-1-1 foi observado somente entre os individuos da tribo Gaviao. Esta
combinag¢do ocorre também nos neo-brasileiros estando, possivelmente presente nos

Gavido por mistura interétnica;

Nos amerindios observaram-se valores muito elevados de CYPIA1*24 (96—-100%) e

CYPIAI*2C (90-100%) e baixos das delecdes de GSTMI (4-43%) e GSTT1 (0—



5)

6)

7)

8)

9)

30%). As altas freqiiéncias de genes fase I (CYPIAI*24 e CYPIAI*2C ) podem
resultar de deriva genética ou de pressdo seletiva em resposta a novos desafios
ambientais durante a ocupacao do continente sul-americano. Estes valores elevados

de CYPs atuariam seletivamente reduzindo as freqiiéncias das dele¢des de GSTM1 e

GSTTI.

Devido as freqiiéncias elevadas de alguns destes marcadores em populagdes
amerindias € ao aumento de contato crescente e gradativo destas com a cultura
ocidental ¢ provavel que, no futuro venha a ocorrer, nestas tribos, um risco

aumentado de doencas ambientais;

As analises de agrupamento envolvendo todos os polimorfismos de CYPIAI,
CYP2EI, GSTMI, GSTTI e TP53 indicaram que os Aché possivelmente descendem
de um grupo G€, mas que também apresentam uma certa por¢ao de genes de origem

Guarani, através de mistura intertribal;

Na comparagdo entre tribos indigenas, 90% da diversidade foi devida a variabilidade
intrapopulacional. O menor valor (0,19) foi observado nos Guarani e o maior (0,38)

nos Surui;

Os afro-brasileiros apresentaram freqiiéncias de CYPIA1*2C (12-16%) muito mais
altas que as observadas em outras populagdes negras ou miscigenadas. Mistura
interétnica e/ou deriva genética, embora possivelmente ocorrendo ,ndo podem
explicar, por si s0, estes valores. Nossos dados sugerem que € possivel que o alelo
CYPIAI*2C exista na Africa, embora restrito a algumas populagdes ainda nao

investigadas.

N3do se encontrou evidéncias de efeito destes marcadores na suscetibilidade a cancer

de pulmao na populacao de euro-brasileiros do RS;

10) Em relagcdao a COPD, heterozigotos para CYP2E[*]A/*5B foram quatro vezes mais

freqlientes que nos controles [OR= 4.2 (1.1-24.8)], e portadores da delecao GSTT1

foram de duas vezes e meia mais comuns [OR=2.5 (1.2-4.9)];

11) O efeito da delecdo GSTT! parece aumentar o risco de COPD em aproximadamente

quatro vezes devido a presenca dos gendtipos CYPIAI*1A/*2A4 [(OR= 3.7 (1.1-
14.6)] e GSTP11le/Val [OR=4.0 (1.2-14.6)];



12) Estes resultados sugerem os polimorfismos CYPIAI, CYP2EI, GSTTI ¢ GSTPI
como sendo fatores predisponentes a doenga pulmonar obstrutiva cronica mas nao a
cancer de pulmio ndo de pequenas células. E importante salientar que os pacientes
com neoplasia pulmonar, nesta amostra, tinham idade entre 43 e 81 anos, ndo tendo
sido possivel avaliar a influéncia destes marcadores na manifestacdo precoce de
tumores. A pesquisa de pacientes com cancer pediatrico poderd ajudar a esclarecer
melhor o papel desses polimorfismos como fatores predisponentes na manifestacao

e/ou progressao de doencas ambientais.



VI. Summary and conclusions

Neo-Brazilian populations due to their varied ethnic origins, and Amerindian
tribes, quite heterogeneous, with many of them living in semi-isolation conditions are
especially suitable for microevolutionary studies. In Rio Grande do Sul population the
incidence of environmental lung diseases (chronic obstructive pulmonary disease and
non-small-cell lung cancer) is very high. These facts deserve the importance of evaluate
the effects of the genes involved in xenobiotic metabolism and cycle cell control in
these pathologies susceptibility. Many of the genes involved in these procedures present
high interpopulation variability in allele frequencies. Therefore this work proposes to
analyze the variability of CYPIAI, CYP2EI, GSTM1, GSTTI, GSTP1, and TP53 tumor
suppressor genes in seven South Amerindian tribes, in three Afro-Brazilian populations

and in Euro-Brazilians from RS, with the following objectives:

1. To estimate the genetic diversity and relationships of Amerindians populations,
using CYPIAL, CYP2EI, GSTM1, GSTTI and TP53 polymorphisms;

2. To evaluate the distribution of CYP1A1*2C allele in Afro-Brazilians;

3. To study, in Euro-Brazilians, the genetic variability of these loci;

4. To analyze the possible effects of these markers on chronic obstructive pulmonary

disease and non-small-cell lung cancer predisposition.

The following polymorphisms were investigated:

1) At CYPIAI locus, a point mutation at exon 7 (CYPIAI*IA and CYPIAI*2C
alleles), and another at the 3’ flanking region (CYPIAI*IA and CYPIAI*2A
alleles);

2) At CYP2EI gene, two mutations in the promoter region, PstUl and Rsal RFLPs
(CYP2E1*I1A and CYP2E*5B haplotypes);

3) The gene deletions of GSTM1 and GSTT! loci, resulting in GSTM1 (-) and GSTTI(-
) phenotypes;

4) A nucleotide change at GSTPI exon 5 (A—>G: *4lal05— *Vall05 );

5) Three TP53 polymorphisms, a BstUIl and a Mspl RFLP at exon 4 and intron 6,
respectively, and a 16bp duplication at intron 3. For all markers the 4/ allele

corresponds to the absence restriction sites and of the duplication;



The research involved seven Amerindian tribes, three Afro-Brazilian populations

and three samples of the Euro-Brazilian population of RS:

e)

g)
h)

1))

2)

3)

4)

Amerindian populations: seven Brazilian groups, Xavante (n = 33), Guarani (n =
51), Wai Wai (n = 26), Zor6 (n = 28), Surui (n = 21), Gavido (n = 31) and the
Paraguayan Aché (n = 67);

Afro-Brazilians from Porto Alegre (n = 137), Rio de Janeiro (n = 64), and Salvador
(n=30);

Euro-Brazilian of the general population of Porto Alegre, n = 95;

Euro-Brazilians patients from RS with chronic obstructive pulmonary disease (n =

75) and non-small-cell lung cancer (n = 97);

The main results and conclusions were:

For TP53 markers the Amerindians presented allele frequencies similar to those
observed in Asia, corroborating the hypothesis of an Asian origin for these

populations;

Among the eight possible 7P53 haplotypes, only four were verified in Amerindians.
The rare haplotype /-2-1 previously described in only two Asian samples, was
verified among the Wai Wai. This combination was either lost by genetic drift or
recombination in the other tribes, or it would not be present in the primitive
populations which colonized South America, its presence in Wai Wai resulting from

new mutation or recombination;

Among the Amerindians the 2-7-1 haplotype was verified in Gavido only. However
it also occurs in Euro- and Afro-Brazilians, its presence in this Indians being

probably due to interethnic admixture;

High frequencies of CYP1A1*24 and CYP1A1*2C alleles and low values of GSTM1
and GSTT! deletions were observed among Amerindians. The high values of phase |
alleles (CYP141*24 and CYP141*2C) may result from genetic drift or selection pressure
in response to the new environmental challenges during America’s colonization.
These high CYP values could have acted against GSTMI and GSTT! deletions,

reducing their frequencies;



5) Due to the high frequencies of some of these markers in Amerindian populations
and to the increasing and gradual contact of these groups with the western culture it
is possible that, in the future, these groups would have an increased risk of

environmental diseases;

6) The cluster analyses involving CYPIAI, CYP2El, GSTMI, GSTTI and TP53
polymorphisms indicated that the Aché tribe might descend from a Gé group, but
had also assimilated some amount of the Guarani gene pool, maybe through

intertribal admixture;

7) In the comparison among Amerindian tribes, 90% of the diversity was due to
intrapopulation variability. The lower value (0,19) was observed in Guarani and the

higher (0,38) in Surui;

8) The frequency of CYPIA1*2C (12 to 15%) was very high in Afro-Brazilians. This
allele was not observed in the only two African populations so far investigated.
Interethnic admixture with European descent and/or Amerindian populations and
genetic drift although possibly occurring, cannot explain by themselves only these
values. Our findings suggested that the CYP1A1*2C allele may possibly be present

in Africa, although restricted to some ethnic groups, not yet investigated;

9) No effect of these markers was verified on NSCLC susceptibility in Euro-Brazilians

of Porto Alegre;

10) In relation to COPD, heterozygous CYP2EI*[A/*5B was about 4 times more
frequent than in controls [OR= 4.2 (1.1-24.8)] and the GSTT! null phenotype was
twice more common [OR= 2.5 (1.2-4.9)];

11) The effect of GSTTI null phenotype on COPD susceptibility seems to be increased
in around 4 times due to its interaction with CYP1A41*14/*2A4 [(OR= 3.7 (1.1-14.6)],
and GSTP1lle/Val genotypes [OR= 4.0 (1.2-14.6)];

12) These results suggest that GSTTI, GSTP, CYP2EI, CYPI1AI polymorphisms could
be predictive to chronic obstructive pulmonary disease, but doesn’t to non-small-cell
lung cancer susceptibility, at least in this population of European ancestry. It is
important to point out that the patients with lung cancer, in this sample, were 43 to 81

years old, and it was not possible to evaluate the effect of these markers on the early



development of tumors. A research of pediatric cancer patient could help to better
understand the role of those polymorphisms as susceptibility factors to the development

and/or the progression of environmental diseases.
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